DIBWIMTJDN i lIII!WlL MIINOEEN IN LAKE BIEE‘;IME (JAN, 197%)
EXTREMES A 1.1

RB%LUIE L'II.UE BAMCE M‘PLYIWE T EASY
KR THUN ' lNClM[I L H]BI!EI LE‘-EL UNL\"
NINlhIJh [B] SI Il 2.5 n
.50 ‘i 300 1.50

FUIEENMEE w TGTN, AMME Mﬂ[ IMEE ﬂPl’l'IlNG i ENIH L[VEL
29 i1 4,79 1n.2% 14.2%
lﬁEu.[“C( DISTHIJT]W NZMTQ VUIFT UN.U[S IN EﬁCH LEUEl

& 7 X
$123x
[ A L3 Si%i
. [l b . s
SYHRILS AL R Hrd peb X
IR AR .
(e HHieEEEH
FREG 0 ] 4 F
FISSINEE RIVER
111 5154

I X
SBA XRROOO
-3

1.
1.
I.
1.
}.
1.
1.
i
I

1

IH
5131 XX
FISKERTING CRELE.

5.3 STLLUCTE Come

Lam

pritit]
CULVERT 41

“XKiX CILUERT 12
3
IG5 TRIAL CAMAL

SCALE

17" =5.07 STATUTE MILES

Figure 8-7 0.50 mg/L CONTOUR INTERVALS FOR INORGANIC
NITROGEN (JAN. 1979)

-18}_7..



TABLE 8-8. 0P

ERATIONAL STATUS OF INFLOW CONVEYANCES 7O LAKE OKEECHOBEE

S-131

5-71

S-129

5-72

S-127

NOTE: l/'\:’om'mr:z
sidera

of the

Volume and Date of Discharge v
September 1978
- Inflow 4th 5th 6th* 7th* Bth* Total Comments

' 5-65F 2261 2261 2975 &/ 7497 A
S-84. 565 167 204 926
5-154 2. - E
$-133 0 476 464 940
5-191 770 916 474 2160
$-135 0 377 361 738
Culvert 11 - - - B
Culvert 10 - - - B
Culvert 12A - - - B
Culvert 12 - - - B
5-2 1805 1123 0 2928
Culvert 4A - - - B
$-3 1075 240 843 2158
5-236 - - - D
Industrial C - - - C
S-4 460 O 0 460
Fisheating Ck 514 407 409 1324

0 0 129 . 129
1129 1418 329 2876

0 228 0 228
169 o - 0 169
0 357 0 357

Total Inflow = 22890 acre-feet
Average Lake Stage on 9/4/78 = 16,40 ft (MSL)

s are expressed in acre-feet. The time frame under con-
tion includes the date sampling occurred in the vicinity
inflow conveyance plus 2 days prior to that date.

2/B1ank means flows not applicable

- - mea
CUMMENTS:(A F
B

0
a
T
p
v
* indicates ac

——————
Mmoo
St N et et Pt

ns no data available

airly continuous discharge prior to these dates.

perated by private drainage districts. No discharge data
vailable.

his waterway not gauged at this time.

ump station under construction at this time.
olume not calculated.
tual sample dates.
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TABLE 8-9. OPERATIONAL STATUS OF INFLOW CONVEYANCES TO LAKE OKEECHOBEE

Volume and Date of Dischargelf
' January 1979

Inflow 7th 8th 9th* 10th* 11th* Total Comments
$-65E 356 586 697 2 3639 - A
5-84 351 577 375 * 1303 A
s-154 -y - - C
5-133 . 563 O o 563
$5-191 B 799 934 432 2165 A
$-135 369 373 0o 742
Culvert 11 ' - - ‘- ' D

| Culvert 10 _ | - - - D
Culvert 12A - - - D
Culvert 12 - - - D
$-2 0 0 0 A
Cuivert 4A - - - D
5-3 0 0 0
$-236 - - - D
Industrial C. - - - E-
S-4 _ 387 0 0 387 A
Fisheating Ck 335 301 252 . 888 A
S-131 | _ 0 0 143 143 B -
S-71. - 1422 1315 480 3217 A
5-129 264 0 244 508 B
$5-72 - 246 0 188 - 434

S-127- ] 468 0 468 .
. Total Inflow = 12457 acre-feet
Average Lake Stage on 1/7/79 = 16.87 ft. (MSL)

NOTE: 1l 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 day.

Blank means flows not applicable
- means flows not available

COMMENTS: (A) Fairly continuous discharge prior to these dates.
(B) Small releases are made every 3 or 4 days.
(C) Structure on automatic. Discharge occurred daily.
Volume not calculated.
(D) Operated by Private Drainage Districts. HNo discharge
data available.
(E} This waterway was not gauged at this time.

2/

*indicates actual samp]e.dates
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conSiderab1e discharge into the lake during both sampling periods;
however, the total discharge during September 1978 was substantially
greater than the January 1979 total. The major differences between the
two periods was the much greater discharges from S-65E during September
and the complete lack of discharge at $-2 and S-3 pumping stations during
January 1979 compared to over 5,000 acre-feet of pumping at these two
stations during the previous September.

Comparison of the four contour maps for fnorganic nitrogen and total
nitrogen clearly démonstrates the effect that babkpumping the runoff
from the Everglades Agricultural Area has on the nitrogen distribution
in Lake Okeechobee.

For total nitrogen, the ambient conceﬁtration in the lake during
September 1978 is represented by the Level 3 contours (2.00 to 3.00 mg/L)
a8s indicated by Table 8-10. This contour represents approximately.57%
of the total lake area. _ |

Backpumping at $-3 resulted in Level 8 contours (7.00 to 8.00 mg/L)
in the immediate vicinity of that pump station. These Level 8 contours
represent a 2.0 square mile area. Level 7 contours (6.00 - 7.00 mg/L)
in the same vicinity cover a 1.9 square mile area.._Leve1 6 contours
- (5.00 to 6.00 mg/L) extend from S-3 to S-2 (3.7 square miles). Level &
contours (4.00 to 5.00 mg/L) represent an 8.2 square mile area. Llevel 4
contours (3.00 to 4.00 mg/L) extended from the east to west sides of
the South Bay area (11.4 square miles). The total area in the south
end of the lake which had total nitrogen concentrations above the ambient
level was equal to approximately 27 square miles or 4.4% of the lake's

surface area.
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TABLE 8-10

LAKE AREA WITHIN NITROGEN CONTOUR INTERVALS

Total Nitrogen

Inorganic Nitrogen

NOTE: Total lake area for Nitrogen maps =

.31 0.42

-.lg]_..

61 . 0.20

615 sg. miles

jcontour  Sept.1978  Jan.1979  COMEOUT  sept.1978  Jan.1979
(mg/1) sg.mi. % sg.mi % {mg/1) sq.mi. % sq.mi. %

<1.00 24.4 3.9 <0.50 594.5 96.6 583.8 95.2

1!00-2.00 211.6 34.3 515.0 84.0 0.,50-1.00 8.5 1.4 29.2 4.8

2.00-3.00 354.3 57.4 99.0 16.1 1.00-1.50 4.8 0.8

3.00-4.00 11.4 1.8 1.50-2.00 2.7 0.4

3.00-5.00 8.2 1.3 2.00-2.50 1.6 0.2

5.00-6.00 3.7 0.6 2.50-3.00 1.1 0.2

6.00-7.00 1.9 0.3 3.00-3.50 2.3 0.4

7.00-8.00 2,0 0.3 |

'8.00

Mean {(mg/L) 2.13 1.80 0.16 0.33

std. Dev.‘ 1 0



A dilution effect is apparent in the north end of the lake during
September. Level 1 contours (0.00 to 1.00 mg/L) in this area cover 24.4
square miles. Level 2 contours (1.00 to 2.00 mg/L) cover a moré extensive
_érea (210 square miles). From Tables 8-4 and 8-8, it is apparent that
this dilution effect was primarily due to releases of water from $-650
(Kissimmee River). The total area diluted below ambient levels was equal
to approximately 234 square miles or 38% of the total lake area.

Contour interval widths for inorganic nitrogen were set at 0.50 mg/L.
During the September 1978 fime frame (Figure 8-6) inorganic nitrogen con-
centrations above the ambient lake concenfration (Level 15 .00 to 1.00C
mg/L) were evidenced in the south end of the lake. The pattern of the
contour intervals in this area was similar to that evidenced by the total
nitrogen intervals for the same area and is moét Tikely attributable to
the pumping attivity during this time.

In contrast, the January 1979 map for total nitrogen (Figure 8-7)
indicates a very homogeneous nitrogen diétribufion. Only the Level 2
(1.0 - 2.0 mg/L N) and Level 3 {2.0 - 3.0 mg/L N) contours are reguired
for this map. The major portion of the lake (84%) had total nitrogen
values of less than 2.0 mg/L N. There was a tendency'for somewhat
highefrnitrqgen vélues to occur along the east shore of fhe 1ake_aithouqh
there is no apparent reason for this pattern. |

The inorganic nitrogen distribution indicated an even more homoqéneous
take with all but 5% of the lake having less than 0.5 mg/L N. As with
the total nitrogen,the area of higher values was along the eastern eﬁge
of the lake. Agricultural runoff discharged into the lake via
private facilities could be responsible for this slight increase in the
nitrogen levels in this area, but no discharge data is available for

these structures to confirm this.
-192-



Phosuﬁoru;

The total phosphorus data collected during September 1979 had a high
decree of variability and thus was selected as one of the phosphorus |
distribution cases. The data collected during August 1979'had Very 1ittle
variability for phosphorus and was thus chosen as comparative sampling - |
data.

Review of the hydr01ogic.summaries in Tables 8-6 and 8~11 for these
two neriods indicate that over 10 times as much discharge was occurring
during the Septembef 1979 sampling as during the previous month. Of
particular significance to the phosphorus picture was the fabt that both
S-191 and Fishéatinq Creek were discharging at a hiagh rate during September
and had high concentrations of phosphorus (TabTe g-4). .

As can he seen from Figure 8-8, the entire lake had a total phosphorus
concentration of less than 0.1 mg/L P during August 1979. In contrast,
almost 25% of the.1ake had total phosphorusiconcentrations above 0.1 mg/L P
the next honth as shown by Figure 8-9 and Table 8-12, Tofa] phosphorus
concentrations above level 10 (>0.90 mg/L) were recorded in thé vicinity
- of S-igl; however, only 58 square miles (9.5%) of the lake were affected
in this quadrant compared to 86.4 sauare miles {(14.0%) in the western
quadrant (S-4 clockwise to S-129)}. Since the intensive littoral zone
in the western'quadrant was not sampled as intensively as. other areas of
the Take, the phosphorus contour levels in this area could bé somewhat

different than described by SYMAP.
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TABLE 8-11. OPERATIONAL STATUS OF INFLOW CONVEYANCES TO LAKE OKEECHOBEL

Volume and Date of Discharge 1
September 1979

Inflow 8th 9th 10th* 17th* 12th* 713th* Total Comments _
S-65E 7539 9303 7061 2/ 23723 A
S-84 2142 3709 3749 9600
5-154 A - O
S-133 0 978 274 1252
S-191 2844 3475 3310 9629 A
5-135 0 787 1188 1975
Culvert 11 - - - B
Culvert 10 - - - B
Culvert 12A - - - B
Culvert 12 - - - B
5-2 0 0 0
Culvert 4A - - - B
5-3 0 0 833 833
$-236 - - 0
Industrial C. - - -
-4 0 0 391 391
Fisheating Ck 5078 4840 4939 14857 A
S-131 4] 0 220 220
S-71 3352 3590 4661 11603 A
5-129 0 0 432 432
S-72 662 1033 1265 2960
S-127 0 373 0 ' - 373
Total Inflow = 77848 acre-feet
_ Average lake Stage on 9/8/79 = 14.98 ft. (MSL)
NOTE : v

2/

~ Volumes are expressed in acre-feet.

—~/ Blank means flows not applicable
- means flow not available

COMMENTS:  (A)
(B)

(C)
(D)

(E)

*indicates actual sample dates.
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The time frame under con-
sideration includes the date sampling occurred in the vicinity

of inflow conveyance pius 2 days prior to that date.

Fairly continuous discharge prior to these dates
Operated by private drainage districts,
data available.
This waterway not gqauged at this time.
Pumped for 19 hours on the 8th and 9th.
calculated.
Structure on automatic.
Yolume not calculated.

Yolume not

Discharge occurred daily.

No discharge



TISTRIBUTION OF TLY AL FH()SNGQUS TH_LAKE MEECHUBEE (AUCUST 19797
Dala UnLIJt. EXTRERES N .
ABSILLTE UALUL NRAMGE N’Pl\‘lﬂﬁ T0 EACH L:\iEL
WUk* INCLUDED 1M HIGHEST LEVEL OWLT}
Htilﬂdﬁ 0.e 1 1! I.E I n PR [ 1.6d [} §.6l [ Byl

ML TRUN 0,10 9.2 .70 580 8.5 1.0
“EEFEHTﬂGt L3 IDThL iBSDI.IJ £ UﬂLI R ﬂF’PLH
(1B n il 104 13,00 10,18 n.e 1088
FEEUUENE' DISTFIBLIT 04 I}' ) PUIN] VALUES IN EN:H LEUR

? B ? 1k
attrberet LLLLILELL XXKRKIOX 4

LN

Vet
Ittty aeaerrbee LLLLLLELE SXNUREXKX
G LT TR a4+ 4ot LLLL LLEL X000 NXKX 4444 24
IRt e ey ot rdesrd LLLLLELLL AXRRINRX
T e 20 et LI X000ERX
B k] 2 ] i L] L] [} ] 1 ]
B TP T C
P G S
LT
LI DU
I PR
i1 .1
LI PR
H S
[ T
m o 1 1
ot KISSTHMEE RIVER
IR |ER 1)
2 ) v 1
b s ey
[E I SR | n
(ST PR |
i 1 x
N 1

0.858XK ST.LUCIE CAWAL
L) :

FISEETIeG CRECK.

XXX
. CULVERT it

£ HE5-5
X0
)

" CILVERT (B
Joaiit]

USSCULVERT 124
fataiiil

0 CILVERT 7

SCALE "
1" =507 STATUTE MILES . §
X

H . -
53 CILVERT 44 --0.i04

Figure 8-8 0.10 mg/L CONTOUR INTERVALS FOR TOTAL
PHOSPHORUS (AUGUST 1979) | | F

-195-




DISTR[HITIM DF lgghh P%PMﬂS IN LAKE IIEEEHI!IEE ASEEE. Wy

R 0 058 e

ABGVE
H[HIH.H (K] (B3] .2% LB 3l .40 .50 b.68 L [By] L.00
HAKTHIR 8.0 .20 D.34 bl 1,50 050 " T (B 1] 1.0
PENCENTAGE OF TOFAL ABSOULTE WALUE RAMCE RPPL!‘HIS 10 EACA LEVEL
b # B 190 10.08 FLR 1) i b e inm tha
FI[I]III{:\’ DISTE[IIJT]I]I( ¥ sala IEIIN'I VALUES IH EACH lEUEL
2 7 ] 5 in H

3 AL fANiET
{((((lll{ FHIEELET
4404 QL ard (e
St L0
sp SRt Jrniedd

EIEITI N lLLLLLLLL :(IXI!IIKI Hi
L 1000000 '“lliﬂ

Ht ‘I"
N
4“"

SYHaOLs

FRER. k|

1 ' ] [ 1
11 TS| X
LR S
1 1200
11
5L
b i
7
FE
[ X
I KISSTANEE KIVER Sl
2o o s Sl
B " L
. S84 KXRINEK ’
n o b
.
I

Chsnxs 5T

ALY Y
TLET

010 HEE-t
T
ix

CULVERT
X o

n‘wutuwm 104
KRN0

RARX CULVERT 12

_SCALE
=507 STATUTE MILES

53 CULVERT a4 .p. a2

Figure 8-9 0.10 mg/L CONTOUR INTERVALS FOR TOTAL
t PHOSPHORUS (SEPT. 1979)

~1%6-



TABLE 8-12 LAKE AREA WITHIN PHOSPHORUS CONTOUR INTERVALS

Total Phosphorus

Contour ' '
Intervals - August 1979 Sept. 1979
- (mg/1) sq. mi % sq. mi. %

- <0.10 611.3  99.7 ' 467.7 76.3
0.10-0.20 1.7 0.3 - 77.5 12.6
0.20-0.30 ‘ 61.5 10.0

- 0.30-0.40 2.5 0.4
0.40-0.50 | 1.2 0.2
0.50-0.60 0.7 0.1
0;60-0.70 0.4 0.1
0.70-0.80 0.5 0.1
0.80-0.90 0.3 <0.1

>0.90 0.2 <0.1
Mean {mg/L) 0.055 0.123
std. Dev. 0.019 0.160

NOTE: Total lake area for phosphorus maps = 613 sq. miles
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SUMMARY

During periods of heavy rainfall (Auqust 1978), Tow conductivity water
entering the lake from the north end had a dilution effect on the ambient
water in the lake. The area of impact was approximately 116 square mi1es.
(or 19%) of the lake's surface area. Backpumped agricultural runoff from
south of the lake tended to elevate the conductivity values in that portion
of the lake. These elevated conductivity values encompassed a 68 square
mile area (11% of the total lake area).

Nitrogen concentrations in Lake Okeechobee during Sentember 1978 were
elevated in the southern region due to the pumping of runoff from the'Ever-
glades Agricultural Area (EAA)} at S-2 and S-3. Approximately 27 saouare
miles {or 4.4%) of the lake had nitrogen concentrations which were elevated
above ambient Tevels. The inorganic nitrogen was the fraction primarily
responsible for these elevated values. Water discharged to the lake from
conveyances in the northern half generally had lower nitrogen concentrations
than the resident water in the lake. Due to this trend, discharges to the
northern half of the lake tended to dilute the ambient hitrogen concentra-
tions in the lake. -_

Water entering the northern and western regions of the Take during
September 1979 tended to increase the phosphorus-levels in this portion of

the lake. A 1ar§er area was affected in the western region (86 sduare
miles or 14% of total lake aréa) than in the northern region (58 square

miles or 9%.0f total lake area). Phosphorus entering other areas of the
| lake seemed to have no effect on the ambient phosphorus coqpentrations in
those areas. Ortho phosphorus was the fraction primarily responsible for

increasing the phosphorus concentration in the lake.
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CHAPTER IX
TRCPHIC STATE ASSESSKENT

INTRODUCTION

The process of increasing the nutrient content and productivity of a
Take is commonly called eutrophication., A leading entity in eutrophication
reseafch, the Orgaanation for Economic Cooperation and.Deve1opment, defined
lake eutrophication as "...the nutrient enrichment of waters which results
in ‘an array of symptomatic éhanges among which are the production of algae
and other aquatic plants, the deterioration of fisheries, the.deterioration
of water qda11ty, and other changes which are found objectionab]e and 1nter~_
fere with water use." The trophic state of a lake can impact the biological
integrity, the water guality, and the alternative water uses of the resource
(Table 9-1). The major quantitative determinant of trophic state in a lake
is the nutrient concentrations in the water. In turn, these concentratfans
denend on external nutrient loadings to the lake, internal Toadings {reten-
tion in the biomass and sediments), and the rate of lake flushing. THough
many nutrients are réquired for algal growth, phosphorus and nitrogen are
the most common 1imifing nutrients for net primary production, and thus the
standing crop biomass of algae and nuisance aquatic weeds in the lake.
Althouah the majority of research efforts have been aimed at phoSphorus
management, hoth nutrients will be considered here.

Several researchers have applied current eutrophication modeling and
trophic state assessment techniques to Lake Okeechobee (Brezonik and
Federico.1975; Miller 1978; Dickson et al. 1978; Brezonik et al 1979;
Kratzer and Brezonik 1980). These researchers relied, however, upon data

bases that were either individually incomplete or, taken as a group,
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TABLE 9-1,

TROPHIC STATE CHARACTERISTICS

Nutrient OLIGOTROPHIC  MESOTROPHIC EUTROPHIC HYPERTROPHIC
Supply Under Fed Well Fed Overfed
Biological Low Productivity High Productivity

High Diversity

Low Biomass

Low Diﬁeksity

Blue-Green
Trash Fish

High Biomass

Water Quality

Clear

Well Oxygenated

Low Nutrients

Occasional

Oxygen

~ Turbid

Anoxic
Conditions

Deficiencies

High Nutrients

Water Use

Good Drinking

Water

Good Aesthetics/
Recreation

Limited Fish &
WiTdlife

Fair Drinking
Water

Fair Aesthetics/
Good Recreation

Good Fish &
Wildlife

Poor Drinking
Water

Irrigation
Supplies

Poor Resthetics/
Recreation

'Poor Fish &

Wildlife
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were fnconsistent in data collection methodologies and time fremes.'
Sampling sites, collection frequency, parametric coverage, and period of
record varied considerably among the data base, Previous studies were
usually just one year in duration, which necessitated the combination and
extrapolation of 3 or 4 different studies in order to get an adeguate
data_base by which to evaluate the trophic state of the Take.

This repoft represents the first Tong term comprehensive study which
inc1udes both a long peribd'of record (seven years) and a comprehensive end-
consistent data co11ecfion methodology. The previous chaptefs have evalu-
ated seven year trends and spacial variations in the lake's water qua11£y
and have documented the quality and volumes of water entering the lake. In
this chapter the quantitative relatidnships between nutrient loading rates
to Lake Okeechobee and the trophic state response of the lake are examined
using a consistent, long term data base.

The applicability of several simple empirical and semi-theoretical
predictive models to‘the71ake is assessed by comparing observed values for
total ehosphorus and total nitrogen to the values predicted using netrient
1oadfngs, and-morehometric and Hydro]ogic data. The present trophic state
o?'the lake ix examined by comparison of average values for several trophic -
state indicators ﬁith critical values for these indicators in the Tliterature.
In'addition, the 1ake's trophic state is quantified, using a trophic state
“index based on four trophic indicators. Finally, several recent input—outpuf
models will be assessed to determine the appropriate model to be app1ied‘to-
Lake Okeechobee. An analysis of trophic state probability will then be
applied to this modef.



REVIEW OF TROPHIC STATE ASSESSMENT TECHNIQUES

Trophic State Indicators

Several attempts have been made to establish trophic state criteria

against which to judge the trophic state of a lake. These include com-
.mon1y measured water quality parameters, primarily total phosphorus,
ortho phosphorus, total nitrogen, inorganic nitrogen, Secchi disk tréns-
parency, and chTorbphy11 a. The available criticé1 values (above or
betow which eutrophic conditions can be expected in a lake) for these
parametéfs are .presented in Table 9-2. With the éxception bf the Kratzer
(1979) values, these critical values were determined from northern tem-
perate lake data bases. The Kratzer (1979) data base, however, consisted
of 40 Florida lakes (including Lake Okeechobee) from the EPA National
Eutrophication Survey. Thus, the corresponding critical values from the

Kratzer study are probably more appropriate to Lake Okeechobee.

Trqphic State Indices

_ Trophic state 1ndices (TSI} are useful in quantifying trophic
.cbnd1t10ns in a lake. The recent demand for‘quantitative indices or
semi-quantitative trophic state rankings by water managers and:regu1atony
agencies has resulted in the development of sevéréT trbph1é state indices.
Several investigators have developed ranking schemes for a closed data
Set based on the average rankings of several trophic 1nd1c§tors (Lueschow
‘et al., 1970; Michalski and Conroy, 1972; EPA, 1974). For example, the
EPA developed a water quality index to rank the lakes of the NES based

on six parameters; however, since such an index simply proyides a relative
trophic ranking, 1ts interpretation is totally dependent upon the nathre
of the data base. These indices would probably not provide a useful

assessment of Lake Okeechobee's trophic state.
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TABLE 9-2. CRITICAL VALUESY FOR TROPHIC STATE PARAMETERS

Chapra &

1/ eritical value = value above (or below) which eutrophic conditions can be expected in a lake.

2/ Secchi disk in m; chlorophyll a in ug/L; nutrient concentrations in mg N or P/L

§/. In Vollenweider {1968); p; 66.

& National Academy of Sciences and National Academy of Engineering, in Chapra and Takapchak

(1976}, p. 1261.

2/ Kratzer - NES Sawyer 3/ Vollenweider Tarapchak | NAS.+ NAEﬂ/ Bennedorf Carlson
Parameter— 1979 1975 1947 _ 1968 1976 - 1973 1979 1977
Secchi Disk - <2.0 | - - - | - - -
Chlorophyll a >10.0 >10.0 = - - >8.8 >10.0 - >6.0
Total Phosphate >0.040 >0.020 L >0.020 - - - -
Ortho phosphate - - >0.010 >0.010 - - >0.010 -
Total Nitrogen >0.90 - - - . - -

Inorganic Nitrogen - - >0,30 >0.30 - - - -



- Several absolute, quantitative or semi-quantitative trophic stéte
indices have been proposed recently (Bort]eson.et al. 1974; Wisconsin
Dept. of Natural Resources 1975; Uttormark and Wall 1975; Carlson 1977;
Shannon andlBrezonik 1972}. Bortleson et al.{1974), Uttormark and
Wall (1975), and the Wisconsin DNR (1975), based their indices on
semi-quantitative ratings of several trophic state indicators. For
example, Uttormark and Wall (1975) developed a lake condition index
based on someﬁhat subjective numerical ratings in four categories (1)
dissolved oxygen; (2) transparency; (3) fish kills; and (4) use impairment.
Despite its simplicity and readily attainable data requirements, the
index relies on subjective and nonguantitative parameters which Timit
its applicability for water quality management.

In their study of 55 lakes in north central Florida, Shannon ahd
Brézonik (1972) used principal component analysis to develop a multivariate
TSI.  The resulting equation reguires the following variables: Sécchi
disk transparency, specific conductivity, total organic nitrogén, total
phosphorus, primary productivity, chlorophyll a, and Pearsall's cation
ratio ( (Na+K)/(Cat+Mg) ). The advantage of this mu]tivafiate approach
is that an erroneous measurement of a single variable may not lead to
misclassification as with a univariate approach. However, although the
Shannon and Brezonik data base was entirely Florida lakes, Lake Okeechobee
was not included. Also, the specific conductivity for Lake Okeechobee

is outside the range of values found in the Shannon and Brezonik data

 base; therefore, the Shannon and Brezonik TSI should not be applied to
Lake Okeechobee.
Carlson (1977) based his TSI on a simnle transformation of the Secchi

disk transnarencv such that a transparency of A4 m has a TSI value of 0
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and a transparency of 6.2 c¢cm has a 7SI value of 100. The index was
developed so that a doubling, or halving, of the transparency resuits

in a 10 unit change in the TSI value. Carlson then used regression
analysis to relate transparency to total phosphorus concentration, aﬁd

to ch]orophy]!rg_concentration. A simi1ar.TSI based on total nitrogen
concentration was developed by Kratzer (1979) from the primarily pitrogen
limited Florida NES data base. The lesser of TSI (TP) and TSI (TN)
shou1d represent the limiting nutrient for any given lake and was
averaged ywith the corresponding TSI {SD) and TSI (CHA) values to compute
a TSI (AVG). This allows one to combine the physical response (SD), the
biological response {CHA), and the limiting nutrient (either TP or TN}.
TSI (AVG) has several advantages for use on Lake Okeechobee, including its
simplicity, small data requirements, objectivity, reliance on common

and well understood trophic indicators, and its proven classification
ability with the Florida NES lakes (Kratzer, 1979). Therefore, TSI (AVA)

wiltl be the trophic state index used to classify Lake Okeechobee along

with the trophic state indicators and input-outout models.

Nutrient Prediction Equatians

The development of guantitative guidelines (management criteria)
with regard to the eutrophication of lakes is dependent upon beﬁng'able
to adequately predict the nutrient concentrations in the lake from the
nutrient loadina rates and the lake's mean depth and water residence
time. The nutrient concentrations in the lake are then related to
the aloal biomass in the Take (as measured by chlorophyll a), which
is further related to water clarity (as measured by Secchi disk
transparency}. The equations used to predict nutrient concentrations

are derived from the nutrient mass balance equations,
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Phosphorus Equations
In its most general form the phosphorus mass balance can

be expressed as (Reckhow 1978}):

dP/dt = 3 - Lyyp = oy (Jibgyes (P, Ca, Fe, AT, pH, 05, (1)

Tw, z, ¥, biological uptake,....)

where, dP/dt change in P storage in lake, g P/yr

P = mass of phosphorus, g
J = P flux into lake, g P/yr

Ly, = rate of P export from lake, g P/yr_(=pwP)
op = P sedimentation rate coefficient, yr_]
T = water residence time, yr (=V/qurface'out)
o = water renewal rate, yr"1 (=]/Tw)

Thus, the removal of phosphorus from a Take occurs through
two pathways: (1) the outflow (Lout); and (2) sedimentation

(cp (J,L (P)., ....) ). The phosphorus sedimentation rate

out’ 1

coefficient is actually a "catch-all" that accounts for all

phosphorus losses other than those through the Take outlet, and
changes in the total phosphorus content of the water. It is dependent
on the ihf]ux and efflux of phosphorué, lake geomorphology and
hydrology, the dissolved oxygen concentration and pH at the
sediment-water interface, major cations that combine with pHosphorus
and transport it to or hold it in the sediments, and net macrophyte
and fish uptake of phosphorus.

Vollenweider (1969) expressed the phosphorus mass balance in

the following simplified form:
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dP/dt = J - Loye = S . (2)

~where, S = rate of P sedimentation, g P/yr (=op P)
Thus,.the rate of phosnhorus deposition to the sedimenits is assumed to be
proportional to the total mass of phosphorus in the lake. The mass bal-
ance model] Tsrthus a highly simplified and aggregated repfesentation of.
the phosphorus balance for a lake. It treats thé lake as a completely
mixed reactor, and the basic time unit Qf the model 1is a year, thus |
eliminating complications arising from seasonal variations. The model
Tumps all external sources of phosphorus in one term, J (g P/yr}, and
it accounts for all phosphorus Tosses in two terms repreéenting sedi-
mentation and hydraulic loss via the outflow. Thus, the model describes

the change in total phosphorus concentration in a lake {expressed as

an annual.average) as the difference between the source term and the

 two Toss (sink) terms. It should be noted that the Vollenweider model

considers only net sedimentation (i.e., the release of P from the sediments
is not considered *as an independent process).

Under steady-state conditions (time-invarying rates for all source
and sink terms) the solution to Vollenweider's {1969) mass balance is:

dP/dt = 0 = J - L -S=J- o P-o P

out p

H

J= Plo +oyl,so P=J/(p + op), or

w p
S ) .
(P), = /v (o * Gp} L/ 2 (b, * Gp) (3)
where (F)] = average total phosphorus concentration in
lake, mg P/L
Lp = areal total phosphorus loading rate, g P/mz-yr _
V = lake volume, rn3
z = lake mean depth, m
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Several equations have been proposed recently for predicting tota]l
phosphorus concentrations based on (3) using different estimates for

I (Vollenweider 1975, 1976; Dillon and Kirchner 1975; Chapra 1975;
Jones and Bachmann 1976). Using equation (3) to define T Vollenweider

(1975) found that o_ could be estimated by,

p
op = In 5.5=0.85 1nz (r=0.79), or 7, ¥ 10/z

Substituting the above value for ap into {3) produces VYollenweider's

- {1975) total phosphorus predictive equation:

TP ='Lp /E‘(pm‘+ 10/ ) = Lp/(lO +q.) : (4).

In more recent work, Vollenweider {1976) proposed a new estimate for

°* p

the following predictive equation:

g = %ﬁ; /T » which, upon substitution into (3} produced

TP = Lo, (14 /) | (5).

Because of the difficulties in directly measuring o, {and

p
the fact that it really represents a composite sink coefficient),

Dillon and Rigter {1975) proposed a model using a new variable,

Rexp’ the phosphorus retention coefficient. Rpypn 15 the fraction

of influent phosphorus retained in the lake on an annual bhasis and
can be expressed as:

Rexp = (Pin - Pout0 / P-1'n (6)

(P)

where, POut =

out o

—
Ee)
—
i

average outflow phosphorus concentration, mg P/L

0
= 3
Qout = surface outflow rate, m /sec
Since P, = LpA and Qout/A v A {assuming Qout = Qin)’
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_Rexp'- (LpA = Qout

(Ply ) 7Ly = C(Ly/a) - (P), ) /L /ag) .

(ﬁjo )/ Lp A, and

Rexp' (Lp - q
It was assumed that (5)0 = (5)]. Reckhow (1979) has shown this
“assumption to be strongly supported by available data. Thus, the
Dillon and Rig]er.(1975) total phosphorus predictive equation becomes:

Rexp Lp/ds = L, / ag - (P)y, or (7)

™= (P)y = Ly (1-Ryp) /g
In its original form this equation was proposed to be used with a
predictive equation for Rexp based on a double regression of Rexp
versus q derived by Kirchner and Dillon (1975). However, predictive
gquations for Rexp were found to be unsuccessful for Florida lakes
| {Hand 1975, Kratzer 1979).

The Vollenweider (1875, 1976) and the Dillon and Rigler (1975)
predictive eduations were nmodified to better fit the Florida NES
data Base by Kfatzer (1979). The Florida NES data base representé the
- best available nutrient budgets for a large group of Florida lakes.
A1l of the predictive equations were normalized by log transfofmations
of both (5)] and the original prediction parameters (i.e., Lp, Qs
Rexp)' The drigina1 equations were then modified by least squares
regression of the original model and the Florida NES (5)1 data in
ordef to improve the prédictive ability of the equations as measured
by the-r2 value and the coefficient of variation (C.V.}.
The degree to which these models can be modified to better fit F]oridq
Takes is pabtia]]y a function of the accuracy of thé nutrient budgets.

Figure 9-1 presents a prediction of the acceptability of the NES
phosphorus budgets. Twenty-two of the 29 Florida NES lakes fell
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within the acceptable Timits as described by Rast and Lee (1971), indicating
that as a group, the NES phosphorus loading estimates appear to be of a

: reasonabie nature. Table 9-3 presents the modified predictive equations
along with the corresponding r2 value and the coefficient of variation.

2 value for the three modified phosphorus predictive equations

The r
were all high, ranging from 0.79 to 0.91. The resulting modified
equations for the Vollenweider (1975, 1976) and the Dillon and Rigler

(1975) equations respective]y are:

TP - 0.843 (L/ (10 + q ) ) O/ (8)
P = 0.682 (L/ (qg (1+ /7)) )0-93%  and (9)
T = 0.862 ' (10)

0.748 (Lp (1-Rexp) / qs)

Nitrogen Equations

The nitrogen mass balance in a lake can be expressed by the
following equation:
(11)

dN/dt = N. -N_, + N.. = N

in out fix N

ed -~ den
where, dN/dt = change in N storage in lake, g N/yr
N = mass of nitrogen, g

N. =N flux into Take, g N/yr

in
Nyt = N efflux through outflow, g N/yr (=pm N)
| Nfix = rate of N figation, g N/yr
NSed = rate of sedihentation, g N/yr
Nden = rate of denitrification, g N/yr
In general, Nfix and Nden are not determined, and thus they are

considered as part of a composite net loss coefficient, Iy The -
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TABLE 9-3. TOTAL PHOSPHORUS AND TOTAL

NITROGEN PREDICTIVE EQUATIONS

Original Equation

Modified Equation

Eqn. No. 3/ 9
Predictive Equation Investigator in_text. n= r C.v.
Phosphorus:l/
TP = 0.843 [Lp,(10 +qg) ] 0.795 Vollenweider (1975) 4 28 0.84 24.0
- ) 0.862 Ditlon and Rigler (1975) 7 25 0.91 14.8
TP = 0.748 [Lp(1 Rexp)/qS]
TP = 0.682 [L/{ag (1+75) ) ] 0.934  vollenweider (1976) 5 29 0.79 31.3
W
: 2/ .. : . 2
Nitrogen: Original Basis for Equation n_ r c.v.
TN = 2.85 [L,/(10 + q )] 0.216 Vollenweider (1975) 27 0.30
T = 0.899 [Ly (1 - R, )/q.) 0.976 Ditlon and Rigler (1975) 24 0.77 47.6
™ = 1.29 [Ly/a, (1+/5) ) ] 0.858 Vollenweider (1976) 27 0.55  67.9

e

Y For each predictive phosphorus equation, TP = a‘[originai equation]6 where a and b are constants

determined by the regression.

e/ For each nitrogen predictive equation the original equation was a total phosphorus predictive

equation with L. and R X

replaced by LN and Rexn'

where a and b are constants determined by regression.

3/

= N is the number of NES Florida lakes included in the regression.

Thus, TN = a [transformed original equation]

(From Kratzer 1979)



Toss term also includes sedimentation and will be considered as

a function of the total mass of nitrogen in the lake, NN. Thus ,
analogous to thé mass balance for phosphorus, the mass balance
for nitrogen can be simplified to:

dN/dt = Ny N - oy N | - {12)
which, at steady-state is: '

dN/dt = 0 =N, - N(p +o

N)
or, N‘in =N (pm + C‘N)s N = N.[n/ (pm + UN)
or, (ﬁ)1 = Njn/V (o, *oy) = LN/E' (pw + ) (13)

where,'(m1 = average total nitrogen concentration in lake, mg N/L

LN = areal total nitrogen loading rate, g N/mz-yr

Simitar to Cp: N represents the portions of the nitrogen budget

which are not.meagured. However, no suitable estimates of o
were found by Kratzer (1979). |

The equations used to predict the total nitrogen concentration
in this chapter were based on the Vollenweider (1975, 1976) and fhe
Dillon and Rigler (1975) phosphorus equations (Kratzer 1979).
The equations take the form of the original phosphorus equations
with LN‘aﬁd Rexn substituted for Lp and Rexp’ and were modified to
better fit the Florida NES data,based in the same way as the
phosphorus equations wére. The acceptability of the NES nitrogen
budgets is’djsp1ayed in Figure 9-2. As was the case 6f the NES
phosphorus loading, the nitrogen loadings also appear’ to be reasonable
(23 out of 27 lakes fell within the acceptable limits). The resulting
modified Vollenweider (1975, 1976) and Dillon and Rigler (1975)

nitrogen equations are, respectively:
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0.216

TN = 2.85 (LN/ (10 + qs) ) (14)
™ =1.20 (L/ (ag (L + /7)) y0.858 (15)
TN = 0.899 (LN (1 - Rexn) / qs) 0.976 (16)

The rz values for the nitrogen predictive equations were Tower
than for the phosphorus predictive equations, ranging between

0.30 and 0.77 (Table 9-3).

Nutrient Loading;ModeTs‘ ,

Since the first nutrientr1oading model was published by
Vollenweider (1968) more'fhan a decade ago, numerous workers have
modified the basic model or developed new models in order to derive
nutfient Ioadihg rate criteria for water quality management purposes
(VoT]énweider 1975, 1976; Shannon and Brezonik 1972; Dillon 1975).
Also, many statistical and empirical models have been developed from
lﬁmifed data bases (geographically and lake typeS). For the purposes
of this report, only the tﬁeoretical and semi-theoretical models
mentioned above will be considered, along with the corfesponding
modifications for Florida lakes (Kratzer 1979).

There are two critical levels (excessive and permissible) associ-
ated with nutfient loading models. The excessive level represents the
]oadiné rate above which a lake has a high prdbabi]ity of proceeding to
a eutrophic/hypefeutrophic (high nutrient-high productivity) state.

. The permissible level represents the 1oad1ng rate below which a Take
has a high probabiTity of maintaining an oligotrophic (low nutrient-
low productivity) state.

a. Phosphbrus Models
The initial Vollenweider (1968) model was derived from well-

documented inverse relationships between mean depth and various
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measures of water quality. Based on available data and his.
subjective judgment on lake quality, Vollenweider estimated
critical phosphorus loading levels as a function of mean depth

using the following equation:

0.6

Le (P)exCessive = 0.05 z ‘ {17)

The graphical repfesentation of the Vollenweider {1968}
model is shown in Figure 9-3.

Shannon and Brezonik (1972) developed a model identical
in form to the Vollenweider (1968) model, except with different
phosphorus critical loading levels (Figure 9-4). Regression
analysis between nutrient loading levels and the Shannon and
Brezonik (1972) TSI was used to determine the critical phosphorus
loads. The excessive volumetric phosphorus loading rate for the

model is:

. - i} 3
Lc (P)excessive 0.22 g/m™ - yr {18)

Although these early models provided useful information
and insight into the relationship between nutrientrloading
" rates and trophic state, it was later discovered that a lake's
response to loadings also depended on the water residence time
and hydraulic loading rate of a lake (Vollenweider 1975, 1976;

Di110n 1975). VYollenweider (1975)'hypothéSized there is to be two

basic hydraulic zones of response to phosphorus loading: {1) for
Tow hydraulic loading rates (qs) the critical volumetric phosphorus
loading rate is proportional to the phosphorus sedimentation rate

coefficient (cp) only (LC(P) ~ constant), and {(2) for high
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hydraulic loading rates the critical volumetric phosphofus 10adfng
rate is propoftiona] to the hydraulic flushing rate (pw) only
(LC(P) ~ constant . qs)' This reasoning produced Vollenweider's
(1975) phosphorus predictive equation (4), which is the basis of

his cfitica] phosphorus loading rates (Figure 9-5) using a

critical total phosphorus concentration of 0.020 mg P/L (Tab1é 9-2).
Thus, the equation for Vollenweider's (1975) model is:

LC(P) excessive = 0.20 + 0.020 g _ (19)

Dillon (1975) also recognized the importance of the
hydraulic Toading ﬁate'by proposing a phosphorus loading model
based on Dillon and Rigler's (1975) phosphdrus predictive
equation (7). Although Dillon proposed the use of Kirchner and
Dillon's (1975) Rp predictive equation in his model, the measured
R will be used in this study due to poor predictions for Rp

exp

from Florida data bases. Dillon's model of Lp (I-Rp) Versus
z delineates trophic state according to a line representing a
critical predicted total bhosphorus concentration of 0.020 mg P/L
(Figure 9-6) according to the following equation:

FC (P) = 0.020 g / (]'Rexp) _ {20}

excessive
IhlV011enweider's (1976) most recent model (Figure 9-7)

he éonsiders the effects of both water residence time and the

hydraulic Toading rate on trophic state determination. His

resulting critical phosphorus loading criteria consider

a critical total phosphorus value of 0.020 mg P/L in his predictive
equation {5). This produces the following equation describing

the excessive loading rate:
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L_{P)

c'"/excessive 0.020 9 (T + V?; ) (21)
The Vollenweider (1975) and Dillon {7975) models were
modified to better fit the Florida NES data base (Kratzer 1979}
because Florida lakes appear to be able to withstand higher
total phosphorus concentrations (and correspondingly higher P
Toading rates) before reaching the same Tevel of algal biomass
as would be found in north temperate Takes. This phenomena is
illustrated in Fiqure 9-8. The increased allowable loadings for -
the Vollenweider (1975) and Dillon (1975) models are based on’
regressions of (ﬁ)] and Chl-a predictive equati ns versus critical
values 0.040 mg P/L and 10 g/L, respectively. This procedure
was also followed in this stUdy to produce a modified loading
~criteria for the Vollenweider (1976) model. The resulting modified
loading criteria for the Vollenweider (1975), Dillon (1975}, and
VoTTenweider’(]Q?G) models {see Figures 9-5, 9-6, and 9-7,
respectively) are:

0.20 + 0.050 q, (22)

Le (P)excessive B
Lo (Poxcessive = 0-034 oo/ (1-Rg) (23)
Lo (Plexcessive = 0048 a5 (1 + “?; - (24)

For all the models discussed above, excepﬁ the Shannon
and Brezonik (1972) model, the permissible loading rate (delin-
eating oligotrophic/mesotrophic states) is half of the excessive
criteria. For Shannon and Brezonik the permissible and excessive

loads were based on TSI values. The critical phosphorus Toading
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equations are summarized in Table 9-4.
Nitrogen Models

The nitrogen version of the Vollenweider (1968) model is
derived from the phosphorus criteria using an assumed total N/
total P ratio of 15 by weight. Thus, the critical nitrogen

loading eguation for the model represented in Figure 9-3 is:

0.6

L. (N) = 0.750 7 (25)

C excessive

Similarly, Shannon and Brezonik (1972) assumed a 15:1 molar
ratio { ~7.2:1 by weight) for total N/total P to devise their
critical nitrogen loading criteria (Figure 9-5;:

L (N) = 1.5 g/mo-yr , (26)

C excessive
Nitrogen predictive equations were developed from the
Vollenweider (1975), Dillon (1975), and Vollenweider (1976)

phosphorus models by substituting LN and Rexn for Lp and Rexp in

the phosphorus predictive equations, and regressing these equations
versus the total nitrogen concentrations for the Florida NES

data base (equations 14 - 16). The critical loading rates for

the modified Dillon {1975} and Vollenweider (1976) nitrogen models
are based directly on these predictive equations with a critical
nitrogen concentration of 0.90 mg N/L. For the modified
Vollenweider (1975) nitrogen model, the critical loading rate is
based on a regression of LN/qS versus Chl-a for the Florida NES
lakes, considering a critical Chl-a value of 10 ug/L. The
resulting loading criteria for the modified Vollenweider (1975),

Dillon (1975), and Yollenweider (1976) nitrogen models (Figures

9-9, 9-10 and 9-11, vespectively) are:
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TABLE 9-4,

CRITICAL EQUATIONS FOR

NUTRIENT LOADING MODELS

Model Phosphorus Equations Nitrogen Equations
0.6 - 0.6
Vollenweider L (P) = 0.050 z L_(N) = 0.750 z
(1968) c' ’exc. 0.6 c' exc. 0.6
LC(P)perm.= 0.025 z LC(N)perm.z 0.375 z
3 3

Shannon & Le(P) = .22 g/m”-yr L_{N) = 1.5 g/m”-yr

%rezo?ik exc. ; c'exc. ;
1972 L = -
LC(P)perm.- 0.12 g/m”-yr LC(N)perm. 0.86 g/m”-yr

Vollenweider L.(P) = 0.20 + 0.020 q

' LC(P)perm.= 0.10 + 0.010 qs

Modified L (PY = 0.20 + 0.050 q L(N). . =3.0+1.10q,
¥o11e?we1der c' ‘exc. 3 c'exc. S

1975 = =
(Kratzer 1979) Lc(P)perm._ 0.10 + 0.025 q Lc(N)perm. 1.5+ 0.55 g
. 0.020 q_/(1-R.)
Dillon (1975) Lc(P)exc s p
L(:(P)pt,_n_m.= 0.010 qs/(L-Rp)_

Modified L_(P) = 0.034 q_/(1-R) L (N) = q_/(1-Ry)
Dillon 1975)) c' ‘exc. 5 p c' exc, 3 N
(Kratzer 1979 _ _ - _

: LC(P)perm. .0.017 qs/(1 Rp) Lc(N)perm. 0.5 qs/(l RN)

Vollenweider L {P) = 0.020 q (1 + V7 )

(1976) C axc. S w

| Lc(P)perm.= 0.010 A (1 + J?;)

Modified L-(P) = 0.048 q_(1 + /7 ) L_{N) = 0.66 q_(1 + v/7 )
Vo]Tegweider c'' 'exc. S w c' exc. s w
(1976 ' _ - '

LC(P)pem' 0.024 q {1+ ‘/T‘w) LC(N)pem' 0.33 q (1 + Fw)

NOTE: exc. = excessive

perm. = permissible
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Vollenweider (1975) model classified the Take correctly six of the seven
years based upon phosnhorus; however, it classified the lake correctly
for only one year based upon nitrogen. The Shanron and Brezonik model
{1972) correctly classified the Take for each vear based upon nitrogen;
however, it did nof correctly classify the lake for any of the years
based upon phosphorus. The modified Dillon {1975) modé] correctly classi-
fied the lake 50 percent of the time based upon both phosphorus and
nitrogen. The Vollenweider (1968) and Vollenweider (1976) models were
the least accurate in classifying the lake. Therefore, based upon fhe
trophic state classifications, the modified Vollenweider (1976) model
appears to be the most applicable model for Lake Okeechobee.

The second criterion in evaluating the applicability of the eight
models to Lake Okeechobee involves the data base on which the models were
developed. Table 9-10 presents the eight models, along with the general
geographic region‘in which the model development lakes were located. The
Yollenweider {1968), Vollenweider (1975), Dillon (1975), and Vollenweider
{1976) models were developed for temperate lakes and, therefore, are |
probably the least applicable to Lake Okeechobee. The Shannon and Brezonik
{1972) model was develored using a data base consisting of lakes 10catéd
in Florida: however, Lake Okeechobee was not included among the lakes. The
modi fied models of Vollenweider (1975), Dillon (1975), and Vollenweider
(1976) were developed from a data base of Florida lakes which included
Lake Okeechobee. Based upon the most pertinent data base, 1trwou1d appear
that one of the latter three models (modified Dillon 1975 or modified

Yollenweider 1975, 1976) would be the most applicable to Lake Okeechobee

~227-



1000

500 -

EUTROPHIC ZONE

2

Annual Total Nitrogen Loading Rate gN/m -yr

100

n
[=]

10

OLIGOTROPHIC ZONE

- i L
0.1 0.5 1 5

! L
10 50

Hydraulic Lcading Rate (qs). m/yr

100

Figure 9-9  CRITICAL LOADING PLOT FOR NITROGEN
: ACCORDING TO THE MODIFIED VOLLENWEIDER

(1975) MODEL.

~228-




2
L gN/m

L{1-R )T
exn

N

100

EUTROPHIC ZONE
50 (

10

OLIGOTROPHIC ZONE

A 1

i 5 10 ' 50 100

Mean Depth (z).m

CRITICAL LOADING PLOT FOR NITROGEN
ACCORDING TO THE MODIFIED DILLON (1975)

MODEL.

~229-




100 ' . . 1 . - l

50 |
EUTROPHIC ZONE

OLIGOTROPHIC ZONE

01 1 i -y 1 1
0.1 0.5 1 5 10 50 100

Water Residence Time ('(W).yr

CRITICAL LOADING PLOT FOR NITROGEN
ACCORDING TO THE MODIFIED VOLLENWEIDER
(1976) MODEL..

-230-




Lo (M aycosgive = 3-0+ 110 q (27)
Le (M excessive g/ (1-Rayp) (28)
Lo M excessive = 0-66 a5 (1 + “:L) ' (29)

As with the phosphorus models, all the above nitrogen
mode1s.(except Shannon and Brezonik) consider the permissible
1oad{ng rate to be half the excessive rate. For the Shannon
aﬁd Brezonik model, the excessive and permissib]é rates are
based on TSI values. The critical nitrogen loading equations
are summarized in Table 9-4,.

Trophic State Probability Analysis

7 Uncertainty is present in all the trophic state predictive
equations, and the loading models based on tﬁe equations. 1In fact,
uncertainty is present in most water quality assessments, simply
because samp]ihg is not continuous through time and space. A1l
models are by definition simplifications of reality and are,
therefore, imprecise. The uncertainty associated with modei
predictions can be used to weigh the value of the predictiqns.

This uncertainty can be expressed in terms of probability. Reckhow
(1978) combined the uncertainty in nutrient loading with the uncertainty
in a model to estimate the total prediction uncertainty, expressed
as fhe probability that a lake will fall in each of the three trophic
states.

The information required to apply probability analysis to trophic
state models includes: model standard error, loading uncertainty, |
measured nutrient concentrations, trophic stéte delineation values,

and predicted nutrient values. The total prediction uncertainty
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is related to the model standard error and the loading uncertainty by:

2 2 2

sf= s fes? . (30)
where,
ST- = total prediction uncertainty
Sm = model standard error
SL = uncertainty in loading (=kL}
The model standard error is calculated by the following equation:
Sn :u{ g=1 Pop - Pe)z or -ﬁﬂ Moo _Ne)z | o
‘ n-2 . n-p2
where, Pob’ Nob = measured total P or N concentration in lake
Pes Ne' = estimated (predicted) values, i.e., TP, TN
n = number of lakes in data bése used to develop

predictive equations
For a data base with measured nutrient budgets (i.e., measured flows
and concentrations for inputs and outputs) the level of uncertainty

in the terms (Lp, Lys 9g0 T» R Rexn) is approximately the same

exp?
as the average uncertainty in these terms in the model development

data set. Thus, the loading uncertainty is incorporated in the model
standard error, and the trophic state probabilities can be estimated
using an S of O (Reckhow 1978}. If ‘the nutrient budgets are based on
estimated values, however,_(e.g., nutrient export coefficients from
various land uses) the 16adinq uncertainty is a orooortion of the load-
ing term (i.e., S| = kL)}. The probability curves used in the Reckhow
analysis assume that the prediction errors are normally distributed.

This is done by converting the predicted values to values of the

standard normal deviate:
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“n EE;E;.;;jEi or Nes. ~ Mo (32)
ST ST
where Z = standard normal deviate
pt.s.’ N, o = trophic state delineation values

(i.e., critical values for P and N)

It sh0ufd be noted here that the trophic state probabilities are

estimated by assuming that the.mode1 error is associated with Pe

(or Ne), not Pt.s. {or Nt.s.) (i.e., the transition lines are "true

values, with no uncertainty, while the estimated lake concentration

has model and Toading uncertainty associated with it).

In summary, three comments need to be made on the restrictions of

this probability analysis:

1.

The application lake should have characteristics similar

to those of the model development data set.

The probability analysis should only use the P and N values
predicted from the TP and TM predictive equations, respectively.
This is because the models assume that the probability

assigned to a trophic state is a function of the error in

the prediction. Using the measured (F)] and ('ﬁ)1 values

would negate the purpose of the analysis.

The assumptions inherent in this analysis should be considered

before applying the analysis. Also, the accuraCy of the prediction
equations for a given lake should be considered before application.
Thus, the best proven predictive model for a given lake should be

used in order to give a valid trophic state probability assessment.
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1.

ASSESSMENT OF LAKE OKEECHOBEE'S TROPHIC STATUS

Trophic State Indicators

The average annual water chemistry values from 1973 to 1979 for
Lake Okeechobee are shown in Table 9-5. Thése values can be compared
to the critical values for Secchi disk, chlorophyll a, total and ortho
phosphorus, and total and inorganic nitrogen to give a subjective evalu-

ation of the Take's trophic state. Although these critical values lack

~the simplicity of a numerical index, they are the ultimate criteria for

the development of several indices and models.

A11 the annual average Secchi disk transparencies, cthrophy11 a
concentrations, and total phosphorus concentrations in Lake Okeechobee
during the study period are well above {or below, for Secchi disk} all
the critical values for these parameters. With the exception of the
1973 study year, all the orthoc phosphorus values are above the reported

Titerature critical values. The total nitrogen concentrations in Lake

Okeechobee are considerably above the critical value reported by Kratzer

(1979). Inorganic nitrogen concentrations in Lake Okeechobee are all
less than the critical values reported by Sawver (1947) and Vollenweider
{1968). It should be noted, however, that these criteria were based on
spring maximum concentrations in temperate lakes. Indeed, Figure 7-7
indicates that wintertime inorganic nitrogen concentrations are suffici-
ently ‘hidh to support a phytoplankton standing crop characteristic of a

eutrophic lake (based on the 0.3 mg/L criterion). In general, based on

the foregoing discussion, Lake Okeechobee can be subjectively classified

‘as eutrophic.

Trovhic State Indices

The trophic states associated with values of TSI and each trophic

state parameter are shown in Table 9-6. The delineations are based
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AVERAGE ANNUAL WATER CHEMISTRY VALUES FOR LAKE OKEECHOBEE

TABLE 9-5

AND CRITICAL VALUES FOR TROPHIC STATE EVALUATION

Secchi
0PO4 TPOg Inorg-N Total N Disk Chl-a
Year (mg/L) {mg/L) (mg/L) (mg/L) (m) (ug/t)
1973 - 0.005 0.049 0.08 1.63 0.58 -
1974 0.014 0.049 0.16 1.45 0.56 24.0
1975 0.013 0.058 0.16 1.60 0.48 27.0
1976 0.016 0.055 0.22 2.01 0.58 26.1
1977 0.013 0.063 0.13 1.64 0.65 -
1978 0.019 0.067 0.13 1.77 - -
1979 0.045 0.097 0.26 2.02 - -
Average
1973-79 0.018 0.063 0.16 1.73 0.57 25.7
Critical Va1uesl/
NES 1975 >0.020 <2.0 >10.0
Kratzer 1979 >0.040 >0.90 >10.0
Sawyer 1947 >0.010 >0.30
Vollenweider >0.010 >0.020 >0.30
1968 :
Chapra and >8.8
Tarapchak
1976
NAS & NAE >10.0
1973
Bennedorf >0.010
1979
Carlson >6.0
1977

1

can be expected in a Take.
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TABLE ©-6. TROPHIC STATES ASSOCIATED WITH CARLSON'S TSI AND TSI (TN)

Water ' Total Total
Transparency Chlorophyll a Phosphorus Nitrogen
TSI Trophic State (Secchi Disk, m) (ug/L) B (ng P/L) (mg N/L)
0 ultraoligotrophic | 64 0.0 0.75 0.02
10 _ ultraoligotrophic 32 0.12 1.5 0.05
20 ~ ultraoligotrophic 16 0.34 3 0.09
30 oligotrophic 8 0.94 6 0.18
40 oligotrophic 4 2.6 12 0.37
45 mesotrophic 2.8 4 17 0.52
50 mesotrophic 2 7 24 0.74
53 eutrophic 1.6 10 30 0.92
60 eutrophic B 20 48 1.47
- 70 : hypereutrophic : 0.5 56 , 96 . 2.9
80 hypereutrophic 0.25 154 192 5.89
90 hypereutrophic 0;12 427 384 11.8
100 hypereutrophic : 0.06 1183 768 ' - 23.6
where: TSI (SD)/ = 10 (6 - Tn (SD)/1n 2), SD in meters
TSI (cHAY= 10 (6 - (2.04 - 0.68 Tn (CHA() }/1n 2), CHA in ug/L
TSI (TP) /= 10 (6 - 1n (48/TP)/ 1n 2), TP in ug/L
ST (TN) %= 10 (6 - 1n (1.47/TN)/Tn 2), TN in mg/L

1 ¢rom carlson (1977)
g-/from Kratzer and Brezonik (1981)



on the Kratzer {1979) critical values for chlorophyll a, total

phosphorus, total nitrogen, and their relationshins of Carlson's (1977}
TSI values. Annual TSI values for each parameter and the TSI (AVG)
are given in Table 9-7.

A1l the TSI values for Lake Okeechobee are above 53, the value
delineating eutrophic classification. The general conclusion of the
TSI analysis aqrees with the previous assessment based on trophic state
indicators.

Besides this general conclusion, two interesting trends can be
determined from the TSI values shown in Table 9-7. The first is that,
in all cases,the TSI (SD) values are significantly higher than the
other three TSI's. This is to be expected in Lake Okeechobee due to
the poor correlation between the Secchi disk transparency and chlorophyll
g_and nutrient concentrations (Kratzer 1979). Extensive Wave—induced
turbidity and moderately high color (Chapter VII) are the primary
reasons for this poor correlation; however, the Secchi disk TSI values

“are still averaged with the other TSI's to compute TSI (AVG) because
the clarity of water is an important physical measure of trophic state,
regardless of its relationship with the other parameters. _ The
second trend noted in the TSI values is that the TSI {TN) values

~and the TSI {TP) values are very close for all years except 1979.

In fact;'based on a comparison of these values the lake has apparently
changed from a nutrient balanced condition with fluctuations from P
to N limitation to N limitation during the seven year study pekiod.

The 1ake change appeared fo occur during the period from 1977 to
1979. This trend is supported by the inorganic N/P ratios for the

lake as discussed earlier in this report in Chapter VII.
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TABLE  9-7
TROPHIC_STATE_INDEX VALUES FOR LAKE OKEECHOBEE

Year 1oy rsi(eha)®  tsirm)Y wsymd  Tsi(ave)y
1973 - 67.9 -  60.3 61.5 64.1
1974 . 68.4 61.7 © 60.3 59.8 63.3
1975 70.6 62.9 62.7 61.2 64.9
1976 67.9 62.6 61.4 64.6 64.0
1977 66.2 - 63.9 61.6 63.9
1978 - - 64.8 62.7 62.7
1979 - - 70.1 64.6 62.6
Average 68.1 62.4 63.9 62.3 64.3
1973-79
1/ TSI(SD) = 10 {6-1n(SD)/1n2)
2/ TSI(CHA) = 10 (6-(2.04 - 0.68 In (CHA))/1n2)
3/ TSI(TP) =10 (6-1n (48/TP)/In2) |
4/ TSI(TN) = 10 (6-1n (1.47/TN)/1n2)
5/ = [TS1(SD) + TSI(CHA) + TSI(TN)]% 3

If TSI(TP) > TSI(TN), TSI{AVG)
If TSI(TP) < TSI(TN), TSI(AVG)

TSI(SD) + TSI{CHA) + TSI(TP)]% 3
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APPLICABILITY OF NUTRIENT LOADING MODELS AS APPLIED
TO LAKE OKEECHOBEE

The eight nutrient loading models presented in Table 9-4 were
evaluated to determine which of these models is most applicable to Lake
Dkeechobee. The primary criteria used in the evaluation of.
these models were: (1) the degree to which the model's trophic state
assessment agreed with the trophic state assessment based upon trophic
state indicators and indices; {2) the data base on which the model was
developed; and (3} the ability of the model to predict the actu§1 ambient
- Take concentrations.

Trophic ratios (actual nutrient loading rate : exceséive loading
rate) for each model were used to classify Lake Okeechobee based upon
both phosphorus and nitrogen (where applicable}. These ratios were then
compared to the classification based upon trophic state indicators
and indices. A trophic ratio of 0 - 0.5 represents an oligotrophic classi-
fication, 0.5 -~ 1 a mesotrophic classification, and 1 and above a eutrophic
classification. A ratio greater than 2 was given a hypereutrophic classi-
fication. |

Tables 9-8 and 9-9 present the trophic state classifications for
each model along with the classification based on the trophic state indi-
catdrs and indices. The modified Vollenweider (1976) model ﬁas the
only model to accurately classify Lake Okeechobee as eutrophic for each
of the seven years, and for the average case, based upon both phosphorus
and nitrogen. The Vollenweider (1975) and Dillon {1975) models accurately
classified the lake in 7 and 4 years, respectively, based upon phosphorus;

however, these models do not have a nitrogen counterpart. The modified
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TABLE 9-8, TROPHIC RATIOS FOR PHOSPHORUS LOADING MODELS

Classification by

Trophic State Shannon &, / Modified Mod ified2/ Modified

Tndica- Indices Vollenweider Brezonik — Vollenweider Vollenweider DillonZ/ Ditlon Vollenweider Vollenweider

Year tors {1968) (1972) {1975) (1975) (1975) (1975) (1976) (1976)
| 3/ 3/ 3/

1673 E £ 3.79 H 0.60 M 1.42 E 1.19 E 1.16 E 0.68 M 3.51 H 1.46 E
1974 E E 5.00 H 0.78 M 1.83 E 1.47 E 2.72 H 1,60 FE 4,72 H 1.97 E
1875 E E 2.68 H 0.43 M 1.01 E 0.87 M 1.47 E 0.86 M 2,93 H 1.22 £
1976 E E 3.60 H 0.57 M 1.36 E 1.14 E .70 M 0.41 M 3.03 H 1.26 E
1977 E E 3.60 H 0.57 M 1.41 E 1.24 E 1.33 E 0.78 M 4.54 H 1.89 E
1978 E £ 3.55 H 0.52 M 1.59 E 1.30 E 2.34 H 1.37 E 3,92 H 1.63 E
1979 E E 4,92 H 0.72 M 1.89 E 1.54 E 2.37 H 1.39 E 4.66 H 1.94 E
Average |
1973-79 E E 3.88 H 0.60 M 1.51 E 1.26 E 1.83 E 1.07 ¢t 4,00 H 1.66 E
No./%
of correct
C¥assifications 1/13% 0/0% 8/100% 7/88% 7/88% 4/50% 1/13% 8/100%

i 3

Using the volumetric loading of (0.22 g/m -yr)

2/

~ Using R_ =R

3/ p exp

=M mesctrophic classification

E
H

eutrophic classification
hypereutrophic classification
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TABLE 9-9. TROPHIC RATIOS FOR NITROGEN LOADING MODELS

A : 2/
Classification by Shannon & 1/ Modified ‘Modified Modified
Trophic State Vollenweider Brezonik Vollenweider Dillon Vollenweider
Year Indicators Indices (1968) {(1972) (1975) (1975) {1976)
3/

1973 R E 3.13 H 1.09 E 0.87 M 0.67 M 1.32 E
1974 E E 3.85 H 1.33 E 0.98 M 1.35 E 1.65 E

1975 : E E 3.09 H 1.09 E 0.90 M 0.91 M 1.63 E

1976 E E 2,99 H 1.04 £ 0.85 M 0.47 M 1.156 E

1977 E E 2.97 H 1.03 E 0.94 M 0.84 M 1.70 E

1978 E E 3.79 H 1.22 E 1.01 E 1.29 E 1.58 E

1979 E E 3.59 H 1.15 E 0.92 M - 1.31 & 1.44 E

Average ' | ,

1973-79 E E 3.3 H 1.13 E 0.93 M 1.02 E 1.51 E

No./% of '

Correct 2/25% 8/100% 1/13% 4/50% 8/100%

Classifications

1/

~ Using the volumetric Toading rate (1.5 g/m-yr)
Y ysing Ry = R

exn
3/ M = Mesotrophic classification
E = Eutrophic classification
H = Hypereutrophic classification



" TABLE 9-10. DATA BASE FOR NUTRIENT LOADING MODEL DEVELOPMENT

Mode1 Data Base
Vollenweider (1968) Temperate lakes
Shannon & Brezonik (1972) Florida lakes excluding
Lake Okeechobee
Vollenweider (1975) Temperate lakes
Modified 1975 Vollenweider Florida including
{Kratzer 1979) Lake Okeechobee
Dillon (1975) Temperate lakes
Modified Dillon (Kratzer 1979} Florida including
Lake Okeechobee
Vollenweider {1976) Temperate lakes
Modified Yollenweider (1976) Florida including

|l ake Ckeechobee
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Vollenweider (1975) model classified the Take correctly six of the seven
years based upon phosphorus; however, it classified the lake correctly for
only one vear based upon nitrogen.

The Shannon and Brezonik model (1972) correctly classified the lake for
each year based upon nitrogen; however, it did not correctly classify the lake
for any of the years based upon phosphorus. The modified Dillon (1975) model
correctly classified the lake 50 percent of the time based upon both phos-
phorus and nitfogen. The Vollenweider (1968) and Voilenweider (1976) models
were the least accurate in classifying the lake; therefore, based upon the
trophic state cfassifications, the modified Vollenweider {1976) model appears
to be the most applicable model for Lake Okeechobee.

The second criterion in evaluating the applicability of the eight mode1§
to lLake Okeechobee involves the data base on which the models were developed.
Table 9-10 presents the eight models along with the general geographic region
in whch the:model develooment lakes were located. The Vo]lenweider_(1968),
Vollenweider (1975), Dillon (1975), and Vollenweider (1976) models were .
developed for temperate lakes, and therefore, are probably the least |
anpiicable to Lake Nkeechobee. The Shannon and Brezonik {1972) model
was developed using a data base consisting of lakes located in Flerida;
however, Lake Dkeechobee was not included among the lakes. The modified
models of Vollenweider {1975), Dillon (1975), and Vollenweider (1976)
were developed from a data base of Florida lakes which included Lake
Okeechobee. Based upon the most pertinent data base, it would appeér
that one of the latter three models (modified Dillon 1975 or modified

Vollenweider 1975, 1976) would be the most applicable to Lake Okeechobee
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since it was included in the original data base used to develop (cali-
brate) the model.

The third criterion was the ability of the models to predict'the actual
ambient Take concentrations. The results of the predictive equations for
total phosphorus and total nitrogen are shown in Tables 9-11 and 9-12,
respectively. Note that the Vollenweider (1968} and the Shannon and
Brezonik (1972) models do not have corresponding predictive equations.

Thus, these two models cannot be evaluated on this criteria. The test
used to determine the best predictive model was the percent difference
between the predicted values and the corresponding measured ambient values
for each year. MNegative percent differences indicate an under prediction
while positive percent differences indicate an over prediction. The
average percent difference is'based on a comparison of the average ambient
concentration during this study and the predicted concentrations bas§d
upon the average seven year material budget. The modified Vollenweider
(1976) model was the best predictor of total phosphorus,with an average
'percent difference of only 2 percent compared to average percent differences
ranging between 19 and 54 for the other five models (Table 9-11). The

best predictor of ambient total nitrogen levels was also the modified
Yollenweider {1976) model with an average percent difference of 26 percent.
-This is in comparison td 33 and 47 percent for the other two models

(Table 9-12). The modiffed Vollenweider {1976) model was also the pest
predictor for total phosphorus and total nitrogen for 5 of the 7 individual
years. The modified Yollenweider (1976) model had almost an even split
between undef predictions (4) and over predictions (3)'f0r phosphorus,
while nitrogen was consistently under predicted. The consistent under pre-
diction for nitrogen may have resulted from an underestimation of the nitro-
gen Toading rate, since nitrogen fixation and dry deposition of NO, were
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TABLE 9-11. "PPLICATION OF PREDICTIVE EQUATIONS FOR TOTAL PHOSPHORUS

Lake ny Modified®  Dillon & 3/ Modified Dillon™ Modi fied®/
Average  Vollenweider— Vollenweider Rigler % Rigtler Vollenweider~ Vollenweider -

Year (P, (1975) (1975) (1975) (1975) (1976) (1976)
1973 0.089  0.028 -43%Y/ 0.049 0%  0.023 -53%  0.029 -41% 0.070 43%  0.057  16%
Te74  0.049  0.037 -24% 0.061 24%  0.054 10%  0.061 24% 0.094° 92%  0.075  53%
1975 0.058  0.020 -66 0.038 -34%  0.029 -50%  0.036 -38% 0.059 2%  0.048 -17%
1976 0.055  0.027 -51% 0.048 -13%  0.014 -75%  0.019 -65% 0.061 11%  0.050  -9%
1977 0.063  0.028 -56% 0.049 -22%  0.027 -57%  0.033 -48% 0.091 443  0.073  16%

t 1978 0.067  0.032 -52¢% 0.055 -18%  0.047 -30%  0.054 -19% 0.079 187  0.064  -4%

E Y

= .

T 1979 0.097  0.038 -61% 0.063 -35%  0.047 -52%  0.054 -449% 0.093 -4%  0.074 -24%
average  0.063  0.029 -542 8 0.051 -192 ¥ 0,037 -a14¥ 0.088 300 ¥ 0080 272 ¥ 0068 2Y
1973-79

1/ 1p - L, /(10 + q)
e 0883 (L, / (104 ) )07
= L O-R,) /g
3P = oae s 0y oy 0.862
Y TP = 0748 (L (1R, ) /)
5/ 1= Ly /ey (D4 v ) )
6/ TP = 0.682 (L / {ag (1 + /) ) ) 0934
Percent difference = ( (predicted - measured) / measured) X 100

1/ Negative indicates under prediction/positive indicates over prediction

8/ Percent difference between the average ambient concentration (1973-1979) and the predicted concentration

based upon the average material budget for the 7 years of the study.
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TABLE 9-12 APPLICATION OF PREDICTIVE EQUATIONS FOR TOTAL NITROGEN

| Modi fied Modified Dillon 87 Modified Vollenweiders

Year (N)1 Vollenweider (1975) Rigler (1975) (1976)
1973 1.63 2.27 303 ¥ 0.60 -63% 1,14 -30%
1972 1.45 2.37 634 1.21 -17% 1.39  -4%
1975 1.60 2.27  42% 0.82 -49% 1,30 -19%
1976 2.02 2.26 12% 0.43 -79% | 1,02 -50%
1977 1.64 2.27  38% 0.76 -54% 1,42 -13%
1978 1.77 2.37 3% 1.15 -35% 1.3 -243
1979 2.02 2.32 154 1.7 -42% 1.24 -39%
Averace 1.73 2.31 33% 5/ 0.91 -47% %/ 1.28 269 Y/
1973-79 -

Vo= 2.8 (7 (10+q) 021

2/ = 0.899 (Ly(1-R_ )/a,) 0.976

Fom= 129 (L /(e (1 VT ) ) 0098

4/

Percent difference = { (measured-predicted)/measured) X 100
~ Negative indicates under prediction/ positive indicates over prediction
5/ see #8) in Table 9-11).



not considered in the nitrogen budget. The worst case for the phosphorus
model was in 1974, percent difference of -53, when the lake had the highest'
hydraulic loading rate and the lowest water residence time during the
study. It appears that the modified Vollenweider (1976) model tends

to break down at very low watef residence times rather than at high hydraulic
loading rates. The rationale being that the relative difference in the
1974 water residence time, as compared to the seven year average, was
substantially greater than the relative difference in the 1974 hydraulic
loading rate (Table 6-4). Although the modification of the Dillon (1975)
model best fits the Florida NES lakes as a group {Table 2-3), the

modified Vollenweider (1976) model was the best predictor'of limnetic
nutrient levels for Lake Okeechobee.

Table 9-13 summarizes the results of the criteria for determining
which of the eight models evaluated was most app]icable to Lake Okeechobee,
In summary, the modified Vollenweider (1976) model was selected because
(1) it most accurately and consistently correctly classified the lake as -
eutrophic based on both phosphorus and nitrogen; (2) it was the best
predictor of ambient total phosphorus and total nitrogen levels; and (3)

it was based on a data base of Florida lakes which includes Lake Okeechobee.

APPLICATION OF THE MODIFIED VOLLENWEIDER (1976)
MODEL TO LAKE OKEECHOBEE

As shown in Table 9-14, the proper application of nutrient loading

models requires manv assumptions. The main sources of error in these
assumptions as'applied to Lake Okeechobee are Tisted below:
“{a) The tota]iphosphorus concentration in the lake changed from

1973 to 1979. The effect of these nutrient changes on the
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TABLE. 9-13.

Trophic State

SUMMARY OF NUTRIENT LOADING MODEL EVALUATION

Ambient Lake

Classifications
% of Correct Predictions
Classifications Percent Difference
Model p N P " N Data Base
2/
VYollenweider (1968) 13% 25% - - Temperate lakes
Shannon & Brezonik 0% 100% - - Florida Takes
(1972) excluding
Okeechobee
Vollenweider (1975} 1002 - 53%-/ 2
24%-63%~ Temperate lakes
Modified 1975
Vollenweider {Kratzer 88% 13% 19% 33%  Florida including
1979) 0-35% 12-63% Lake Qkeechobee
Dillon (1975) 88% - 8y - Temperate lakes
10-75%
Modified Dillon 50%  50% - 30% 47%  Florida including
(Kratzer 1979) 19-65% 17-79% Lake Okeechobee
Vollenweider (1976) 13 - 274 - Temperate lakes
2-92%
Modified Yollenweider 100% 100% 2% 26% Florida including
(197 6) 4-53% 4-50% Lake QOkeechobee

Y

Mo nitrogen model available
2/

No predictive equation available
3/

~ Percent difference between average ambient level during this
7 year study and the predicted concentration based upon the average

7 year material budget

4/

Range of percent differences for the individual years (exc1ud1ng

the average case).
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TABLE 9-14

SOME ASSUMPTIONS OF NUTRIENT LOADING MODELS AND THE
NUTRIENT LOADING WATER QUALITY RELATIONSHIPS

Assumption

Comments of Applicability of
Assumption to Lake Okeechobee

Lake is at steady state
(i.e., dP/dt = 0 and dN/dt=0).

Lake acts as a cdnstant]y
stirred reactor (homogeneous).

Internal nutrient cycling
-is insignificant.

Surface outflow, sedimentation
and denitrification are the
only significant sinks.

Surface inflows and rainfall
are the only significant
nutrient sources,

Annual averages of (P),, (N)
Chl-a, and Secchi disk
adequately characterize the
lake's trophic state. '

-|’

Chlorophyll a is an accurate
measure of the lake's primary
produced biomass.

Secchi disk transparency
depends upon the algal biomass.

Reasonable assumption based on annual
average, except for P from 1978-79.

Good assumption for vertical mixing.
Fair assumption for horizontal ‘
mixing (i.e., north lake is signi-
ficantly different from south lake).

Poor assumption as discussed in
Chapter VII,

Reasonable assumption.

Poor assumption for nitrogen. Nitrogen
fixation can supply up to 20% of the
total nitrogen loading (Messer and
Brezonik 1979), and internal recycling
of nutrients from the sediments is

a4 nutrient source.

Reasonable assumption due to
year-round growing season.

Questionable assumption due to
significant macrophyte population.

Poor assumption due to significant
interferences from color and
wind induced turbidity.
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steady state assumption could be considerable, although the
results to date suggest that this increase may be a ;yc]ical
phenomena.

(b} The recycling of nutrients from the sediments and littoral
zone may exert a major influence on the concentration of
nutrients in the water column of Lake Okeechobee.

{c} The Secchi disk transparency in Lake Okeechobee is poorly |
correlated (Kratzer 1979) with the algal biomass as measured
by chlorophyll a due to interferences from color and turbidity.

“Also, the significant macrophyte population in the lake may
reduce the chlorophyll a concentration in certain areas of
the lake by the competing for nutrients.

Atthough several of the assumptions of the models are possibly
invalid for Lake Okeechobee,the modified Vollenweider (1976) model does
predict conditions of the Take fairly accurately. Therefore, since the
model appears robust in terms of these assumptions, it is reasonable
to use the model to predict the lake's present condition and to predict

future trends, provided the limitations of the model are considered.

Determination of Excessive Loading Rates and Trophic State Classification

for Lake Okeechobee

The information reqUired for calculation of the excessive phosphorus
and nitrogen loading rates based upon the modified Vollenweider (1976)
modeT is Lp, Ln’ 9 and T, For Lake Okeechobee this information is
given in Table 9-15. The excessive 1oad1ng‘1ine according to equation
(24) is drawn on a plot of Lp/qS versus t_ in Figure 9-12. The

excessive rate is that nutrient loading rate above which the Take would
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TABLE 9-15. HYDROLOGIC PARAMETERS AND NUTRIENT LOADING RATES
FOR LAKE CKEECHOBEE

: ' Hydrau]icg/ Areal P Areal N
Water Residencel/ Loading Rate Loading Rate Loading Rate
Year Time t . yrs ag» M/yr Lo g/me-yr Lys 9/m2-yr
1973 _ 4.63 1.47 _ 0.325 : 4.03
1974 1.85 | 1.96 0.437 5.05 -
1975 4.74 1.22 ) 0.227 3.92
1976 6.78 1.42 6.310 3.87
1977 6.17 0.98 0.310 3.82
1978 | 2.85 1.78 0.376 5. 00
1979 3.96 1.75 ' 0.443 4.53
Average
1973-79 3.47 1.52 0.347 - 4.32 |
1 ‘
2/ Based on surface outflow (excluding evaporation)

Based on surface inflow (excluding rainfall}.
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have a high probability of progressing to a eutrophic/hypereutrophic
state. Also shown is the permissible Tine (= 1/2 excessive 1line) and
the points corresponding to the Lake Okeechobee data for each year
individually and the 1973-1979 average. The same is done for nitrogen
in Figure 9-13 using equation (29). The points on the loading plots are
essentially visual representations of the trohic ratios presented in
Tables 9-8 and 9-9. Thus, Figures 9-12 and 9-13 indicate that Lake
Okeechobee is eutrophic based on both phosphorus and nitrogen loading
rates.” The trophic ratios for phosphorus range from 1.22 to 1.97,

and for nitrogen they rangé from 1.15 to 1.70 (Tables 9-8 and 9-9).

-Trophic State Classification Probability Analysis of the Modified
Yollenweider (1976) Model

The trophic state probability analysis discussed in the previous
section was applied to the modified Vollenweider (1976) model for Lake
- Okeechobee to determine the probability of the trophic state classifi-
cations illustrated 1n'Fi§ure$ 9-12 and 9-13. The required information
for both the phosphorus and nitrogen analysis is presented in Table
9-16. Since-the nutrient budget for the Floridq NES data base was
"measured, the loading uncertainty (SL) is zero (as per Reckhow 1978} and

‘the total prediction uncertainty (S;) is, therefore, equal to the model

7)
standard error (sm). The oligotrophic and eutrophic lines on Figures 9-14

and 9-15 are drawn by calculating Pe (or Ne) from the appropriate Pt s )
b _ ,

and S using equation {32} (2n = Pt.s. - Fe ) for given 2n values.
S .
T R .
The Zn values are then translated in probabilities from a table relating

Z values to the area under a normal curve (see Mendenhall and Schaeffer).
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TABLE 9-16

TROPHIC STATE PROBABILITY ANALYSIS FOR LAKE OKEECHOBEE

1. Phosphorus:  n = 29 lakes from Florida NES

Sy =  0.266

s = 0

Sy = 0.266

‘ 0.934
P = TP =0.682 (Lp/g_ (1+ /7))
for mesdtrophic/eutrophic delineation,
Lc(P)excessive = 0.048 q¢ (1 + Ty )
P o = 0.682 (0.048)0%3 = 0,040 mg/L
for oligotrophic/mesotrophic delineation,

LC(P)permissible = 0.024 9 (1 + T )

P, g = 0.682 (0.024)0.93%8 - 0,021 mg/L
Year PV (P2 PO) P(M) P(E)
1973 0.057 0.049 0.05 0.23 - 0.72
1974 0.075 0.049 0.02 0.14 0.84
1975 0.048 0.058 0.09 0.30 0.61
1976 0.050 0.055 0.08 0.28 0.64
1977 0.073 0.063 0.02 0.14 0.84
1978 0.064 0.067 0.03 0.19 0.78
1979 0.074 0.097 0.02 0.14 0.84
Average 0.064 0.063 0.03 0.19 0.78
1973-79

1/ Predicted P inlake cgncentration

2/

=" Actual 1imnetic concentrations
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TABLE 9-16. TROPHIC STATE PROBABILITY ANALYSIS FOR LAKE OKEECHOBEE (CONT.)

2. Nitrogen: n = 27 lakes from Florida NES
| S = 0.186
5, = 0
S; = 0.186
Ne = TN = 1.29 (LN/qS (1 + f;;) )0.858

for mesotrophic/eutrophic delineation,

Lc(N)excessive = 0.66 qg (1 + ¥ T, )

N, o = 1.29 (0.66) 0.858 = (.90 mg/L
for oligotrophic/mesotrophic delineation,

Lc(N)permissible =0.33q (1+ 7))

N o= 1.29 (0.33)0.858 - (.50 mg/L
Year_ NS W, po) P(M) P(E)
1973 1.14 1.63 0.02 0.26 0.72
1974 | 1.39 1.45 0.01 0.15 0.84
1975 1.30 1.60 0.01 0.18 0.81
1975 1.02 2.02 0.05 0.34 0.61
1977 1.42 1.64 0.01 0.14 0.85
1978 1.34 1.77 0.01 0.17 0.82
1979 1.24 2.02 0.02 0.20 0.78
Average .28 1.73 0.02 0.19 0.79

1973-79

1/ Predicted N inlake concentration

2/ Actual limnetic concentration
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The predicted nufrient concentration (Pe’ Ne) parameter is then.p1otted
versus P (0) and P (E) to produce.fhe oligotrophic and eutrophic Tines,
respectively. Since the trophic state probabilities must sum to zero,
the probability of mesotrophic classification P (M) is equal to 1 -
(P {0) +P (E) ).

The probability of Lake Okeechobee being oligotrophic, mesotrophic,
or eutrophic is calculated in Table 9-16 from Figures 9-14 and 9-15
for both phosbhorus and nitrogen from 1973-1979. The probabi]ities are
_based on the predicted nutrient concentrations (Pé, Ne) from- the modified
Vo11enwe1der_(19?6) models, and the assumptions inherent in both the
predictivermode1 and the probability analysis. For phosphorus,. the
prgbabi1it1es for the entire seven year period (1973-79) are: P
(o]igotrohhic) 3 percent, P (mesotrophic) 19 percent and P {eutrophic)
78 percent. For nitrogen, the probabilities for the period are P {0) -
2 percent, P (M)_; 19 percent, and P (E) - 79 percent. Again note the
p]oéé correspondence between the classification based upon either
phosphorus or nitrogen. Thus, besides qualitatively classifying the-
Take as eutrophic, Lake Okeechobee has essentially the same probability

of being eutrophic (78% to 79%) based on either phosphorus or hitrogen.

MANAGEMENT RAMIFICATIONS

The current study (Chapter VII) indicates that Lake Okeechobee was
potentially phosphorus limited from 1973 to 1977, was in transifion in 1978,
and shifted towards potential nitrogen limitation in 1979, according to

the finorganic M/P ratios. This is in accord with Brezonik et al. {1979},
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who indicated that in 1978 the lake was neither wholly phosphorus limited
nor wholly nitrogen limited, although it exhibited greater tendencies for
the former condition. Since this possible shift toward notential nitrogen
Timitation (1) occurred only recently, (2) is still in the borderline range,
and (3) may be transitory, both models should be considered anpiicab]e to
the lake at this time. A sionificant reduction in either nutrient would
theoretically make that the Timiting nutrient; however, this hypothesis is
denendent on the Take beina completely mixed, as well as the other assump-
tioﬁs of the nutrient loadina models discussed previouslv.

Table 9-17 presents, for the time period 1973 to 1979, the actual
nhoﬁnhorus and nitrogen loading rates and the excessive Toading rates
based upon the modified ?o]]enwéider (1976) model as it app1ies to Lake
Okeechobee. The excessive loading criteria were selected oﬁer the permis-
sible criteria since it is un]fke]y that Lake Okeechobee was histdrica11y
a classically defined oligtrophic lake (Gleason and Stone 1975, Brezonik
et al. 1979). During the period 1973 to 1979 the phosphorus loading
rate to the lake was between 18 and 49 percent above the excessive level.
The nitrogen load to the lake was between 13 and 41 percent above the
excessive level. On the average, the phosphorus and nitrogen load to
the lake was 40 and 34 percent, respectively, above the excessiye'leve]s
(Table 9-17).

Reduction in the external loading rates to the Jake would not pro-
duce immediate reductions in nutrient and chlorophyll a levels. The
lag time would be a function of the nutrient residence time and internal
nutrient loadings. A lag time approximately equal to 3 times the nutrient

residence time is needed in order for 95 percent of the reduction in
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TABLE 9-17. EXCESSIVE NUTRIENT LOADING RATESY FOR LAKE OKEECHOBEE

_ __Phosphorus - Nitrogen -
Actual Loading Excessive Loading 2/ Actual Loading Excessive Loading 2/
Rate (| ) Rate Percent~ Rate (Ly) Rate Percent=

jggg_g/ g/mz—yr qOGg/yr g/mz-yr 106q/yr pifference g/mz-yr 1069/yr g/mzjyr ]06q/yr Difference
1973 0.325 547.5 0.223 375.8 31% 4.03 6792.6 3.05 5139.3 28%
1974 0.437 743.5 0.222 378.1 49% 5.05 8607 -1 3.06 5211.2 39%
1975 0.227 371.4 0.186 304.5 18% 3.92 6410.3 2.56 4190.7 35%
1976 0.310 533.5 0.246 422.9 21% 3.87 6659.9 3.37 5793.0 13%
1977 0.310 524.4 0.164 ~ 277.2 a7% 3.83 6475.9 2.25 3802.5 41%
1978 0.376 687.1 0.230 420.4 39% 5.00 9142.0 3.16 5776.5 37%
1979 0.443 810.4 0.228 416.8 49% 4.53 8277.0 3.14 5739.9 31%
?;35?33 0.347  602.5 0.209  360.9 40% 4.32 7480.7  2.87 4956..5 34%

1 Based upon Modified Vollenweider (1976) model. See Table 9-4 for equations

&/ Percent above actual loading rate {or percent reduction needed to meet excessive
loading rate. '

¥ pnnual period April through March



ambient nutrient Tevels to be realized in a completely mixed system
(Brezonik et al., 1979). The average residence for phosphorus and nitrogen
is 0.5 and 1.1 years, respectively. Therefore, after a reduction in phos-
phorus iﬁputs, it would take 1.5 years for 95 percent of the expected
change in ambient water column phosphorus levels to occur. Similarly, after
a reduction in nitrogen inputs, approximately 3.3 years would need to trans-
pire before 35 percent of the expected reduction in ambient nitrogen levels
would be realized. Significant internal nutrient loadings could delay
substantially these response times.

Assuming phosphorus and nitrogen loads to the Take are reduced to the
excessive level and significant net internal loadings don't occur, then Lake

Okeéchobee would have a 50 percent probability of no longer being eutrophic.

In 1978 the SFWMD proposed permissible and exceésive Toading rates
for Lake Okeechobee basedupon the Shannon and Brezonik (1972) model |
{SFWMD Technical Publication #78-3, Dickson et al. 1978). The basic
rationale for selection of the Shannon and Brezonik model was that it was
the only nutrient loading model available at that time which was developed
for Florida lakes. It was rationalized that differences between Florida
lakes and temperate lakes were more significant than dffferencés between
the theoretical considerations of the models available at that time.

The Shannon and Brezonik permissible criteria was subsequently adopted by
the Florida Department of Environmental Regulation as the criteria by
which fo manage the eutrophication of Lake Okeechobee.

Since 1972 additional models have been developed which have more
refined fheoretica] considerations and which have been modified for use
on Florida 1ékes. In addition, a larger and more extensivé data base

now exists on the lake by which to evaluate the trophic state and nutrient
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loading models. Therefore, as discussed in this report, the modified
Vollenweider {1976) model appears to be more applicable to Lake Okeechobee
and should rep]gce the Shannon and Brezonik (1972) model as the criteria
by which to manage the eutrophication of the lake. More specifically,
the permissible rate of the Shannon and Brezonik model should be replaced
by the excessive rate of the modified Vollenweider {1976) model. This
change would require a much greater reduction in phosphorus inputs (i.e.
an increase from a 10 percent reduction to a 40 percent reduction) and

a slightly Tower reduction in nitrogen inputs (i.e. a decrease from a

51% reduction to a 34% reduction. These proposed percent reductions
assume no change in the hydrological characteristics of the lake (i.e.
the average water residence time and hydraulic loading don't change).

If nutrfent abatement strategies do ﬁ#;reciab1y alter the average water
residence time and hydraulic loading rate, then the excessive nutrient

Toading rate should be recalculated.
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SUMMARY

A comparison of Lake Okeechobee with literature critical values for
six common trophic state indicators (Secchi disk, chlorophyll a, total
phosphorus, ortho phosphate, total nitrogen, and inorganic nitrogen)
produced a subjective trophic state assessment of eutrophic. The same
assessment was determined for the lake using a quantitative trophic state
index (TSI (AVG) ) based on four of the indicators (Secchi disk, chlorophyll
a, total phosphorus and total nitrogen). This‘assessmentrwas then used
as one criterion for selecting an appropriate nutrient loading modef
for Lake Okeechobee. Other criteria consideréd in the selection were
the model's predictive ability for nutrient concentration, and the model

development data base.

The model which best fits the above criteria for both phosphorus and
nitrogen was the modified Vollenweider (1976) model. It predicts the
“total phosphorus concentration in the lake from 1973-79 within 2 percent,
and the total nitrogen concentration within 26 percent. The model was
developed from a Florida data base with measured nutrient budgets and con-
siders the effect of the water residence time on the lake's reéponse to
nutrient loadings. The modified Yollenweider (1976) model alsc accurately
classified Lake Okeechobee as eutrophic based upon both phosphorus and
nitrogen loadings.

Probability analysis was applied to the modified Vollenweider (1976)
mode]l to determine the probability of the trophic state classifications
mdde by the modé1. Based on this analysis, Lake Okeechobee had a 78
percent probability of being eutrophic using the phosphorus Toadings

and a 79% probability using the nitrogen loadings.
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On the average, the phosphorus and nitrogen loads to the Take from

1973 to 1979 were 40 percent and 34 percent, respectively, above the
excessive levels set by the modified Vollenweider (1976} model. Since the
Take 1s neither conclusively vhosphorus or nitrogen limited, and since the
model predicts the same trophic state based on either nutrient, both the
phosphokus and nitrogen based models should be used to manage the lake at
this time. After a reduction in phosphorus Toadings, it would take
approximately 1.5 yvears for 95 percent of the expected reduction in
ambient phosphorus levels to occur. Similarly, it wou]d take about 3.3
years for 95 percent of the expected reduction in ambient nitrogen levels

to occur after a reduction in nitrogen Toadings.
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APPENDIX A

SUMMARY STATISTICS FOR

THE INLAKE STATIONS



BASELINE EIGHT STATION

NUM. VALS,
AVERAGE
$T. DEV.
MIN. VAL.
MAX . VAL,

NUM. VALS,
AVERAGE
ST. DEV.
MIN. VAlL.
MAX. VAL,

NUM. VALS.
AVERAGE
ST. DEV.
MIN. VAL,
MAX. VAL,

NUM. VALS.
AVERAGF
$T. DEV.
MIN. VAL,
MAX, VAL,

NUM. VALS.
AVERAGE
S5Te DEV.
MIN. VAL,
MAX. VAL,

TIME
HOURs MIN

830.
1549,

PH

73

8.17
0.47
£€.20
2.00

TPO4
MG PrL

101

0.064
C.033
0.019
0.157

TKN=NH4
MG N/L

103
1.53
0446
0.35
3.06

Ca
MG /L

80
40.41
10.87

4.20
58.20

PARAMETER

DATE
DEPTH
SAMPLE

STATION

DEPTH
METERS

119
0.0
0.0
0.0
0.0

SECCHI
M

46

0.52
0,26
0.08
l.22

NOX
MG N/ZL

105

0.085
0124
0.003
0.533

TOTAL N
MG N/L

101
l.6%
C.48
0.36
3.08

MG
MG/L

80
15.04

4.05

2,20
21.54

A-2

LAKE DKEECHOREE WATER CHEMISTRY DATA

RANGE OF VALUES UNTTS
&7 1773 3/31/80 MN/DA/YF
0 0 METERS
0.  TYOE
= L1001 CODE
TEMP Dene %SAT. DN €p KR
CENT MG /L UMHOS/CM
73 73 72 71
2443 £.6 96, 530,
5.0 1.6 18. 154.
12.7 5.1 P 17%.
31,2 16.0 204, 760,
TURB COLOR T.SUS.SD  NP04
$TU UNTTS MG /L Me DL
97 69 33 107
12.7 4., 34, & 0e013
9.6 28, 34,2 G019
2.1 20. 2.3 0.002
§2.0 200 125.6 Be.039
NOY 2 NO3 NH& N & NH&
MG N/L MG N/L MG N/ZL MG N/L
108 105 107 104
0.005 0.081 0.0% 0.11
0.002 0.123 0.03 0.12
0.002 0.004 0.01 Goil
0.016 0.529 0.19 0.54
CHLOR. A TATAL FE MNA K
MG /M3 MG /L MG /L MG /1
54 50 79 51
30,2 039 40,74 4ol
16.5 0.31 13.52 0.82
3.6 0.02 8430 1.76
90,7 1.43 70,78 5.2
L SN4 ALK
M3 7L MG 7L MEQ/L
105 40 102
75.8 51,6 2.21
21.2 13,2 0.67
15.4 6.8 Oelé
107.8 7648 3,41



BASELINE EIGHT STATION

NUMe VALS,
AVERAGE
5T. DEV.
MIN, VAL.
MAX, VAL,

NUM. VALS,
AVERAGE
$T. DEV.
FIN., VAL,
MaX. VAL,

NUM,
AVERAGE
ST. DEV.
MIN. VAL,
MAX o VAL,

MUV, YALS,
AVERAGF
ST, DEV.
MIr, VAL,
MAY. VAL,

NUMS VALS.,
AVERAGE
“Ts ODEY.
“In, VAL,
MAX . VAL,

VALS,

TIME
HOUR, MIN

G543,
1710.

PH

72

2.20
0.27
T.23
R 10

TPN4
MG P/L

94
0.061
0.043
0.021
0.297

THKN-NH4&
MG NAL

G5

1.54
C.08
N.28
Z2.91

Ca
MG/t

70
45.31

T.20
Zledls
H3.29

LAKE DOKEECHOBEE WATER CHEMISTRY DATA

PARAMETER RANGE 1F VALUES UNITS
DATE 4y 1773 3r31/78¢ MO/NAIYR
DEPTH 0 0 METERS
SAMPLE - Q. TYPE
STATION = 1002 CODE
DEPTH TEMP DeMs ZSAT. DO SPp CONN
METERS CENT MG/L UMHOES/CM
117 71 71 70 69
0.0 2he 4 8.6 100. 592,
0.0 5.0 l.2 13, 11G.
C.0 12,8 6.2 Tée 137.
0.0 31.5 11.@ 153. 780,
SECCHI TURB CAOLOR TeSUSLSD DPO4
M JTU UNITS MGFL MG PfL
46 96 69 36 g8
¢.50 16.9 43, 32.0 0.014
0.28 13.8 17. 23.5 0.020
Q.12 1.2 19. 2eH 0,007
1.28 73.0 140. G648 Q.104
NDX ND2 M33 MH5 NOX+NRH4G
MG N/JL MG N/L MG N/L MG N/L MG M/L
97 99 G7 99 97
0.123 0.03% 0.120 0.03 Q.15
0.188 0,002 J.187 C.03 0.20
0.002 0.002 V.004 0.01 0.01
1.412 0.017 1.408 0.25 1.43
TOTAL N CHLOR A TOTAL FE NA K
MG N/L MG/ M3 MGZL MGIL MG/L
93 46 42 69 42
.68 2644 Det?2 5. 71 4021
\a‘l52 11.6 Ue33 8.85 G. 70
0,30 3.8 0,02 22.80 1.9C
3.12 55.4% 1.09 73,91 £330
MG cL S04 ALK
MG/L MG/L MG/L MEQ/L
T0 98 34 9%
17.03 B746 Shaeb 2ebb
2+ 60 14.0 11.9 Os45
7.20 26.0 15.8 .69
21.65 114.0 68,1 3448
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BASELINE EIGHT STATION LAKE OWKEECHOBEE WATER CHEMISTRY DATA

PARAMETER RANGE OF VALUES UNTTS
DATE 4/ 1/73 - 3/31/R0 MO/DA/YR
DEPTH 0 - 0 METERS
SAMPLE 0. 0. TYPE©
STATION = L3503 CADE
TIME DEPTH TEMP Defe TSAT. DO SP COND
HOURsMIN  METERS CENT MG /L UMM S/ oM
NUM. VALS. 116 71 71 70 £0
AVERAGE 0.0 24,6 £ 44 98. £06.
ST. DEV, 0.0 5.1 1.2 12, 163,
MIN, VAL, 856, 0.0 13.0 2.7 s, 1136,
MAX . VAL 1705, 0.0 31,7 11,4 124, 755,
RH SECCHI TURR CRLOoR T.SUS.SP  ©pns
M JTU UNTTS MG/ L MG B/L
NUM. VALS. 72 44 95 69 15 98
AVERAGE 8.13 0.45 20.7 41, 40.6 . 0.0G1h
$T. DEV. 0.29 0.28 17.6 11, 40,6 0,018
MIN., VAL, . f.R0 0.09 1.7 17. 2.0 0.032
MAX. VAL, 8.80 1.14 94,0 YO 226.9 0.077
TP4 NOX ND2 NO3 NH 4 BIK+ NH G
MG P/L MG N/L MG NZL MG N/L MG N/L MG N/L
NUM,. VALS. 93 97 98 97 97 Q&
AVERAGE 0.062 0,139 0.005 0.135 0.02 V.15
ST. DEV. . 0.023 0.155 0,002 N.154 0.0? C.l6
MIN. VAL. OoOlq 01001 UoOGZ 0-004 0001 O-Cl
MAX. VAL. 0.170 0.661 0.017 De653 0013 D.67
TKN=NH4 TOTAL N CHLOR A TAOTAL FE NA K
MG NJL . MG N/L MG /M2 MG /L MG /L ME /L
NUM. VALS. 94 94 47 42 T 41
AVERAGE 1.54 1.69 26,3 0,58 57.51 437
ST. DEV. 0.54 0.58 12.7 0.61 8,272 Gub?
MIN, VAL, 0.41 0.2 A 0.02 33, 00 3,40
MAX. VAL, 3.,7C 4.0R 63,2 2.67 89,00 5,87
CA MG cL $04 ALK
MG /L MG/ MG /L MG/L MED/L
NUM, VALS. &8 67 96 313 03
AVERAGE 45,55 17.18 89,5 56.8 2,52
ST.. DEV., A.31 2.67 11.1 10.5 © D.38
MIN. VAL, 22 .87 8440 46,1 17.6 1.60
MAX, VAL, 80.73 22,03 129, 0 73.1 3,43
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BASELINE EIGHT STATION

p:]__.-w.. VAL S,
AVERAGE
ST. DEV,
MiM, VAL,
MAX . VAL,

NUM. VALS,
AVERAGE
“Te DEV,
MIN. VAL,
MAX . VAL,

MM, VALS,
AVERAGE
1. DEV,
MIM, VAL,
MAX . VAL,

NUM, VALS.
AVERAGE
STe DEV,
MIN. VAL,
MA¥. VAL,

MM . VALS,
AVERAGE
ST« NEV,
MIN, VAL,

MaX. VAL,

TIME
HOURe MIN

G385,
1805,

PH

73

F.‘lq
0.30
7.C0
€.80

TPO4
MG P/L

103

0.071
0.043
0.01¢
C.276

TUN-NH4
MG N7L

104
1.59
0.%1
0.35
3.20

Ca
MG/L

77
46,63

5,71
26479
58,31

PARAMETER

DATE

DEPTH
SAMPLE

STATIDN

DEPTH
METFRS

12

o000 Do
. s o =
D000

SECCHI
M

47
0.37
0.186
0.12
0.85

NOX
MG N/L

106

0.139
04150
0.001
D.544

TOTAL N
MG NZL

103
1.76
0.57
0.36
3.61

MG
MGIL

77
17.62

2.17
11.60
72.29

RANGE OF VALUES UNITS
47 1773 3/31/80 MN/DAZYP
0 0 METERS
0. TYPE
= L004 CODE
TEMP D.0. TSAT. DN SP CAND
CENT MG /L UMHOS/7CM
74 74 73 72
2442 8.7 101, £11.
5.3 1.4 14, 1€,
13. 4 b2 79. 132.
32.5 14.5 198, 840,
TURA coLnP T.SUS.SD  OPD4
JTU UNITS MG /L MG P/L
99 71 15 106
23,2 19, 44,1 0.018
16,4 12, 19,3 0.018
1.6 11. 5.6 0,002
£6.,0 65, 180.8 0.074
ND2 ND3 NH& NOX +NH4
MG N/L MG N/L MG N/L MG N/L
108 105 107 105
0.006 0.1326 0.04 D.17
0.010 0.150 0.06 0.16
0.00? 0.004 0.01 0.01
0.099 0,540 0.47 0.58
CH4LOR A - TOTAL FE NA K
MG /M3 MC L MGIL MG /L,
54 50 75 46
23-6 0072 57.66 ’ 4041
7.9 0.64 2,05 T8
5,3 0,03 30, 00 260
1A,9 2,45 74,00 6o17
cL Sn4 ALK
MG/L MG /L ME L
106 19 102
£9.0 574 2455
11.% F.9 0. 40
2745 2h b l1.58
116.0 3,63

A-5

83,2

LAKE QIKECCHOREE WATER CHEMISTRY DATA



BASELINE EIGHT STATION

NUM, VALS.
AVERAGE
STe DFEV.
MIN. VAL,
MAX . VAL,

NUM. VALS.
AVERAGE
ST. DEV,
MIN., VAL,
MAX, VAL.

NUM, VALS.
AVERAGE
ST. DEV.
MIN. VAL,
MAX+ VAL,

NUM. VALS,
AVERAGE
5T, DEV,
MIN. VAL,
MAX, VAL,

NUMs VALS.
AVERAGE
5T. DEV.
MIN. VAL,
MAX . VAL,

TIME

HOURSMIN

B5&.
1645,

PH

74
8431
0450
5,00
9.20

P04
MG P/L

107
0.045
0.049
0.0G5
0.406

TKN=-NH4
MG N/L

1C5
1.52
D.4E
0.26
4.05

CA
MG/L

80
42.80

8,35

6,20
56.30

LAKE OKEECHNEBEE WATER CHEMISTRY DATA

PARAMETER RANGE OF VALUEE UMIT:
NATE 4/ 1/73 - 3731780 MO/DASYR
NEPTH 0 - 0 MFTFRS
SAMPLE O. Oe. TYPE
STATIDN = LOOS CNDE
DEPTH TEMP DeNs TSAT. £0  SP CONT
METERS CENT MG/L UMHO S/
121 76 73 73 732
0.0 2445 o7 1C1. 567,
0.0 5.1 1.3 12. 140,
0.0 13,2 3.2 40 . 141,
0.0 31,2 11.8 131. 750,
SECCHI TURS COLNR T.SUS.SD ae04
M JTU UNITS MG/L MG B/L
48 102 .o 35 110
0.83 1¢.9 49, 2547 D.nN13
D.24 245 1. 1.3 0.00?
1.80 64,0 149, 108.13 Js 342
NOYX NO2 NM3 NH4 NI+ NHG
MG N/L MG N/L G N/L MG NSL MG N/ZL
110 110 110 100 109
0.070 0.005 0.067 C.C2 U.09
D.124 0.002 0,173 0.02 0.13
0.001 0.002 J.004 0.01 G.01
" 04599 0.017 0.592 015 0.61
TOTAL N CHLOR A TATAL FE NA K
MG N/L MG/IM3 MG/L MG/L MG/AL
106 56 50 79 &g
1.61 25.2 0.28 54.71 4e13
0.51 17.2 0.37 11,18 0.97
.29 .4 g.U2 1G.56V Dekb
4, 06 84.8 1.86 77«05 6e27
MG CL S04 ALK
MG/L MG/L MG /L MEO/SL
80 108 42 105
l16.89 Bg,.7 54,6 2ehta
3.58 17.56 1241 0.62
3060 ‘9.0 1008 0.15
22.71 140.7 754 .49
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BASELINE EIGHT STATION LAKE OKEECHOBEE WATER CHEMISTRY DATA

PARAMETER RANGE OF VALUES UNITS
DATE 4 1173 -~ 3/31/80 MO/DA/YR
DEP TH o - 0 METERS
SAMPLE 0. 0. TYPE
STATION = LOO6 cope
TIME DEPTH TEMP DeOs %SAT. DO SP COND
HOUR,MIN METERS CENT MG/L UMHOS/CM
NUM. VALS. 122 76 74 76 73
AVE RAGE 0.0 24,3 B ok 97, 602,
ST. DEV, 0.0 5,0 142 11, 105,
MIN., VAL. 800, 0.0 13.0 6ot 79. 141,
MAX . VAL 1535, 0.0 31,1 12.3 132, 790.
PH SECCHI TURS coLne T.5US.SD  OPO%
M 3TV UNTTS MG /L MG P/L
NUM. VALS. 75 47 101 70 16 106
AVERAGE 8,06 0.56 21.0 42 34,3 0.023
ST. DEV. 0.29 0.31 17.6 13. 28,2 0.021
MIN, VAL. 6.15 0.15% 1.3 18. 3.3 0.002
1AX. VAL, 9.10 1.68 76,0 80. 134,1 0.099
T4 NOX ND2 ND3 NH4 NOX+NH4
MG P /L MG N/L MG N/L MG N/L MG N/ZL MG N/L
NUM. VALS. 106 108 111 108 111 108
AVERAGE 0.065 ‘04188 0,005 0,182 0.03 0.21
ST. DEV. 0.041 0,153 04002 0.152 0405 0.16
MIN, VAL 0.015 0.001 0,002 0.004 0.01 0.01
MAX . VAL, 0.267 0.602 0.016 0.596 0. 50 D464
TKN=NH4  TOTAL N CHLOR A TOTAL FE NA K
MG N/L MG N/L MG /M3 MG 7L MG /L MG /L
NUM. VALS. 109 106 55 52 79 49
AVE RAGE 1.%4 1.65 19. 4 0.40 56.73 4,29
<T. DEV. 0.56 0.59 14,2 0.36 7.80 0.68
MIN. VAL. 0.35 0.36 3.3 0.02 27.00 2.20
MAX. VAL, 4,46 4.75 65,0 1.67 73,91 bob4
CA MG cL S04 ALK
MG/ L MGIL MG /L MG 7L MEO/L
NUM. VALS. a1 81 109 44 106
AVERAGE 46,18 17.38 87.8 57.0 2.53
ST, DEV. 6.74 2.43 12.7 9.8 0. 39
HI\IO VALQ 27.93 9-80 10.0 36.2 1.59
MAY, VAL. 70440 22.07 118.0 83.2 3,66

A-7



LAKE OKEECHOBEE WATER CHEMISTRY DATS

BASELINE EIGHT STATION

PARAMETER
DATE
DEPTH
SAMPLE
STATION =
TIME DEPTH
HOUR, MIN  METERS
NUM. VALS. 117
AVERAGE | 0.0
ST. DEV. 0.0
MIN. VAL. 820, 0.0
MAX. VAL 1710, 0.0
PH SECCHI
M
NUM. VALS. 72 44
AVERA GE 8.10 0.83
ST. DEV. 040 . 0.58
MIN. VAL. 6.80 0.15
MAX. VAL. - 9.13 2.73
TP D4 NDX
MG P /L MG NZL
NUM. VALS. 96 97
AVERAGE 0.0%54 0.202
ST. DEVe 0.030 0.285
MIN. VAL 0.010 0.001
MA!'. VALO 00140 20507
TKN=NH&  TOTAL N
MG N/L MG N7L
NUM. VALS. 96 94
AVERAGE 1.55 1.77
ST. DEV. 0.56 0.68
MIN. VAL 0+10 0.10
MAXe VAL 3.61 486
CA MG
MG 7L MG/ L
MUM. VALS. 69 70
AVERAGE 45,86 17.29
ST. DEV. 6481 2.60
MIN. VAL. 19.20 8460
MAXe VAL 58,80 22.50

A-8

41 1773

)

Lo0?

TEMP
CENT

73
24.5
5.3
12.8
36.6

TURB
JTU

Gk
13.4
13.6

1-2

63.0

NO2
M3 N/L

9%
0.005
0.00¢4
0.032
0.042

CHLDOR A
MG /M3

44
17.1
13.3

0.1
70.0

cL
MG/L

98
89.2
11.4
47.8

RANGE OF VALUES UNTITS
- 2/31/80 MO/DA/YR
- 0 METERS
0. TYPE
CODE
Dels  7SAT. DO SP CONE
MG/L UMHQS /7 M
71 71 70
8.5 99, 515,
1.4 14, 114.
5.1 59, 138,
11.7 158. 915,
COLOR T.5US.SD  0OPOs
UNITS MG /L MG PrL
70 s 50
44, 26.1 0.020
15, 22.0 N.027
10. 1.9 0.002
ge, 96.0 0.088
NO3 NH4 NOY+ NH&
MG N/L MG N/ZL MG N/
97 99 97
0.197 0.03 0.23
0.281 0.03 0.29
0.004 0.01 .Ul
24465 0.18 2,53
TOTAL FE NA K
MG /L - MG/L MG /L
43 £9 42
0.28 56,10 4,30
0.29 BeS51 0.bb
0.02 30. 00 3,20
1.21 74,90 6,20
S04 ALK
MG /L MEQ/L
32 96
£, 3 2.58
9.1 R
32.8 1.30
71.2 3,76

119.4



BASELINE EIGHT STATION

NUM, VALS.
AVE RAGE
$ST. DEV.
MIN. VAL.
MAX. VAL,

NUM. VALS.
AVERAGE
ST. DEV.
MIN. VAL,
MAX. VAL,

NUM. VALS.
AYERAGE
ST. DEV,
MIN., VAL,
MISX. VAL.

NUM. VALS.
AVERAGE
ST. DEV.
IN, VAL.
MAXe VAL

NUM. VALS.
AVFRAGE
5T. DEV,
MIN. VAL.
MAX .« VAL

TIME

HOURs MIN

904,
1715.

PH

67

8.21
D67
5.70
9.20

TPD4
MG P/L

.93

0.067
0.042
0.016
0.207

TKN=NH4
MG N/sL

Y

1.56
0.52
¢.22
3.86

CA
MG/L

69
45,32

6,79
24.20
62469

PARAMETER

DATE
DEPTH
SAMPLE

STATION

DEPTH
METERS

114
0.0
0.0
C.0
0.0

SECCHI
M

44
0445
0.29
0e10
1.11

NOX
MG N/L

95
Oel44
0.166
0.003
D.720

TOTAL N
MG N/L

9

1.71
0.58
0.23
4,09

MG
MG/L

69
17.24

2458
11.20
23.27

RANGE OF VALUES UNTITS
4/ 1773 3/31/80 MO/DA/YR
0 0 METERS
0. TYPE
« LDOSB CADE
TEMP DeOs FSAT, DO SP COND
CENT MG /L UMHOS /CM
68 67 66 €7
24.6 8.7 101, 608 .
5.0 1.1 11. 109,
12.8 beb 85, 138,
1.0 11.6 134, 790.
TURB COLOR T.SUS.SD  OPD4
$TU UNITS MG /L MG P/L
94 67 36 96
27.2 44, 4743 0.016
23.0 24, 50 4 4 0.019
2.5 15. 3.7 G.002
93.0 200. 25640 0.097
ND2 ND3 NH& NOX +NH&
MG N/L MG N/L MG N/L MG N/L
95 94 94 93
0.005 04137 0.02 0.17
0.003 0.164 0.03 0.17
0.002 0.004 0.01 0.01
0.023 0.714 0.28 0.73
C4LOR A TOTAL ©E NA K
MG /M3 MG /L MG/L MG /L
47 39 68 41
27.0 0.52 55499 4.30
16.8 0.49 Bod2 0.67
2.3 0.04 36,00 3,20
96.9 1.92 75.56 6468
cL SD& ALK
MG/L MG /L MEQ/L
o4 33 91
88.5 55 46 2.55
11.2 8.1 0.41
5840 35,0 1.57
114.1 73,2 3.82

A-9
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NEUM, VALS .,
AVERAGE
ST. DEV,
MIN, VAL,
MAyo VAL.

NUM. VALS,
AVFOQAGE ~
ST. DEV.
MIN. VAL,
MAX, VAL,

NUM, VALS,
AVERAGE
ST. DFEV,
MIN. VAL.
MAX ., VAL,

NUM, vaLs,
AVERACF
ST. DFV,
MTN. VAL,
Max., VaL,

MUM, VALS.
AVERAGF
ST. DEV.
MIN, VAL,
MAY . VAL,

TIME
.HUUP,MIN

16

2,01
NL.EG
a2
9,10

TPN4
MG P /L

16
0.10¢
0.C5¢
Q.037
("o 2‘00

TKN=NHG
MG N/L

14

1.73
{.34
].lq
2?4

MG
MG/L

0

LAKE AKEECHNREF 40 STATIAN CATA SFY

PARAMFTER
NATE

NEPTH
SAMPLE
STATINN =

DEPTH
METERS

1

DODO O

*
L ]
L ]
.

[= 2o R o

SFECCHI
M

NOX
MG N/L

16
o.038
¢.080
0,004
D322

TATAL N
MG NJL

14
t.78
0.32
1.40
2.37

CL
MG/L

16

71.2
21.5
28,0
a%,.9

RANGE NF VALUFS

Sf20176

NO2?
MG N/L

1&
0.005
C.002
0.0084
J.010

TOTAL FE
MG/L

1+

C.20
0,13
0.03
Cet9

SN&
MG /L

0

UNTT S
9715779 MO/NAZYR
0 METERS
C. TYPE
f""![‘_;l?

J«N, FLAT, DO €0 oroln
ML HMunc g
16 1% 1

Pot 102. att,
1.4 15. k.
£ol Th. 2a
10.1 1?51 :""L?D
TOLTR TeSUS N 34
UNT TS MGIL MG By
1% 0 1=
. C.037
34, D044
20, N, (7>
"1F0. (VI
N3 NH & CNPY NG
MG NJL MG N/L MG ONMZL
16 16 14
0.02¢4 Q.07 CeTéF
g.07¢ C.02 H,08
0,004 C.C1 .01
le31¢ Uel0G O.?3
N A K rh
MG /L MG 7L e A
0 Iy) o
ALK
MED /L
16
1.84
D.&?®
T.0G?
£abE



NUM, VALS.
AVERAGF
5T. DEV,
MIN. VAL,
Mﬂxﬂ VAL.

NUM, VALS,
AVERAGE
ST. DEV.
MIN, VAL,
MAX . VAL.

NUM., VALS.
AVERAGE
$T. DEV,
MIN, VAL,
MAY . VAL,

NUM,., VALS,
AVERAGE
ST. DEV.
MIMN. VAL,
MAX . VAL,

NUM, VALS,
AVERAGE
$ST. DEV.
MIN. VAL,
MAXY . VAL,

TIME
HOUR, MIN

1027,
1525,

PH

16

&,05
0.74
£.30
9.00

TPO4
MG P /L

1¢&
0.092
0.055
0.027
0.222

TKN=NH4
MG NZL

14

1.63
0.62
1.11
2et4

ME
MG/L

0

LAKE OKEECHOREF 40 STATION DATA SET

PARAMETER

DATE
BEPTH
SAMPLE

STAT ION

DEPTH
METERS

NOX
MG M/L

16
0.021
0.064
0.004
0.177

TOTAL N
MG N/Y

14

l1.866
042
1.13
2.72

cL
MG/L

16

70.3
0%
324
Q6.9

RANGE OF VALUES UNITS
5720778 - 9/15/79  MD/DA/YR
o - 0 METERS
0. 0.  TYPE
. L72 CODE
TEMP Defs 7SAT. DD SP COND
CENT ME L UMHOS /M
16 16 16 16
26.7 847 1ne, 480,
443 1e6 18, 123,
15,7 548 71, 262,
31,3 11.4 130, 645,
TURB COLOR T.SUS.SD  NPD&
JTU UNTTS MG /1L MG P71
16 16 1 16
4,5 62, 840 0,027
3.5 41, G.0%5
1.3 22, 8.0 0.002
16,0 170, 840 0.099
N2 MNO3 NH4 NNX+MH4
MG N/L MG N/L MG N/L MG N/L
16 16 16 16
0.004 0.018 .01 0.02
0.001 0.043 0400 0.6%
0.004 0.004 0.01 0.01
0.008 0.171 0,02 0.19
TOTAL FE Na K o
MG /L MG /L MG /L MG /L
16 o 0 0
0.23
0,21
0.02
0,74
S04 ALK
MG/L MEOQ /L
0 16
1.74
0,50
0.96
2.39

A-11



- NUM,

NUM,
AVERAGE

5T. DFV.
MINS. VAL,
MAX . VAL,

NUM, VvaLS.,.

AVERAGE

ST. DEV.
MIN. VAL,
MAX. VAL,

VAaLS.
AVERACGF
$ST. DFV,
MIN. VAL,
Max, VAL,

NUM. VaLS.
AVERAGE
ST. DFV,
MIN. VAL,
MAXa. VAL,

NUM, VALS,
AVERAGF
ST. DEV,
MIN, VAL,
MAXi VAL,

VALS.:

TIMF

HNURyMIN

1in2,
1%1C.

PH

1%

T.92
D.B84
6. 2C
B.62

TPD&
Me P/L

16
0.083
0.022
0.044
0.151

TKMN~NH&
MG MN/L

14
1.64
N.65
0.10
3,07

MG
MG/L

0

LAKE OKEECHMPEE 40

DARAMETER
DATE

NEPTH
SAMPLE
STATION =

NEPTH
METERS

1

O DD

OO0 D

SECCHY

NOYX
MG N/L

16
D.046
D.DT0
3.004
0.262

TOTAL N
MG N/L

14
1«70
D.65
D.10
.14

CcL
MG/L

16
7449
25.0
13.5
100,0

RAMGE 7F VALUES

5720778

TURR
JTU

16
5.6
440
24

16.0

ND2
MG N/L

16
g.0n5
0.N02
0.004
0.011

TATAL FE
MG/L

1%

0,28
0.21
0.013
.71

Tneg
MG/L

0

A-12

STATINN DATA RFT

UNTITES
QILEITY  MOYIDALYR
O METERS
N, Tyor
cnerr
N0, TSAT, T €D oCnANp
MG /L upungyr
16 16 14
F.I:_‘ 103- 50".
1.3 15, 1652,
R 84, 120,
10.6 130, FiT .
CALCR T.S5USLSD aocna
ONTTS MGIL LI |
14 3 1¢
% 0,022
249, N.02¢
20, G.00?
160, CeDFE
N2 NH & NOY +MH4
MG ML MG N/L MG mfy
14 16 1é
D087 B,02 {1,N¢
Ol(‘bq 0.01 p‘ll-‘?
DaC0% 0,01 Na01
De7hR L.04 DW27
NA K A
MEAL MG/L MG /L
2
0 0 ' t
ALK
MEQ/L
14
1.R%
De51
Ca3
757
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MUM. VALS.
AVERAGF
5Te DEV,
MIM, VAL,
MAY < VAL .

MM, VALS,
AVERAGE
S$T. DEV,
MIN. VAL,
MAX, VAL,

MUM, VALS.,
AVERAGE
ST. DEV,
MIN. VAL,
MAX. VAL,

NUM. VALS,
AVFRAGF
ST. DFV.,
MIv. VAL,
MAX. VAL,

HUM, VALS,
AVERACGE
ST. DEV.
MIN. VAL,
MAY. VAL,

TIME
HOURs MIN

1024.
1550,

PH

15

Bes22
0.75%
.80
8.90

TPO&
MG P/L

16
C.004
0.045
0.032
0.202

TEN~NH4
MG M /L

14

1.85
.28
0.94
4.39

MC
MGrL

0

LAKE OKEECHOPREE 40 STATION DATA SET

PARAMETER

DATE
DEPTH

SAMPLE

STATION

DEPTH
METERS

1

oo o
s ® ®
[« Nall»No)

SECCHI

NDX
MG N/L

16
0,064
0.121
0.004
0,357

TOTAL N
MG NISL

14

1.91
0.86
.98
4,41

CL
MG /L

16
£2.3
PR
45.9
101.1

RANGE 0OF VALUFS

5r12077#

4]

0.

L26

TEMP
CENT

]
7

[N IRV, B B e

Ly pa
2D N MmO

TURB
JTU

16
7ot
67
l.2

28.0

ND2
MG N/L

ié
0.004
0.000
0.004
0.004

TOTAL FE
MG/L

16

0.29
0.28
0.05
1.01

snNe
MG

0

A-15

9715779 MOSDAIYPR
0 METERS
0. TYPE
Capr
Tefle YSAT. DO SP COND
MG /1L UMHOS 7CM
i6 15 16
9.2 112, 547,
1.6 21. Fh.
Tehh 9nN. 360. .
12.¢ 158, 672,
coLnr T.5US.SE ferpa
UNITS MG/L MG P/L
1¢& 0 16
50. 0.029
34, N.020
20. 0.007
124G, 0.10¢
N3 NH4 NOX #MES
MG Nrt MG N/L MG N/rL.
16 1s 16
0081 G.01 Q.07
0.121 0.01 0412
0.004 0.01 0.01
N353 0.03 0.37
NA K Ch
MG/ MG/L ‘MG L
0 2 0
ALK
MEQ/L
lé
2?05
.37
1.37
752

UNITS



NUM, VALS,
AVERAGE
$T. REV,
MIN, VAL,
MAX, VAL.

NUM. VALS,
AVERAGE
ST. DEV.
MIN. VAL,
MAX . VAL,

NUM, VALS,
AVERAGF
ST« DEV.
MIN, VAL,
MAX, VAL,

NUM, VALS.,
AVEFRAGE
57T. DEV.
MIN. VAL,
MAX. VAL,

NUM, VaLS.
AVERAGE
STe DEV.
MIN, VAL,
MAX, VAL,

TIME
HOUR, MIN

900,
1435,

8H

1é

T.55
1.02
5.70
8,84

TPI4
MG P/1

17
0-103
D048
00048
0,234

TKN-NH4
MG N/L

15
1.63
.52
0.81
2.5?

MG
MG/L

8!

LAKE NKEECHNREF 4C STATINN NATA SFET

PARAMETER
DATE

PEPTH
SAMPLE

STATIAN =

DEPTH
METERS3

1

DO 00

OO0 O

SECCHT

NOX
MG N7L

17
0.029
0,048
0.00¢4
0.185

TOTAL N
MG N/L

15

1.71
0450
O.04
2,55

Cct
MG/L

17

5444
2843
14.5
9241

A-16

RANGE NMF VALBES NTTE
5720778 SL15 /179 MOINDAJYR
n N METERS
o. 0. TYDF
Lz77 CODE
TEMR DT ¥SAT, DO S rnwr
CENT MG /L UMHDS/ICY
17 17 17 17
257 Te?2 RS, 3AR4,
4,° 28 2% 1. .
1.4 2.F 6. 9E .
30.4 10.7 11k, 565,
TURRB caLne TeSUSLSD nrN&
JTU UNI TS ¥ /L MG P/
17 17 0 17
4.7 TE, Net:AF
1.6 G, N.NEG
1.6 a0, N.CN72
17.0 27C. Ce?14
NQO?2 ND 3 N4 4 MOY s nH4
MG N/L MG N/JL MG N/L MOOM/L
17 17 17 17
0.013 0,044 0,06 C.nt
0.004 0,004 Ce O ND.GC1
00458 N.179 N7 .27
TNPTAL FF A ¥ CA
MG/L MG/ZL MG /L MC/L
17 0 O i
C.aE
0.27
.08
0.8?
S04 ALK
MGIL MEOD/L
0 17
1,20
C.T1
0.34
2,38



NIIM, VALS.,
AVERAGE
5T« DEV.
MIN. VAL,
MAX. VAL.

NUM. VALS.,
AVERAGE
5T. DEV.
MIN. VAL,
MAX . VEL.

MUM, VALS.
AVERAGE
5T« DEV.
MIN., VAL,
MAX . VAL,

MM, VALS,
AVERAGE
ST. DEV,
MIN., VAL
MAX . VAL,

NUM, VALS.,
AVE RAGE
ST. DEV‘
MIN. VAL,
MAX. VAL,

TIME
HOUR, MTN

1010,

PH

16

Te72
.95
.60
Be73

TPO4
MG P/L

17
0.076
0.034
0.028
0.160

TKN-NH&4
MG N/1L

15

1456
0.40
.99
Za 40

M€
MG/t

8]

PARAMETER

DATE
DEPTH
SAMPLE

STATION

DEPTH
METERS

17
0.0
0.0
0.0
0.0

SECCHY
M

NO X
MG N/L

17
0.035
0.065
0.004
D.274

TOTAL N
MG N/L

15

1.60
0.39
1.05
2444

Ci
MG/L

17

67.5
26.5
14.5

LAKF DKEECHNBEF 40 STATION DATA SET
RANGE OF VALUES UNTTS
5/20/78 - 9715/79 MN/DA/YR
0 - 0 METERS
0. G, Tyee
L28 cnDE
TEMP Dol ZSAT. DD SP CANP
CENT MG /L UMHOS /C M
17 17 17 17
25.6 £, 4 99, 45¢,
4,9 1.6 15, 157.
15.0 5.5 eo. 115,
30.4 10.8 125. 680,
TURB COLNR T.SUS.SD  nPD%
JTU UNTTS MG /L ME P/L
17 n 17
57, N.014
37, 0.01¢
18, 0.002
150, 0.06F
NO3 NH & NOX + NH4
g 5 N/L MG NZL MG N/L
17 17 17 17
0.00% 0.032 0.01 0.0%
0.000 0. 065 0.00 0.07
0.004 0,004 0.01 0.01
0.005 0.270 ' 0.02 0.28
TOTAL FE N A " CA
MG /1. MG /L MG /L MG /L
17 0 0 f
0.38
D43
“Pm-OE
S04 ALK
MG/L MEQ /L
0 17
1.69
0.69
n.28
2.58

102,.,8

A-17



NUM, VALS.
AVERAGE
ST+ DEV.
MIN., VAL,
MAX. VAL,

NUM. VALS.
AVERAGE
ST. DEV.
MIN. VAL.
MAX. VAL,

NUM, VALS.
AVERAGF
ST. DEV.
MIN. VAL,
MAX'. VAL,

NUM, VALS.
AVERAGF
ST. DEV.
MIN, VAL,
MAX. VAL,

NUM, VALS,
AVERAGE
5T. DEV,
MIN., VAL,
MAX s VAL.

TIME

HOUR» MIN

1020,
1500.

PH

16

T.94
C.72
6.20
B.50

TPOD4
MG P7L

17
0.079
0.034
¢.024
0.145

TKN=NH&
MG N/L

15

1.65
0.45
.80
2.+36

ME
MGIL

o

LAKE CKEECHODPEE

PARAMETER

DATE
DEPTH
SAMPLE

STATINN

DEPTH
METERS

1

NDX
MG N7L

17
0.041
0.066
0.004
0.258&

TOTAL N
MG N7L

15

1.71
O0.%€
0.85
2.46

CL
MG/L

17
73.1
?he3
15.4
100.1

40 STATION DATA

RANGFE PF VALUES
5120778 - 9115/79 MOSD
0 - N METE
nl o.
LZ9 CrDE
TEMP NeDs FSAT. N
CENT MG /L.
17 17 17
25,7 B.O 1na,
5.0 2.4 29,
15.0 £,0 76,
31.0 16,0 2064,
TURR coLoe T.SUS.S
JTU UNITS MG /L
17 17 0
Bol sa,
6.7 49,
2.1 20,
26,0 200,
Nn2 ND3 NH4
- NG NFL MG N/L MG N/L
17 17 17
D.004 0.037 0,02
0.001 0,045 0.01
0.004 0.004 C.01
0,008 0,254 D.06&
TNTAL FE NA K
MG /L MG /L MG /L
17 0 )
0.30
D424
0.04
0.85
) ALK
MG /L MEQ /L
0 17
1.82
0.68
0.25
257

A-18

°rT
UMTTS

AlYD
R
Typ:

if F P
UMHDS/C

aliaa

17

4ne
P EE,
125,
T72%.

AT o 1
M oL

17
D.01A
0.021
c.0Nn2
Je 0BG

NPY ANHG
MG ON/L

17

-f’.{'f'
.07
C.C1
0.27

CA
MGFL

"



NU/M, VALS.
AVERAGE
£T. DFV.
MIN. VAL,
MAX . VAL,

NUM. VALS.,
AVERAGE
ST« DEV,
MIN., VAL,
MAY, VAL,

NU'M. VALS.
AVERAGE
®T. DEV.
MIMN., VAL,
MAX. VAL.

MLIMe VALS.
AVERACE
ST. NEV,
MIN., VAL,
MAX,., VAL,

NEHM. VALS.
AVERAGE
ST. PEVY.
MIN, VAL,
MAX . VAL,

TIME
HMIR, MI M

1035,
1610,

PY

1%

Bal7
0.50
7.3%7
B.P3

TPO4
MG P/L

17
c.087
0.051
0.022
0.200

TKN=MH
MG N/L

1¢
1.98

N.EG

1.11%
4,93

MG
MGIL

¢

LAKE DKFECHNREE 40 STATION DATA SET

PARAMFTFR
PATE

DEPTH
SAMPLE
STATINN =

DFPTH
METFRS

1

[ I o B B BN
* a o =

SO OO0

SECCHY

NO X
MG N/L

17
0.103
0.146
0.004
Citbd

TNTAL N
MG N/L

15

?2.009
C.92
1.38
Fel?

cL
MG/L

17
89,2
19.9
55.7
127.1

RANGE OF VALUES UNITS
5720778 9715779 MOIDA/YR
3 3 METERS
n 0. TYPE
L1210 cnpe
TEMP Nel, 7SAT. DN SP COND
CENT MG /L LIMHOS 7 C™
16 16 16 16
264,09 8,0 107, 615,
4,5 1.7 24, 109,
16.7 Se3 AP, 460,
33,5 11.8 1513, 87°%.
TURB COLOR T.SUSSD 0on4
JTU UNITS MG 7L MG P/
17 17 o - 17
8,2 40, 0.02n
5.9 16. 0.027
leb 70. 04007
21.0 81. N.100
N2 N3 NH%& NOX+NH4
MG N/L M5 ON/JL MG N/L ME N/L
17 17 17 17
0.010 0.004 .02 0.17
nN.019 0.134 0,02 0415
0,004 0.304 0.31 G.01
D.O8? 0.385 0.0E 0.51
TOTAL FE NA W A
MG/L MG /L MG/L MG/t
17 0 ) v
0.31
0.78
0,02
0.91
SN& ALK
MG/L MEN/L
0 17
2.39
0 .69
1.39
4,29

A-19



LAKFE DNUEECHAREF &40 STATTNNM DATA SFT

PARAMETER

A-20

RAMGE MF VALUES UNTTS
NATE 5/20/78 - 915779 MO/DAZYR
DEPTH o - 0 MFTEPS
CAMPLE 0, n. TYPF
STATINN = L711 CrnNE
TIME DEPTH TEMP Do ISAT. DN €5 COMD
HOUR,MIN METERS CENT MG /L DML O
NUM. VALS. 16 16 16 16 1%
AVE RAGF 0.0 6.7 9,1 111. c67.
$T. DEV. 0.0 4,4 1.7 21, P,
MIN, VAL. 1106, 0.0 1645 6.7 a3, ang,
MAX . VAL, 1625, 0.0 31.5 12,4 158, £50,
PH SECCHI TURR caLnp T.SUS.SR 16
M JTU UNITS MG/L MA P
NLIM, VALS, 1% 0 16 15 0 16
AVERAGE 8.11 R, 4 37, .17
ST. DEV., WS4 A 18, f.01¢
MIN. VAL, £450 3,0 2¢C. 0.0n2
MAX, VAL. B,70 22 .0 80, 0.04G
TPO4 N X ND? k] MH4 NPY 4+ MR
MG P/L MG N/L MG ON/L ME O M/L MG N7L MG N/
NUM. VALS. 16 16 16 16 16 16
AVERAGF 0,083 0,106 0.008 0.069 0.01 Col?
ST. DFfV, G.0%1 0.147 0.014 Na140 0,01 6,15
MIN. VAL. 0,046 0.004 0,004 GoLOd ¢.01 6aii]
MAX . VAL, 0,192 N.4?8 0.061 Neb?24 C. 03 0.4t
TKN=-NH&  TOTAL N TNTAL FE N A v fa
MG MIL . MG N/L MGAL MG /1 MG IL MG /L
NUM, VALS. 14 14 16 0 0 A
AVZI RAGE 1.72 1.82 8.31 :
STe DEV. o764 0.81 0.31
MIN., VAL, 0.71 0.73 0.06
MAX, VAL, 1,58 31,95 0.91
MG cL SN4 ALK
MG /L MG/L MG /L MED /L
NUM, VALS. 0 164 0 1¢
AVERAGF £4,1 ?.14
ST. DEV. 14,3 0.29
MIN, VAL. B1.4 1.5¢8
MAX., VAL, 104, 0 >, 67



MUM L VALS,
AVERAGE
¢T. DEV.
MIN. VAL,
MAXS VAL,

NUM, VALS.
AVERAGE
ST. DEV.
MIN. VAL,
MAX. VAL,

NUM, VALS,
AVERAGE
ST. DEV.
MaXe VAL,

MUM. VaLs.,
AVERAGE
5T« PEV,
MIN. VAL,
MA¥X. VAL,

NI'M, VALS,
AVERAGE
£T. NEV,
MIN. VAL,
MAX . VAL,

LAKE OKEECHOREL 40 STATIONM

PARAMETER
DATE
DEPTH
SAMPLE
STATION
 TIME DEPTH
HOURsMIN  METERS
16
0.0
0.0
026, 0.0
1635, 0.0
oy SECCHI
M
15 n
Balb
0.21
7.87
LB
TPO4 NOX
MG P/L MG N/L
16 16
0,068 0.071
0.040 0.101
0.030 0.004
0.165 0.291
TKN-NH&  TOTAL N
Mo N/L MG N/L
16 14
1.80 1.88
0.51 0.57
1.16 1,18
2.78 3.00
MG oL
MG/L MG /L
0 16
91.5
£,8
74.0
102.0

RANGF 0OF VALUES

5720f78

ND2
MG N/L

16
G.004
0,001
0.004
0.0086

TOTAL FE
MG/1.

15
D38

0.38
0.03
1,09

504
MG

o

A-21

DATA SET
UNTTS
0715779 MOIDA/YP
0 METE®S
0. TYeE
CNNE
D.N, *SAT, DD <P COND
MG /L UMHOS /7 CM
16 16 16
B.8 10%, 602,
1.2 11, 70,
7.0 87, 4¢G,
10.8 132, 710,
coLnR T.SUS.SD 0204
UNITS MG /L MG P/L
16 0 16
31. 5,016
10. 0.016
19. 0.002
50. 0.058
NG 3 NH 4 NOY+NH4
MG N/L MG N/L MG N/L
16 16 16
0.068 0.02 0.08
9,100 5.01 0.19
0.004 0.01 0.01
0.287 C.04 0,31
N A K C A
MG /L MG/ MG /L
o 0 o
ALK
MEG/L
16
2,24
0.29
1.61
2.63



NUM. VALS.,
AVERAGF
$T. DEV,
MIN, VAL,
MAX ., VAL.

NUM. VALS.,
AVERAGE
5T. DEV.
MIN. VAL,
MAX., VAL.

NUM. VALS,
AVERAGF
ST. DEV,
MIN, Val.
MAX . VAL,

NUM, VALS.
AVERAGE
5T. DEV.
MIN, VAL,
MAX. VAL,

NUM, VALS.
AVERAGE
ST. DEV.
MIN. VAL,
MAX+ VAL.

TIME
HOURs MIM

1005,
17065,

DH

15
7499
0.30
7.25%
B.60

TPD4
MG P/L

16
0.073
0,037
0.029
0.15¢4

TKN=NH4
HGVNIL

14

1.62
0,41
0«99
2.212

MG
MG/L

0

LAKE DNXEECHNREE 40 STATICN DATA S°T
PARAMETER RANCE NFE VALUFS UnITS
DATE 5/2077A - QL5773 MOIDA/VR
DEPTH 0 - 0 MFETERS
SAMPLE 0. N, TY"F
CTATION = L7Z13 CnonE
NEPTH TEMDP D.0, TSAT. NN sp CONTp
METERS CENT MG /L HMUOS 4w
16 16 16 16 : 1#
0.0 26,0 R.5 101. £u,
0.0 5,2 1.7 10, o,
000 1500 6.6 83. 47?.
0N 31.6 11.7 115%. 770,
SECCHI TURR COLOR TTJ5USLED non4
M JTU UNITS MG AL MG D gL
0 1k 1& 0 1R
11.5 12, ' 0022
10.1 10, n,01%
29.0 0, 0,"54
NOX Nn2 BE NH &4 MAY 4+ NHE
MG N7ZL MG N/L MG N/IL MG N/L Mo NL
16 16 16 16 16
0.102 0.004 N.099 0. 0?2 012
0.138 0.000 0.137 6,01 Leld
0.004 0,004 Oe 004 0,01 0.C1
0.418 0.004 0.%14 0.03 0.2
TATAL N TOTAL fE My ¥ Ce
MG N/L MG /L MG /L MGZL MG /L
14 16 0 0 e
1.75 Oets2
0,44 0.43
1.17 0.02
?.53 1.27
cL SNe AL ¥
MGIL MG /L MEQ /L
16 o 1k
972.1 2.22
8.4 . 0,27
T7.9 1.569
105.1 2.77

A-22



MM, VALS,
AVERAGE
ST. DEV,
MIM,
MAX o VAL,

NUM. VALS.,
AVT RAGE
ST, DEV,
MIN, VAL,
MAX ., VAL,

NUM, VALS,
AVERAGE
ST, DEV,
MIN. VAL.

MAX . VAL,

R lIM

u L] VALSO
AVERAGE
7. PEV,

VAL .

MIN,
MAX. VAL,

NitM, VALS,
AVERAGFE
5T. DEV.
MIN. VAL,
MAX. VAL,

Vat., -

TIME
HNUR, MIN

1046,
1758,

PH

14

P.07
Gl 30
Tet0
8.63

TPO4
MG P/L

15
0.094
0.061
0.034
0.244

CTKN—=NH4

MG M/L

13

1.71
Cet?7
0.94
2,70

MG
MG/L

0

LAKE OKEECHOREF 40 STATINDM DATA SET

PARAMETER

DATE
DEPTH

SAMPLE

STATION

DEPTH
METERS

NOX
MG N/SL

15
C.170
0.204
0.004
0.600

TOTAL N
MG N/L

13

1.89
0.63
0.97
3.32

CL
MG/L

15
BB.7
12.9
45,9
101.8

RANGE (OF VALUES

5/20/78 -

0 -
0.

L2114

TEMP
CENT

15
26.1
5.6
14,8
31.5

TuRB
JTU

15
18.1
3i.1
3.2
125.0

ND2
MG N/L

15
0.017
0.047
0.004
c.185

TOTAL FE
MG /L

15

0.47
0.49
0.02
1.58

S04
MG/L

0

A-23

UNITS
9715779 MO/IDAJYR
0 METERS
0. TYPE
CODE
0.0, SAT. DO <P COND
MG /L UMHES /LM
15 1% 15
.6 103, £03 .
1.7 19, 79,
5.2 67. ?bF'c
10,6 126, 725,
crLOR T.SUS.SN  0OPD4
UMTITS MG /L MG P/
15 n 15
42, 0.026
264, 0.024
21, 0,002
110. L 0.070
ND3 CNH& T NOX+NHE
MG N/L MG NJL MG N/L
15 15 1%
0.15% 0.02 0.19
0.180 0,02 0.21
1.006 Ue01 0,01
0.481 0.07 0.62
NA K rA
MG /L MG/t MG/
0 0 0
ALK
MEQ/L
15
2.25
0.3?
1.49
2.67



NUM, VALES,
AVERAGE
ST« DEV.,
MIN. VAL,
MAX. VAL,

NUM,. VALS,
AVERAGE
$T. DEV,
MIN. VAL,
MAX. VAL,

NUM, VALS.
AVERAGE
$ST. DEV.
MIN, VAL,
MAX. VAL,

NUM,
AVERAGE

5T. DFV.
MIN. VAL.
MAX. VAL,

NUM, VALS.
AVERAGE
ST« DEV.
MIN. Vat.
MAX, VAL,

VALS.

TIME
HOLIRy MIN

1104,
1810,

PH

15

T.95
0.?29
T.50
8.55

TPOG
MG PIL

16
0.082
0.048
0.032
Oel188

TKN~NH 4
MG N/L

14

1.63
0.3¢
1.04
2.26

MG
MG/L

0

LAKE OKEECHNREE 40 STATION

PARAMETER

DATE
NEPTH
SAMPLE

STATION =

DEPTH
METERS

16
0.0
0.0
0.0
0.C

SECCHI
M

0

NOX
MG N/L

16
0.093
0.12é&
0.004
C.388

TOTAL N
MG N/L

14

1.73
0.39
1,06
2.35

cL
MGIL

16
" 869.8
Ba.4
1.9
104,59

PANGE OF VALUFS

5/20/78 -
D -
0.

L7715

TEMP
CENT

16
26,2
5.2
15.2
7.1

TURB
JTU

16
11.9
12.5
1.8
40.0

ND2
MG N/ZL

16
0.013
0.034
0.00¢
0.141

TOTAL FE
MG /L

ié
0'0 48
0.95
0.03
" 7'1.63

§04
MG/L

0

A-24

DATA SET
UNTTS
Qf15/779 MO/DASYE
0 METERS
Ce Tyne
CONnE
DelMe TSAT, 0 So Innp
MG /L PMETS 0
1lé 156 1€
B.& 103, La¢,
1.1 12. LS,
Fe? B84, LES,
10.32 129, 72f,
coLne T.SUS.5D ar0s
UMITS MG/L mG Pl
16 0 1+
36, 0.021
14, N.N17
16‘. a-(?q?
NO3 NH& NPY + N &
MG NIL MG N/ MG ML
15 16 16
7.09? 0.02 C.11
0.129 0.01 .12
0.004 0.01 0.0
03513 C.064 Mol
NA K CA
MG /L MG/L ML
¢ 0 e
ALK
MEO/L
16
2420
0,22
1485
2456



NUM, VALS.
AM/FRAGE
ST. DEV.
MIN, VAL,
MAX . VAL,

NI'M, VALS.,
AVERAGE
ST. DEV.,
TN, VAL,
MAX, WAL,

ML
LVERAGF

STe. DEV,
MIN. VAL,
MAX . VAL,

NEM . VALS,
AVERAGK
T« DEV.
MIN, VAL,
MaX¥e VAL,

NUM, VALY,
AVFRAGF
“Te DEV,
MINS VAL,
MAX, VAL,

VALS.

TIME
HUR,MIN

1012,
1802,

PH

1%

fef12
C.28
7435
50

TPD4
MG PIL

1é
0.08¢
G.04R
0,237
0.174

THN=-NH4
MG N/L

14

l1.66
Det5
1.11
7470

MG
MG/L

~

LAKE OXEECHDPEF 6C STATINNM DATA SET

PARAMETER
DATE

NEPTH
SAMPLE
STATION =

DFPTH
METERS

1

[ B B v B0 o]

L] - L ] L4

[ Jge B oo B |

SECCHI

NOX
MG N/L

16
0.111
C.141
0,004
0.39“

TOTAL N
MG M/L

14

1.78
Ce&?
1.70
P78

cL
MG/L

16
G923
Tab
The?
101.3

RANGE NF VALUES

B/20/74

=

NO2
MG NZ/L

lé
0.010
0.024
0.004%
0.099

TOT AL FF
MG/L

1¢

0.5?
0.56
0,03
158

S04
MG/L

0

A-25

UMITS
9/15/79 MN/DAIYR
€ METERS
0. TYPE
CrDF
Del, YSAT. DO SP CMND
MG/L UMHOS /O™
le 14 1A
B.Y 104, £00,
1e? 5. 69
£,9 8BS, £02.,
11.6 120, 735,
caLne T.50S4SD P04
UNITS MG /L MG B/L
16 O 16
34, 0.025
15, 0.C17
16, 0,002
&5, feGh L
NO2 NH & NOYX +NHG
MG M/L MG NIL MG MJL
15 156 16
0.112 S 0.02 04172
NDeléd 0.01 N.15
NL,D04 0.01 Vel
04329 Ca04 Dat?
NA ¥ CA
MG/L MEsL MG/L
0 0 0
AlL¥
MEO/L
1A
2421
(14?25
1.65
2476



NUM, VALS,
AVERAGE
ST, NEV,
MInM, VAL,
MAX . VAL,

NUM. VALS,
AVERAGE
5T. DEV,
MIN. VAL,
MAX. VAL,

NUuM, VALS,
AVERAGE
ST. DEV.,
MIM. VAL,
MAX, VAL,

NUM. VALS,
AVERAGF
ST. DFV.
MIN, VAL,
MAX. VAL,

NIM., VALS.
AVERAGF
ST. DEV.
MIN. VAL,
MAX . VAL,

TIME
HOUR, MM

1020,
158C,

PH

17

796
0.78
765
R.58

TPO4
MG P /L

17
0.085%5
D.048
G.042
0.243

TKN=NH4
MG N/L

lé

1.7%
0. 66
1.03
.61

MG
MGZIL

0

LaKE NKEECHOREE &40 STATTNN DATA

PARAMETER
PDATE
DEPTH
SAMPLE
STATTNN

"DEPTH
METERS

1

DO00ON

SoCcQ

SECCHT

NOX
MG N/L

17
0.179
0.234
0.004
0.740

TOTAL N
MG N/L

16

1.95
0.71
1.07
3.63

cL
MG/L

17
G2.7
10.9
62.3
113,7

RANGE 0OF VALUES

Sf20/7F
N
D

LI17

TEMP
CENT

17
2640
5.1
14.5
32.8

TURB
JTU

17
12,1
12.9
1.1
44,0

N2
MG N/{

17
N.014
0.038

G004
0.1863

TOTAL FE
MG/L

17
0,43
0‘45
0,04
1.69

SN4
MG/L

0

A-26

SET

UMITe
QIS IT9  MDYDAIYR
0 METERS
e fYPr
cone
NeTa FLAT, NN SO {Nme
MGZL LM S g0
17 17 17
£l 97, 11,
1.5 . 15, Lol
:vuﬁ LT, 46aC,
11.7 126. Ti5
gcnyLng TeSUSLST RIS
UNTT¥E MEsL MG DAL
17 0 17
e, L0200
16, D021
21, 0,007
70, ANPRAL R
NP3 NH 4 CNFTX ANHG
M5 N/L MG NJL MG N/
17 17 17
D165 002 a2
N,218 06,01 ez
Q.OO‘P O.C}_ . r\‘-‘—}l
Ce?22 .05 Me7%
NA K ra
MG /1 MG/L ME /L
¥ D "
AL¥
MEQZL
17
2.30
0.32
1.76
? .08



LAKE PKEECHOREE 40 STATINN DATA SFET

PARAMETER RANGE OF VALUFS UNTTS
DATE 5/20/78 - /15779  MN/DAJYR
DEPTH 0 - 0 METERS
SAMPLE 0. 0. TYPE
STATINN 1718 CODF
TIME DEPTH TEMD Dele ZSAT. DO SP COND
YOURs MIN  METERS CENT ME 7L ' HMHOS /7O M
MUM, VALS. 17 17 17 17 17
AYERACE 00 2549 ) 103. £10.
STe DEV, 0.0 5.0 1.2 14, &4,
MIN, VAL. 1032, 00 14,6 647 81, 470.
MAX. VAL, 1603, 0.0 312.5 11.8 135, 715,
oH SECCHI TURB caLne T.SUSLSD gP o4
M dTu UNTTS MG/ L MG P/L
NUM. VALS., 17 0 17 17 0 17
AVERAGE RyD5 12.4 34, 0.n26
ST, DEV. ¢.22 12.1 11. 0.017
MIN. VAL,  7.8% 1.5 16, 0.002
MAX , VAL, B.71 48,0 60, 0,053
TPD4 NO Y Nn2 N3 NH & NN X +NHE
MG P/L MG NZL MG N/L MG N/L MG N/L MG N/L
NUM. VALS, 17 17 17 17 17 17
AVEPAGE 0.080 0.145 0.011 Del14? G.01 0.16
ST. DEV. 0.045 0.188 0.028 0.187 0.01 0.19
MIN, VAL, 0,037 0.004 0.0046 0.004 0.01 0.91
MAX. VAL 0.2721 0.584 0.120 0.580 0.03 0L a0
THN=NH4 TOTAL N TOTAL FE NA K CA
MG N/L MG N/L MG /L MG /L MGZL MG/ L
NitM, VALS, 18 15 17 0 3 )
AVERAGE 159 1.88 D.46
ST, DEV, 0,46 0.52 0.47
MIN,. VAL, 1.07 1.29 0.07
MAY . VAL, 2.R4 .44 1.68
MG cL sS04 ALK
MG L MG/L MefL MEN /L
NUM. VALS, 0 17 0 17
AVERAGF 92 .4 2.27
$T. DEV, B.7 0.27
MIN, VAL, 77.9 1.69
MAY . VAL, 1€0.5 2 64

A-27



NUM, VALS,
AVERAGE
ST. BEV,
MIM. VAL,
MAX,., VAL,

NUM. VALS,
AVERAGF
ST« DEV.
MIN. VAL,
MAX. VAL.

NUM, VALS.
AVERAGE
$T. DEV.
MIN. VAL,
MAX. VAL,

NUM. VALS,
AVERAGE
ST. DEV.
MIN, VAL,
MAX. VAL,

NUM, VALS.
AVERAGE
ST« DEV.
MEN. VAL,
MAX. VAL,

TIME
HOUR,MIN

945,
1616,

PH

17

7.81
G.61
565
FeEQ

TP04
MG P/L

17
0.071
0.019

S G.04C
0.114

TKN=NH4
MG N#L

16

- 1.56
D.43
0.79
2¢19

MG
MG/L

0

LAKE MKEECHOBEF 40 STATIAN DATA SET

PARAMETER

NATE
DFPTH
SAMPLE

STATION

DEPTH
METERS

NO¥
MG MN/L

17
0.258
0.329
.04
1.281

TOTAL N
MG N/L

16

1.86
0.58
0.85%5
3.26

cL
MG/L

17
94,2
Q.8
71.58
108.4

RANGE 0NIF VALUES

5120/78

TURB
JTU

17
8.0
5.8
1.7

2?2.0

NO2
MG N/L

17
0.013
0.026
G.C04
0.113

TOTAL FE
MG/IL

17

D.76
0.75
0.02
0.8

S04
MG/L

0

A-28

UNITS
Q15779 MO/DAJYR
0 METFERS
0. TYPE
CrDE |
Nl "SAT, PN <P oCnNp
MG/L UMHDS /O
17 17 17
ToR a?, 631,
1.9 19. £G,
4e2 52, 00
11.9 117. 710 .
ccLor T«EUS.SD o044
UNITS MG/L MZ PsL
17 2 17
37' C’lo?ﬁ
30 D.C‘l':
18, 0.007
70 . D.060
N3 NH & NOY 4+ NHE
MG N/L - MG N7L MG N7L
17 17 17
D265 003 0,725
0-1}0? 0- O"’ Oo":“
2.004 e C] fW01
1.14F nolb 1‘43
N A ¥ A
#G 7L MG MG AL
n 0 "
ALK
MEO /L
17
2.47
O.40
1.52
3442



MUM, VALS.
AVERAGE
STe DEV.
MIN,., VAL,
YAX. VAL,

MiM, VALS,
AVERAGE
ST. DEV,
MIN, VAL,
MAY, VAL.

NUM, VALS.
AVE RAGE
ST. DEV,
MIN. VAL,
MAX . VAL,

NUM, VALS.
AVERAGE
ST. DEV,
MIN. Vat.
MAX, VAL,

AVERAGE
T. DEV.
MIN. VAL,
MAX, VAL,

TIME
HOUR, MIN

952 .
1626.

PH

7

7.92
C.60
5.87
BeT5

TPD4
MG P/L

17
0.077
0.030
0.038
0.206

TKN=NH4
MG N/L

16

1.61
0. "3
1.05
Zet5

MG
MGFL

0

LAKE DNMKEECHOFEE 40 STATIMNM DATA SET

PARAMETER RANGE OF VALUES UNITS
DATE 5420/78 GI15/70  MOJDA/YR
DEPTH 0 0 METERS
S AMPLE 0. TYPE
STATION = 1220 COPE
" DEPTH TEMP D.0. TSAT. DO SP COND
WETERS CENT MG /L UMHOS/CM
17 17 17 17 17
0.0 26.2 847 105. £14.
0.0 5.3 1.5 18, 58,
0.0 14,8 6.7 83, 490,
0.0 32,5 12.0 160. 695,
SECCHE TURB COLOR T.5US.5D QP04
M JTY UNTTS MG /L MG P/L
0 17 17 0 16
11,9 2. 0.028
11.1 10. 0.015
2.6 16, 0.00?
C A48.0 51 0,050
NDX Np2 N33 NH4 NOX+NHE
MG N/L MG N/L . MG N/L MG NZL MG N/L
17 17 17 17 17
0.167 0.008 0.160 0.02 Col8
0.166 0.013 0.162 0.01 0.17
0.004 0.004 0.004 0,01 0.01
0.468 0.058 0. 464 .04 0.5C
TOTAL N TNTAL FE NA K CA
MG N/L MG /L MG /L MG 2L MG /L
16 17 0 0 0
1.80 0.40
0.44 0.41
1.27 0.04
2,63 1.65
cL $D4 ALK
MG/L MG/L MEQ /L
17 0 17
93,5 2.28
8.8 0.26
82.4 1.79
119.0 2.64

A-29



NUM, VALS.
AVERAGE
5Te DEV.
MIN. VAL.
MA¥Y. VAL,

NUM, VALS,
AVERAGE
$T. DEV.,
MIN. VAL,
MAX, VAL.

NUM, VALS,
AVFRAGE
ST. DEV,
MIN. VAL,
MAX. VAL,

MUM, VaALS,
AVERAGE
5T. DEV,
MIN. VAL,
MaX. VAL,

NtiM, VALS.,
AVERAGE
5T. DEV.
MIN. VAL.
MAX. VAL,

TIME
HOUR,MIN

9549,
1641,

PH

17

8,01
0.30
T+70
8.75

TPO4
MG P/L

17
0.060
0.022
0.032
0.098

TKN=NH4
MG N/

1¢

1.73
O.64
0.91
3.51

MG
MG/L

0

LAKF DKEECHNBEF 40 STATIAN DATA STT

PARAMETER

DATE
NEPTH

SAMPLE

STATINN

DEPTH
METERS

NOX
MG N7L

17
0.167
0.163
0.004
0.509

TATAL N
MG N/L

14

1.92
0.64
1.10
1.88

cL
MG/L

17
92.6
6.0
83.0
ig2.3

RANGFE 0OF VALUES

5720778 -

3] -
0.

LZ21

TEMP
CENT

17
26.1
5.7
14.8
EERE

TURB
JTU

17
8.0
beh
1.5

25.0

NO?Z2
MG N/L

17
D.006h
0.005
0.004
0.025

TOTAL FE
MG/L

17

0.25
0.22
0.02
0.71

S04
MG /L

N

A-30

UNITS
Q9115479 MOIDAIYR
0 METERS
Do TYPE
CnpE
D.N. YSAT. ©0 Spornpn
MG /L VMHOC M
17 17 17
Feb 102 . £12.
1.8 27 L5,
6.1 73, 460,
coLne T.SU5,.,5n nege
UNITS MG MG B/L
17 2 17
33, 0.02?
10. D08
17, N,a02
$0. N.C5%1
N2 NH& NOX4+NHA
MG M/L MG N/L MG N/
17 17 17
Cal1861 0.02 g1
162 N,01 G177
0,004 C.01 0,01
0. 505 .05 A
KA K CA
MEC /L MGTL ME S
0 n o
Al ¥
MEO /L
17
2+32
0.?2¢C
1.76
2.7%
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LE-v

gs° L 9* 151 *IVA "Xvn
ga°*{ 0*L8 *AVA *nNIw
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NUM,
AVERAGE

§5T. NFV.
MIN. VAL,
MAX, VAL,

NUM, VALS,
AVERAGE
ST, DEV,
MIN, VAL,
MAX, VAL,

NUM, VALS,
AVEPRAGE
ST. DRV,
MIN. VAL,
MAX. VAL,

NUM. VALS,
AVERAGE
ST« DEV.
MTMN. VAL,
MAX ., VAL,

NUM. VALS,
AVEPAGE
ST. DEV.
MIN. VAL
MAX. VAL,

VALS.,:

TIME
HDUR, MIN

945,
1300,

O

7
Tef?
0.7
6.F0
B.60

TPO4
MG P/L

1
D.0G4
c.0832
D.023
0.200

CTKN=NH4

MG N/I

15

Ja48
1.01
1.23

.55

Me
MGIL

[y

LAKE NKEFCHNEREE 40 STATION DATA SET

PARAMETER

DATE
DEPTH
S AMPLE

STATION

CePTH
METERS

1

M X
MG N/L

17
0.940
1.394
0.COB
4,757

TOTAL N
MG N/L

15

3.1
1.99
1.71
TeG4

L
MG/L

17
116.2

277

9245
186.0

PANGF 0OF VALUST

5/720/7F

3} -
0.

LZ223

TEMP
CENT

17
25.4
.3
15.¢6
34,5

TURBR
ITU

£ B

L] - & »

QN D0

1

NO2
MG N/L

17
0.067
0.053
0.00¢4
D174

ThTAL FE
MC/L

17

0.1%
Os1h
G2
N6

S04
MG/L

0

A-32

UMITS
QF1%/7G MOIDA/JYR
n NETFDQ
D. TYD®
cCror
Dl TSAT. 0N ToSANG
MG/L (R INRP R o
17 17 17
be? T4 REA,
?eh 31, 29F% .,
Te? G £45,
10.0° 123, 1670,
CRLDR TeSUS.SP npne
UNITS MG /1 MEe R/
17 4] 17
£9, BNy b
413, Laul?
7R, L0027
177, 0.761
N3 NH & NOX +NHL
MG N/L MG N/L Mo NAL
17 17 17
0.F32 C.1% 1e272
1.273 .20 1l ea7
D004 Caflil 008
4,719 171 G417
KA K A
MG/L MG/L MO
0 0 0
ALK
MEOD L
17
3.G9
1.,€3
Z2.01
Teb?



HLM, VALS,
AVE RAGE
<T. DEV.
MIN, VAL,
MAX . VAL,

NUML VALS,.
AVERACE
“Te DEV,
MIte VAL
MAY,. VAL,

NUM, VALS,
AVERAGE
ST. DEV)
MIN, VAL,
MAY . VAL

mHM, YALS,
AVFERIALGE
ST, ARV,
MIN . VAL
MAX, VAL,

NUM, VALS.,
AVFERAGF
“T. DEV.
MYN, VAL,
MAY . VAL o

TIME
HOURyMIN

314,
1744,

PH

17

g.01
Ol?o
7480
2.73

TPO&
MG P/L

17
0,0%6h
G.023
cC.021"
G.1C¢e

TKNwMHS
MG N/

15

gefb
CebB
1.39
1,9¢F

MG
MGO/ZL

¢

LAKE QDYEECHOREE 40 STATITM DATA RFT

PARAMETER

DATE
DEPTH
SAMPLE

STATION =

DEPTH
METERS

17
0.0
0.0
0.0
OIG

SECCHT
M

NITX
MG ML

17
0,332
0.512
0.004
1,551

TOTAL N
M5 NsL

1%

3.08
1.27
1.44%
5.57

L
MGIL

17
118.0

24.7

90.5
1€7.2

RANGFE 0OF VALUES

572317°F

LZ24

TEMP
CENT

17

26,5
5.7

14,8

1744

NO?Z
M& N/L

17
D.048
0.088
0,004
0.785

TOTAL FE
MG/L

17

0.11
0«15
.02
Cet3

504
MG/L

2

A-33

UMTTS
0/15779 MD/IDA/Y®
0 METERS
0. TYPE
cnpes
D.f. TSET. DO SP COANT
MG /L UMHAS /M
17 17 17
2.8 106, §e4,
1.7 21, 2%,
£o 72, EgE,
12 41 151, 1350,
CrLaR T.50S.SD  NPN4
UNT TS MG /L MG P/
17 1 17
72. 10.0 0.00¢%
‘10 0.0”5
25, 1.0 C.002
180, 1040 0,020
NGY NH4 ND X +NH&
MG N/L MG N/L MG N/L
17 17 17
0.786 0.06 f.27
D.454 G.07 0.55
Oc004 0001 Goﬁl
1.479 D.2¢R 1.7¢
N A K CA
MG /L MG /L MG /L
n 0 f
ALK
MEQ/L
17
4,07
1.72
2.24
a.70



NUM. VALS,
AVERACE
ST. DEV,
MIN, VAL,
MAX. VAL,

MUM. VALS.
AVERAGE
$ST. DEV,
MIN, VAL,
MAXe VAL,

NUM, vaLs,
AVERAGE
ST. DEV.
MIN. VAL,
MAX . VAL,

MUM, VALS,
AVERAGE
ST. DFfV,
MIN. VAL,
MAX, VAL

NUM, VALS.,
AVERAGE
T, DFV,
MIN, VAL,
MAX. VAL, -

TIME
HOURs MIN

93%,
1719,

PH

17

R,2?
0.36
7.80
Folt

TeD4
MG P71

17
Ce0&E
0,072
0.017
0.333

TKHN-NH4&
MG N/L

15

2.30
l.869
1.17
BeBT

MG
MG/E

C

LAKE [OKFECHMPEE 40

PARAMETER

PATE
NEPTH
SAMPLE

STATTNN ™

DEPTH
METERS

NO Y
MG MN/ZL

17
c.172
G062
¢.204
1.804

TOTAL N
MG N/YL

1%
2.52
1.90C
l1.18
TR,O4

cL
MG/L

17
102.13
9.1
87.4
124.9

RAMGF OF VALUFS

5720478

0

0.

LZ2%

TEMP
CENT

17
260"
5.4
la.r
36.5

TLIRR
HTU

17
9.2

153
1.6

67.0

ND?
M5 N/L

17
0.009
0.020
G.00¢
0.0°7

TOTAL FE
MGrL

17

0.23
De5%
0.02
2430

S04
MG/L

0

A-34

CTATIOM DATA SFT
UNTTE
9r1%5/79 MOIIDATYR
0 METERS
0. TYDF
CTDF
Dells FSAT, DN SO COND
MG/ L HMpENC v
17 17 17
. 4 114, E7C,
27 34, 7°c.
£a0 The hgn,
1F.2 237, £10,
CNLOR T.5US.5P nopne
UNTTS ME L ve o/
17 0 17
43. 0,005
TE, 0.007
19. d.0n2
77, (h, 071
NO3 NH& MY+ NHG
MG M/L MG ON/L ME ML
17 17 17
N,164 0,02 Nel1C
Deh4n Ne(C2 T
0.004 0.01 .01
1e717 D.0F 1.0PE
N A ¥ A
MG /L MG AL vt
n 9
ALK
MEQ/L
17
ZeG72
(A
2.10
4,67



NUM, VALS.
AVERAGE
ST- BEV.
MIMN. VAL,
MAY, VAL.

“liM, VALS.,
AVERAGE
STe NEVS
MIN., VAL,
Max. VAL,

NUM, VALS.
AVERAGE
ST. DEV.
MTN, VAL,
MAX, VAL.

MUM, VALS,
AVERAGE
S¥. DEV.
MIN. VAL,
MAX . VAL,

MUM, VALS,
AYEDACE
ST. DEV.
MIN. VAL,
MAX, VAL.

TIME
HOUP,MIN

G013,
18¢9,

pu

17

7.87
.50
7.00
G.10

TPN4
MG P/L

17
c.009n
N.QRE
0,078
0L.250

TKN=NH4
MG N/L

15

2.29
0.84
l.28
4,13

M

MG /L

0

LAKE NKEECHOREE 40 STATINN DATA SET

PARAMFTER

DATE
PEPTH

SAMPLE

STATINN

DEPTH
METERS

1

OO DO~

» & & o

[« o R Rol

]
sl
=™
=)
I
L]

NOX

MG NJL
17

0.362

0.362

0.008
1.156

TOTAL N
MG N/L

1%

2.7F%
l1.08
1.36
5.02

CL
MGIL

17

109.7
21.6
9741

180.2

RANGE NF VALUES

5120/78 -

0 -
0.

L226

17
0.0456
0.077
0.004
0.321

TOTAL FE
MG/L

17

0.10C
G.la
0.02
0. 58

S04
MG/L

0

A-35

UNTTS
Q/15779 MN/DA/YR
0 METERS
0. TYPE
CODE
DN, ZSAT, DO SP CPND
MG /L UMHOS /O™
17 17 17
B.2 100, 704,
2.0 27, 220,
3.9 45, 528,
12.2 162, 1450,
CnEnR T.°0S.Sh  0OPO4
UNTTS MGIL MG P/L
17 n 17
41, 0,020
5, 0,037
20, 0.002
129, 0.C99
MO NH& NOX +NH4
MG N/L MG MZL MG N/L
17 17 17
0.316 0.06. C.t?
N4309 0.08 0.37
D.00t 0,01 0.01
5,932 0,20 1.17
MA K CA
MG /L MG/L MG /L
0 ) 0
ALK
MEO/L
17
14RO
1.47
?.30
8,05



NUM. VALS,
AVERAGE
STe DEV,
MIN. VAL,
MAX. VAL.

NUM, VALS.,
AVERAGE
£T. BEV.,
MIN. VAL,
MAX. VAL.

MUM. VALS,
AVERAGE
ST. DEV.
MIN, VAL,
MAY. VAL,

NUM, VaLS,
AVERAGE
$ST. DEV,
MIN, VAL,
MAX. VAL,

NUM, VALS,
AVERAGE
ST. DEV.
MIN. VAL,
MaX. VAL,

TIME
HOUR, MT M

B50D.
1R30,

PH

17

Te90
G.50
7.15
2,91

TPO
MG P/t

17
0.0%4
0.01¢
0.02¢€
0.0083

TKM=~NH4
MG N/L

Fo e I

* 0 o « i

e Y D
im A O YO

MG/L

LAKE DKESFECHNPREE 40 STATION DATA SFT

PARAMETER

DATE
NEPTH
CAMPLE

STATION

DEPTH
METERS

17
0.0
0.0
0.0
0.0

SECCHI
M

0

NO X
MG N7

17
0.689
1,141
0.004
34374

TOTAL N
MG N/L

15

31.33
2.19
1.21
7.96

cL
MG/L

17
107.4

15,3

91.3
139,5

RANGE NF VALUES

5120778

0.004
Jel44

TRTAL FF
MG /L

17

0.15
0.18
0,02
0.69

S04
MG/L

0

A+36

=

UMITS
QIIE1Te MN/DA/YR
D METERS
0. TYer
cnne
DOy TSAT. DD SP COND
MGrsL [IMHNS fOV
17 17 17
Te? 8r, BEN2.
2.1 24, 19%.
3.7 46, 560.
11.2 142, 1220,
coLOR TeSUS.ED oepa
UNTITS MG /L MG BrL
17 0 17
[ c,0N9
3F. Ta.014
?5- U.t.-"?
147, N.050
NO3 NH% NOX+MHSL
MG NI MG N/L MG o wrL
17 17 17
nof‘fb 0.15 (i.':Q
1.,10C# D427 1.2
0.00% C.01 Go01
1.33% 0.1 2,79
NA K ce -
MG 7L MG/t MGZL
G 0 0
ALK
MEO/L
17
3.77
1.6%
1.9¢6
Teh5



N, VALS,
AYZ RAGE
STe DEV.,
MIN, WAL,
MAY, VAL,

MEM . VALK,
AVFRAGE
“$T. DEV.,
MaX, VAL,

MUM, VALS,
AVERACGE
{"Tl DFV.
“IN. WAL,
MAY ., VAL,

PilM, YALS.
AVERAGE
ST. DEV,
Mite VAL,
Max, VAL,

NUM, VALS,
AVERAGE
ST. DEV,.
MIN., VAL,
MAY . VAL,

LAKE OKEECHOREE 640 STATION DATA SET

PARAMETER
DATE
DEPTH
SAMPLE
STATION
TIME DEPTH
MOLUR, MIN  METERS
17
0.0
0.0
25, 0.0
1710. 0.0
B SECCHI
M
17 0
8.19
0440
7.70
9.13
TPNA NOX
MG P/L M3 N/L
17 17
0,087 0,154
0.024 G.163
0.012 0.004
0,086 0.460
TKN=-NH4 TOTAL N
MG N/L MG N/L
15 15
i.82 1.97
075 0.73
1.07 1.09
.61 3,79
MG cL
MG/L MGSL
0 17
93,9
8.3
B82.%
119.4

A-37

RANGE OF VALUES UNITS
5/20/78 - 9/15/7% MOIOAJYR
o - A METERS
0. 0. TYPE
1.728 CNNE
TeEMP n.0. YSAT. DO SP COND
CENT MG /L UMADS /71 ¥
17 17 17 17
26.3 .6 103. 619,
5.4 1.7 1. 60,
15.2 5.1 50. 49%,
36,6 11.7 158, 715,
TURB COLOR T.SUS.SD  npos
JTU NI TS MG /L MG B/L
17 17 0 17
2.8 Il. 0,018
5.0 12. 0.017
1.2 10, 5.007
17.0 61« 0.0%3
ND2 N33 NH4 NOXY +NHE
MG N/L MG NIL . MG NJL MG N7L
17 17 17 17
0.004 0.151 0.01 Ual6
0.000 0.162 0. 00 0.16
0.004 0.004 0.01 0.01
0.005 0,456 0.07 0e47
TOTAL FE NA K CA
MG /L MG /L MG7L ME /1
17 o 0 o
0.22
0.23
0,02
0,97
SN ALK
MESL MEO/L
o 17
2,27
0.25
2. 06
2,76



NUM, VALS,
AVERAGE
ST. DEv.
MIN, VAL,
MAX. VAL.

NUM, VALS.
AVERAGE
$ST. DEV.
MIN., VAL,
MAX,., VAL,

NUM, VALS,
AVERAGE
ST, DEV.,
MIN, VAL,
MAX. VAL.

NUM. VALS.
AVERAGE
ST. DEV.
MIN, VAL,
MAX. VAL,

MUM. VALS,.
AVERAGE
ST DEV.
MIN. VAL,
MAX. VAL,

-TIME
HOUR, MIN

80O,
1510.

PH

17

Te€5
0.48
€.15
8.45

TPO4
MG P/L

17
0.079
0.043
0.n17
0.201

TKN-NH4
MG N/L

16

l.66
0.5%¢6
0.92
2.80

MG
MG/L

0

LAKE DXEFECHOREE 40 STATYON DATA SFET

PARAMETER
DATE
DEPTH
SAMPLE
STATION

DEPTH
METERS

1

QOO O
a ® & @

Q000

SECCHI

NOX
MG N/L

17
0.179
0.168
0.004
N.6027

TOTAL W
MG N7IL

1s

1.86
0.60
1.08
3.02

S
MG/L

17
91,9
8.9
23,1
118,0

RANGF 0OF VALUFS

5720/7¢0
0
0.

LZ2¢%

TEMP
CENT

17
25.3
beb
14.5
29.9

TURB
JTU

17
14.2
14,7
1.7
50.0

ND?
MG N/L

17
C.004
2.001
0.004
0.00A

TOTAL FE
MG/L

17

0.35
0.38
0.02
1.36

S04
MG/L

2

A-38

UNTITS
- GLI1E4T79 MNIDA/YP
- 0 METEDS
0. Tyne
CrDE
DeMNa TSAT. DO 32 COMD
MG /1, UMHOS/CM
17 17 17
£42 97, sog,
1.5 11. 6C,
oo h BQ. EAD .
12.3 120. L Ta
CaLng ToSUSLSD P04
UNTTS MG 7L MG PAL
17 n 17
30. N0
10. 0.01R
18, 0.007
0. N.0E5
NO3 NH4 NOY £MEG
MG NJL MG N/L MG N/
17 17 17
0.17% 0.02 .10
D.167 C.01 0.17
0.004 0,01 0.01
o506 U.04 O.F4
N A K ol
MG /L MG/L MRS
0 n n
Al K
MEOZL
17
2.21
002‘!
1,80
2.53



MUM, VALS,
AVERAGE
ST« DFVY,
MIN. VAL,
MAX, VAL.

NUM, VALS,
AVERAGF

S T. DEV.
MIN., VAL,
MAY . WAL,

MM, WVALS,
AVERAGE
T DEV,
MIN. VAL,
MAX ., VAL,

MUM, VALS,
AVERAGE
£T. DRV,
MINM. VAL,
MAEX . VAL,

NUM, VALS,
AVERAGE
T. NEV.
MIN. VAL,
MAY . VAL,

TIME
HMNUR s MIM

547,
143%,

PH

1¢é

8.?(‘
C.29
790
g8.02

TPDS
MG P/L

16
C.CT0
C.041
0.0?E
Dalbr

THKM=MH&L
MG N/

14

T.5E
Vel
1.11
Ze74h

M
MGC/sL

LAKE DKFECHOBEE 40 STATION DATA 37T

PARAMETER
DATE
DEPTH
SAMRLE
STATION

PEPTH
METFRS

1

feRe oo I
s a2 * @
ko B B B e

SECCHI

MO Y
MG NIZL

1A
C.141
Cel75
0.N04%
c.48%

TOTAL M
MG MN/L

14

1.75
Da47
1.21
3.10

cL
MG/L

ié
927
10.0
8.7
119.F

RANGE

5/20/78

TNTAL FE
MESL

16

0,731
Ca30
0.02
1.0"

L
MG/L

¢

A-39

NF VALIES UNTTS
915779 MNIDA/JYR
O METERS
O TYpE
enpe
Nels 75AT. DD SP CDND
MG AL UMHOS/CM
1k 16 16
2,5 102, £07,
Tet 17. 76
Te? E7 . 4R2,
11,6 133, 70606,
COLNR T.545,50 n>ne
UNT TS ME AL MG PAL
1A 1 16
20, 7.5 Ge2?
c, 0.020
19, 745 N.007?
51, 7.5 0.058
N3 NF4 MNX+NES
MG N/ZL MG ONZL MG N/L
16 16 . 16
De13° C.02 0.1F
Ne175 0.01 D.18
0,006 0.01 .01
0,481 foe04 G50
NA ¥ CA
Me AL MELY MC /1
) 0 s}
ALK
MEQ /1
16
2476
CoP*
1.90
?oﬁ"?



NUM, VALS.
AVERAGE
ST. DFV.
MIN. VAL.
MaX. VAL,

NUM. VALS,
AVERAGE
$Te DEV,
MIN, VAL,
MAX. VAL.

NUUM, VALS,
AVERAGE
STe DEV.
MIM, VAL,
MAY, VAL.

NUM. VALS,
AVERAGE
ST. DRV,
MIN. VaL,
MaX. VAL,

NUM, VALS.
AVERAGE
ST. DEV.
MIN, VAL,
MAX. VAL .

TIME
HOWR Y MTN

g1%,
154%,

P H

16

7.47
Neb]
E.6E
8,8%

TPD4
MG P /L

17
C.071
0.0%0
0.025
0.213

THKMN=NH&
MG N7L

1=

1,96
Neb?2
0.9¢4
3.26

MG
MGAL

o

LAKE NKEECHNPEE 40 STATIOM PATA SFT

PARAMFTER

DATE

PEPTH
CAMPLE

STATTION

NFPTH
METERS

1

[« e Ne N RN |
- & @& »
OO0

SECCHI
M

NOX
MG N/L

17
0.125%
0.145
0.004
C.431

TOTAL N
MG N/L

15

2.21
Cebb
1.20
3.?22

rL
MEerL

17
G5.9
B,?
24,0
112.1

RANGF [F yaLUr®

5/720/7F

NO?
MG N/L

17
0,015
0.016
0,004
0.052

TOTAL FE
MG/L

17

0.10
Cell
0.02
O.50

SN&
MGZL

o

A-40

UNTTS
9715479 MN/NDAZYR
0 METEDS
Je TYor
fnne
nN.O, TCAT, BD SO CANd
MG 7L LMHCS /0w
17 17 17
GG F AQ, J:S:«‘f.
Dot 12, 17+=,
?.C 25. 270,
16G.7 121, c2n,
CrLmE TeSUS.SD noneg
UnyTe ME 7L TN
17 0 17
57, G.0pc
24, Q.77
30, SRRt
1720, Belr?
NO 3 NG MUY AR A
ME ML MG NAL YoM
17 17 17
J.110 C.27 QaEn
no!"!.l DOGE Co?l
0.006 Lo N 0D
N,38F .32 f 75
MA - k A
MG /L Me L g
o ) n
AL W
MED 2
17
a,n?
Uoéq
2.06
4,70



M, VALS,
AVERAGE
$Te NDEV.
MIN. V2L,
MEX . VAL

NUM. VALS.
AVERAGCE
ST, DEV,
MIN, VAL,
MAY, VAL,

NUM. VALS,
AVERAGE
ST. DEV,
MIN, VAL,
MAX,. VAL,

MUM . VALS,
AVERAGE
5T. DEV.
MIN., VAL,
MaX. VAL.

NUM, VALS,
AVFOAGE
5T. DEV.
MIN., VAL,
MAX. VAL,

TIME
HOURs MTN

825,
1540,

PH

1%

T.l8
C.23
6.90
Te&?

TPO4
MG 2/1

15
0.079
D.0F5
C.028
0.233

TKN=NH4
MG N/L

13

1.?8
0.59
1.00
2477

MG
MGTL

0

LAKE DOKEECHOREE 40 STATION DATA SET

PARAMFTER

PATE
DEPTH
SAMPLE

STATION

CEPTH
METERS

SFECCHY
M

NO ¥
MG N/L

15

0.120
0.151
0.004
0.544

TOTAL N
MG N/JL

13

2.00
0.70
1.02
323

L
MG/L

1%
G0.3
23.0
33.2
122.3

RANGE DF WALUES

5/720/78
0]

1232

15
2.1
0.9
0.8
4,3

N2

MG N/L

15
0.017
0.019
0.004
0.070

TOTAL FE

MG/L

15

0.13
O.14
D.08
0u55

504
MG/L

0

A-41

UNTITS

G115179 MN/IDALYR
0 METERS
0. TYPE
CODE
N, TSAY, DO 9 COND
MO UMHDS O™
15 15 1%
he 524 £5E.,
1.P 21, 174,
1.7 2. 257 .
R0 BGa G,
TOLGR T.SU5.5D PO 4
UNETS MG/L MG P/L
15 4] 1t
112, 0.Ca0
157, 0.067
23, c.on?
£50. D872
NO3 MH& NOYXENHG
MG N/AL MG N/L MG N/L
15 15 1
0.104 0.09 CG.21
04133 0.12 .78
2.G04 .01 .01
0474 Oet7 0.79
MA K Ch
MGIAL MESL MG AL
0 0 n
ALK
MEO/L
15
2.70
.07
C.85
4.15



NUM, VALS,
AVERAGE
5T. DEV.
MIN. VAL,
MAX, VAL,

NUM. VALS.
AVERAGE
ST. DEV.
MIN. VAL,
MAX. VAL,

NUM. VALS.,
AVERAGE
ST. DEV.,
MIN. VAL.
MAK. VALI

NUM, VALS.
AVERAGE
ST. DEV,
MIN. VAL,
MAXs VAL,

NUIM, VALS.
- AVERAGE
ST. DEV,
MIN. VAL,
MAX, VAL.

TIMFE
HOURs MIN

82725,
1245,

PH

14

B.47
01?5
B, 05
BeBS

TRO4
MG P/L

l4
0.056
0.054
0.0CE
C.210

THN=NHG
MG N/L

12

1.87
0.35
1.“1
Ty

MG
MG/L

c

LAKE DOKEECHOREE 40 STATIPN DATA SET

PARAMETER

DATE

" DEPTH

SAMPLE

" STATION

DEPTH
METERS

1

OO N
e o ¢ ¢

QOO0

SECCHI

NOX
MG N7L

14
0.061
0.119
0.004
0.619

TOTAL M
MG N7L

12

1,91
0.33
l1.52
2.53

L
MGTL

14
9241
9.6
T8.4
110.8

RANGE PF VALUES UNITS
5120/78 - 9415773 MO/DAZYR
0 - 0 METFERS
0. 0. TYPF
= L7733 CIDE
TEMP D.M, 2SAT., DO SP (CNMT
CENT MG /L UMBOS
14 14 14 T4
25-0 QIB 102- (‘log
4.0 1.1 B 25
1641 7.2 E9., 452,
30.0 11.2 113. EON,
TURR caLnNR T.5US%.5D P04
ITY UNITS MG /L MG P/L
14 14 0 14
be7 2. D. 0N
4ol 11. Celle
2e7 15, 04007
15.0 57. D047
NO2 MD3 NH& NAX +NHY
MG N7L MG N/L MG N/L MC MZL
l4 14 14 14
0.004 Ga.059 0,01 Ce07
0.000 J.11¢ 0.00 Cal?
3.,004 0.00¢4 C.01 Y01
0. 005 G418 0.11 ek
TOTAL FE N A K CA
MG/, MG /L MG/L MESL
14 G 0 o
0.19
0.18
0.02
0.51
SD4 ALK
MG/L MEQ /L
0 léa
7434
Cet?2
1.46
2,2¢
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MIJM, VALS,
AVFRACGE
Y. DEV.
MiN. VAL,
MAX. VAL,

NUM, VALS,
AVERAGE
*T. NEV,
MIN, VAL,
f"ﬂgc VAL.

NUM, VALS.,
AVERAGE
“T. NDEV.
MIN. VAL,
MAX. VAL,

NUML VALS.,
AVERAGF
ST« REV.
MIM,., VAL,
MaXx, VaL,

MUM . VAL S,
AVERAGE
ST. DEV.
MIN, VAL,
MAY . VAL,

TIME
HOUR, MIN

904,
1335,

PH

14
B34
N30
795
.00

TPO4
MG P/L

14
0.06¢86
0.035
0.017
0.133

TKM=NH4

MG ONJL

12
1.67
0.35
1.27

FRY

MG
MG/L

G

LAKE OKEECHNREE 40 STATINN DATA SET

PARAMETER
NATE

DEPTH
SAMPLE

DESTH
METERS

1

D0 0D L
e » &

ja N = I o Jhee ]

SECCHI

NO X
MG N/L

14
0,075
0.127
0.004
0.433

TOTAL N
MG N/L

12

1.73
0.2
1.29
245

CL
MG/L

14
92.5
Tab
e
104.6

RANGE OF VALUES

5720778
o
O

STATINN ..e ~LZ34

?EMP
CEENT

14
26.3
4.3
16.1
30.0

TURR
JTU

14
12.3
10.4
3.2
40.0

N2
MG N7FL

14
0.004
C.001
0.004
0.006

TOTAL FE
MG/L

14

0.33
0.28
0.04
0.86

S04
MG /L

0
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-

-

UHITS
Qri5179 MN/DASYR
G METERS
Ce TYFE
CNDF
DT TSaT. DO Se COND
MG/L UMHOS /M
14 14 14
Bab 101, £Nng,
1.4 14, l.
&'6 8‘.:- tif‘c‘.
11.7 134, 715
coLgR T.5US8.3p nPN4
UNTTS MG/L MG PrL
14 0 1¢4
30, 0.012
10. 0.012
15, 0.002
52 0.037
N3 NH4 NOX+NHSE
MG N/L MG N/L MG N/L
14 14 14
0.072 0.01 D.0R
0.126 C.01 C.13
0.004 6.01 v.01
0.429 C.03 O.44
NA K CA
MG/L MG/IL MG/L
0 0 0
ALK
MEO /M
14
2«30
0.30C
1461
2.76



NUM. VALS.
AVERAGE
5T. DEV,
MIN., VAL,
MAX. VAL,

NUM. VALS,
AVERAGF
ST. DEV.

MIN, VAL,
MAX, VAL,

NUiM, VALS,
AVERAGE
ST. DEV.
MIN. VAL.
MAX. VAL,

NUM, VALS,
AVERAGE
ST. DEV,
MIN. VAL,
MAX , VAL.

NUM, VALS.
AVERAGFE
°T. OFV,
MIN, VAL.
MaX . VAL,

TIME
HOUR, MIN

RE6.
132G,

PH

14

R.57
.22
B.?25
9.1C

TPN4
MG P/t

14
Qe 045
¢.028
0.010
D.106

TKN-NH4
MG N/L

12

1.77
N.42
1.2¢
2.37

MG
ME/L

o

LAKE QOKEFCHOBEF 40 STATION DATA SFT
PARAMFETER RANGE 0OF VALUFS PNTITS
DATE 5120778 - 9715/79 MO/DAZYP
DEPTH 0 = 0 METFRS
SAMPLE (¢ 28 Ca TYer
STATION = LZ35 CADF
DEPTH TEMP DeNe FCAT,., DN 52 COND
METERS CENT MG/L : UMHGT /O™
14 14 14 14 14
0.0 26 B.7? 105, £0T,
0.0 4,27 1.5 15. G2,
0.0 1644 €0 T4 LkT,
0«0 0.7 11.4 131. 120,
SECCHT TURB TOLAR T.SUS, SN e
M JTU IMNMITS MG /L MG P
0 14 14 0 1¢
[ 79, AN AR
b2 13, YeNINE
2.7 1. Q.007
15,0 0. C.G18
MO X NO2 NO3 MH&4 NMY + N4
MG N/L MG N/L MG N/L MG N/L MG M/L
14 14 14 14 14
0.046 0.004 N, 0463 0.01 G.0%
0.103 0.000 C.102 0.00 010
0.004 0,004 0.004 D.01 1 .01
" 0.348 0.005 De344 D.02 {1a0 ¢
TOTAL N TTAL FE NA W Ca
MG NIL MGZL MG/L MG/ MG /L
12 14 ) 0 n
1.81 .18
0.41 0.17
1.22 0.02
Ze38 0. 58
CL N4 ALK
MG/L MG/L MEN /L
14 8] 14
90.9 2427
10.6 0.23
75,8 .55
105,2 2 .85
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Tive

HOUDR , MM
MOV LoVALS,
LS RAGT
©T, nEy,
BrLpar, P17,
“r"'\fr. U‘“L- . }t?t.
24
MhML. VALTS, 1F
P ERALE A
“Te DFEV, Lot
MIN, VAL TalE
Max, VAL . B ,PR
TP
MG P SL
MUY . VALS. 1%
AVIRACF CeDT4
ST, DEV, Cali g
MIM VAL, C.015
AX L, VAL N.25%5%
THN=YH4
MOONSL
oML VALS., 13
AVTBACE 1,07
FT’ GFU‘ f“nf‘??
‘J(l\l \:A{o ‘anq
MAY o VAL 2.7
i r
ME gy
MU . ou st S, f
SVEQACE
o TP Y 3
M,ﬂ_‘tl ix"ﬂl,-

LAKE LCKEECHNREES 4
PARAMETER
PATE
neEeTH
SAMPLE

STATIPN

NEDTH
METERS

i¥
el
r,n
Oel
TL0

SECCHY

M

N X
MG ONZL

15
0.030
G266
. 004
C.257

TORTAL ™
MO WL

113

1,90
0.53
TL2
2,20

RANGF

5120170

NG 2
MG N/L

15
¢c.0CA
Cauilh
0.004%
0.028

TOTAL FF

MG/L

1%
N2 0
n,75%

0.0¢
n,a1

S04
MOTL

0
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PEOVALUES

TAYRITS

Al K

woa g

1y

le74
.62
NL42
P LALE

CTATTIONM

PATA

-
i

M

NIDALY?
pougyoRe

Ce TYPF

FLAT. DO

MH 4
MO Mg

e Pf‘
M1t
fa01l

D bn

ML

¢poCcner
UMHOS Fow

1
LQf
39
L«

EELEY

£

LRl
MG el

r
1n

Ta0*
405
N, OM>

b

Joe

MEVY 4 ME
MoorA

1%

o N
Cold
Call
0u s



LAKF QHEZPUORTT 4 STaTT o DATA

PARPAMETER RAMGE TF twaphiecs Prvemy
NATF TiensTR - GALNATH MmNy
NEPTH 0 - p o MITrox
STATION L7137 Fenr
Triow neaTH TC-»™p T e LT
HOUP g MM METJEPS CENT MG L
NEM, VALS, 15 15 15 1h
AVERAGE G.n L7 Frale 7T
RT. r}cul OIO 4-{* "1 ?fll
M’INO VAI.. F:‘-i. D-(‘ lco-’, o? ?: Ll
MAX . VYRAL, 181¢C. Ny 3.1 17, 133,
D SECrHY Ti'R® cryre T.oUS.87
b JTU umrTs LSS
MUM. WALS, 1% m 1% 1¢ 3
AVERACGF 7.17 A 1717,
€T. NEV, OL,FF le6 3,
MTNO V»&Lo C;.Q-L‘_\ 007 ER
MAX, VAL, PR G 5. F Fhu,
Torg MY X E) SRR N &
MC P IL MEONJL MG N/L MOoM S MG oML
NEM, yAL S, 15 1% 15 18 1=
AVFQAGt CO‘I.!C 0006}7 D.”FO“‘ "-f s g"‘,._f‘\.{,,
£T. NDFY, Ua. 0151 N.084 G.0n4G AL r, G
MTNO VAL. Con:/? n.ﬂ'O’ﬂ '.A’.OU" M‘I‘C-:IL(“ x..al‘
MAX . VAL, 0.221 0,307 D016 Dok A I
THN=NHG TOTAL N TrYaL cr NOA W
MAw s MeomoL MG/, 7 vy
NUM. VALT, 13 13 1% i r
AVERAGE Terf 1.77 D440
£T. DFEV, Cel? Cu4 R Ne?5
MIN. VAL, o827 1.00 C.0G
MAX. VAL, P F? 7eB 4 D.92
Mme L N4 ALK
METL MEsL MG /L MEP /]
NEM, VAL S, r 14 o la
ST, nEV, ?l1.R LR A
MIN. VAL, 10.3 A
MAX. ValL, S5, " .17
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M. VALS.,
LuF2AGE
"T. PEV,
MM WAL,
My, val.

N, YALS,
AVERRCE
Y. DEV.
MTR . Val,
MAY . VAL .

(SRt
LM,

VaLs,
PVERAGE
"T. DEV,
AN WAL,
“EN. VAL

“iMy, VA{.QO
AUy eArY
TT. NEV,
IR, VAL,
T, VAL .

UM, VALS,
FUEDALE
ST. NEV,
f‘.["n' V‘ELQ
VEY . VAL,

TIME
HOUFs MIN

512
1214,

B

- 5

[+ B B, B WS )
o}

T O D=
WO o

TP04
MG PrL

14
0.0HG
0.,N31
0.02%
f.138

THN=NH&
MG oM

1i?

1.5C
My &t
1415
770

PI(‘_
MESL

(1

LAKE [DKEECHDREE

PARAMETER

NATE
NEPTH
SAMPLE

STATIMN =

DEPTH
METERS

MOX
MG NFZL

14
0.019
0,036
0.004
0139

TOTAL N
MG NsL

12

1.85%
.48
1.17
2.89

9
MG/

14

78,2
1843
45,2
90,9

RANGFE NF VALUFS

5/20/78

2
D

17238

TE™D
CENT

14
26k
445
1642
31.1

TURB
JTu

14
4.8
2.0
1.5

10.0

NOZ2
MG N/L

14
0.005
0.00%
0.004
0.023

TOTAL *E
MG/L

14

22
.71
GeD2
0.71

Sne
MG/L

0
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40 STATINN DATA SFT

PDNITS
Gr12+479  MOrDASYR
D METERS
A TYoF
CODF
N. M TEAT. DD §P COND
MG AL UMD o
14 14 T4
el o, 547,
Te# 1%, 16+,
e £, 270,
11.9 127« HE?,
fopne T.3USSD mPRG
IELUR I B MG /T MG P/
164 n 14
b5, 0.007
18, 0.007
29, D034
NO3 NH 4 MUY+ MY
MO NS MC N/L MG ONSL
14 14 14
0.015 C'002 CeQ4
NL.030 g.0n3 Q.NE
0004 .01 Oefil
D.116 010 Certe
NA K CA
MGTL MELL ML
o 0 C
ALK
MEQ /L
16
¢ 01
Get?
1.71R
Zabd



NUM, VALS,
AVERACFE
ST. DEV.
MiN., VAL,
MAXe VAL

MUM, VvaALS,
AVERAGE
$T. DEV.
MIMN., VaL.
MAX . VAL,

NUIM, VALS,
AVERAGE
£T. DRV,
MIN. VAL,
MAX. VAL,

MUM,
AVERAGE
$STe DBEV,
MIN, VAL,
MAX. VAL,

NMUM, VALS,
AVERAGE
T+ DRV,
MIN. VaL.,
MAX, VAL,

VALS.

CTIME
HNUR,MIN

TPNDG
MG P/L

14
0.Ct8
C.n2¢
C.02¢
€115

TKN=NH4&
ME N/

12

1.99
Dbt
1475
2,77

MG
ME/L

o

LAKE OKFECHOFREFR 40
PARAMETER

NATE
NERTH

SAMPLE

STATIMN

NFPTH
METERS

M X
MG N/L

14
D044
0.080
0.004
0.245

TOTAL N
MG NZL

12

2.03
C.63
1.39
.79

cL
MGIL

14
£G,0
11,7
55.7
101.7

BANGF [iF

523770 -

A -
N,

L7739

TEMe
CENT

7644
b ath
1641
1.7

TURR
JTU

[ BRI B I

L]
L
*
]

O N

1

ND2
MG m7L

14
N.004
0.070
2.004
0.005

TOTAL FF
MG/L

14

e&?
N,75
0.0%
2.G7

£ng
MGIL

0
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STATICN PATA <57
VALLIFES® PN T Y
S R A A MOSORIYR
0 METERST
0. Tyer
fFoanT
Den. TEAT, NM s (o
'Mr"l. oy 4
14 14 1
2.8 103, vit,
1.3 13, P,
£ale Bl A EPIN
1.l 127. EES
cnyp e TaSLES,T n4
JMTTE ME I M
14 n 14
22, el ah
1F. PNE
1. ‘ﬁlhﬁ?
T, N
M3 NH & Mt g 4t hid
M2 N MO ON/AL R
14 14
SR oMY a R
QaN7G G.Co I
0 N0 .01 I
NDe?28l Co7? s
Nfz W FRIY
ME L)L Mgt "o
C 0 o
Af W
MEOLL
14
2727
GLW7F
1,77
2ehd
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