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INTRODUCTION

The South Florida Water Management District (District) is proposing to adopt
Chapter 40£-61, Warks Of The District Within the Lake Okeechobee Basin, to
imptement the Surface Water Improvement and Management (SWIM) Plan for
Lake Okeechobee. The proposed rule establishes water quality standards and
permitting procedures applicable to parcels of land in the Lake QOkeechobee
Drainage Basin. This document contains explanations of how the water quality
standards were derived. Some supporting data has been included. Al the
relevant measurements and other data are too extensive and bulky to publish in
this document. They are available in hard copy for inspection at the District
Headgquarters in West Palm Beach during regular working hours, and on
magnetic tape and floppy disc at cost. Arrangements for inspection and tape
rates should be made through Mike Slayton or Sarah Nall. Additional data needs
or questions should be presented initially at a technical workshop.

TARGET LOAD

Section 373.4595(1), Florida Statutes, directs the District to design and implement
a program to protect the water quality of Lake Okeechobee, and to achieve, by
July 1, 1992, reductions of phosphorus loadings to the lake by the amount
specified as excess in the District’s Technical Publication 81-2. The target ioad
specified in Publication 81-2 is 397 tons/year of phosphorus. The water quality
standards in the proposed rule are designed to specify how much the controilable
sources of phosphorus in the Lake Okeechobee 3a%in cun contribute to the lake
without exceeding the target ioad.:

AVERAGE ANNUAL DISCHARGE CONCENTRATION PERFORMANCE STANDARD
A. DESCRIPTION

The Lake Okeechobee SWIM Plan cutlines a new regulatory management
approach based upon the development and implementation of phosphorus
performance standards. The goal is to develop regulatory criteria which
provide effective resource protection, are workabie, attainable, and require
minimal data collection. In order to achieve these characteristics, the Plan
shifted from an areal loading standard to a concentration standard., A
concentration standard has several desirabie characteristics, including:

1. It lays the foundation for a uniform off-site discharge concentration
performance standard.

2. Itisless sensitive to hydrologic variation than mass loadings and provides a
more effective means to track progress in reducing phosphorus levels
entering the lake.

3. It can produce variable loading rate targets for each basin. If a fixed
loading rate target was employed for each. basin, then the target inflow
concentration would in turn be different for each basin, which could resuit
in the introduction of inequities within the same industry in terms of the
primary standards to be achieved.

6/21/89 1



AVERAGE ANNUAL LAKE INFLOW PHOSPHORUS PERFORMANCE
STANDARD

There are 37 inflows (sources) of phosphorus identified n the SWIM Plan
which discharge into Lake Okeechobee. Of these 37 inputs, 3 are classified as
non-controlled and 34 as controllable. Non-controlled sources are inputs to
Lake Okeechobee which fall into one of the foilowing two categories:

1. Directrainfail on the surface of the lake;

2. Discharges from other lakes (e.g. Lake Istokpoga and Lake Kissimmee)

Controllable sources are the remaining 34 inflows that routinely discharge
into the lake.

All of the non-controlled sources presently have sufficiently low
concentrations of total phosphorus so that no improvement is neceassary in
order to discharge into the lake. The three uncontrolled sources (rainfall, $-65
Lake Kissimmee, and $-68 Lake Istokpaga) are not covered by the Rule.

The contribution of phosphorus from the three “uncontrolled” sources was
subtracted from the target loading rate of 397 tons/year, resulting in an
allocable phosphorus load from “controtled” sources my285.5 tons/year. This
285.5 tons/year was then allocated to the 34 controllable sources under a
discharge allocation formula, i.e. the 285.5 tons/year (converted to metric
tons) was divided by the average annual discharge from all the controllabie
sources (1,100,184 acre-feet; Table 1), then converted to ma/L, resulting in an

average annual total phosphorus concentration of 0.189 mg/L. A 0.18 mg/L .

average annual total phosphorus concentration establishes the maximum
ultimate long-term average annual concentration standard for all inflows to
Lake Okeechobee, and when achieved, will result in a long-term average
annual target load of 397 tons/year.

OFF-SITE TOTAL PHOSPHORUS CONCENTRATION STANDARDS

1. Sub-Basins with Current Phosphorus Discharges Less Than the Average

Annual Lake Inflow Standard ' T

Interim discharge mitations apply to basins which have an average annual
tctal phosphorus concentration entering take Okeechobee of less than
0.18 mg/L. If the basins under interim discharge limitations were allowed
to exceed their present discharge concentration up to a level of 0.18 mg/L
while other basins are lowering their concentrations, the net benefit to the
lake, in terms of total load reductions, will be reduced and therefore water
quality improvements to the lake would be delayed Also, if these basins
are -permitted to exceed their present discharge concentration up to
0.18 mg/L, enough “momentum” of increasing phosphorus concentrations
may be built up as to exceed the 0.18 mg/L target and therefore,
retrofitting could be required to correct problems that presently do not

exist. The interim discharge limitations will provide a margin of safety of
42 tons/year.
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Of the 34 controllable basins that routinely discharge into the lake,
19 have average annual total phosphorus concentrations over the period
of record that are less than the 0.18 mg/L target concentration (Table 1).
The performance standard for these 19 basins which currently exist below
0.18 mg/L will be estabiished on the basis of interim discharge limitations
for the existing average annual phosphorus concentration shown in
Table 1. Discharge concentrations from these basins will not be allowed to
exceed these current levels.

- Sub-Basins with Current Phos horus Discharges Greater Than the Average
Anriual LaEg'lnflow Standard '

The performance standard for the 15 basins which have average annual
phosphorus concentrations that exceed 0.18 m L must meet the target
level of 0.18 mg/L at the point of inflow to the lake, on an average annual
basis, by 1991.” Estabiishment of 1991 as the target date for compliance
with the ultimate lake inflow performance standard of 0.18 mg/L, one year
prior to the 1992 date established in the SWIM legislation, will allow
adequate time to assess compliance with the standard and provide
opportunities te apply other measures as needed, to insure compliance
with the ultimate standard by the legislatively mandated deadline of 1992,

Basins which currently exceed an average annual total phosphoarus
concentration of 0.18 mg/L will be required to make incremental
reductions in phosphorus concentrations according to the following
schedule:

Average Annual Lake Inflow Target Concentration Total

Phosphorus (mg/L)
WY 1989 ‘0.66 mg/L  interim inflow standard
WY 1990 0.33mg/L  interim inflow standard
WY 1991 0.18 mg/L  ultimate inflow standard
WY 1992 0.18 mg/L  uitimate inflow standard

These interim standards are based upon the following considerations:

a. the necessity to proceed in a timely and incremental manner to achieve
the ultimate standard by 1992;

b. the reasonabie expectations of meeting the standards if all users of the

sKstem make a good faith effart to comply: and _

the necessity of the permitting process being effective without

excessive resource commitments.

C.

The three year phase-in schedule was developed by taking the basin with
the highest average annual total phosphorus concentration and setting



Interim targets of approximately a one-third reduction in concentration
each year. Specifically, TCNS has the highest average phosphorus
concentration at a level of 0.947 mg/l (Table 1), therefore the first year
interim standard was set at 0.66 mg/L or approximately one-third of the
reduction necessary to reduce 0.947 mg/L to 0.18 mg/L. The second year
was set at 0.33 mg/L or approximately two-thirds of the reduction
necessary to achieve 0.18 mgy/L. .

D. DATA AND ASSUMPTIONS USED TO GENERATE LAKE INFLOW STANDARD
AND DISCHARGE CONCENTRATION STANDARDS '

This section provides technical data and explanations of how the average
annual inflow phosphorus performance standard and off-site total

phosphorus concentration standards for all 37 inflows to Lake Okeechobee
were generated.

The historical period of record presented in the SWIM plan (14 years} for the
major inflows (1973-1987) is used to estimate the long-term average annual
flow that must be achieved to meet the target load of 397 tons/year. Thisis a
reasonable assumption since the 14 year period of record includes a wide
range of hydrologic conditions (2 droughts and several very wet years).

During this period the lake reached its highest and lowest levels since
construction of the Hoover Dike. . i

Section D.1. covers the average annual input (flow) data which is listed on
the second column of Table 1. Section .D.2. covers the average annual
phosphorus load data which is listed on the third column of Table 1.
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Table 1. Nutrientloads and Tarc?et Performance Standards far Controlled and

Uncontrolled Lake Okeechobee Inflows
Ave. Annual Input Phosphorus New Target
Discharge {tonsiyr) Flow-Wtd Concs. |Flow-Wtd Concs
Inputs {ac-fuyr) Load {mg/L) (mg/L)
. SWIM Plant Updatedd SWIM Plan' | Updated? | Swim praa? Updatead | SwiM Plan? | Updaread
'C?ntroilable Sources
C-38 Pool A (5-65A) 53,703 54,463 48 5.0 066 .067| 0.07
[C-38 Pool B (S-658) _ 60,019 60,656 4.7 46| 058 .056( 0.06
C-38 Pool C(5-650) 49,774 52,364 856 88] .127 124 0.13 012
C-38 Pool D (5-650) 110,085 112,307] 396 | 399 365 261 018
C-38 Pool E (5-65E) 39,294 33440 255 1300 477 | 6601 0.18
S-191 (TUNS) 111,327 1434 | 143.2 947 946| 0.18
S-71(C-41){Ad]. for 5-68) 80,922 92296| 435 | 477| 395 | 3801 0.8
5-72 (C-40) (Adj. for 5-68) 14,083 6,971 7.0 7.2] 366 761 0.18
S-84 (Adj. for 5-68) 65,266 32,992 87 80| .098 1781 0.10 0.18
Fisheating Creek 155,734 509 | 4a 7 240 210| 0.18
$-127 (L-48) 14,042 941 73] 492 | 382] 018
5-129 (L-49) 10,730 34 26f 233 180 | 0.18
5- 131 4,452 9 0.8] 149 1327 0.15
S-133 19,648 83 85| 311 -318] 0.18
$-135 18,219 39 28] 157 A13] 0.76 0.11
5-154 30,810 25,740 335 [ 278 800 .795| 018
5-a 29,182 8,080 164 2.3 313 2021 0.18
Industrial Canal 22,672 10.6 343 0.18
$-236 (S0. Fla, Conservancy) 9,535 | 1.2 093 , 0.09
Cuivert 4 A (S Bay/ S Shore) 3,742 04 079 0.08
|Culvert 12 (East Shore D.D ) 12,044 2.2 138 | 3.13
Culvert 12A (715 Farms) 3,369 1.2 .262 0.18
Cuivert 10 (East Beach D.D) 6,245 24 283 0.18
5-2 (flood control) 69,364 | 67,391 1SS 1481 164 161] 016
S-3 (flood control) 31,575 25,558 6.6 471 154 136 0.15 0.141.
L-59E, L-59W, Cuiv. "A" 15,000 32 57 0.16
[5-154C 2,000 6 221 0.18
L-60E, L-60W 6,000 8 098 0.10
L-61E, L-B1W 22,000 2.8 094 0.09
Culvert 5 (Nicodemus Siough) [ 14,000 11 058 0.06
5-308C (C-a4, 5-153) 40,746 9.6 91| 173 164 017 0.16
[HGS-5 (WPB Canal) : 3,557 7 137 0.12
5-77 (East Caloosahatchee) 6.977 1.4 .148 015
Cuivert 10A {L-8) 35,674 25,377 46 34] 095 [0099] 0.10
[Total Controllable - 1,171,790 [ 1,100,184 | 477.7 | 4518 300 303
' Unc%ntrollagle Sources D
Rainfall 1,119,322 72.2 047
5-65 {Lake Kissmmee) 579,217 | 578,897 | 33.1] 33.0] .042
S-68{Lake Istokpaga) 153,541 125 6.3 .060 030
Total Uncontroliable 1,852,080 ] 1,851,760 1178 | 1115 047 044

' The source for these columns is Table GOS-1 in the SWIM Plan for Lake Okeechobee Th:s tablie will be
updated as more data becomes availabie.

2These columns contain updates to Tabie GOS-1, based on refined methodologies and more recent data
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1.

Discharge (Flows)

This section covers data relative to discharge (flows) from all 37 inputs.
Data on flows into Lake Okeechobee may be abtained by several methods,
which are described below.

The District records upstream stages, downstream stages, gate openings at
spillways, and pump operations at pump stations. Each record may contain
numerous instantaneous readings (raw data) in the course of 3 single day.
Instantaneous discharge is calculated by a computational formula based
on the characteristics of the particular discharge point and on these
instantaneous readings. A mean daily discharge is then computed oy
integration if instantaneous discharges over time for one day and dividing
the result by the amount of time in one day.

For example, a gated spillway may operate in the controlled (gate in
water) or uncontrolled (gate out of water) category and in the free or
submerged category (downstream stage above spillway crest). The
categories that exists at any %iven instant are determined by the
characteristics of the flow. Discharge is determined using a computer
program based on a category-based flow calculation. The controlled-
submerged category is most common.

As another example, a pump station may have several pump units. The
pump speed and times of operation are recorded for each pump unit. The
rating curves (flow equations) used are provided by the pump
manutacturer or determined by field measurements. The pump unit,
headwater, tailwater data, and rating curve are used to compute discharge

“through the individual pump unit. The sum of the instantaneous discharge

at all units at a pump station forms a single instantaneous discharge for
the station as a whole. '

The District records the mean daily flow data in its data base. Mean daily
flows have been recorded on magnetic tape, floppy disc and hard copy,

and are available from the District at cost. The raw data and calculations-

by which mean daily flows are derived are extremely voluminous. They
have been retained ¥or some, but not all, structures relevant to proposed
Rule 40E-61. Samples of raw data and computer sub-routines have been
copied onto floppy discs and are available at cost.

Flow measurements are aiso taken by the United States Geologicat Survey
(USGS). The USGS publishes its mean daily flows, which are then included
in the District's database. Questions about raw data for these mean daily
flows should be directed to the USGS.

In generating the standards in proposed Rule 40E-61, data measured by
the USGS was used when available, and District data was used when USGS
data was not available. The first column of Table 2 indicates the source of
measured mean daily flow data. This is the source of data used in

generating the standards in proposed Rule 40E-61, unless indicated
otherwise on the other portions of Table 2.
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There are several periods of time in several sub-basins for which no
measured flow data is available. These are listed on Table 2 in the column
entitled “Unavailable Measured Mean Daily Flow Data”. The reasons why
measured flow data 1s not available vary, for example, a measuring devica
may have been broken for a short period of time, a structure and flow
meter may not have been constructed untii late in the period of record, or
complete records or raw data may not have been available.

When measured flow data was unavailable for a period of less than one
month, estimates of the flows for that period of time were not calculated.
The flows for those days are accounted for in the loading calculations.
(The mean daily load for the days of the month for which measured flow
data is available are multiplied by the total number of days in the month.
See Section D.2.(b.) for further discussion of loading). These values are not
considered “estimated” for the purpose of generating the standards in
proposed Rule 40E-61, and are not discussed as estimates in the remainder
of this document.

When flow data is unavailable for more than a one month period, fiow is
estimated. Several methods of estimation are used, depending on the
quantity and quality of data available on which to base the estimate. The
estimates for each period of unavailable flow data in each sub-basin is
discussed following Table 2. The last column in Table 2 addresses estimates
for unavailable measured flow data.



Table 2. Summary of Discharge (Flow) Data

Unavaiiahie Measured Mean

Measureg ; -
'nputs Mean Dariy Daily.Flow Data A Slow
(Sub-8asins) Flow _:stlmateg
Sources* Zxptained
Start End Days
Controilable Sources .
C-38 Pool A (5-65A) SFWMD o Gaos
C-38 Pool B (S-658) SFWMD 012287 | Q1/22/87 1 bl
11/11/87 11/11/87 1 b
12/03/87 12/03/87 1 v
€-38 Pooi C{5-65C) SFWMD 01/01/87 | 01/05/87 5 o
02/01/87 02/09/87 £l b
C-38 Pool D ($-65D) SFWMD 06/08/78 | 06/08/78 1 b
08/17/78 | 08/20/78 4 hld
01/01/87 | 01/05/87 5 bl
Q2/01/87 | 02/09/87 9 ¥
C-38 Poocl € (S65E) UsSGS 01/01/74 | Q9/30/74 273 D.1.(a).
09/01/87 | 09/30/87 30
S-4 SFWMD . 07100/75 Cump NotIn
existance, nQ
fiows
06/05/86 | 06/15/86 11 2
$-191 (TC/NS) SFWMD 06/13/73 | 07/31/73 49| (D.1.b)
11/24/84 11/24/84 1 s
S-71 (C-41) UsGSs - - none No Gaps
$-72 (C-40) USGS ~ - nore | NoGaps
5-84 UsGs - - - fAQne No Gaps
Fisheating Creek UsGs 01/03/84 | 01/08/84 6 il
$-127 (L-48) SFWMD - - none { NoGaps
5-129 (L-49) SFWMD 0173173 § 01/31/73 1 i
03/31/73 § 0373173 1 bl
05/31/73 | 05/31/73 1 b
07/31/73 | 07/31/73 1 bl
08/31/73 | 0&/31/73 1 bl
10/131/73 10/131/73 1 bl
1231773 | 12431773 1 bl
01/31/74 | 01/31/74 1 e
G3/31/74 | 03/31/74 1 b
05/31/74 | 05/31/74 1 b
Q773174 | 07/31/74 1 bl
08/31/74 | 08731774 1 bl
10/31774 | 10/31/74 1 i
1231774 | 12731774 ! e
01731775 | 01131775 1 e
03/31/75 | 03/31/7% 1 bl
05/31/75 1 Q5/31/75 1 -
07/31775 | 07131175 1 b
08/31/75 | 08/31/7% 1 el
10/31/75 10131775 1
12/31/75 1231775 1

6/21/89

Jrrnsittey e et

[y

s

o Lot 23



Table 2 (Continued). Summary of Discharge (Flow) Data

Meaasured Unavallat_:ile-Ff\;'!easured Mean )
Inouts Mean Dally | Daily Flow Data | Flow
{Sub-Basins) Flow ‘ :sgir;‘:.e;
« =X ne
Sources Start end Days

Controliable Sources

S-129 (L-49) SFWMD 01/31/76 | 01/31/76
: 03/31/76 | 03/31/76
05/31/76 | 05/31/76
07/31/76 | 07/31/76
08/31/76 | 08/31/76
10/3476 | 10131176
12/31/76 | 12131176
0113177 | 01731777
03/3177 | 03/31/77
05/31/77 | 05/31/77
Q7131777 | 0713177
08/31/77 | 08/31/77
10377 | 10131777
121377 | 23177
01/31/78 | 01/31/78
03/31/78 | 03/31/78
05/31/78 | 05/31/78
(08/31/78 | 08/31/78
10/31/78 | 10/31/78
0173179 | 01/31/79
03/31/79 | 03/31/79
05/31/79 | 05/31/79
07/31/79 | 07/31/79
05/31/80 | 05/31/80
07/31/80 | 07/31/80
10/31/80 | to/31/80
12/31/80 | 123180
01/31/81 | 061/31/81
03/31/81 | 03/31/81
05/31/81 | 05/31/81
07/31/81 | 07/31/81
08/31/81 08/31/81
10/31/81 | 10/31/81
12/31/81 | 12/31/81
01/31/82 | 01/31/82
03/31/82 | 03/31/82
07/31/82 | 07/31/82
08/31/82 08/31/82
10/31/82 | 10/31/82
12/31/82 | 1/31/82
05/31/83 | 05/31/83
07/31/83 | 07/31/83
12/31/83 12/31/83
10/31/85 | 10/31/85
12/31/85 | 12/31/85
01/31/86 | 01/31/86
03/31/86 | 03/31/86
05/01/86 | 05/30/86
08/08/87 | 08/10/87

& iR
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Table 2 (Continued). Summary of Discharge (Flow Data)

Measured ‘l Unavanabier_\ﬂeasweu Mean .
inouts Mean Daily | Jaiy Flow Data _ oW
{Sub-Basins) Fiow E.sumates
Sources* Explained
Start End Qays
Controllable Sources
5131 SFWMD 05/01/86 | 05/30/86 30 rxe
S-133 SFWMD 05/01/86 | 06/30/86 61 *Hh
: 11/01/86 11/02/86 2 b
Q7/19/87 | 07/21/87 3 b
09/16/87 09/21/87 6 b
5-135 SFWMD 05/01/86 | 06/30/86 61 o
5-154 SFWMD 01/Q1/73 | 06/18/78 1,995 0.1.4{b.)
07/15/78 07/17/78 3 il
09/22/78 10/15/78 24 bl
10/25/78 10/30/78 6 e
11/16/78 12/04/78 19 el
01/19/80 | 01/27/80 9 o
12/19/81 12/20/81 2 b
05/16/82 | 05/27/82 12 e
05/14/85 | 06/13/85 30 ik
09/11/85 | 09/11/85 1 *w
04/16/86 | 04/30/86 15 b
08/30/87 | 09/24/87 26 b
Industrial Canal Q1/01/73 | 08/16/76 | 1,324 D0.1.(d)
10/01/80 | 12/07/81 433 A
07/01/82 | 08/31/82 82
$-236 {So. Fla. Conservancy) 04/01/73 | 09/30/87 | 5,296 D.1.(e.)
Culvert 4A (So Bay/ So Shore) 04/01/73 | 09/30/87 5,296 D.1.(f.)
Culvert 12 (East Shore D.D.) 04/01/73 | 09/30/87 5,296 D.1.(g.)
Culvert 12A (715 Farms) 04/01/73 | 09/30/87 5,296 D.1.(h.)
Culvert 10 (East Beach D.D.) 04/01/73 | 09/30/87 5,296 D.1.(i.)
L-59€, L-59W, Culv, “A" 04/01/73 | 09/30/87 5,296 D.1.G.)
5-154C 04/01/73 | 09/30/87 5,296 D.1.(j.)
L-60E, L-60W 04/01/73 | 09/30/87 5,296 D.1.(j.)
L-61E, L-61W 04/01/73 | 09/30/87 5,296 D.1.4.)
Culvert S (Nicodemus Slough) 04/01/73 | 09/30/87 5,296 D.1.(j.)
$-308C (C-44, 5-153) usGs 1/14/73 | 01/116/74 63 D.1.(k)
03/22/74 | 07/16/81 2,673
12/29/81 02/24/82 57
09/12/83 | 01/04/84 114
10/07/86 | 12/03/86 57
5-2 (flood control) UsGs - 7 - none
5-3 (flood control) UsGS - - none
10 6/21/89
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Table 2 (Continued). Summary of Discharge (Flow Data)

Measureqg Unavailable Measureg Mean
'noUts ' -era__n Jaily | Daily Flow Data - *low
(Sub-Basins) riow i Isumates
Sources” Explained
Start End Days
Uncontrollabie Sources
Rainfall _ i
$-65 (Lake Kissimmee) UsGs 010173 | Q9/30/73 273 D.1.{m),
01/01/74 | 09/30/74 273
5-68 (Lake Istokpoga) USGS - - none
HGS-5(W.P.B. Canal) UsGs 05/08/74 | 06/25/74 49| D.2.b.26.
5-77 (East Caloosahatchee) UsGs - - none |
Culvert 10A (1-8) UsGs 01/01/73 | 06/30/76 1,277 D.1.(1)
02/01/85 | 09/30/85 242
01/01/86 | 09/30/86 273

The raw data for measured mean daily flow has been recorded on floppy discs, and is

available upon request at actual cost. SFWMD database codes for measured sources are
listed in Tabie 3.

Less than one month period of unavailability. No flow estimate was calculated. Monthly
means were used. See text, Section D.1.

L2 A B

“Unavailabie data later verified to be period of no flow.

****Rainfall quanity is rountinely monitored at seven sites in the vicinity of Lake Okeechobee,

(Figur 1) and the SFWMD uses an averaae of these sites to estimate rainfall on the lake. It

- 15 known, however, that rainfall on the lake is ?en‘erall'y'iess than in the immediate

surrounding area and in this report, the volume of rainfall is set at 80% of the weighted

-average. Weather radar observation, satellite photos, customary practice, water budget
caiculations, and Riebsam et al., 1974 suggest that 80% is a reasonable value.

62189 "
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Table 3. Sources of Mean Daily Flow Data Used in
Calculation of Lake Okeechobee Tributary Loads

Tributary Agency é?ég‘dz Period Covered
$-65A SFWMD | 04430 10/72 - 09/86
S-65A SFWMD | 06801 10/86 - 09/87
$-658 SFWMD | 04436 10/72 - 12/86
S-658B SFWMD | 06841 01/87 - 09/87
S-65C SFWMD | 04458 10/72 - 09/87
S-65D SFWMD | 04470 10/72 - 09/87
S-65E UsGSs 00241 10/72 - 09/87
S-4 SFWMD | 06738 *

9-191 SFWMD | 04530 10/72 - 06/86
S-191 SFWMD | 06732 06/86 - 09/87
-7 - USGS 00094 10/72 - 09/87
1572 UsSGS 00100 10/72 - 09/87
S-84 USGS 00249 10/72 - 09/87
Fisheating Creek USGS 00090 10/72 - 09/87
S-127 SFWMD | 06751 10/72 - 09/87
S-129 SFWMD | 06812 | 10/72-03/87
$-129 SFWMD | 04018 04/87 - 09/87
$-131 SFWMD | 06813 10/72 - 04/87
S-131 | SFWMD | 04036 05/87 - 09/87
S-133 SFWMD | 06814 10/72 - 05/87
$-133 SFWMD | 04048 06/87 - 09/87
S-135 SFWMD | 06815 10/72 - 05/87
$-135 | SFWMD { 04066 06/87 - 09/87
$-154 SFWMD | 04952 06/78 - 04/87
$-2 USGS 00426 10/72 - 09/87
S-3 USGS 00539 10/72 - 09/87
$-65 UsGS 00186 10/72 - 09/87
5-68 USGS 00246 10/72 - 09/87
HGSS USGS 00313 10/72 - 09/87
$-77 UsSGS 00853 10/72 - 09/87
CULV10A UsGS 02855 07/76 - 09/87
S-308 (¢) USGS 00277 10/81 - 09/87

*See $-4 Loading Calcuiations
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a. C-38 Pool E {5-65E)

The flow record for $-65€ 1s nearly complete except for a 273-day gapn
1974 (Table 2). Missing monthiy mean flows at S-65E can be reliably
estimated from a regression model that uses monthly mean flow data
from station $-650 upstream for the 1973/87 period:

S-65E (cfs/day) = -94.53 + 1.1188 * 565D (cfs/day)

Summary information on regression model: df = 1/180, r = 0.989,
p = 0.0001, standard errors; Intercept = 20.488, Slope =0.0122.

b. 5-191

Flow estimates were recuired for two months (June and July, 1973)
because actual data was unavailable to make standard calculations.

The District’'s Water Resources Division investigated four variations of
regression models to estimate the missing 61-day period, and selected a
fair|¥ simple version in part because of period of unavailable data was
brief, and because of apparent problems with the other options.

Linear regression was used to make point estimates and associated
prediction intervais of mean monthly discharge, based on flow data
from the USGS gauge on Taylor Creek above Okeechobee (USGS gauge
no.02274500; DBKEY no. 00265) .

Except for the two missing months, concurrent calculated flow
measurements were available for the $-191 and the USGS gauge for a
period from January 1972 to December 1981. From an original sample
of 118 observations, four points were deleted based on computerized

statistical analysis (using STATGRAPHICS' interaction outlier rejections
feature). ,

Two observations were rejected for being influence points and two
were deleted as outliers. The mean monthiy discharge scatterpiot of
$-191 versus Taylor Creek is shown in Figure 2. The regression line, the
95 percent confidence interval, and the 95 percent prediction interval
are also shown in Figure 2. The actual formula used to generate the
data and summary statistics are shown in Table 4.

The formula is: $-191 flow = 28.43 cfs + 2.113 * (Taylor Creek gauge-
measured flow). '

Converted to monthly total flow volume in thousands of acre-feet, the
values are as follows:

Month Volume 95% Prediction Interval
June 1973 17.4 (8.4, 26.4)
July 1973 33.8 (24.6, 43.0)

This represents the most adequate model (and estimates) of four that
were investigated. While it is customary to account for seasonality

14 6/21/89
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when the sampie contains monthly observations in a time series, the
practice did not work with these observations. When the observations
were standardized to remove the seasonality effect, the linear
relationship became significantly weaker (coefficient of determination
dropped to 0.54), and the monthly estimates of the mean and standard
deviation were rendered questionable because of the small samplesize
(9 or 10). These calculations represented the second regression model
Investigated and it was rejected.

The third approach investigated was to only use June and luly
observations. This regression model had a falsely high coefficient of
determination (0.93) because two of the eighteen observations were
influence points, which had to be included to produce a valid model.
Had the influence points been excluded, the July 1973 estimate would
have been extrapolated.

The fourth and "next-best" alternative was to log-transform the entire
set of observations. This was suggested by the data being markedly
non-normal. Paired observations which contained a value of zero
discharge were deleted, resulting in a sample size of 103. The model
was not selected primarily because of the greater prediction intervals
about the two estimates. Coefficients of determination cannot be
compared when one or more of the models invoive a variable
transformation.

15
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Table 4. Summary Statistics and Regression Qutput

TaylorCreek Structure 191

Mean (cfs) 429 119.0
Standard Deviation (cfs) 68.6 163.5
Sample Size : 114 114

Regression Model: S-191=Bq +B1* (Taylor Creek)
Bp=28.43 cfs Standard Error: 8.37 cfs
B1=2.113 Standard Error: 0.104
Correiation Coefficient (r) : 0.89 RMSE: 75.7 cfs
Coef. of Determination (r2) : 0.79  DF: 112

17




c. S-154

The absence of both flow and stage data at S-154 between 1973 and
mid-1978 required the development of a relatively conservative
hydraulic model to estimate flows from this basin.

The selection of an appropriate methodology to model the §-154
discharges to Lake Okeechobee was limited by data availability for the
basin. Available basin-wide data inciuded daily rainfall, evaporation,
and daily vaiues for the discharge at the structure. Given the data
constraints, the District decided that the best alternative was to
develop a hydraulic model operated on daily time steps.

The hydrologic model’s development and utilization is described in the
following three sections. The first section discusses madel development
in which algorithms for simulating various components of the
hydrologic cycle are presented. The second section describes model
application to the S-154 basin and presents simulation results. The third
section discusses the accuracy of simulated discharge vaiues within the

context of the modei's ability to accurately represent the hydrology of
the S-154 basin. -

Computer code for the model was written in Pascal for use on IBM
personal computers and compatible. It is titled PROGRAM RUNOFE.
Accompanying graphics software has also been developed for
analyzing model output, and all software will be made available at cost
to interested parties upon request.

Model Development

A model was developed to estimate discharges from the $-154 basin. It
consists of algorithms for simulating surface runoff, ground water flow
to canal L-62, water table depth, and basin evapotranspiration. These
are fundamental components of the h drologic cycle, and as such, they
need to be incorporated into any model of catchment hydrology. This
section of the report presents aigorithms for these components and
details the manner in which they were incorporated into the model.

Table 5 presents algorithms used to simulate various components of the
hydrologic cycle. Surface runoff is modeled by an expression developed
by the United States Soil and Conservation Service (1985), and
alygorithms for all processes were used by Fan (1986) in the Upper
Kissimmee Chain of Lakes model. Values for coefficients SC, SCOEF,
HMAX, ROOT, and PCOEF contained in these algorithms are
determined through model calibration. Runoff and evapotranspiration
a!ﬁorithms require daily values of precipitation and pan evaporation,
which were obtained from historical records. Finally, total basin
discharge was computed by adding values for surface runoff and
ground water flow to L-62. Because the model contains no routing

algorithms, it's only applicable to basins with a time of concentration of
one day or less.

18 6/21/89
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A flow chart illustrating the manner in which algorithms are
incorporated into the hydrologic model is presented in Figure 3,

Mode!] Implementation

The hydrologic runoff model was applied to the $-154 basin by first
calibrating it and then verifying its results using historic data coliected
for the period 1979 through 1987. After calibration and venification
had been completed, the model was used to generate basin discharge
values for the years 1972 through 1978, a period for which historic
discharge values were not available. This section of the report discusses
the calibration and verification processes and use of the model to
generate basin discharge values.

Historic data required for model calibration and verification includes
daily values of observed rainfall, pan evaporation, and basin discharges.
Rainfall data for the S-154 basin was developed from Thiessen
weightings applied to measured values collected at District rainfall
stations MRF43 (Belfort), MRF45 (structure S-65E), MRF160 (Bassinger),
and MRF5034 (Okeechobee). Pan evaporation data was obtained ?rom
District pan evaporation station EVP809 (Lake Alfred), and gapsin these
data were filled with measurements collected at stations EVP38
(Structure 5-65C) and EVP938 (Moore Haven). Discharge values for the
$-154 basin were collected at structure $-154.

Initially, a single set of parameter values for the runoff model were to
be developed through calibration and verification, but consistent
agreement could not be obtained between observed and simulated
discharges using a single set of values. Therefore, individual years were
classified as either wet, normal, or dry according to the amount of
precipitation that fell in the basin in a given year, and sets of parameter
values were developed for wet, normal, and dry years. The
classification of a year as either wet, normal, or dry is given below.

year rainfall (in) classification
1979 ' 61 wet
1980 45 dry
1981 39 dry
1982 YA wet

- 1983 65 wet
1984 49 normat
1985 50 normal
year rainfall {in) classification
1986 47 dry
1987 50 normal
average 51

The model was calibrated for wet years using data collected during
1982 and 1983. It was calibrated for normal years with data collected
during 1984 and 1985, and data collected during 1980 and 1981 was
used ?or the dry year calibration. Figures 4, 5, and 6 compare observed
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and simulated vaiues obtained for the wet, normal, and dry year
calibrations respectively, and parameter vaiues associated with mode|
calibration are presented in Table 6. In ali figures, observed discharges
are represented by individual data points, and simulated discharges are
represented by the solid line.

Figures 7, 8, and 9 compare observed and simulated discharge values
for verification runs of the model. Verification of modei parameters
calibrated for wet years used historic data collected during 1979. Data
collected during 1987 was used to verify the normal year calibration,

and the dry year calibration was verified with data collected
during 1986.

Estimates of discharges for each of thegears 1972 through 1978 were
generated using one of the three sets of parameters obtained through
calibration and verification. Classification of these years as either wet,
normal, or dry is presented below.

year rainfall (in) classification
1972 47 dry
1973 58 wet
1974 50 normal
1975 43 dry
1976 45 dry
1977 .44 dry
1978 : 49 normal

Each initial soil moisture deficit for the years 1973 through 1978 is
taken as the deficit of the final day of the previous year, and the initial
soil moisture deficit for 1972 is the average of the deficits computed for
the last day of all years. It was noted, that the effect of the initial soil

moisture deficit on simulation results is negligible after two to three
months of simuiation.

Discussion of Results

Examination of Figures 3 through 9 indicates that the hydrologic runoff
model simulated low discharges with acceptable accuracy, but it
underestimated reak discharges by significant amounts. The model
was purposely calibrated to perform in this conservative manner. If the
maodel had been calibrated to accurately simulate peak discharges, it
would have rosslr over estimated annual discharge volumes. A
comparison of simulated and observed discharge volumes is presented

below. All values are in acre-feet and are given for the years used to
calibrate the model.
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Days of

Observed
Year Observed Simuiated Data Missing
wet yéar calibration
1982 77,000 58,000 12
1983 42,000 44,000 - 0
normal year calibration
1984 25,000 22,000 0
1985 14,000 18,000 32
dry year calibration
1980 8,700 6,100 9
1981 3,800 4,400 2

The model’s inability to accurately simulate both low and peak
discharges is attributed to the fact that it does not account for the
presence of a structure at the $5-154 basin's outlet. Effects of a structure
on basin discharges were not incorporated into the modei, because
sufficient data on structure operation and its influence on basin
discharges were not available to warrant the inclusion of a structure in-
the model. Therefore, although the modeling effort presented in this
report is a best possible attempt to generate discharges from the S-154
basin, given the amount of information available about the basin,

rbesults generated by the effort should be viewed as rough estimates at
est.
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Table 5. Algorithms Used to Simulate Hydrologic Processes

Surface Runoff:

Ground water Flow:

Evapotranspiration:

Water Table Depth:

Qst
RAt

St

Qst

Rt

RAt

St

SC

ETt
oGt
QGt
QGt
SCOEF
HMAX

WTt

ETt
PETt
ET
PET
ROOT

WTt
PCOEF

EVAPt

WTt

WTt
St
sC

" I || u

o

(Rt-RAY2/(Rt - RAt + St)
SC* st
St-1 + ETt-Rt + QSt + QGt

surface runoff on day t (in/day)

rainfall on day t (in/day)

rainfall abstraction on'day t (in/day)

soil moisture deficit forday t (in/day)

soil moisture storage coefficient (-)
evapotranspiration on day t (in/day)
ground water discharge on day t (in/day)

SCOEF (HMAX - WTt)/HMAX

ground water discharge on day t(in/day)
potential ground water discharge (in/day)
water table depth at which ground water
flow ceases (ft)

water table depth on day t (ft)

PETH{ROOT - WTt)/ROOT
PCOEF * EVAPt

evapotranspiration on day t {(in/day)
potential evapotranspiration on day t (in/day)
water table depth at which evapotrans-
piration ceases (ft)

water table depth on day t (ft)

pan coefficient at potential evapotrans-
piration (-)

pan evaporation on day t (in/day)

St/(SC * 12)
water table depth on day t (ft)

soil moisture deficit on day t (in/day)
soil moisture storage coefficient (-)
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Table 6. Model Parameter Values

Wet Year Normal Year Ory Year
Parameter Calibration Calibration Calibration
SCOEF 0.20 in/day 0.088 in/day 0.0225 in/day
HMAX 5.00 ¢ 5.00 ft 5.00 ft
PCOEF 0.85 0.85 0.85
ROOT 9.00 ft 9.00 ft 9.00 ft
SC 0.20 0.20 0.20
init. soil
moist. def. 6.00 ft 6.0 ft 6.0 ft

basin area: 33.253q. miles

6/21/89 23



Figure 3. Flow Chart for the Hydrologic Model

input: iength of simutation period, basin area
SCOEF, HMAX, PCOEF, ROOT, SC, initial
value for§

|

Compute initial water table depth.

|

Setsimulation time equal to day 0.

| -

Increment simulation time by 1 day.

|

Input daily values for rainfall and pan evaporation

l

Compute: (1) surface runoff for day in inches
(2) ground water flow for day in inches
(3) evapotranspiration for day in inches
(4) soil moisture deficit for day in inches
(5) water table depth at end of day in feet

|

Compute total basin runoff by adding surface runoff and ground water
flow, and convert value from inches to acre-feet using basin area.

l

Output results

|

End Simulation?

b ves

STOP
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6/21/89 _ 24



Basin Discharge, Crs

6/21/89

Procipitation (nches)

1000

200

400

700

&00

300

400

300

200

100

Oheerved Discharge

S—134 Bosin Discharge
Wet Year Caiforation (1 M2-a)

g
s a
5 .
8 8
o

JAN  MAR MAY UL e

Time (Days)
Simuleted Discharge

S—154 Basin Precipitation
Wet Yeur Cailorstien (1982-03)

JAN AR MAY il e NOV JAN  WMAR MAY JuUL

t )

SEP: NOV
Time (Days)

Figure 4 Wet Year Calibration (1982-1983)

25



P e e e n e

Bosln Discharge, CFS

Precipliotion (inchea)

S—134 Basin Oischarge
809 Narmai Year Callbration (1904-33)

"0 3
|
|
800 =
300
400
300
200

Tme (Days)
O  Observed Olechavrge == Simuiated Discharyge

S—~154 Besin Precipitation
.s ' Nermat Yeer Collarstion (1984-a3)

. 1A i ‘ \

- ° i

JAN MAR MAY Jub, b1 NOV JAN AR MAY FATR st Nov
Tieme (Owys)

Figure 5 Normal Year Calibration (1984.1985)

26 _ 6/21/89

 Eeh e a Pt w4 ey c—— R I



S—15%4 Basin Disc harge

Ory Year Cailbration (1980-81)
80 o om0V T90r Callbratien (1980-

240 -

220
00 =
180 -’
160 =
148 - =] ]
120 = a
100 =

Basin Dischorge, CFS

a0
40
20
9
JAN AR MAY NQV JAN AR WAY Ut e NOvV
8  Oheerves Otlacharge “m—(—h;:nulﬂu Qischarge

S—=1%4 Basin Precipitation

.s Ory Year Cailbention (1980~01)

Pracipltetion (inches)
~
1

1.5 = . '

o LAt 14 | N
mmmmm

NOV AN MAR war g Str,  nov
Time (Deye)

Figure 6 Dry Year Calibration (1980-1981)

6/21/89 A 27



Basin Discharge, CHS

Precipitation (Inchas)

S—=13%4 Bgsin Df.‘.chqrge

sca Net Year erificatign (1979

Q0

400

Joo

00

10Q

JAN B MAR ARR MAY JUN JUL AUG sem ocT

NV =1 11}

Nrne (Cays)

Ohserved Qlecnarge —— Simuioted Clascharge

S—-15%54 Basin Precipitation
.s Weat Yegr Verification (1979) '

35 -

JAN e uAn APR MAY JUN JuL AG e ocr NQV. . DEC

Time (Days)

Figure7 wet vear Verification (1979)

28 | 6/21/89

[om—,



S—154 Basin Dischcrgg
Narmgi Year Veriflc gtlan (1907

1300

r200 -

1100 g

! =

100Q - ’
" 00 = =]
S 40 A % |
s j
i 700 - 5
4 8000 - s
;]
4

Time (Days)
O  Obeerves Discherge w——=— Simuleted Dlacharge

S—154 Baosin Precipitation -

. Narmal Yeer Verificetion (te07)

Precipilotion (Inchas)
N
1

Time (Deys)

Figure8 Normal Year Verification (1987)

6/21/89 _ 29



L e g — — = . .

Basin Dischargs. CFS

Precipitation (Inches)

S-=1354 Bagsin Dischcrgg

00 Qry Yagr variflc ation {t2a8)
_ a
400 — @
8
o]
300 - g o
& =]
c & =
200 .
g a o o
o o ? o ag” %
-
100 - @ a VR o
(-] -]

JAN MAR

2  Cthservee Olecharge

JuL st

Time (Deys) :
—— Simuicted Dlischarge

S—=15%4 Busin Precipitation -
Ory Year Verification (1988)

4.3

NOV

3.5 -

2.5 -~

Time (Deyw)

Figure9 Dry Year Verification (1986)

30

6/21/89

iy

FEOERAPEY

L

e gy



6/21/89

General Discussion

[N order to estimate runoff pumped or discharged to Lake
Okeechobee by the Private drainage districts in the Evergiades
Agricultural Area (EAA) when pumpor discharge records were not
available, a rainfal| versus runoff relationship was developed. This
relationship is presented in Figure 10. |t developed using discharge

applicable is 76,670 acres. Sub-basin discharges are determined by
multiplying inches of basin runoff by sub-%asin areas with the
appropriate conversion factor. Acreage figures used in calculations
of flow data in ¢ through h. are presented in Table 8. Monthly
rainfall values for each station, as well as the monthly average for aj|
seven stations, are as currently recorded in the District’s database
are presented in Table 9, The data was entered into the database
subsequent to development of the curve. Several values have been
updated, so differ from the values reported in Table 7 upon which
the curve was developed. District sta determined that the updated
values have no significant effect on development of the rainfail
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Table 8.

Acreage figures used in calculations of flow data in c. through h.

Total private drainage basin summary: Acreage
East Beach 5,100
East Shore 8,450
715 Farms 2,750
South Shore 2,700
5-236 6,530
Mayacca Groves 2,800
PB Groves 640
Cioster Farms 350
Clewiston 3,000
Thorton Nursery 70
Ridgedill 1,080
Pelican Lake 960
U.S.SugarInd. Co. 10,496
SECDD 4,480
Sugar[ar}d g 1;,280
Diston islan 15,680
76,670 AC
industrial Canal and $-4 Area
Clewiston DD 3,000 AC
Thorton Nursery 70
Ridgedil} 1,080
U.S. Sugar 10,496
SFCD 4,480
SDugarlanl'd g 11,230
iston Islan 15,680
" 46,386 = .605
76,670
Thornton Nursery 70
Ridgediil 1,080
U.S. Sugar 10,496
SFCDD 4,480
16,126 = .210
76,670
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d. Industrial Canal and 5-4:

Industrial Canal and 5-4 Drainage Area: For the period January 1972 through December 1975,
prior to the construction of the 5-4, the immediate area of the Industrial Canal and lands now
grained by the pump station were discharged via the Industrial Canal and Culverts 1, 1A, and 2.
Runoff from a total of 46,530 acres, listed below, were discharged through these structures:

Clewiston DD 3,000 AC
Thorton Nursery 70
Ridgedill 1,080
U.S. Sugar 10,496
SFCD 4,480
SugarIanld g 11,238
Diston Islan 15,

46,386

To estimate the discharge for this period the ratio 46,530 AC/76,670AC = .605 was multiplied
times the curve-generated flow for the entire basin, based on actual rainfall data from the seven
stations previously mentioned, which values are shown in Table 7. Prior to the construction of S-4

all the inflows to the lake from both the Industrial Canal and -4 drainage basins went to the lake
rather than the Industrial Canal

3-4: Measured flow data is available for the period after construction of the $-4 Structure,

eginning in January 1976. Measured data is unavailable only for a 10-day period in 1986. (See
Table 2 and text in Section D.1.). -

In recent years an effort has been made by the District to minimize pumpage at $-4 by increasing
flow through $-235. Since this constitutes a change in the manafgement of the basin and in order
to be consistent with the approach as applied to $-2 and $-3 o using only the period of record

gflecting current water management practices, only data from WY 1985 to 1987 was used to
)3timate the contribution from S-4.

The actual contribution from the $-4 basin may be greater than presented in Table 1 for the
following additional reasons:

1. The period WY 85-87 is only for 3 years and may not represent the full range of variability.

2. The period WY 85-87 occurred during a period of low lake stages. At stages greater than
15.5 to 16.0 feet the $-310 lock on the Industrial Canal is closed and the flow from the
Industrial Canal would be diverted to the 5-4 basin. This could increase the pumpage at 5-4
and subsequently increase the loadings.

3. The period WY 85-87 was a normal to below normal rainfall period. During periods of
normal to above normal rainfall, the loadings attributable to $-4 would be greater.

Industrial Canal: Measured flow data is available for the period May 1984 through December
1987 {USGS Data from a Flow Meter in the Lock Structure $-310).

Because readings from earlier meters in the Industrial Canal are considered unreliable, the flow
data from January 1972 to April 1984 were estimated using a rainfall versus runoff cu rve shown in
Figure C previously developed by the District for this basin. Separate calculations were made
using the curve for the period from January 1972 througl: December 1975 and the period from
January 1976 through April 1984 to account for changes in surface water management practices
after construction of the S-4 pump station in the mid-1970s.

) the period January 1976 - April 1984, the Industrial Canal received drainage from about
3,126 acres, as listed below: :
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South Florida Conservancy D.D. 4,480

Thorton Nursery 70

Ridgedill 1,030

U.S. Sugar 10,496
16,126 AC

Estimated flows for the period from January 1976 to April 1984 were
generated from the above mentioned curve using the ratio 16,126 AC/
76,670 AC. The resulting ratio of 0.21, was multiplied times flow data
generated by the curve, based on actual rainfall data from rainfail
stations from Belle Glade, Clewiston, Canal Point, Ritta, Miami Lock,
East Shore, and Pelican. Monthly rainfall values for each station as well
as monthly averages for all seven stations are presented in Table 7.

. $-236 (South Fiorida Conservancy Drainage District)

From January 1980 through December 1987 pumping logs furnished by
the South Florida Conservancy Drainage District were used to obtain
the number of hours per mont¥1 that pumps were in operation at $-236.
Although the design capacity of these pumps is 38,150 gpm, discharge
tests indicated that their actual capacity is closer to 36,000 gpm, or
6.626 acre-feet per hour. Monthly discharges were estimated by
multiplying pumping capacity times the number of hours per month
the pumps were in operation times the number of pumps at S-236.
Three pumps are located at $-236. \

Pumping logs do not exist prior to 1980, and for the period January
1972 through December 1979, the rainfall/runoff curve was used to
generate monthly discharges out of the $-236 sub-basin. The sub-basin
area of 6,530 acres was muitiplied by curve generated flow depths to
yield monthly discharge volumes.

Culvert 4A (South Bay/South Shore Drainagé District)

Pumping logs do not exist for this sub-basin, and monthly discharge
values had to be estimated. Two methods were employed, one of
which utilizes existing data for three nearby, similari managed
drainage districts. The other method uses the rainfall/runoff curve.

The period January 1980 through December 1987, values of monthly
discharge per acre were developed from pumping data for the $-236,
East Shore, and East Beach sub-basins. These values were then
multiplied by the area of the South Shore Drainage District (2,700 acres)
to yield monthly discharge values. An example of this procedure is
presented below, in which the total combined area of the $-236, East
Shore, and East Beach sub-basins is 20,080 acres
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JANUARY, 1986

DISCHARGES
SUB-BASIN ACRE-FIIT MON TS
$-236 934
East Shore 704
East Beach 302
TOTAL 1,940

discharge/acre:. 1,940 + 20,080 = 0.097 acre/month
South Shore D.D. discharge: 0.097 x 2,700 = 261 acre-feet

The rainfall/runoff curve was used to generate monthly discharge
values from January 1972 through December 1979. The sub-basin area

of 2,700 acres was multiplied by runoff depths to generate discharge
volumes,

. Culvert 12 (East Shore Drainage District)

From January 1980 through December 1987 pump logs furnished by the
South Florida Conservancy Drainage District were used to obtain the
number of hours per month that PuUmps were in operation at
Culvert 12. Three units with a pumping capacity of 60,000 gpm each are
tocated at Culvert 12, and monthly discharges were calculated by

multiplying pumping capacity times hours of operation times number
of pumps.

From January 1972 through December 1979 the rainfall/runoff curve -
was used to generate monthly sub-basin discharge values. Runoff
depths obtained from the curve were multiplied times the sub-basin
area of 8,450 acres to compute discharge volumes.

. Culvert 12A (715 Farms)

Pump logs do not exist for this sub-basin, and monthly discharge values
had to be estimated. Two methods were employed, one of which
utilizes existing data for a nearby sub-basin. The other method uses the

rainfall/runoff curve.

For the period January 1980 through December 1987, values of monthly
discharge per acre were developed for the East Beach Drainage District.
These values were then multiplied by the area of the Culvert 12A sub-
basin (2,750 acres) to yield monthly discharge values. Both the
Culvert 12A sub-basin "and the East Beach Drainage District are
operationally similar in that they both employ equally inefficient
pumps to discharge water out of their catchment areas.

From January 1972 through December 1979 the rainfail/runoff curve
was used to generate monthly sub-basin discharge values. Runoff
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depths obtained from the curve were multiplied times sub-basin area to
compute discharge volumes.

Culvert 10 (East Beach Drainage District)

From January 1980 through December 1987 pump logs furnished by the
South Florida Conservancy Drainage District were used to obtain the
number of hours per month that pumps were in operation at
Culvert 10. Although the design capacity of each pump is 50,000 gpm,
field tests indicate an operational capacity of 30,000 gpm. Three pumps
are located at Culvert 10, giving a total capacity of 90,000 gpm, or
5.6 acre-feet per hour. Monthly discharges were compdated by
muitiplying total pumping capacity times the number of operational
hours per month.

From January 1972 through December 1979 the rainfall/runoff curve
was used to generate monthly sub-basin discharge values. Runoff
depths obtained from the curve were multiplied times the sub-basin
area of 5,100 acres to compute discharge volumes.

|§159E,h|.-59w, Culvert A, S-154C, L-60E, L-60W, Culvert S/Nicodemus
oug

The complete lack of operational or stage data posed problems
estimating discharge volumes for these smail, low-flow sub-basins.
District technical staff assigned an average annual runoff value of
9inches to each sub-basin, which represents the average of annual
runoff for the other sub-basins located around Lake Okeechobee.

ANNUAL
AREA DISCHARGE
SUB-BASIN SQ MILES ACRE.FEET -
L-59E, L-59W, Culvert A 30 15,000
S-154C 4 2,000
L-60E, L-60W 12 6,000
L-61E, L-61W 44 22,000
Culvert 5/Nicodemus Slough 28 14,000

. $-308C

Runoff to the St. Lucie Canal was estimated using a rainfall-runoff
model. Prior to the 1978 completion of the Port Mayaca Lock Structure
(5-308) all of the runoff to the St. Lucie Canal was assumed to go to the
lake whenever the lake stage was below the regulation schedule. After
1978 records of the $-308 flows are acceptable and were used in the
computation.

A rainfall runoff relationship for the St. Lucie Canal was developed

using daily rainfall records at stations in the St. Lucie and Port Mayaca
Locks. The average value of both stations was used as daily rainfall.
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Rainfall records were available since 1942, The runoff was estimated
using a mass balance approach in the St. Lucie Canal The period of
record examined was from June 1, 1978, through February 28, 1979 A
regression line was derived with an 0.85¢. The equation for this line is:

Y = 0.0009487X + 0.40048
where

Y = RFininches
and

X = Runoffin cfs

A comparison between the District estimation technique as well as
similar estimations performed by the Corps of Engineers (COE) and the
Soil Conservation Service is shown in Figure 11.

Culvert 10A

Measured data by the USGS exists from 1976 up to date. Prior to 1976,
the COE estimated the flow using a water budget approach on a
monthly basis. The estimated COE values were used prior to 1976.
USGS measured values were used since.

. 5-65

The flow record for $-65 is complete after September 1974 (Table 7).
Monthly mean flows for the period prior to September 1974 at 5-65 can
be relia{ﬂy estimated from a regression model that uses monthly mean
flow data from station $65A downstream for the 1973-87 period:

565 (cfs/day) = -77.175 + 0.9929 * s65A (cfs/day)

Summary information on regression model: df = 1/171, r = 0.-97,
p = 0.0001, standard errors: Intercept = 23.45%lope = 0.0192.
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2.

Water Quality/ Phosphorus Load

Mass transport (load) means the amount of phosphorus carried into Lake
Qkeechobee by tributaries. It cannot be measyred directly in trioutaries
(except in special circumstances), so is calculated based on available
measurements. For the period of April 1973 to September 1987, there are
3,132 (174 x 18) possible monthly inflow loading values for the 18 major
inflows to Lake Okeechobee.

A standard formula (integration of the product of flow and phosphorus
concentration measurements over time) was used to calculate monthly
inflow loading values when data on both flow and phosphorus
concentration was available by direct measurement. The standard
formula, based on data collected by measurement, was appiied to
calculate about 85 percent of the 3,132 monthly loads.

Specific formulas appropriate for a particular tributary were applied to
estimate monthly loads when data on flow or phosphorus concentration,
or both, was not available by direct measurement, Specific formulas were
applied to about 15 percent of the 3,132 monthly loads. This methodology
can be expected to produce a reliable value for mean annual phosphorus
load for each of the inflow points, since few of the mean annual loads for
individual sites are sensitive to the inclusion of estimated loads (see
detailed discussion below).

- Flow data, measured and estimated, is discussed in the Section D. 1. of this

report. Phosphorus concentration sampling and data is discussed in

Section D.2.(a.) Phosphorus loading calculations are discussed in
Section D.2.(b.).

a. Water Quality Sampling Data

Water quality samples are collected routinely every two weeks at Lake
Okeechobee tributary sites. Physical parameters and nutrients are
measured. At most sites, grab-samples are collected. Flow proportional
automatic water samplers have been installed at a few sites. The
station locations are identified on Figure 2 and Table 10 (which also
includes frequency of collection information). The stations and
collection location are described on Table 11. Rainfall stations are
described on Table 12 and Figure 1. -

The data obtained from the sampling is stored in Water Quality
Databases or in the hydrologic database?DBHYDRO) at the District. This
data has been foaded onto magnetic tape, floppy discs and hard copy,
and is available from the District at cost. When available, phosphorus
and flow measurements from these databases were used in calculating
phosphorus loads from sub-basins in the Lake Okeechobee basin.
When phosphorus measurements were not available, phosphorus load
was estimated by appropriate formula. See section D.2.(b.) below.
Table 13 summarizes the source of water quality data.
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Table 11. Water Quality Collection Station Descriptions

71

272

fe

FEGSR78

fAlias: 90430/ 06801) alarge gate and boat lock structure located on the issimmes
River 10.5 miles south of $-65 The water flows southward through this structure,
ad the water samples are collected from the upstream side.

(Alias: 00436/06841) a large gate and boat lock structure located on the Kisssmmee
River 12 miles south of S-65A. The water flows southward through this structure,
and the water samples are collected from the upstream side.

(Alias: 04458) a large gate and boat ock structure located on the Kissimmee River
nine miles south of S-65B. The water flows southward through this structure, and
the water samples are collected from the upstream side.

(Alias: 00470) a large gate and boat lock structure located on the Kissimmee River
nine miles south of $-65C. The water flows southward through this structure, and
the water sampies are coilected from the upstream side.

(Alias: 00241) large gate and lock type structure on the Kissimmee River 8.5 Miies
northwest of Lake Okeechobe:. This is the southern-most structure on the
Kissimmee River, and it discharges into Lake Okeechobee. Warter samples are
collected from the upstream side of the structure.

(Alias: S4 03760, 06738) SFWMD controiled water pumping station on the C-20
canal near Clewiston that pumps water into Lake Okeechobee The water samples
are collected on the upstream side of the pump station by a flow proportionai
automatic water sampler, or by grab sample when no pumping occurs.

gate structure near the boat ramp and the $-310 boat locks in Clewiston. This
structure lets water flow toward S-4 in the C-20 canal. The water samples are
coilected from the upstream side of the structure.

(Alias: 04530, 06732) large gate structure on the north side of Lake Okeechobee at
Nubbin Siough. Releases into Lake Okeechobee, samples are collected from the
upstream side of the structure.

(Alias: 00094, 04814) gate structure located near the west side of Lake Okeechobee
in Harney Pond Canal (C-41) about 1.5 miles north of SR-78. The water samples are
collected from the upstream side of the structure.

(Alias: 00100, 04820) gate structure located near the northwest side of Lake
Okeechobee, in Indian Prairie Canal (C-40) about 2 miles northwest of SR-78. Water
samples are collected from the upstream side of this structure.

(Alias: 00249, 04844) gate structure at the intersection of C-41A and the Kissimmee
River. Water flows into the Kissimmee River through this structure. Water samples
are collected from the upstream side of the structure.

{Alias: FISHP, 00090, 09652) bridee on highway SR-78 where it crosses Fisheating
Creek. The water flows toward Lake Okeechobee at this point,

(Alias: 'S127 PMP, 04006, 0675 1) SFWMD-controlled pump station located on the

rim canal on the northwest side of Lake Okeechobee. This station is located
een the Indian Prairie canal and the Kissimmee River. Pumps into Lake

Okeechobee, samples are collected from the upstream side of the structure.

(Alias: $129 PMP, 04018, 06812) SFWMD-controlled pumping station on the rim
canal on the northwaest side of Lake Okeechobee. This structure is lacated between
Harney Pond Canal and Indian Prairie Canal. Pumps into the lake, water samples
are collected from the upstream side of the structure.

(Alias: $131 PMP, 04036) SFWMD-controlled water pumping station located on the
west side of Lake Okeechobee, north of Fisheating Creek. Pumps into Lake
Okeechobee. Water samples are collected from the upstream side of the structure.

6/21/89
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Table 11. (Continued). Water Quality Collection Station Descriptions

INDUSCAN

2238

CULV4A

CHLV!OA

Culv 10A

{Alias: S133 PMP, 04048, 06814) SFWMD-controlled pump station on the north
side of Lake Okeechobee near Tayior Creek. Pumps into the lake, sampies
collected from the upstream sicte of the structure.

{Alias: 04066, 06815) SFWMD-controlled pumo station and boat lock located on
the northeast side of Lake Okeechobee near J&S Fish Camfp. Pumps into Lake
Qkeechobee. Samples are collected from the upstream side of the structure.

(Alias: 04952, 07803) small gate structure located on the north side of the
Kissimmee River about halfway between Lake Okeechobee and S-65E. This
structure regulates flow from the L-62 canal into the river. Water samples are
collected from the upstream side of the structure.

bridge over the Industrial Canal in Clewiston on county road 832.

small pump station on US-27 between $-3 and Clewiston that serves the South
Fiorida Conservancy District. Pumps into Lake Okeechobee, The water samples
are coliected from the upstream side of the pump station.

small pump station (Culvert 4A) on US-27 2.5 miles west of South Bay that serves
the South Shore Drainage District. Pumps into Lake Okeechobee.  The water
samples are collected from the upstream side of the pump station.

pump stations on the south east side of Lake Okeechobee near Pahokee that
pump water from nearb% agricultural fields (sugar cane) intothe lake. These
ump stations serve the East Beach Drainage District, 715 Farms, and East Shore
Jrainage District, respectively. Water samples are collected from the upstream
side of each structure. '

(Alias: 00277) C.O.E. Boat Lock and reiease structure on the St Lucie Canal at
Lake Okeechobee. Water generally flows out of the lake through this structure
into the 5t. Lucie Canal (C-44), but depending upon lake stage and rainfall,

discharge into the lake is also possible. Water samples are collected from the lake
side of this structure,

(Alias: 52 TOTAL, l'.)()426?< SFWMD controlled water gumpindg station located on
the south side of Lake Okeechobee near South Bay. Pumped discharge into Lake
Okeechobee from the confluence of the Hillsboro and North New River Canals.
Samples are collected from the upstream side of the pump station by a fiow
proportional automatic water sampier.

(Alias; S3-PMP, HGS3, 00539, 06491) SFWMD controiled water pumpinP station
located on the south side of Lake Okeechobee between South Bay and Clewiston.
Pumps from the Miami Canal into Lake Okeechobee. The water samples are
collected on the upstream side of the pump station by a flow proportional
automatic water samplers,

&Aalias: HGS5X 00313) hurricane gate on the east side of Lake Qkeechobee near
nal Point. Structure is operated by the Corps of Engineers. Flow is out of the
lake when structure is open. Samples are collected from downstream side. Flow
into the lake is possible anly when lake stage is below 11.5 feet.

Alias; 00186) a large gate and boat lock strycture located on the Kissimmee
ver (C-38) State Road 60 at the south end of Lake Kissimmee. The water flows in

) ernly direction through this structure and the water samples are collected
from the upstream side.

large gate and boat lock structure operated by the Corps of Engineers (COE).
Located at the head of the Caloosahatchee river, regulates flow from Lake
Okeechobee inta the river. Depending on lake stage and precipitation, water
ma’ occasionally flow into the lake from this structure. Water samples are
colfected from the lake side of the structure.

(Alias 02855) structure operated by Corps of Engineers on southeast side at L-8
Canal. Allows flow into or out of the lake, but flow is primarily out of the lake.
Flow into the lake is considered an uncontrollabie source.
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Ta le 12. Rain all Data

The District estimated the monthly phosphorus concentration of
rainfall on Lake Okeechobee from the monthly geometric mean of
samples taken from six bulk precipitation collectors located around

the lake (Figure 12). The period of record at these sites is listed
below.

Site Period of Record

B-50 02/79 to 09/87

Okeechobee Field Station 11/74 to 09/87

$-131 12/74 to 04/85

S-2 10/74 to 06/87
58
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Table 13. Summary of Tributary Water Quality
(Phosphorus Concentration) Data

i
|

Unavailable Measured

‘ . Phospnorus Data Loading
Sampling Stations Aprii 1973 - September 1987 | Caiculations
Explained
Start End Days
Controliable Sources
C-38 Pool A {$-65A) 04/01/73 06/13/73 73 D2b.t.
09/10/75 10/29/75 49
10/29/75 + 02111/76 105
02/11/76 05/19/76 98
10/21/76 12/Q7/76 47
12/07/76 01/24/77 48
01/24/77 03/22/77 57
03/22/77 05/24/77 63
@5/24/77 07126177 63
07/26/77 09/21/77 57
09/21/77 1130177 70
11/30/77 01/25/78 56
01/25/78 03/22/78 56
03/22/78 05/31/78 70
02/19/80 04/16/80 57
06/27/34 08/22/84 56
C-38 Pool B (5-65B) 04/01/73 06/13/73 73 D.2.b.2.
09/11/75 10/29/75 . 48
10/29/75 02/11/76 105
02/11/76 05/19/76 98
10/22/76 12/07/76 a6
12/Q7/76 0172477 48
0124777 0372377 58
03/23/77 05724777 62
05/25/77 07726577 62
0727177 09721177 56
09/21/77 12/01/77 tA!
12101777 01/25/78 55
01/25/78 03/23/78 57
03/23/78 05/31/78 69
02/19/80 04/16/30 57
e 06/27/84 08/22/84 56
C-38 Pool € (5-65Q) 04/01/73 06/13/73 73 D.2.b.3.
09/11/75 10/28/75 47
1118/75 02/10/76 84
02/11/76 05/11/76 30
12/06/76 01/28/77 S0
01725177 03/21/77 S5
03723777 | 0512377 61
05/23/77 07125777 63
07/25/77 09/20/77 57
0972077 1172977 70
12/01/77 01/24/78 54
0124/78 | 03/21/78 56
03/21/78 05/31/78 IA|
02/19/80 04/16/80 57
06/27/84 | o8/22/84 | 56
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Table 13 (Continued). Summary of Tributary Water Quality
(Phospharus Concentration) Data

Unavailable Measured

Phospnorus Data Loading
Sampling Stauons April 1973 - September 1987 Calculations
- Explained
Start End Cays
Controllable Sources
C-38Pool D {S-65D) 04/01/73 06/13/73 73 D.2b.4
09/12/75 10/28/75 46
11/18/75 02/10/76 84
02/12/76 05/11/76 a9
10/19/76 12/06/76 48
12/06/76 01/25/77 50
01/25/77 03/21/77 55
03/21/77 05/23177 63
05/23/77 07/25/77 63
07/25/77 09/20/77 57
09/20/77 01/24/78 126
01/24/78 03/21/78 56
03/21/78 05/30/78 70
02/19/80 04/16/80 57
06/27/84 08/22/84 56
C-38 Pool E (S65E) 11/18/75 02/12/7% 86 D.2.b.5.

02/12/76 05/11/76 89
10/19/76 12/06/76 48

12/06/76 | 01/25/77 50
0172577 | 0312177 55
03/21/77 | 052377 63
05/23/77 | 07725177 63
0712577 | 0972077 57
0972077 | 12/0177 72
120177 | 012478 54
012478 | 032178 56
03/21/78 | 05/30/78 70
5-a (Includes Station 5-169) 1112/80 | 12/31/80 4 D256
1229/81 | 02/24/82 57

04/14/83 02/28/84 320
03/27/84 06/04/84 69
01/03/85 02/26/85 54

5-191 (TUNS) 03/19/74 05/13/74 55 "D.2.b.7.
03/04/80 04/30/80 57
12/29/81 04/05/82 97
04/09/84 07/31/84 113
02/26/85 04/23/85 56

$-71 (C-41) 03/21/74 05/13/74 53 0.2.b.8.
12/29/81 02/24/82 57
04/26/83 08/02/83 98
08/02/83 10/25/83 84
11/21/83 02/28/84 99
04/09/84 06/04/84 56

_06/04/84 | 07/31/84 57
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Table 13 (Continued).

Summary of Tributary Water Quality

) (Phesphorus Concentration) Data
Jnavailable Measured
_ Phosohorus Data Loading
Sampling Stations April 1973 - September 1987 Calculatons
Explainad
Start End Days
- Controliable Sources
5-72 (Includes Station C-40) 03/21/74 05/13/74 53 0.2 b9
12/29/81 02/24/82 57
04/26/83 06/21/83 56
09/27/83 02/28/84 154
v 03/27/84 06/04/84 69
) 06/04/84 07/31/84 57
5-84 09/12/75 10/28/75 46 D .2.b.10.
11/18/75 02/12/76 86
¥ 02112176 05/11/76 89
) 10/19/76 10/09/78 720
12/29/81 02/24/82 57
] 04/15/83 | 08/30/83 | 137
: 08/30/83 02/29/84 183
i 02/29/84 06/04/84 36
06/04/84 07/31/84 57
. 07/31/84 09/25/84 56
?  Fisheating Creek 03/21/74 05/13/74 53 D.2.b.11,
. 12/29/81 02/24/82 57
04/15/83 09/27/83 165
g : 09/27/83 03/27/84 182
i ) 03/27/84 06/04/84 69
! 06/04/84 | 07/31/84 57
s 02/03/87 04/28/87 84
i 08/04/87 10/13/87 70
i 5-127 (L-48) 04/22174 05/14/79 | 1,848 D.2.b.12.
11/04/81 12/29/81 55
12/29/81 02/24/82 57
02/24/82 05/04/82 69
05/04/82 Q7/01/82 58
04/26/83 08/02/83 ‘98
: 01/03/85 02/26/85 54
i $-129 (L-49) 04/22/74 05/14/79 | 1,848 D.2.b.13.
12/29/81 02/24/82 57
02/24/82 05/04/82 69
04/25/84 | 07/31/84 97
01/03/85 02/26/85 54
' S-131 04/08/74 05/14/79 | 1,862 D.2.b.14.
) 12/29/81 02/24/82 | 57
02/24/82 05/04/82 69
05/04/82 06/30/82 57
08/25/82 10/20/82 56
10/20/82 12/06/82 47
04/15/83 06/21/83 67
06/21/83 (8/16/83 56
08/16/83 10/25/83 70
04/09/84 06/04/84 56
\ 06/04/84 | 07/31/84 57
) 01/03/85 (2/26/85 54
6/21/89 61




Table 13 (Continued). Summary of Tributary Water Quality
(Phosphorus Concentration) Data

Jnavaillable Measured _
? hosphorys Data -cading
Sampiing Stattons | Apni 1973 -Septemper 1987 Caiculations

‘ Sxplained

Start End Days
S-133 01/29/74 03119774 43 D 2.b 15

03/19/74 05/14/79 1,882

12/29/81 02/24/82 57

02/24/82 05/04/82 69

05/04/82 07/01/82 58|

06/07/83 08/02/83 56

01/03/85 02/26/85 54

Q7/30/85 09/24/85 56

08/04/87 09/29/87 56
$-135 04722174 05/14/79 1,848 D.2.9.16.

12/29/81 02/24/82 57

02/24/82 05/04/82 69 |

05/04/82 07/01/82 58

04/09/84 06/04/84 56

06/04/84 07/31/84 57

01/03/85 02/26/85 54

07/30/85 09/24/85 56

08/04/87 10/13/87 70
5-154 04/01/73 1107173 D.2.b. 17

09/12/75 1072876 | 46

1118775 021276 86

02/12/76 05/11/76 89

0511776 07/20/76 70

10/19/76 12/01/77 408

12/Q1777 01/24/78 54

01/24/78 03/21/78 56

03/21/78 10/23/78 216

12/29/81 02/24/82 57

12/22/82 02/17/83 57

04/15/83 10/25/83 193

10/25/83 02/29/84 127

02/29/84 07/31/84 153

07/31/84 09/25/84 56

11/18/86 01/07/87 59
Industrial Canal l D.2.b.18.
1 5-236 {So. Fla. Conservancy) * D.2.b.18.
Culvert 4A (So. Bay/ So. Shore) * D.2.b.18.
 Culvert 12 (East Shore D.0) » D.2.b.18.
Culvert 12A (715 Farms) * D.2.b.18.
Culvert 10 (East Beach D.D.} * D.2.b.18.
[ L-59E, L-S9W, Culv. "A" (C-38W) * D.2.b.19.
$-154C * D.2.b.19
L-60E, L-60W * D.2.b. 19
L-61E L-61W * D.2.b, 19,
Cuivert § (Nicodemus Siough) * D.2.b.19.
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Table 13 (Continued). Summar
(Phosphorus Conc

y of Tributary Water Quality
entration) Data

Unavailaole Measyred

i
1
|
L_Apri 1973 - Segtember 1987

. , Phosoharus Data Loading
Samptling Stations | Caiculations
Z«plained
Start End Days
$-308C{C-44,5-153) 11/14/73 01/16/74 63 0.2 b20.
03/22/74 07/16/81 2,673
12/29/81 02/24/82 57
09/12/83 01/04/84 114
10/07/86 12/03/86 57
$-2 {flood controi) 10/23/73 01/30/74 99 0 2.b. 21,
01/30/74 03/21/74 50
03/21/74 05/28/74 63
10/28/74 12/23/74 56
12/23/74 06/Q%75 168
10/04/76 12/27/76 84
02/07/77 05/16/77 98
10/03/77 12/05/77 63
03/05/79 04/30/79 56
05/30/79 07/24/79 55
12/02/80 01/27/81 56
12/29/81 02/18/82 51
04/14/83 09/25/84 530
09/25/84 07/02/85 230
03/12/86 05/20/86 69
09/09/86 11/18/86 70
11/18/86 01/22/87 65
03/31/87 07/08/87 99
07/08/87 09/29/87 83
5-3 (flood control) 10/23/73 07/08/74 258 D.2.8.22.
09/03/74 12/09/74 97
12/09/74 05/28/75 170
1117175 01/28/76 72
03/23/76 05/17/76 55
10/04/76 12/27/76 B4
02/07/77 05/16/77 ag
10/03/77 12/05/77 63
02/05/79 04/30/79 84
05/30/79 07/24/79 55
04/17/80 06/28/80 69
"~ 11/06/81 02/24/82 110
12/21/82 02/17/83 58
04/14/83 03/27/84 348
03/27/84 07/31/84 126
07/31/84 09/25/84 56
09/25/84 04/09/85 196
04/09/85 07/02/85 84
09/09/85 12/30/85 112
03/11/86 05/20/86 70
11/18/86 01/22/37 65
02/18/87 07/08/87 140
08/04/87 09/29/87 56
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Table 13 (Continued).

summary of Tributary Water Quality
(Phosphorus Concentration) Data

|

Unavaitanle Measured

_ ] Phosphorus Data Loading
Sampoling Stations ! April 1973 - September 1987 Caiculations
; . Explained
I Start End Days
Uncgniroilable Sources
Rainfail D.2.b 23
$-85 {Lake Kissimmese) 09/10Q/75 10/29/75 49 D.2.b. 24.
10/29/75 12/29/75 81
02/11/76 Q5/19/76 98
10/20/76 12/07/76 48
12/07/76 31/24/77 48
017124177 03722177 57
03722177 0s5/24/77 63
05724177 | 07126/77 63
97/26/77 09/21/77 57
Q9721777 11/30/177 70
11/30/77 01/25/78 56
01/25/78 03/22/78 56
03/22/78 05/31/78 70
02/19/80 04/16/80 57
06/27/84 08/22/84 56
5-68 (Lake Istokpoga) 04/01/73 09/30/87 i 5,296 D.2.b. 25.
HGS-5 (W.P.B. Canal) 03/20/74 05/28/74 69 D.2.b. 26
12/29/81 02/24/82 57
(5/24/83 07/19/83 56
08/02/83 11/21/83 m
12/05/83 01/31/84 57
01/31/84 04/09/84 69
05/07/84 07/31/84 85
02/03/87 03/31/87 56
, (07/21/87 09/29/87 70
5-77 {(East Caloosahatchee) 03121774 05/28/74 68 D.2. b 27.
01/08/80 03/19/80 71
07/19/83 02/28/84 224
06/04/86 07/29/86 55
Culvert 10A (L-8) 07/27/82 04/15/83 262 D.2.b.28.
04/15/83 01/14/36 1,005
01/14/86 04/23/87 464
05/04/87 06/24/87 S
10/13/87 12/Q8/87 56
12/08/87 02/16/88 70
06/07/88 08/30/88 84

*Minor tributaries not recorded in District data base.

explanation,

See loading calculation
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b. Loading Calculations

The standard method for calculating load and specific formulas ysed
when measurements were not available is discussed below. The
monthly loadings for the 18 major tributaries to Lake Okeechobee are
summarized on Table 14. The toadings listed on Table 14 are based on
measured data, unless accompanied by a footnote reference (E,Q.C, B,
or M). The references are explained in the following discussion and at
the end of the table.

- The standard method was used when both phosphorus and daily flow

measurements were available. Itis the preferred method of Scheider,
et al. (1978), and takes into account the fact that flow is routinely
measured more frequently (daily) than phosphorus (bi-weekly). To
calculate loading, daily flow measurements were muitiplied by the
concentration measurement nearest in time to the date of the flow.
Thisis illustrated by the following graph:

6/21/89 .

Biweekly Phosphorus Measurement
Daily Flow Measurement

When this method was used, no footnote reference is indicated on
Table 14,

An actual phosphorus measurement was assumed to be the best
available approximation of in-stream concentration for a period
extending up to 45 days of either side of the measurement. However,
when this period extended into a calendar month adjacent to that of
the actual measurement, the loading value is footnoted with an “E”.
This i illustrated by the following graph: '

1 = Biweekly Phosphorus Measurement
= Daily Flow Measurement
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When flow measurements are unavailable for periods of less than one
month, the average load for the remaining days of the month was
substituted for the missing days. This was accomplished by taking the
mean daily load for the measured days in each month and then
muitiplying by the total number of days in the month. In months with
complete records, this calculation has no effect. These values are not
considered "estimates” and are not footnoted on Table 14,

When phosphorus measurements are unavailable, but flow records are
complete, a regression method was used to estimate flow-weighted
concentration from the flow data. Using the complete period of record
for a given site, monthly mean flow-weighted concentration was
regressed on monthly mean flow to produce a predictive equation. In
most tributaries to Lake Okeechabee, variations in flow, rather than
changes in concentration, dominate the variation in monthly mean
loads. Therefore, with a reasonably complete record of concentration,
it is generally possibie to estimate average load from flow values alone
with good accuracy. Some general benefits of using this approach for
estimating flow-weighted concentrations are that (1) the mean and
variance of total phosphorus in the actual data, and (2) the phosphorus
- flow relationship seen in the actual data are very nearly preserved in
the estimated data. (See discussion for individual sub-basins
D.2.(b.) 1-22))

A flow chart outlining the loading calculations procedure is provided in
Figure 12. :
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C-38 Pool A (5-65A)

The flow record for S-65A is complete for the 1974-1987 water years
(annual average = 633,360 adft). During the 168-month periag
from June 1973 to September 1987 there 1s one manth in which
there is not a proximate measurement of phosphorus concentration
(Flag = 'C') for loading calculations (Table 13).

Loads at S-65A for the period of missing phosphorus data were
estimated as follows:

a. For the month with measured flow, but no proximate
phosphorus measurement (Flag = 'C"), the flow-weighted
phosphorus concentration was estimated as:

TP(mg/L) = .046

This conversion factor was derived by regression of actual
flow-weighted TP on actual daily mean cfs {monthly scale) for
the period of record (df = /144, r = 0.05, P = 0.47, Standard
Error of conversion factor = 0.0026).

TP loads for this situation (Flag. = 'C') were calculated by
multiplying the estimate of flow-weighted concentration by the
monthly flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW
AND CHEMISTRY are actually measured, the estimated loads
prove to be a good approximation to the calcylated loads
(average estimate = 95 percent of calculated load, correlation
between estimated and calculated load = 0.92).
The estimate of annual average TP load for S-65A over the
14-year period of record is not sensitive to the inclusion of
estimated fiow and phosphorus data. Using only actual data
(Flags = blank or 'E"), the annual average load (WY 74-87) for
5-65 is 34.6 metric tonnes (38.2 tons), if estimated data are
included, the annuai average load is 34.5 metric tonnes
(38.0 tons/yr). The difference between measured and
measured-plus-estimated load is about 2 percent the average‘
annual load from this structure and less than 0.1 percent of the
total uncontrollable load to the lake.

The values reported in Table 1 for $-65A loads and flows have
been adjusted by subtracting the average load and flow of 5-65
from the average totals given in the preceeding paragraph.

C-38 Pool B (5-658)

The flow record for S-658 is essentially complete (annuai average
= 694,016 ad/ft) for the 1974-1987 water years and no flows were
estimated. During the 168-month period from June 1973 to
September 1987 there are two months in which there is not a
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oximate measurement of phosphorus concentration (Flag = 'C")
rloading calcuiations (Table 13).

1e load at 5-658 for these periods of missing phosphorus data were
timated as follows:

~ For the two months with measured flow, but no proximate
phosphorus measurement (Flag = 'C’); the flow-weignted
phosphorus concentration was estimated as;

TP{mg/L) = .049

This conversion factor was derived by regression of actual
flow-weighted TP on actual daily mean cfs (monthly scale) for
the period of record {df = 1/139,r = 0.04, P = 0.19, Standard
Error of conversion factor = 0.0025).

TP ioads for this situation (Flag = 'C') were caiculated by
multiplying the estimate of flow-weighted concentration by the
monthly flow to yield an estimated monthiy foad. When this
procedure is applied to the period of record for which FLOW
AND CHEMISTRY are actually measured, the estimated loads
prove to bhe a good approximation to the calculated loads
(average estimate = 108 percent of calculated load, correfation
between estimated and calculated load = 0.93).

The estimate of annual average TP load for S-65B over the
14-year period of record is not sensitive to the inclusion of
estimated flow and phosphorus data. Using only actual data
(Flags = blank or 'E'), the annual average load (WY 74-87) for
S-65 is 38.9 metric tonnes (42.8 tons), if estimated data are
included, the annual average load is 38.7 metric tonnes
(42.6 tons/yr). The difference between measured and measured-
plus-estimated load is about 0.5 percent the average annuat load
from this structure and less than 0.05 percent of the total
uncontrollable load to the lake. :

The values reported in Table 1 for 5-65B loads and flows have
been adjusted by subtracting the average load and flow of 5-65A
from the average totais given in the preceeding paragraph.

--38 Pool C (5-65C)

'he flow and total phosphorus records for $65-C are essentially
omplete for the period October 1973 - September 1984 (annual
yverage = 746,380 ac/ft) and no flows or phosphorus
oncentrations were estimated for this structure. The annual
average phosphorus load for this structure was 46.63 metric tonnes
51.4 tons/yr).

The values reported in Table 1 for 5-65C loads and flows have been

adjusted by subtracting the average load and flow of 5-658 from the
average totals given in the preceeding paragraph.
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5-65D0

The flow record for $-65D is essentially complete for the 1974-1987
water years (Table 2) and no flows were estimated (annual aveage
= 858,687 acf/t). During the 168-month period from June 1973 1o
September 1987 there are two months in which there is not -a
proximate measurement of phosphorus concentration (Flag = 'CY)
for loading calculations (Table 13).

The load at 5-65D for these periods of missing phosphorus data were
estimated as follows: '

3. For the two months with measured flow, but no proximate
phosphorus measurement (Flag = 'C"), the flow-weighted
phosphorus concentration was estimated as:

TP(mg/L) = .084

This conversion factor was derived by regression of actual
flow-weighted TP on actual daily mean cfs {monthly scale) for
the period of record (df = 1/142, r = 0.09, P = 0.28, Standard
Error of conversion factor = 0.0056).

TP loads for this situation (Flag = 'C’) were calculated by
‘multiplying the estimate of flow-weighted concentration by the
monthiy flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW
AND CHEMISTRY are actually measured, the estimated loads
prove to be a good approximation to the calculated loads
(average estimate = 107 percent of calculated load, correlation
between estimated and calculated load = 0.88).

The estimate of annual average TP load for $-65D over the
14-year period of record is not sensitive to the inclusion of
estimated flow and phosphorus data. Using only actual data
(Flags = blank or 'E'), the annual average load (WY 74-87) for
S-RG? is 83.4 metric tonnes (91.9 tons), if estimated data are
included, the annual average load is 82.8 metric tonnes
(91.3 tonslrr). The difference between measured and
measured-plus-estimated load is about 0.6 percent the average
annual load from this structire and less than 0.1 percent of the
total uncontrollable load to the lake.

The values reported in Table 1 for 5-65D loads and flows have
been adjusted by subtracting the average load and flow of $-65C
from the average totals given in the preceeding paragraph.

5. C-38 Pool E (5-65E)

During the 168-month periad from October 1972 to September 1987
there are four months in which there is not a proximate
measurement of phosphorus concentration (Flag = 'C') for loading

" calculations (Table 13).
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Loads at S-65E for periods of missing flow or phosphorus data wer:
estimated as follows:

a. For months with measured flow, but no proximate phosphorus

measurement (Flag = 'C’), the flow-weighted phosphorus
concentration was estimated as: .

TP(mg/L) = .1149-0.00000607 * Cfs/day (monthly mean)

This equation was derived b regression of actual flow-weighted
TP on actual daily mean cfs monthly scale) for the entire period
of record (df = '1/160, r = 0.125, P = 0.11, Standard Errors:
intercept =0.0071 slope = 0.0000038). In function, this eqguation
uses the ACTUAL TP mean for the complete period of record, and
adjusts it to incorporate the negative correlation that may exist
between flow and TP concentration at S-65E.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthly load. When this procedure is applied to the period of
record for which FLOW AND CHEMISTRY are actuaily measured,
the estimated loads prove to be a good approximation to the
calculated loads (average estimate = 98 percent of calculated
load, correlation between estimated and calculated load = 0.79).

. For months in which phosphorus data were available but fiow
data were estimated (Flag = 'Q"), the measured TP concentration
was converted to a flow-weighted concentration and then
multiplied by the estimated flow for the month. The conversion

to flow-weighted concentration was based on the regression
relationship: -

TP (flow-weighted mg/L) = .01105 + 0.9212*TP (grab
sample mg/L)

This relationship was based on regression of flow-weighted TP
on grab-sampie TP for the S-65E period of record for which both
flow and TP were actually measured (df = 1/147,r = 0.93,P =
0.0001, Standarq Errors: Intercept =0.00391, slope = 0.0305).

The estimate of annual average TP load for $-65E over the
15-year period of record not sensitive to the inclusion of
estimated flow and phosphorus data. Using only actual data
(Flags = blank or 'E'"), the annual average load for $-65E is 108.3
metric tonnes (119.3 tons), if estimated data are included, the
annual average load is 111.3 metric tonnes (122.6 tons/yr). The
difference between measured and measured-plus-estimated
load is about 2.8 percent the average annual ioad from this

structure and only 0.7 percent of the total controllable load to
the lake.

The values reported in Tabie 1 for S-65E loads and flows have
been adjustecrby subtracting the average load and flow of $-65D
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from the average totals for $-65€ for the period October 1973 -
September 1987 (flow = 892,128 acft/yr, load = 121.29 tonsiyr)

6. S-4 Phosphorus Loading Calculations

The daily flow record for §-4 is nearly complete for the July 1974 to
September 1987 period, with an 11 day gap in June 1986 (Table 2).
During the 139 month period March 1976 to September 1987 there
are 6 months in which pumping occurred without a proximate
measurement of phosphorus concentration (Flag =‘C’") (Tabie 13).
Flow-proportional phosphorus sampling was added to routine grab
sampling at this site in August 1982. However, to keep the loading
calculations consistent across the entire period of record, only grab-
sample phosphorus data were used in the loading calculations. in
addition, all phosphorus samples collected when water was flowing
out of the lake (discharge code =3) were excluded from the S-4
inflow loading calculations.

Phosphorus loadings for S-4 during months of missing flow or
phosphorus data were estimated as follows:

For months in which flow occurred at the site, but for which there
was no proximate measurement of phosphorus concentration

(Flag='C’), the flow-weighted phosphorus concentration was
estimated as;

TP (mg/L}=0.214 + 0.0000347*Cfs/day (monthly mean)

This conversion was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale) for the period of record
at 5-4 (df=1/72, r=0.39, p=0.0001, Standard Errors: Intercept:
0.0388, Slope: 0.00000963). In function, this equation uses the
ACTUAL TP mean for the compiete period of record, and adjustsit to
incarporate the significant corretation that exists between flow and
TP concentration at 5-4.

TP loads for this situation (Flag = 'C’) were calculated by multiplying
the average flow-weighted concentration by the monthly flow to
yield an estimated monthly load. When this procedure is applied to
the period of record for which FLOW AND CHEMISTRY are actually
measured {and fiow is non-zero), the estimated loads prove to be a

good approximation to the calculated loads (average

estimate = 100.0 percent of calculated load, correlation between
estimated and calculated load = 0.83).

The estimate of annual average TP load for S-4 over the 15 year
period of record is insensitive to the inclusion of estimated
phosphorus data. Using only actual data (flags = blank or 'E'), the
annual average load for S-4 is 18.02 metric tonnes (19.85 tons), if
estimated data are included, the annual average load is 18.06 metric
tonnes (19.90 tons/yr vs 16.4 tons/yr originally reported in the SWIM
plan). The difference between measured and measured-plus-
estimated loads is 0.2 percent of the load from this structure and less
than 0.01 percent of the total controllable load to the lake.
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DBCODES for Flow Data used in calculating 5-4 loads:

PERICD OBCODE
01-01-74 - 12-13.77 06738
12-14-77 - 12-31-78 03760
01-01-79 - 06-23-82 06738
06-24-82 - 02-16-86 03760
02-17-86 - 03-24-87 06738
03-25-87 - 09-30-87 03760

This scheme makes maximum use of “verified” data

(DBCODE 03760) with provisional data (DBCODE 06738) used only
when verified data is not available. .

. 5-191 Phosphorus Loading Calculations
The flows record at 5-191 are nearly complete, with a gap in June

and July of 1973 (Table 13). Monthly flows for this period were
estimated by District staff. See Section' D1.b. _

There are periods between October 1973 and September 1987

during which total phosphorus was not measured at 5-191, for a
total of nine months in which suitable phosphorus measurements
were unavailable for S-191 loading calculations (Table 13). In
addition, one extreme TP value (04/09/73, 0.010 mg/L, more than

three standard deviations below the mean), was excluded from the
loading calculations.

- Loads at 5-191 for periods of missing flow or phosphorus data were
estimated as follows:

a. For months with flow measurements and no proximate

phosphorus measurement (Flag = 'C'), the flow-weighted ‘

phosphorus concentration was estimated as:
TP{mg/L) = .8595 + 0.000162 * Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean (monthly scale) for the period of
record {(df = 1/159, r = 0.16, P = 0.0415, Standard Errors:
intercept =0.0221 slope =0.00007885). in function, this
equation uses the ACTUAL TP mean for the complete period of
record, and adjusts it to incorporate the positive correlation that
exists between flow and TP concentration at $-191.

TP loads for this situation (Flag = 'C') were calculated by
muitiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an monthly load.
When this procedure is applied to the period of record for which
FLOW AND CHEMISTRY are actually measured, the estimated
loads prove to be a very good approximation to the calculated
loads (average estimate = 99 percent of calculated load,
correlation between estimated and calculated load = 0.97).
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b. Forthe two months in which phosphorus data were available but
flow data were estimated (Flag = 'Q'), the measured average TP

concentration was multiplied by the estimated flow for the
month,

The estimate of annual average TP load for $-191 over the
15-year period of record is not sensitive to the inclusion of
estimated flow and phosphorus data. Using only actual data
(Flags = blank or 'E"), the annual average load for 5-191 is
131.4 metric tonnes (144 8 tons), if estimated data are inctuded,
the annual average load is 129.9 metric tonnes (143.2 tons/yr vs.
143.4 tons as originally reported in the SWIM plan). The
difference between measured and measured-plus-estimated
load is about 1.1 percent of the average annuai load from this

Istv;(uc‘cure and 0.3 percent of the total controliable load to the
ake.

8. 5-71Phosphorus Loading Calculations

The daily flow record for 5-71 is complete for the October 1972 to
September 1987 period. The phosphorus concentration data for this
site has three short gaps (Table 13) during non-zero flow periods for
which concentrations needed to be estimated (Flag = 'C").

Phosphorus loadings for $-71 during months of missing flow or
phosphorus data were estimated as follows: :

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus
concentration (Flag = 'C'), the flow-weighted phosphorus
concentration was estimated as:

TP (mg/L) = 0.1596 +-0.0001525*Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale) for the period of
record at $5-71 (df =1/131,r = 0.40,p = 0.0001, Standard Errors:
Intercept = 0.0126, slope = 0.0000306). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and
adjusts it to incorporate the positive correlation that exists
between flow and TP concentration at $-71.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthly load. When this procedure is applied to the period of
record for which FLOW AND CHEMISTRY are actually measured
(and flow is non-zero), the estimated loads prove to be a very
good approximation to the calculated loads (average estimate
= 104 percent of calculated load, correlation between estimated
and calculated load = 0.92).
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The estimate of annual average TP load for $-71 over the 15-year
period of record is insensitive to the inclusion of estimated
phosphorus data. Using only actual data (flags = blank or 'EY,
the annual average Ioag for5-71is45.7 metric tonnes (50.3 tons),
iIf estimated data are included, the annual average load is
45.4 metric tonnes (50.0 tons). The difference between
measured and measured-plus-estimated loads is about 0.6
percent of the load from this structure and 0.06% of the total
controllable load to the lake.

The values reported in Table 1 for loads and flows at $-71 have
been adjusted to remove a portion of the uncontroilable load
from S-68 (see S-68 loading calcuiations). The loading values in
Table 14 have NOT been adjusted.

9. S-72 Phosphorus Loading Calculations

The daily flow record for S-72 is complete for the October 1972 to
September 1987 period. There is one month during which flow
occurred without approximate measurement of phosphorus

concentration (Table 13). Phosphorus flow-weighted concentration
was estimated (Flag = 'C’) as follows:

TP (mg/L) = 0.2025 + 0.000135*Cfs/day (monthly mean)

This equation was derived by regression of actuat flow-weighted TP
on actual daily mean cfs (monthly scale) for the period of record at
$-72 (df = 1/87, r = 0.11, p = 0.30, Standard Errors:
Intercept = 0.016, slope =0.00013). In function, this equation uses
the ACTUAL TP mean for the compiete period of record, and adjusts

it to incorporate any correlation that may exist between flow and TP
concentration at S-72.

TP loads for this situation (Flaf? = 'C') were calculated by multiplying
the regression estimate of ow-weidqhted concentration by the
monthly flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW AND
CHEMISTRY are actually measured (and flow is non-zera), the
estimated loads prove to be a very good approximation to the
calculated loads (average estimate = 103 percent of calculated load,
correlation between estimated and caiculated load = 0.95).

The estimate of annual average TP load for S-72 over the 15-year
. period of record is insensitive to the inclusion of estimated
phosphorus data. Using only actual data (flags = blank or 'E"), the
annual average load for $-72 is 7.34 metric tonnes (8.1 tons), if
estimated data are included, the annual average load is 7.27 metric
tonnes (8.0 tons/yr). The difference between measured and
measured-plus-estimated loads is about 0.9 percent of the load from

]:hli(s structure and 0.02 percent of the total controllable load to the
ake.

The values reported in Table 1 for loads and flows at $-72 have been
adjusted to remove a portion of the uncontrollabie load from S-68
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(see 5-68 loading calculations). The loading values in Table 14 have
NOT been adjusted.

5-84 Phosphqrus Loading Calculations

The daily flow record for $-84 is complete for the October 1972 to
September 1987 period. There are a number of gaps in the
phosphorus data record (Table 13) for which phosphorus
concentrations were estimated (Flag = 'C'). One total phosphorus
measurement (.910 mg/L, 05/08/74) was judged erroneous (differing
from the TP mean for this site by more than 18 standard deviations)
and was excluded from the loading calculations.

Phosphorus loadings for S-84 during months of missing flow or
phosphorus data were estimated as follows:

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phospharus

concentration (Flag = 'C’), the flow-weighted phosphorus
concentration was estimated as;

TP (mg/L) = 0.0609 + 0.0000181*cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale) for the period of
record at 5-84 (df = 1/88, r = 0.16, p= 0.13, Standard Errors:
Intercept = 0.0054, slope =0.000012). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and
adjusts it to incorporate the correlation that may exist between
flow and TP concentration at $-84.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthly load. When this procedure is applied to the period of
record for which FLOW AND CHEMISTRY are actually measured
(and flow is non-zero), the estimated loads prove to be a very
good approximation to the calculated loads (average estimate
= 98 percent of calculated load, correlation between estimated
and calculated load = 0.92).

The estimate of annual average TP load for $-84 over the 15-year
period of record is insensitive to the inclusion of estimated
phosphorus data. Using only actual data (flags = blank or '€"),
the annual average load for $-84is 10.3 metric tonnes (11.3 tons),
if estimated data are included, the annual average load is
10.1 metric tonnes (11.1 tons/yr). The difference between
measured and measured-plus-estimated loads is about 2 percent
of the load from this structure and 0.04 percent of the total
controllabie load to the lake.

The values reported in Table 1 for loads and flows at 5-84 have
been adjusted to remove a portion of the uncontrollable load
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from $-68 (see 5-68 loading calculations). The values in Table 14
have NOT been adjusted.

Fisheating Creek Phosphorus Loading Calculations

The daily flow record for Fisheating Creek is complete for the
October 1972 to September 1987 period with only a 6-day gap in
lanuary, 1984 (Table 2). During the 174-month period April 1373 to
September 1987 (Table 13) there are nine months in which flow
occurred without a proximate measurement of phosphorus
concentration (Flag = 'C'). In addition, one extreme TP
measurement (07/08/74, 1.28 mg/L, 6.6 standard deviations above
mean TP for this site) was excluded from the loading calculations.

Phosphorus loadings far Fisheating Creek during months of missing
flow or phosphorus data were estimated as follows:

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus

concentration (Flag = 'C'), the flow-weighted phosphorus
concentration was estimated as: '

TP (mg/L) = 0.1539 + 0.00005564*Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs {(monthiy scale) for the period of
record at Fisheating Creek (df = 1/146 r = 0.20, p = 0.015,
Standard Errors: Intercept: 0.01104, Siope: 0.00002262). In
function, this equation uses the ACTUAL TP mean for the
complete period of record, and adjusts it to incorparate the
significant correlation that exists between flow and TP
concentration at Fisheating Creek.

TP loads for this situation (Flag = 'C') were calculated by
multiﬁlying the average flow-weighted concentration by the
monthly flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW
AND CHEMISTRY are actually measured (and flow is non-zero),
the estimated loads prove to be a good approximation to the
calculated loads (average estimate = 97 percent of calculated

load, correlation between estimated and calculated
load = 0.90).

The estimate of annual average TP load for Fisheating Creek over
the 15-year period of record is not sensitive to the inclusion of
estimated phosphorus data. Using only actual data (Flags =
blank or 'E'), the annual average load for Fisheating Creek is
41.9 metric tonnes (46.2 tons), if estimated data are included, the
annual average load is 40.6 metric tonnes (44.7 tons/yr vs.
50.9 tons/yr originally reported in the SWIM plan which did not
exclude the TP outlier). The difference between measured and
measured-plus-estimated loads is about 3 percent of the load

from this structure and 0.3 percent of the total controllable load
to the lake.
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5-127 Phosphorus Loading Calculations

The daily flow record for S-127 is complete for the October 1972 to
September 1987 period. There are 32 months in the period of
recard for which suitable phosphorus concentration data are
unavailable (primarily 5/74 - 4/79) for 5-127 (Table 13).

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phospharus
concentration (Flag = 'C'), the flow-weighted phosphorus
concentration was estimated as:

TP (mg/L) = 0.3264 + 0.001257*Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly mean) for the period of
record at $-127 (df = 1/100, r = 0.23,p = 0.02, Standard Errors:
Intercept = 0.028, slope =0.00053). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and
adjusts it to incorporate the positive correlation that exists
between flow and TP concentration atS-127.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration br the estimated monthly flow to yield an
estimated-monthr load. When this procedure is applied to the
period of record for which FLOW AND CHEMISTRY are actually
measured (and flow is non-zero), the estimated loads prove to be
a very good approximation to the calculated loads (average
estimate = 107% of calculated load, correlation- between
estimated and caiculated load = 0.954).

The estimate of annual average TP load for $-127 over the
15-year period of record is insensitive to the inclusion of
estimated phosphorus data. Using only actual data (Flags =
blank or 'E'), the annuail average load for S-127 is 6.63 metric
tonnes (7.3 tons), if estimated data are included, the annual
average load is 6.67 metric tonnes (7.4 tons/yr vs. 9.4 tons/yr
reported in the SWIM plan). The difference between measured
and measured-plus-estimated loads is about 1 percent of the
Ioa?‘ frlorls this structure and 0.4 percent of the controllable load
to the lake.

$-129 Phosphorus Loading Calculations

The daily flow record for $-129 is nearly complete for the October
1972 to September 1987 period. There are numerous one-day gaps
throughout the record and a 30-day gap in May 1986 (Table 2). The
gap in May 1986 corresponds to a dry period during which the pump
was not operated and thus zero flows were not recorded. Zero flow
was assumed in the loading calculations during this 30-day period.
Phosphorus concentration 3ata for this site are not availabie for the
period May 1974 - April 1979, and there is a total of 50 months for
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. (Table 2) t

which suitable phosphorus measurements are not available for
5-129 loading calculations (Table 13).

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus

concentration (Flag = 'C’), the flow-weighted phospharus
concentration was estimated as:

TP (mg/L) = 0.1046 + 0.001438*Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs {(monthiy scale) for the period of
record at $-129 (df = 1/121, r = 0.50, p = 0.0001, Standard
Errors: Intercept=0.0070, slope =0.00022). In function, this
equation uses the ACTUAL TP mean for the complete period of
record, and adjusts it to incorporate the positive correlation that
exists between flow and TP concentration at $-129.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthly load. When this procedure is applied to the period of
record for which FLOW AND CHEMISTRY are actually measured
(and flow is non-zero), the estimated loads prove to be a very
good approximation to the calculated loads (average estimate
= 92 percent of calcuiated load, correlation between estimated
and calculated load = 0.962).

The estimate of annual average TP load for S-129 over the
15-year period of record is relatively insensitive to the inclusion
of estimated phosphorus data. Using only actual data (Flags =
blank or 'E’), the annual average load for $-129 is 2.38 metric
tonnes (2.62 tons), if estimated data are included, the annual
average load is 2.34 metric tonnes (2.58 tons/yr vs. 3.4 tons
originally reported in the SWIM plan). The difference between
measured and measured-plus-estimated !oads is about 2 percent
of the load from $-129 and less than 0.01 percent of the
" controilable lead to the lake.

$-131 Phosphorus Loading Caiculations.

The daily flow record for $-131 is nearly complete for the October
1972 te eﬂtember 1987 period. There is a 30-day gap in May 1986

at corresponds to a dry period during which this pump
station did not operate and thus zero flows were not recorded. Zero
flow was assumed in the loading calculations for this 30-day period.
Phosphorus concentration data for this site are not available for the
peried May 1974 - April 1979, and there is a total of 42 months for
which suitable phosphorus measurements are not available for
5-131 loading caiculations (Table 13).- Note also that one erroneous
phosphorus measurement (4/22/74, TP = 1.000 mg/L) was excluded
from the loading caiculations for S-131.
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a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus
concentration (Flag = 'C’), the flow-weighted phosphorus
concentration was estimated as:

TP (mg/L) = 0.0772 + 0.002581*Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual dailz mean cfs (monthly scale) for the period of
record atS-131(df = 1/59,r = 0.66, p = 0.0001, Standard Errors:
Intercept =0.0056, slope =0.00038). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and

- adjusts it to incorporate the positive correlation that exists
between flow and TP concentration at $-131.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthly load. When this procedure is applied to the period of
record for which FLOW AND CHEMISTRY are actually measured
(and flow is non-zero), the estimated ioads prove to be an
extremely good approximation to the calculated loads (average
estimate = 99 percent of calculated load, correlation between
estimated and calculated load = 0.97).

The estimate of annual average TP load for $-131 over the
15-year period of record is somewhat sensitive to the inclusion of
estimated phosphorus data. Usin? only actual data (Flags =
blank or 'E"), the annual average load for $-131 is .514 metric
tonnes (.57 tons). If estimated data are included, the annual
average load is .73 metric tonnes (.83 tons/yr vs. .9 tons originally
reported in the SWIM plan). The difference between measured
and measured-plus-estimated loads is about 43 percent of the
load from $-131 but less than 0.1 percent of the total
controllable load to the lake.

$-133 Phosphorus Loading Calculations

The daily flow record for S-133 is complete for the October 1972 to
September 1987 period, with the exception of a 61-day gap in
May-june 1986 (Table 2). This 61-day aap corresponds to dry
periodduring which this pump station did not operate, and thus
zero flows were not recorded. Zero flow is assumed in the loading

- . calculations for this 61-dag'.period.- Phosphorus concentration data
a

for this site are not available for the period April 1974 - April 1979,
and there are 34 months in the period of record for which suitable
phosrhorus measurements are not available for $-133 loading
calculations (Table 13).

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus
concentration (Flag = 'C’), the flow-weighted phosphorus
concentration was estimated as: :
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TP (mg/L) = 0.2304 + 0.001049*Cfs/day (monthiy mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale) for the period of
record at$-133 (df = 1/74,r = 0.42, p = 0.0002, Standard Errors:
Intercept=0.0181, slope =0.00026). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and
adjusts it to incorporate the positive correlation that exists
between flow and TP concentration at 5-133.

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression ‘estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthl}l load. When this procedure is applied to the period of
record for which FLOW AND CHEMISTRY are actually measured
(and flow is non-zero), the estimated loads prove to be a very
good approximation to the calculated loads (average estimate
= 101 percent of caiculated load, correlation between estimated
and calculated load = 0.93).

The estimate of annual average TP load for $-133 over the
13-year period of record is insensitive to the inclusion of
estimated phosphorus data. Usin? only actual data (Flags =
blank or 'E"), the annual average load for S-133 is 7.75 metric
tonnes (8.54 tons), if estimated data are included, the annual
average load is 7.71 metric tonnes (8.49 tons/yr vs. 8.3 tons
originally reported in the SWIM plan). The difference between
measured and measured-plus-estimated loads is less than
.5 percent of the load from $-133 and less than 0.02 percent of
the total controliable load to the lake.

$-135 Phosphorus Loading Calculations

The daily flow record for $-135 is complete for the October 1972 to
September 1987 period, with the exception of a 61-day gap in
May-lune 1986 (Table 2). This 61-day gap corresponds to a dry
period during which this pump station did not operate and thus
zero flows were not recorded. Zero fiow was assumed in the
loading calculations for this 6 1-day period.

Phasphorus concentration data for this site are not available for the
period April 1974 - April 1979, and there is a totai of 34 months for
which suitable phosphorus measurements are unavailable for $-135

. loading caiculations (Table 13). Two phosphorus measurements at

this site were excluded from the loading calculations (7/23/29 and
8/06/79). The first of these measurements indicated a TP
concentration of 1.105 mg/L (more than three standard deviations
above the mean TP for this site) and the second indicated
non-detectable concentrations of TP when significant amounts of
soluble reactive P ("Ortho" P) were detected.

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus
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17.

concentration (Flag = 'C'), the flow-weighted phosphorus
concentration was estimated as:

TP(mg/L) = 0.0709 + 0.000415*Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale} for the period of
record at $-135(df = 1/71,r = 0.55, p = 0.0001, Standard Errors:
Intercept =0.0057, slope =0.000075). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and
adjusts it to incorporate the positive correlation that exists
between flow and TP concentration at $-135. .

TP loads for this situation (Flag = 'C') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the monthly flow to yield an estimated
monthly load. When this procedure is appiied to the period of
record for which FLOW AND CHEMISTRY are actually measured
(and flow is non-zero), the estimated loads prove to be an
excellent approximation to the calculated loads (average
estimate = 100.2 percent of calculated load, correlation
between estimated and calculated load = 0.98).

The estimate of annual average TP load for $-135 over the
15-year period of record is totally insensitive to the inclusion of
estimated phosphorus data. Usin? only actual data (Flags =
blank or 'E'), the annual average Toad for $-135 is 2.59 metric
- tonnes (2.85 tons), if estimated data are included, the annual
average load is 2.58 metric tonnes (2.84 tons/yr vs. 3.9 tons
originally reported in the SWIM plan). The difference between
measured and measured-plus-estimated loads is less than
1 percent of the load from S-135 and less than 0.001 percent of
‘the total controliable load to the iake.

$-154 Phosphorus Loading Calculations

Flows at 5-154 were not measured prior to June 1978 and monthly
flows for the period prior to june 1978 were estimated.

Additionally, there are periods between October 1973 and
September 1987 during which total phosphorus was not measured
at 5-154. There is a total of 43 months in the period of record for
which suitable phosphorus measurements are unavailable for 5-154

“loading calculations (Table 13).

Loads at this structure for periods of missing flow or phosphorus
data were estimated as follows:

a. For months with estimated flow and no proximate phosphorus
measurement (Flag = 'B'), the flow-weighted phosphorus
concentration was estimated as:

TP(mg/L) = .634 + 0.00127 * Cfs/day {(monthly mean)
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This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale) for the period of
record (df = 1/79, r = 0.32, P = 0.0037, Standard Errors:
intercept =0.044 slope =0.000425). In function, this equation
uses the ACTUAL TP mean for the compiete period of record, and
adjusts it to incorporate the positive correlation that exists
between flow and TP concentration at 5-154.

TP loads for this situation (Flag = 'B') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the estimated monthly flow to yield an
estimated monthly load. When this procedure is apglied to the
period of record for which FLOW AND CHEMISTRY are actually
measured, the estimated loads prove to be a very good
approximation to the calculated loads (average estimate =
97 percent of calculated load, correlation between estimated
and caiculated load = 0.94).

. For months in which phesphorus data were available but flow
data were estimated (Flag = 'Q’), the measured TP concentration
was converted to a flow-weighted concentration and then
multiplied by the estimated flow for the month. The conversion

to flow-weighted concentration was based on the regression
reiationship:

TP (flbvy-weighted mg/L) = .11 + .8617*TP (grab sample mg/L)

This relationship was based on regression of flow-weighted TP
on grab-sample TP for the $-154 period of record for which both
flow and TP were actually measured (df=1/62, r=0.934,
P =0.0001, Standard Errors: Intercept =0.032, slope = 0.0417).

. For months in which measured flow occurred at the site, but for

which there was no proximate measurement of phosphorus
concentration (Flag = 'C’), the method of loading calculation
was the same as described in 'A' above (Flag ='B'} except that
actual measured monthly flows were used.

The estimate of annual average TP load for $-154 over the

15-year period of record is somewhat sensitive to the inclusion of
estimated flow and phosphorus data. Using only actual data
(Flags = blank or 'E'), the annual average load for S-154 is
35.1 metric tonnes (38.6 tons), if estimated data are included, the
annual average load is 25.2 metric tonnes (27.8 tons/yr vs.
33.5 tons as originally reported in the SWIM plan). The
difference between measured and measured-plus-estimated
load is about 28 percent of the average annual load from this
structure and 2 percent of the total controllable load to the lake.
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18. Industrial Canal, 5-236, Culvert 4A (South Shore Drainage District),
Culvert 12A (715 Farms), Culvert 10 (East Beach Drainage District)
and Culvert 12 (East Shore Drainage District)
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20.

The data record for these six minor tributaries is too short and
incomplete to estimate monthly loads by the methods described
above. Except for the Industrial Canal, water quality grab samples
have been collected every two to four weeks since May 1979.
sampling of the Industrial Canal at this same interval bégan in
May 1982. However, discharges from $-236, and Cuiverts 10 and 12
were calculated from pump operating logs that were supplied to
the District from the drainage districts. No operation data were
availabie for Culverts 4A and 12A, and discharges were estimated
for these sites from the operation of nearby pump stations.
Industrial Canal discharge through the Clewiston iock was
calculated from USGS data from 1984-1987. Discharges for the
period before 1984 were estimated (See Section 81).

Total phosphorus loads for these six tributaries were calculated by
multiplying the total discharge by the average concentration for the
month. For months when no water quality samples were taken, the
average values for the period of record were used to calcylate the
monthly loadinc_:fs. Thus, monthly phosphorus concentrations and
loads for the earlier years are estimates based on data from the most
recent years. Phosphorus outputs that resulted from irrigation

discharges at these sites were not estimated because of the lack of
discharge data.

L-59€ and L-59W; Culvert A; and $-154C; L-60E and L-60W; L-861E
and L-61W; and Culvert 5/ Nicodemus Slough

To account for additional inputs from these small near-lake basins,
loading was estimated from available data and previous modeling
efforts. Discharges were estimated from the hydrologic model for
basins.on the northwest side of the lake. Phosphorus concentrations
for these small inflows were averages of three samples taken at each
structure from April to September 1987. Loads were calculated by
multiplication of estimated annual inflow by average concentration,

$-308C Inflow Phosphorus Loading Calculations

Flows at $-308C inflow were not measured prior to August 1981, and
monthly flows for the period prior to August 1981 were estimated.
Additionally, there are periods between October 1973 and
September 1987 during which total phosphorus was not measured
at $-308C (Table 13).

- Loads at this structure for periods of missing flow or phosphorus

data were estimated as follows:

a. For months with estimated flow and no proximate phasphorus
measurement (Flag = 'B'), the flow-weighted phosphorus
concentration was estimated as:

TP(mg/L) = .1266 + 0.0000922 * Cfs/day (monthly mean)

This equation was derived by regression of actual flow-weighted
TP on actual daily mean cfs (monthly scale) for the period of
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record (df = 1/23, r = 030, P = 0 15, Standard Errors:
intercept =0.0235 slope =0.000061). In function, this equation
uses the ACTUAL TP mean for the complete period of record, and
adjusts 1t to incorporate the positive correlation that may exist
between flow and TP concentration at $-308C Inflow.

TP loads for this situation (Flag = ‘B') were calculated by
multiplying the regression estimate of flow-weighted
concentration by the estimated monthly flow to yield an
estimated monthly load. When this procedure is applied to the
period of record for which FLOW AND CHEMISTRY are actually
measured, the estimated loads prove to be a good
approximation to the calculated loads (average estimate =
97 percent of calculated load, correlation between estimated
and calculated load = 0.84).

b. For months in which phosphorus data were available but flow
data were esumated (Flag = 'Q’), the measured TP concentration
was converted to a flow-weighted concentration and then
multiplied by the estimated flow for the month. The conversion

to flow-weighted concentration was based on the regression
relationship: :

TP {(flow-weighted mg/L) =.0282 + 8196~TP (grab sample mg/L)

This relationship was based on regression of flow-weighted TP
on grab-sample TP for the $-308C inflow period of record for
which both flow and TP were actually measured (df = 1/23,

r=0.90, P=0.0001, Standard Errors: 'ntercept=0.0144,
slope =0.0824).

¢. For months in which measured flow occurred at the site, but for
which there was no proximate measurement of phosphorus
concentration (Flag = 'C’), the method of loading calculation
was the same as described in 'A’ above (Flag ='B' except that
actual measured monthly flows were used.

The estimate of annual average TP load for 5-308C inflow over
the 15-year period of recorc? Is sensitive to the inclusion of
estimated flow and phosphorus data. Using only actual data
(Flags = btank or 'E'), the annual average load for §-308C inflow
15 15.3 metric tonnes (16.8 tons), if estimated data are included,
the annual average !oad is 8.3 metric tonnes (9.1 tons/yr vs.
9.6 tons as originally reported in the SWIM plan). The difference
between measured and measured-plus-estimated load is about
45 percent of the average annual load from this structure but
only 1.5 percent of the total controllable load to the lake. -

21.  5-2Phosphorus Lake Inflow Loading Calculations

The daily flow record for $-2 is complete for the October 1972 to
September 1987 period. During the 172-month period from June
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1973 to September 1987 (Table 13) there are 13 months in which
pumping occurred without a proximate measurement of
phosphorus concentration (Ftag = 'C'). Flow-proportional
phosphorus sampling was added to routine grab sampling at this
site in August 1981 However, to keep the loading calculations
consistent across the entire period of record, only grab-sample
phoesphorus data were used in the loading calculations.”|n addition,
all phosphorus samples collected when water was flowing out of the
lake (discharge code = 3) were excluded from the §-2 inflow
loading calculations.

Phosphorus loadings for $-2 during months of missing flow or
phosphorus data were estimated as follows:

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus
concentration (Flag = 'C'), the flow-weighted phosphorus
concentration was estimated as a constant:

TP (mg/L) = 0.1352

This conversion was derived by regression of actual
flow-weighted TP on actual dailz mean cfs (monthly scale) for
the period of record at $-2 (df =1/102, r = 0.0, p = 0.60,
Standard Error of constant: 0.0108). There was no significant
correlation between inflow and concentration at this site.

TP loads for this situation (Flag" = 'C') were calculated by
multiplying the average flow-weighted concentration by the

- monthly flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW
AND CHEMISTRY are actually measured (and flow is non-zero),
the estimated loads prove t6 be a very good approximation to
the calculated loads (average estimate = 97 percent of
lcalcdulated9 !;:ad, correlation between estimated and calculated
oad = 0.90).

The estimate of tetal annual average TP load for $-2 over the
15-year period of record is insensitive to the inclusion of
estimated phosphorus data. Using only actua! data (Flags =
blank or 'E'), the annual total average load for S-2 is 25.96 metric
tonnes (28.6 tons), if estimated data are included, the annual
average load i1s 24.85 metric tonnes (27.4 tons/yr). The difference
between measured and measured-plus-estimated loads is about
4.3 percent of the toad from this structure and 0.25 percent of
the total controltable load to the lake.

b. For purposes of the SWIM Plan, the historical data collected at
5-2 since 1979 were used because this was the period that the
Interim Action Plan was in effect. The IAP was implemented on
July 1, 1979 and an eight-year period of record (October
1979-September 1987) was used to calculate the average annual
values reported in Table 1. However, the |IAP was suspended
twice to allow additional discharges into the lake for water
storage during drought periods and this "water supply
backpumping had to be eliminated from the period of record.
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The first suspension of the |AP occurred from May 15, 1981 to
August 16, 1982. The second suspension was from July 12 to
September 23, 1985. During these two periods, as much EAA
runoff as possible was pumped north to Lake Okeechobee
through S-2 and S-3. Some of this water was backpumped to
enhance the water supply of the lake, but certain rainfall events
required backpumping for flood protection in the EAA.
Backpumping in this latter case would have occurred even if the
IAP had been in effect. To determine how much discharge would
have occurred under the 1AP during these periods, an analysis
was undertaken to discriminate between the backpumping that

was strictly for water supply and that which was necessary for
flood protection.

The flood protection backpumping was estimated using
equations that estimated required ficod protection
backpumping from the EAA as a function of the historical total
runoff that left the EAA (either south to the Water Conservation
Areas or north to the lake). For each month when the JAP was
suspended, the total discharge and phosphorus load at $-2 was

multiplied by the fraction of discharge attributed to flood
protection backpumping. :

After the discharges and loads resulting from water supply
backpumping were eliminated from the period of record, the
average annual values for the October 1979-September 1987
period were calculated. Additional data regarding these
calculations are available upon request.

5-3 Phosphorus Lake Inflow Loading Caicuiations

The daily flow record for $-3 is complete for the October 1972 to
September 1987 period. During the 171-month period July 1973 to
September 1987 (Table 13) there are 8 months in which pumping
occurred without a proximate measurement of phosphorus
concentration (Flag = ‘C'). Flow-proportional phosphorus sampling
was added to routine ?rab sampling at this site in August 1981.
However, to keep the loading calculations consistent across the
entire period of record, only grab-sampie- phosphorus data were
used in the loading calculations. In addition, all phospharus samples
collected when water was flowing out. of the lake (discharge
code = 3) were excluded from the $-3 inflow leading calculations.

Phosphorus loadings for S-3 during months of missing flow or
phosphorus data were estimated as follows:

a. For months in which flow occurred at the site, but for which
there was no proximate measurement of phosphorus
concentration (Flag = 'C’), the flow-weighted phosphorus
concentration was estimated as:

TP (mg/L) = 0.0767 + 0.0001043*Cfs/day (monthly mean)
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This conversion was derived by regression of actual
flow-weightad TP on actual daily mean cfs (monthly scale) for
the period of record at S-3 (df = 1/88, r = 0.28, p = 0.007,
Standard Errors: Intercept. 0.00925, Slope: 0.000038). In
function, this equation uses the ACTUAL TP mean for the
complete period of record, and adjusts it to Incorporate the
significant correlation that exists between flow and TP
concentration at S-3.

TP loads for this situation (Flag = 'C') were calculated by
multiﬁlying the average flow-weighted concentration by the
monthly flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW
AND CHEMISTRY are actually measured (and flow is non-zero),
the estimated loads prove to be a good approximation to the
calculated loads (average estimate = 98 percent of calculated
load, correlation between estimated and calculated
load = 0.79).

The estimate of total annual average TP load for $-3 over the
15-year period of record is insensitive to the inclusion of
estimated phosphorus data. Using only actual data (flags =
blank or 'E'), the annual total average load for $-3 is 8.47 metric
tonnes {9.33 tons), if estimated data are included, the annual
average load is 8.39 metric tonnes (9.24 tons/yr). The difference
between measured and measured-plus-estimated loads is less
than 1 percent of the load from this structure and 0.01 percent of
the total controllable load to the lake. -

As in the discussion of S-2 above, the historical data collected at
-3 since 1979 was used because this was the period that the
Interim Action Plan was in effect. The IAP was implemented on
July 1, 1979 and an eight-year period of record (October
1979-September 1987) was used to calculate the average annual
values reported in Table 1. However, the IAP was suspended
twice to allow additional discharges into the lake for water
storage during drought periods and this "water supply”
backpumping had to be eliminated from the period of record.
The procedure used to take out this additional backpumping is
described above in the section on §-2. :

-~ After the discharges and loads resulting from water supply

backpumping were eliminated from the period of record, the
average annual values for the October 1979-September 1987
period were calculated. Additional data regarding these
calculations are available upon request.
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FILE NAME: BS (STATION B-50)
MISSING VALUE = 9.000
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b et m————

MMOYYR

20279
30979
42679
43079
50879
51579
51779
61579
62579
62480
71780
52781
101481
102881
110581
110681

123081

11482
20182
21782
30882
31182
32982
32982
50382
50482
52382
52482
52582
52782
52882

60182

60182
60282
60582
60782
61482
61782
61882
61882
62182
62382
62382
81182
81382
81682

82382 .

90682
90882

QP04 TPO4
048  .000
033 000
002 016
021 041
008 026
002 022
006 022
012 021
002 018
002  .005
004 032
002 005
002 004
008 016
004 002
003 003
004 007
000 080
004 014
000 000
004 016
004 010
004 006
274 300
004 009
004 004
004 009
000 013
000 067
004 005
004 007
043 050
000 006
004 006
.000  .007
004 004
004 021
010 011
004 007
004 022
004 005
000  .203
000  .047
000 000
124 a1
004 006
004 014
011 028
004 004

99

MNDYYR

100482
102982
110182
110582
110882
110982
111682
111682
10583
10783
11183
12083
12183
12383
12483
12883
20283
20383
21283
21383
21383
21683
22783
22783
22783
22783
53183
53183
60183
60583
60783
60883
60983
63083
71183
80183
80983
81583
81783
82583
91983
92683
100483
101183
101883
102483
110383
121283
122283

OPO4 TPQ4
005 010
004 018
004 .008
004 005
.004 .004
.004 004
.004 014
.004 010
.004 012
.004 .007
.004 004
.006 016
.004 .004
.004 .040
.004 .004
.004 .007
.010 016
.007 013
016 .022
.005 .007
006 .007
.004 .004
.004 .081
.004 .052
.004 .020
.004 .014
016 026
028 035
012 .017
.004 .007
.004 013
004 .009
.004 .007
.004 .025
030 .054
004 .016
.004 .010
005 .028
.004 .004
.004 .009
004 014
.004 .004
.004 .004
.004 .006
.004 01
.004 004
004 .007
004 005
004 .040



MNDYYR QrPQ4 TPO4
123083 .040 .040
11984 .009 032
20384 005 032
21284 004 019
31384 021 Q35
32384 .006 017
32384 004 .004
40484 .006 .019
40984 004 012
41084 004 007
52384 005 010
52984 .004 .004
62584 .004 .020
- 62784 .023 01
82384 010 .027
83184 014 .039
91884 .020 .057
91984 .020 .061
32084 .035 157
32684 .205 .640
102684 .004 .046
102684 .004 .014
110584 .004 .004
112484 .004 .004
32185 .013 .042
41585 .004 .004
41585 004 .004
50685 006 .009
52385 .007 .027
61485 AN .204
70185 018 .015
72485 .004 .009
123185 .004 .010
10886 .018 .043
10886 156 71
10986 .004 .006
11086 .004 .004
11386 .004 .004
21886 .004 017
31686 004 024
32886 004 .009
33186 004 .018
51586 077 .200
52886 .017 .058

100

MNDYYR

60986
61686
62586
62886
70786
71586
72886
80486
81286
81886
90186
90886
101386
102086
102786
110386
111086
111786
112486
120186
120886
122986
20987
22387
30987
31687
40687
41387
60887
62687
71087
72487
80787
91187
92587
100287
110687
121187
21788
31888
32588
52088
53188
62388

QP04 TPQ4
01 012
026 076
010 on
037 043
016 018
005 013
.005 011
.004 018
004 .000
004 .009
008 041
004 011
Q04 022
006 013
004 033
.004 012
.004 016
.004 011
.005 .020
.004 035
.004 007
.004 022
.004 025
.004 042
008 017
.006 009
011 014
.059 .074
201 .280
.066 099
036 .065
.054 050
.005 017
006 092
004 026
004 .004
004 012
.008 018
009 044
.030 .028
008 024
014 114
008 011
008 007
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FILE NAME: (STATION  EEFS)
MNDYYR QPO4 TPO4
111974 013 044
120974 .000 .000
121774 071 075
20775 076 .083
22475 000 .000
30575 012 015
32175 .000 .000
41675 .000 .000
51475 .000 .000
53175 .002 009
63075 003 .019
70775 110 .000
71475 042 .057
72175 011 .017
80475 .005 010
81875 .006 .012
82575 .000 000
90875 .024 .033
91575 .029 053
92275 817 .029
92975 017 .019
100675. 107 120
102075 .027 037
110375 029 .000
111075 .018 .000
1131775 .~ .005 .018
122275 064 .000
30876 025 .000
41976 .039 .064
31776 022 025
60176 .020 .023
62876 019 034
71276 .000 .000
80676 .068 .104
80976 .008 01
82376 .000 :000
90776 022 .024
100476 014 015
111576 028 .038
122776 - .009 028
12477 044 072
51677 082 .084
53177 .095 .100
61377 016 029
62777 .061 .065
71177 119 70
72577 123 130
80877 015 031
82277 015 014
90677 207 217
100377 128 234
- 6/21/89
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MNDYYR QPO4

103177
120577
121977
11678
22778
31378
42478
60578
70578
71778
73178
81478
82878
91178
92578

102378

12379
20579
43079
51479
52979
61179
62579
70979
72479
90579
92179
121179
12280
20580
30480
31880
41780
43080
51380
52880
62580
70880
72480
82080
12781
21181
22481
63281
61781
63081
80781
81181
82681
91081
92381

037
002
.002
.009
.002
.008
013
.004
005
000
017

.000
.009
.009
002
005
.002
.000
.006
.019

027
019
002
.002
.002
0N
.000
103
0n
.002
016
002
017
.013
025
.019
024
.032
022
024
.000
061
024
.050
.007
0n
002
.009
018

TPO4



MNDYYR QPO4
22682 039
40282 008
50482  .004
60182 004
81982 402
92882 000

100182 021
12083 006
52583 136
60383 004
60983 004
62483 005
62783 005
70783 007
80283 004
80883  .004
83083  .137

101083  .288

101483 117

101783  .078

102583  .000
22384 065
22984 013
32784 172
41684 032
60884 077
61884 185
71884 004
40885  .021
41385 Q11
41685 008
50685 053
52885 004
61385  .020
62785  .014
70385 004
71985 004
72485  .004
72985 004
80585  .000
80685  .033
81285 004
81585 004
90385 013
90985  .035
91785 004
91985 005
92685 004

120585  .004
11086 004
31686  .208
61986 023

TPO4

063
021
014
004
453
.000

039

024
155
031

034
020
017
014
017
016
224
400
.150
105
.000
114
027
307
125
.156
.267
.021
.029
017
.010
.103
024
122
.025
026
012
.008
.000
.009
.008
.009
.004
.054
.264
.000
.007
024
.018
.007 -
.240
.030

102

MNDYYR 0PQ4 TPO4
62386 004 019
62686 004  .015
63086  .007  .009
70886 023 024
72486 009 030
72886 019 048
80786 004 021
81486 004 016
81886 009 018
82186 010 018
90286 057  .080
90486  .023 052
90686 004 014
90986  .004 019

100386 085 094

101586 014 021

103086 010 051

111486 004 039

120586  .004  .023

122986  .004 011
10287 004 314
30987  .004 009
32787 130 .196
63087 039  .085

112487 - 008 019
21788 008 038
31588 014 060
33088  .008 039
52088  .037 .133
53188  .008 010
62388  .009  .048

888888  .123  9.000

838888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123  9.000

888888  .123 . 9.000,

888888  .123  9.000

888888  .123  9.000

838888  .123  9.000

838888 123  9.000

888888  .123  9.000

838888  .123  9.000

838888  .123  9.000

888888  .123 . 9.000

838888  .123  9.000

838888  .123  9.000
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MNDYYR QP04 TPQ4
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888 123  9.000
888888  .123  9.000
888888  .123  9.000
888888 - 123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888388  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888°  .123  9.000
888888  .123  9.000
888888  .123  9.000
888388  .123  9.000
888888  .123  9.000
888888  .123  9.000
888838  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
888888  .123  9.000
838888  .123  9.000
6/21/89
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MNDYYR

888888
888888
888888
888888
888888
888883
888888
888888
888888
888888
888888
888888
838888
883888
888888
888888
838888

. 888888

888888
388888
888888
888888
888888
888838
888888
888888
888838
888888
888888
888888
338888
388838
388888
8888838

QPQ4 TPO4
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9,000
123 9.000
123 9.000
123" 9.000
123 9.000
123 9.000
123 9,000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000



FILE NAME: S2 (STATION S2)

MNDYYR

102174
120974
30375
31775
32475
41475
51175
51875
60175
60875
63075
70775
71475
72175
72875
80475
81175
82575
90875
91575
92275

92975 -

100675
102075
102775
110375
121675
30876
30876
60176
62876
71276
80976
82376
90776
92076
111576
122776
12477
51677
61377
71177
80877
82277
90677
91977
100377
103177
112177
120577

OPO4  TPO4
002 .000
.006 034
.002 .091
017 048
091 201
018 .040
015 041
.002 .005
014 .030
.005 010
.051 .000
002 .009
.002 045
.008 014
019 021
014 021
031 .038
.000 .000
.054 .069
016 019
.002 .005
025 .038
.006 010
000  ".000
.005 .068
.005 .008
.098 .189
.000 .000
.000 .000
047 07
022 .030
077 .099
.039 044
000 .000
028 .043
025 027
.057 .085
.000 000
051 072
076 171
.102 .162
091 .109
.065 .074
011 016
014 022
.004 022
.002 017
121 157
022 .060
.090 106

104

MNDYYR

121977
22778
31378
50878
52278
61978
70578

73178

81478
82878
91178
92578
102378
112078
20579
51579
62579
71079
72479
80779
82079
90579
91979
100179
101579
111579
121279
20580
22080
30480
41780
52880
62580
70880
72480
82080
100180
120280
12781
21081
22481
32481
60281
61781
63081
72881
81181
82681
90981
92381

QP04 TPO4
049 057
143 .168
.056 .068
072 075
.000 000
.054 074
105 125
057 066
053 063
.037 045
.045 052
020 038
021 .040
197 245
031 .046
002 094
120 244
.059 083
067 093
.109 161
.026 056
.004 .008
.007 008
.006 015
017 042
012 024
042 059
028 030
.086 107
.039 054
033 044
031 032
.064 091
080 132
062 082
051 .067
022 .068
.084 225
105 202
.002 071
.000 .000 -
090 136
.042 084
.030 058
.046 063
044 073
114 .183
.003 014
.016 039
022 032
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MNDYYR QrPO4 TPO4 MNDYYR OPQ4 TPO4

110481 .000 .0Q0 73085 .000 .071
120181 .040 073 82785 078 104
20282 .148 271 90985 .004 018
21882 103 129 92485 004 010
22682 032 .062 100885 . .013 016
30982 042 .044 123085 064 101
33182 .030 052 11486 112 147
41982 041 072 12886 017 .041
52582 .000 157 - 22586 087 116
52882 008 .020 31186 041 .069
60182 .004 .009 52286 033 067
60782 004 - 005 61786 033 071
62282 011 022 70186 012 019
63082 .018 .030 73086 .024 042
72782 .051 .074 82686 053 .089
80282 .004 .010 90986 .004 026
80982 012 .033 92386 .004 .00%
81282 004 .017 100786 .004 024
81982 005  .012 102186 0271 .038
82482 .085 .000 110486 024 033
90982 .000 .067 121886 .087 174
100582 004 012 10787 .034 .052
101382 .007 .008 20387 .064 15
112282 .065 074 21887 .054 .104
122182, 311 .393 31787 .044 .062
10583 073 .113 33187 092 A1
20183 022 .046 33187 092 121
30283 .038 .055 61087 101 130
31583 132 185 888888 123 9.000
41483 -~ 158 .234 888888 123 9.000
80283 .083 A21 888888 123 9.000
81683 A1 .145 888888 123 9.000
83083 031 .057 ‘ 888888 123 9.000
91283 019 031 388888 . .123 9.000
192783 019 037 ' 888888 123 9.000
102483 013 .029 388888 123 9.000
122083 139 .183 388888 123 9.000
31384 187 270 888888 123 9.000
32784 *.074 .140 888888 . 123 9.000 -
409384 045 .076 888888 123 9.000
42584 012 025 888883 123 9.000
60434 016 .040 888888 123 9.000
71084 - 031 110 888388 123 9.000
91084 024 .054 888388 123 9.000 -
101884 041 .096 888888 123 9.000
120584 .059 .076 888888 - .123 9.000
12985 = .0M .070 388888 123 9.000
32685 181 254 888888 123 9.000
40985 005 127 838888 123 9.000
50685 .004 050 888888 123 9.000
61885 039 057 888888 123 9.000
70285 - .015 053 888888 123 9.000
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MNDYYR

888888
888888
8888838
888888
8888838
888888
888838
888888
888388
888888
888888
888888
388838
888888
888888
888888
888888
888888
838888
888888
883888
883888

888888 -

8883838
8883888
388888
888888
888888
888888
888883
888888
888888
888388

QPO4

123
123
123
123
123
123
123
123
23
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

123

123

123

123
123

123

123
123

TPO4

9.000
3.000
3.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000
9.000

9.000

9.000
9.000
9.000

106

MNDYYR

888888
888888
888888

.888888

888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
888888
388388
888888
888888
888888
888888
888888
388888
888838
888838
888888
3883888
888888

QPQ4 TPQ4

123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123, 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 '9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
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FILE NAME :S1 (STATION §-131)

6/21/89

MNOYYR

102474
120274
21775
33175
42875
51275
51975
53075
62475
63075
70775
71475
72175
72875
80475
81175
81875
90175
91575
92275
92975
100675
110375
122975
30876
41976
61476
62876
71276
80976
82376
100476
101876

111576

12477
40477
61377
62777
80877
82277
90677
100377
120577
121977
11678
22778
31378
42478
50878
60578
61978

0PO4

031
.018
.065
007
.006
076

.000

.002
.004
.017

.010
007
014
.000
010
.000
.000
.050
058
.007
017
.025
.068
.045
.000
023
036
018
.036
.058
.005
007
017
145
011
046
".082
013
000
.028
184
012
002
000
.026
.064
.009
033
.002
.048
031

TPQ4

028
098
.060
.005
018
089
000
005
.028
038
.000

.014
.023
.000
.017
.000
.000
.059
.067
010
024
033
075
.000
.000
.029
.032
026
.058
.076
.010
016
.020
.145
027
.061
116
.034
.000
.038
.204
.023
014
.000
.030
.070
.016
.050
017

077
.038

107

MNDYYR QPQO4 P04
70578 094 091
71778 048 064
73178 031 033
81478 026 036
82878 045 054
91178 064 075
92578 021 023

102378 024 044

112078 029 038

120478 036 085
12379 012 025
20579 011 018
31979 030 047
43079 093 1109
50379 1000 .000
51479 041 054
52979 040 061
72479 1040 089
82079 .007 024
90579 014 028
91879.  .007 .007

100179 .004 012

101579 092 .000

111579 021 037

121279 014 031
12380  ..002 017
20580 007 .009
22080 029 045
30480 . .028 034
41780 005 013
43080 1004 017
52880 017 020
62580 1009 015
70880 005 020
72480 015 035

100180 027 040

© 101480 .000 1000

111280 000  .000
120280 075 074
12781 061 101
21081 036 062
22481 .000 1000
32481 .000 000
60281 .000 000
61781 031 043
63081 037 047
71681 078 134
72881 .000 000
82681 007 020
91081 1006 009
92381 058 077



MNDYYR

22682
30982
41982
60182
61482
70182
71282
72782
80982
82582
90982
92182
100582
110182
122182
10483
21783
30283
32983
62183
71983
81683
91283
102483
110883
32784
40984
60484
71084
82984
101884
120584
40985
888888
888888
888888
388888
888888
888888
388888
888888
888888
888888
888838
888388
888333
888888
888838
888888
888888
888888
888888
888888
883888
383888
888888

W v — .y R A v Tt —— — . - et o I

QPQO4 TPCd
073 .058
.020 .040
167 263
.043 065
024 038
.050 088
.053 075
116 161
012 .024
.108 127
.004 009
089 150
136 161
422 513
941 951
.361 .364
027 .042
41 .145
174 .201
441 622
.149 181
.092 112
A17 134
.008 .019
135 .158
.038 .047
034 .064
019 .050
.025 104
.039 .066
.380 714
029 .043 -
.104 .140
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
23 9.000
123 -9.000
123 9.000
123 9.000
123 9.000
.123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 - 9.000
123 9.000
123 9.000
123 9.000
123 9.000
123 9.000
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MNDYYR

888888
888888
888888
888888
888888
388888
888888
888888
888888
388888
883888
888888
888888
888888
883888
888838
888888
888888

833888
838888
888888
8388883
888888
888888
888888
888888
888888
888888
888888
888888
388888
888888
888888
888888
888888
888838
888888
888388
838888
888883
888888
888838
888888
888888
888888
888883
888888
888888
838888
838888
8888883
888888
888888
888888
888888

2000909

OPQ4

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

123

123
123
123
123
123
123
123
123

.123
172
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FILE NAME: PAGM

*** PROGRAM TO COMPUTE ARITHEMETIC AND GEOMETRIC TP CONC. FOR LOK
PROGRAM PAPC(BS,0 K,51,52 RR,RR2,TAPE1 =85, TAPE2 = OK,TAPE3 =951
S TAPE4 =52, TAPES =RR,TAPEG = RR2)
C FIND AVERAGE TP CONCENTRATION
?lM\E(NSIC))N AM(4),GM(4),UL(4),JN(4),GG(300}.HH(300),MMM(300),
1YY(300 .
C UL - UPPER LIMIT OF CONCENTRATION, ABOVE WHICH BIRD DROPPINGS
C MAYBE DETECTED IN THE SAMPLE
UL(1)=.114
UL{2)=.196
UL(3) =.161
UL(4) =.202
MONTH =10
IYEAR =74
50 DO8JI=14
AM()) =0.
GM()) =1.
8 IN(J)=0
DO20ITP=1,4
10 READ(ITP,15) MN,ND,lY, CC
IF(MN .EQ.99) GO TO 100
15 FORMAT(312,6X,F6.3)
IF(Y .GT. IYEAR) THEN
BACKSPACE TP
GOTO 20
ENDIF
IF(MN .GT. MONTH) THEN
BACKSPACE ITP
GO TO 20
ENDIF
- IF(CC.GT. UL(ITP)) GO TO 10
IF(CC.LT.0.0001) GO TO 10
IN(ITP) = IN(ITP) + 1
FK = JN(ITP)
AM(ITP) = (AM(ITP)*(FK-1) + CCHFK
IF(FK .LE. 1.) THEN
GM(ITP) = CC
GOTO 10
ENDIF

GM(ITP) = ({GM(ITP)**(FK-1.) }*CC )**(1/FK)
GO TO 10

20 CONTINUE
ARM =0,
GOM =1.
STN=Q.
GSTN = 0.
DO 301=1,4
IF(JN(1) .LE. 0) GO TO 30
ARM = ARM + AM(I)
IF(GM(1) .LE. 0.0001) GO TO 30
GSTN=GSTN + 1.
GOM = GOM*GM(1)

’
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30

40
42

STN=STN +1
CONTINUE

IF(STN .LE. 0) GO TO 40
ARM = ARM/STN

GOM = GOM™**(1./GSTN)

WRITE(5,42) MONTH,IYEAR, ARM, GOM, (AM(1),l = 1,4),(GM(J),) = 1.4)

WRITE(*,42) MONTH,IYEAR, ARM, GOM
FORMAT(214,2F8.3, 4F5.3,2X,4F5.3)
MONTH = MONTH + 1

IF(MONTH .GE. 13) THEN

MONTH =1
IYEAR =IYEAR + 1
ENDIF
GO TO S0

CFILL-IN MISSING MONTH

100

120
125

140

150

160
300

REWIND S
DO 120J)=1,300

READ(5,42,END = 125) MMM(J),IYY(J)},GG(}).HH(})

1) =J-1
DO 150J)=1,))

IF(GG(J) .GT. 0.0001) GO TO 150

AB = GG(J-1)

GB = HH({J-1)

DO 140K =J+1,1)

IF{GG(K) .L.T.0.0001) GO TO 140
AF = GG(K)

GF = HH{K)

CONTINUE

GG()) = (AB + AF)/2.

HH(i} = SQRT(GB*GF)
CONTINUE

DO16Q0J=1,1)

WRITE(6,42) MMM(),IYY()), GG(J), HH{)
CONTINUE

STOP

END
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*** DATA FILE NAME: MRTPC (LOK MONTHLY RAINFALL TP CONC).
*** ARMITH. MEAN GEO. MEAN

Arithmetic Geometric Arithmetic Geometric

Month Year Mean Mean Month Year Mean Mean
10 74 028 028 78 034 030
11 74 044 .044 78 055 .017

12 74 .085 058 78 .055 051

78 .084 056

81 .049 028
78 .033 .025

81 . .035 .029

4
5
6
1 75 076 046 7 78 085 072
2 75 102 060 8 78 053 048
3 75 063 022 9 78 036 029
4 75 029 027 10 78 032 028
5 75 059 014 11 78 038 038
6 75 033 025 12 78 065  .065
7 75 056 019 1 79 053 045
8 75 033 023 2 79 025  .020
9 75 035 028 3 79 047 047
10 75 063 047 4 79 069 053
11 75 045 024 5 79 059 036
12 75 189 .189 6 79 051 039
1 76 128 082 7 79 070 063
2 76 098 054 8 79 066 .048
3 76 082 044 9 79 014 012
4 76 047 043 10 79 035 025
5 76 025 025 11 79 031  .030
6 76 036 .033 12 79 038 035
7 76 079 076 9 80 017 .07
8 76  .103 028 2 80 069 .050
9 76 030 .029 3 80  .037 .034
10 76 017 016 4 80 024 021
1 76 089 078 5 80 026 .026
12 76  .028  .028 6 80 037 .022
1 77 057 .052 7 80  .049 040
2 77 062  .043 8 80 055 .0S3
3 77 065  .039 9 80 061 .042
4 77 061  .061 10 80 088 .068
5 77 132 125 11 80 078 .04
6 77 095 076 12 80 074 074
7 77 130 127 1 81 154 148
8 77 043 027 2 81 083 .141
9 77 022 .022 3 81 136  .136
10 77 043 036 4 81 102  .070
11 77 060 .060 5 81 005 .005
12 77 059  .035 6 81 103  .083
1 78 029 .028 7 81 140 073
2 8
3 9
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Year

81
81
81
82
82
82
82
82
82
82
82
82
82
82
82
83
83
83
83
83
83
83
83
83

X

83
83
84
84
84
84
84
84

Arithmetic Geometric

Mean Mean
010 008
.003 002
.040 .023
.080 .080
.075 .069
.033 027
.047 .039
.040 .020
022 013
.091 .087
.097 .055
.054 .030
056 .030
041 .022
054 .028
.050 .028
037 .031
133 21
.100 .066
.093 .068
019 017
034 .027
062 038
059  .032
046 .015
.083 .033
.106 .060
032 .032
.048 .037
069 .044
063 045
007 .006
.065 .046
.078 .062
050 046
057 056
.063 049
.004 004
.060 057
070 .070

112

Arithmetic Geometric

Month Year Mean Mean
2 85 .069 050
3 85 042 .042
4 85 072 .033
5 85 044 .034
6 85 .065 056
7 85 .043 027

- 8 85 .056 027
9 85 .035 013

10 85 .016 016
11 85 .042 .024
12 85 043 026
1 86 .038 0186
2 86 067 .044
3 86 .043 .033
4 86 .055 .034
5 86 .063 .062
. B 86 042 .031
7 86 026 .023
8 86 .058 .040
9 86 028 022
10 86 .036 .031
11 86 .029 .026
12 86 .071 .036
1 87 .052 052
2 87 072 .060
3 87 072 037
4 87 .044 032
5 87 .056 034
6 87 105 .103
7 87 .058 057
8 87 017 .017
9 87 059 .049
10 87 004 .004
1 87 016 .015
12 87 018 .018
1 88 .043 .025
2 88 .041 .041
3 88 .038 .035
4 88 .053 .035
5 88 .036

067
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FILE NAMEL: LPLOAD
*** PROGRAN RPLOAD - COMPUTE MONTHLY TP LOAD TO LOK IN G*10**6

PROGRAM RPLOAD(LOKMRF,MRTPC,LOAD,TAPE1 = LOKMRF,TAPE2 = MRTPC
$ TAPE3 = LOAD)

C
C
C

10
15

17

19

100

’

COMPUTE MONTHLY TP LOAD TO LOK IN G*10**5
AREA OF LOK = 500,000 ACRES
AREA =.5%43560.%(12.¥2.54)**2
SINCE RAINFALL IN INCHES; CONC. IN MG/L
CONST = AREA*2.54/(1000.*1000.)
SAL=0.
SGL=0.
READ(1,15,END =100) M1,iY1, RF
FORMAT(12,2X,12,F6.2)
READ{2,17) M2,1Y2,AM,GM
FORMAT(214,2F8.3)
IF(M1 .NE. M2 .OR.IY1 .NE. Y2 GO TO 100
AL =CONST*RF*AM .
SAL =SAL + AL
GL=CONST*RF*GM
SGL=SGL +GL _
WRITE(3,19) M1,IY1,AL,GL,SAL,SGL
FORMAT(2(4,4F10.2)
WRITE(*,19) M1,1Y1,AL,GL

IF(M1 .EQ. 9) THEN

SAL=0.

- SGL=0.
ENDIF
GOTO 10 -
STOP
END
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FILE NAME: LOKXMRF

6 STATION MEAN

MONTH YEAR  RAINFALL (INCHES)
10 74 1.02
11 74 1.47
12 74 1.04

1 75 34
2 75 2.01
3 75 .95
4 75 1.11
5 75 6.31
6 75 4.89
7 75 7.71
8 75 3.35
9 75 7.06
10 75 2.85
11 75 44
12 75 32
1 76 .30
2 76 1.77
3 76 34
4 76 1.18
5 76 6.73
6 76 5.13
7 76 4.82
8 76 6.77
9 76 3.77
10 76 1.09
1 76 2.28
12 76 1.48
1 77 3.33
2 77 .85
3 77 99
4 77 .55
5 77 4.50
6 77 3.94
7 77 4.33
3 77 6.52
9 77 6.92
10 77 1.60
11 77 5.96
12 77 4.23
1 78 1.97
2 78 1.18
3 78 2.37
4 78 1.55
5 78 5.13
6 78 6.55
7 78 6.64
8 78 5.46
9 78 5.19
10 78 2.74 .
1 78 2.34
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YEAR

78
79
79

.79

79
79
79
79
79
79
79
79
79
80
80
80
80
80
80
80
80
80
80
80
80
81
81
81
81
81
81
81
81
81
81
81
81
82
82
82
82
82
82
82
82
82
82
82
82
83

6 STATION MEAN
RAINFALL (INCHES)

3.51
4.79
A7
1.98
1.80
5.23
1.70
3.10
5.44
12.72
1.55
2.40
1.65
3.28
1.31
. .61
4.05
3.81
3.20
4.72
5.97
5.06
1.13
2.04
.63
.78
1.52
1.14
.19
2.67
3.16
3.94
9.34
3.71
02
1.15
' A0
.48
1.74
6.63
1.81
6.71
7.01
5.50
5.72
5.89
2.28
1.15
.68
3.78
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6 STATION MEAN 6 STATION MEAN

MONTH fEAR  RAINFALL {INCHES) MONTH YEAR  RAINFALL (INCHES)
2 83 8.87 10 85 3.16
3 83 432 1 85 .82
4 83 1.71 12 85 2.55
5 83 2.05 1 86 2.10
6 83 6.81 2 86 1.50
7 83 5.27 3 86 3.70
8 83 4.74 4 86 19
9 83 3.72 5 86 2.04
10 83 6.68 6 86 9.69
1 83 1.22 7 86 6.38
12 . 83 2.72 8 86 ©.01
1 84 .34 9 86 5.19
2 84 3.28 10 86 3.58
3 84 4.49 11 86 - 1.27
4 84 2.75 12 86 4.11
S 84 6.27 1 87 1.12
6 84 4.75 2 87 1.24
7 84 8.38 3 87 458
8 84 3.41 4 87 18
9 84 5.18 5. 87 2.16
10 84 43 6 87 4.69
11 84 3.23 7 87 4.55
12 84 27 8 87 1.90
1 © 85 53 9 87 5.33
2 85 22 10 87 4.78
3 85 2.23 1" 87 6.10
4 85 3.64 12 87 41
5 85 1.99 1 88 1.79
6 85 5.15 2 88 2.40
7 85 5.57 3 88 - 2.77
8 85 3.83 4 88 1.13
9 8 6.46 5 38 2.85
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FILE NAME: LOAD
*EFQUTPUT

*** PLOAD TO LOKING*10**6
*** ESTIMATES FOR 10-1972 TQ 9-1973: ARITHMETIC: 69.79, GEOMETRIC: 38.64
107.04

<
=

b il —t

ol ol ol P e
WOSNOUMAWNSNOUOSNONMAWNCANSCSOWOURSNNOVIAWN AN 000NV ERIWN 2N 20O

10-1973 70 9-1974.

YR
74

74 .

74
75
75
75
75
75
75
75
75
75
75
75
75
76
76
76
76
76
76
76
76
76
76
76
76
77
77
77
77
77
77
77
77
77
77
.77
77
78
78
78
78
78
78
78
78
78

ARITH
1.47
3.32
4.54
1.33

10.54
3.08
1.65

19.13
8.29

22.19
5.68

12.70

101
1.02

CON — 00— W
o RWOWa
DLW — ) —

Ww —

0 0
[+ - RO, I -
h~Jw

5.81

10.43
2.13
9.76
2.71
3.31
1.72

30.53

19.24

28.93

"14.41
7.82
4.03

18.38

12.83
2.94
5.09
4.02
2.7

14.50

18.52

29.01

14.87
9.60

O
v
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58.12
GEOM 12 MONSUM AR. GEOM
1.47 1.47 1.47
3.32 4.79 4.79
3.10 9.34 7.89
.80 10.66 8.70
6.20 21.20 14.89
1.07 24.28 15.97
1.54 25.93 17.51
4.54 45.06 22.05
6.28 53.36 28.33
7.53 75.55 35.86
3.96 81.23 39.82
10.16 93.93 49.98
6.88 10.11 6.88
.54 11.12 7.43
3.1 14.23. 10.54
1.26 16.21 11.80
4.9 25.12 16.71
77 26.55 17.48
2.61 29.40 20.09
8.65 38.05 28.74
8.70 47.54 37.44
18.83 67.11 56.26
9.74 102.95 66.01
5.62 108.76 71.63
90 95 .90
9.14 11.38 10.04
2.13 13.51 12.17
8.90 23.27 21.07
1.88 25.98 22.94
1.98 29.28 24.93
1.72 31.01 26.65
28.91 61.54 55.56
15.39 80.77 70.95
28.26 ,109.70 99.22
9.05 124.11 108.26
7.82 131.94 116.09
2.96 4,03 2.96
18.38 22.41 21.34
7.61 35.23 28.95
2.83 38.17 31.78
3.40 43.27 35.18
3.05 47.29 38.22
2.39 49.99 40.61
4.48 64.49 45.10
17.17 83.01 62.27
24.57 112.02 86.84
13.47 126.89 100.31
7.74 ©136.49 108.04
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GEOM  12MONSUMAR. GEOM
3.94 451 3.94
4.57 9.08 8.51
11.73 20.80 20.24
11.08 33.85 31.32
17 34.07 31.49
4.78 38.85 36.27
4.90 45.23 41.18
9.63 61.09 50.85
3.41 65.55 54.26
10.04 76.70 64.30
13.42 95.15 77.72
7.84 104.31 85.56
1.99 2.79 1.99
3.70 6.61 5.69
2.97 9.83 8.66
2.87 12.70 11.53
3.37 17.35 14.89
1.07 18.51 15.96
4.37 23.50 20.33
5.09 28.59 25.42
3.62 34.68 29.04
9.70 46.56 . 38.74
16.26 63.44 55.00
11.44 79.30 66.45
3.95 5.11 3.95
5.14 13.29 9.09
2.40 15.68 11.48
5.93 21.86 17.42.
11.01 28.34 28.43
7.97 36.31 36.40
68 37.31 37.08
69 37.99 37.77
13.48 54.72 51.25
14.78 83.07 66.03
13.44 106.59 79.47
5.53 113.27 85.00
25 32 25
12 50 37
A2 70 49
1.97 2.68 2.46
6.17 9.38 8.64
9.20 20.63 17.84
3.63 25.00 21.46
6.90 38.79 28.36
4.68 46.72 33.04
24.59 72.44 57.64
16.17 100.96 . 73.81
9.08 117.31 82.89
3.52 6.56 3.52
1.30 8.99 4.82
.98 10.87 5.79
5.44 20.59 11.23
12.13 37.45 25.37
26.87 66.98 52.23



<
<

ot —
OONOITNHEWN=SN=OW WL

T R S
- D) s O

b ad - :
WoOoONOWMAWN-2N=20WR~NOWVIAWN

Uy
- )

—
VOOSNGOUMTAWN=N

GEOM  12MONSUMAR. GEOM
5.80 75.77 58.03
7.16 85.57 65.20
5.95 92.22 71.15
7.31 101.43 78.46
9.26 116.53 87.72
6.12 127.81 93.83
5.15 15.79 5.15
2.07 21.00 7.22
8.39 35.82 15.61

.56 36.37 16.17
6.24 44.47 22.40
10.15 60.39 32.56
6.36 69.29 38.92
1.93 71.55 40.85
11.23 87.42 52.08
26.70 121.01 78.78
8.06 129.77 86.84
14.91 144.95 101.75
1.08 1.39 1.08
.66 2.06 1.75
79 2.89 2.54
1.91 4.80 4.44
.57 5.58 5.01
4.81 10.39 9.82
6.17 23.86 16.00
3.48 28.36 19.47
14.82 45.56 34.30
7.73 57.87 42.03
5.31 68.90 47.34
4.32 80.52 51.66
2.60 2.60 2.60
1.01 4.37 3.61
3.41 10.00 7.02
1.73 14.11 8.74
3.39 19.27 12.14
6.28 27.45 18.41
33 27.98 18.74
6.50 34.59 25.24
15.44 55.51 40.68
7.54 64.03 48.22
12.36 81.95 60.58
5.87 89.42 66.45
5.70 6.62 5.70
1.70 8.52 7.40
7.60 23.51 15.01
2.99 26.51 18.00
3.82 31.10 21.82
8.71 48.04 30.53
.30 48.45 30.83
3.77 54.67 34.60
24.83 79.98 59.43
13.33 93.54 72.76
1.66 95.20 74.42
13.42 111.36 87.84
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.98
5.02
.38
4.62
4.99
6.17
2.61
16.80
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GEOM 12MONSUM AR.  GEOM
.98 .98 98
4.70 6.00 5.69
.38 6.38 6.06
2.69 11.00 8.75
4.99 15.99 13.74
5.68 22.16 19.43
1.73 1 24.78 21.16
9.03 41.58 30.18



FILE NAME: YAVE

*** PROGRAM YAVE - TO COMPUTE AVERAGE YEARLY PHOSPHATE LOADING
PROGRAM YAVE(LOAD,LPYA, TAPE1 = LOAD, TAPE2 = LPYA)

C

C
20
30
35

C
50
60

C

C

C

C

65
66

COMPUTE YEARLY LAKE OKE PHOSPHERQUS LOADING
DIMENSION AM(15),GM(15)

K=1

DO30!=111
READ(1,35,END =50) CC
FORMAT(28X,2F10.2)
READ(1,35) AM({K),GM(K)
WRITE(*,35) AM(K),GM(K)
K=K+ 1

GOTO 20

KT =K-1

SAM =0.

SGM =0.

DOGOK=1,KT

SAM = SAM + AM(K) ,

SGM = SGM + GM(K) : :

RAINFALLIN THE LAKE IS THOUGHT TO BE LESS THAN ARQUND THE LAKE
AND LAKE ITSELF DOES NOT GENERATE P INTO THE AIR, A CORRECTION
FACTOR OF 0.81S APPLIED

ALSO CONVERT METRIC TONNES TO ENGLISH TONS

SAM =SAM/FLOAT(KT)*0.8*1.1

SGM = SGM/FLOAT(KT)}*0.8*1.1

WRITE(*,65) SGM

WRITE(2,65) SGM

WRITE(*,66) SAM

WRITE(2,66) SAM

FORMAT(' YEARLY MEAN, GEOMETRIC = ',F8.2)

FORMAT(' YEARLY MEAN, ARITHMETIC = ',F8.2)

STOP

END
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$-65

Ouring the 168-month period from june 73 to September 87 there
are two months in which there is not a proximate measurement of

phosphorus concentration (Flag = 'C") for loading calculations
(Table 13).

Loads at S-65 for periods of missing flow or phosphorus data were
estimated as follows:

~a. For months with measured flow, but no proximate phosphorus

measurement (Flag = 'C'), the flow-weighted phosphorus
concentration was estimated as:

TP(mg/L) = .04110

This conversion factor was derived by regression of actual
flow-weighted TP on actual daily mean cfs {(monthly scale) for
the period of record (df = 1/128,r = 0.05, P = 0.57, Standard
Error of conversion factor = 0.0024).

TP loads for this situation (Flag = 'C') were calculated by
multiplying the estimate of flow-weighted concentration by the
monthly flow to yield an estimated monthly load. When this
procedure is applied to the period of record for which FLOW

- AND CHEMISTRY are actually measured, the estimated loads
prove to be a good approximation to the calculated ioads
(average estimate = 95 percent of calculated load, correlation
between estimated and calculated load = 0.92).

b. For months in which phosphorus data were available but flow

data were estimated (Flag = 'Q"), the measured TP concentration
was converted to a flow-weighted concentration and then
multiplied by the estimated flow for the month. The conversion
to flow-weighted concentration was based on the regression
relationship:

TP (flow-wt mg/L) = 0.001994 + 0.95319*TP (grab sample mg/L)

This relationship was based on regression of flow-weighted TP
on grab-sample TP for the $-65 period of record for which both
flow and TP were actualg measured (df = 1,128, r = 0.98,
P = 0.00001, Standard Errors: Intercept= 0.000799,
slope = 0.01695). :

The estimate of annual average TP load for 5-65 over the 14 -year
period of record is not sensitive to the inclusion of estimated
flow and phosphorus data. Using only actual data (Flags = blank
or 'E'), the annual average load (?NY 74-87) for 5-65 is 29.3 metric
tonnes (32.3 tons), if estimated data are included, the annual
average load is 30.0 metric tonnes (33.0 tons/yr, vs 33.1 reported
in the SWIM plan). The difference between measured and
measured-plus-estimated load is about 2 percent the average
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25.

annual load from this structure and less than 0.1 percent of the
total uncontrollable load to the lake.

5-68

The flow record for $-68 is complete for the October 1972 -
September 1987 period (annual average = 153,541 ac/ft). There
were no measurements of total phosphorus at 5-68 for the period
October 1, 1973 to September 30, 1987 and loads for this site were
calculated using a constant value for total phosphorus of 0.030 ma/L
(6.25 tons/year) This value for total phosphorus was based on the

average of 12 monthly samples collected by District from February
1988 to February 1989.

The load from S-68 is considered uncontrollable, and must be
subtracted from the measured loads entering the lake at
downstream structures. The flow from $-68 divides into three
branches enroute to thelake, and the total flow and load from 5-68
must be partitioned among these three branches.

This partitioning was accomplished as follows {method
recommended by Water Resources Division):

a. The total flow from $-68 is first partitioned between $-82 and
5-83. Average daily flows for the period of record at these two
structures are about equal (5-82 = 110 cfs, 5-83 = 122 cfs) and so
half of the 5-68 discharge is allocated to each branch.

b. There are no additional branches below 5-83, and 5-84 is
allocated haif (0.50) of the $-68 discharge and load.

¢. The remaining half of the $-68 discharge and load is partitioned

between S-71 and $-72 based on the relative daily mean flows at

- §-70 and S-75 for the period of record (5-70 =130 cfs,

$-75=44 cfs). S-71 is allocated 3/8 (.375) of the total $-68

discharge and load, and $-72 is allocated the
remaining 1/8th (.125). :

d. These ailocations of the $-68 discharge and load are then
subtracted from the total discharge and loads measured and,
calculated for §-71,5-72, and S-84.
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26.

Total Discharge and Load (Uncorrected for 5-68)
Annual Average for 73-87 Water Years

P TP Flow
AdR (Tonns/yr) Covr:/cet;g?rgetciion
S-71 149,874 50.0 0.246
$-72 26,164 | 8.0 1 0.225
s-84 109,762 11.1 0.074

5-68 Discharge and Load Allocations Annual
Average for 73-87 Water Years

TP TP Flow

D L P
s-71 | 57,578 2.3 N/A
5-72 19,193 8 N/A
5-84 76,770 3.1 N/A

Discharge and Load (Corrected for S-68) Annual
Average for 73-87 Water Years -

. TP TP Flow

AdFt (Tonns/yr) Covr\t,ce;g?rget‘ijon
5-71 92,296 47.7 0.380
5-72 6,971 7.2 0.760
-84 32,992 8.0 ~0.178

HGSS Inflow Loading Calculations

The data for HGSS inflow are complete except for a gap from
January to September 1974. During this period, the lake was above
elevation 11.5 except for a two-month period from May 8 to
June 25. Atlake stages above 11.5, water cannot be discharged into
the lake through HGSS, and the foading.calculations assume that
during the dry period between May 8 and June 25, inflows through
HGS5 were negligible.
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28.

Although there are gaps in the phosphorus data, none of these
occur auring periods of HGSS flow into the lake, and thus NO
phosphorus concentrations were estimated for this site.

$-77 Inflow Loading Calculations

The flow recards for S-77 are complete for the period October 1973
to September 1987. There are no periods of $-77 inflow to Lake
Okeechobee that are not represented by actual phosphorus
concentration measurements. No estimates were used in the
calcuiation of 5-77 inflow loadings to the lake.

Culvert 10A

Culvert 10A (L-8 Canal) is a minor controilable inflow to Lake
Okeechobee, and flow at this structure has been monitored by the
USGS since 1976. The flow record is fragmented (Table 2) with two
major gapsin 1985 and 1986. Total phosphorus measurements have
been made at Culvert 10A since 1982, but routine (bi-weekly)
samples have only been taken since April 1987. :

Because of the limited data available for this minor infiow, the
annual average phosphorus load was calculated from averaged flow
and concentration data. Annual average inflow to the lake at
Culvert 10A for the period 10/01/76 through 09/30/87 was calculated
(35.05 cfs/day x 365 days/yr x 1.9836 ac-ft/cfs-day = 25,377, ac-ftiyr)
and then multiplied by the average inflow concentration of total
phosphorus (discharge codes 1 and 2, 0.096 mg/L) for the period
May 4, 1982 through October 11, 1988. "The result is an

uncontroilable inflow load of 3.4 tonsyr. (4.6 tons/yr was estimated
in the SWIM plan). .

124 6/21/89

e

PRy POREFTy [

.”-‘uﬂ



E. ASSIMILATIVE COEFFICIENT CALCULATED

T e ——— =

1.

Discussion

The ability of wetland systems to absorb and retain phosphorus is critical to
the management of the basins contributing to Lake Okeechobee, Wetland
systems; depressions, marshes, and swamps (herein referred to as
wetlands) and ditches, channels, and ditched wetlands (herein referred to
as channels) compose the flowpaths through which phosphorus is
transported to the lake. The assimilative capacity of wetlands for
phosphorus refers to the ability of the components of the wetland system
to remove and retain phosphorus from the water column. Although
wetland systems have been reported to assimilate a large mass of P for
short periods and then later release some phosphorus, this analysis
describes the net, long-term assimilative capacity. The long-term
assimilation is an average behavior that will vary year-to-year. There were
two basic approaches evaluated in calculating an assimilative coefficient: a
basin-wide average assimilation and a site-specific assimilation. The basin.
wide average approach was employed in the SWIM plan because the site-
specific approach would of introduced inequities among the same industry
within the same basin. The basin-wide average approach relies upon the
relatively poorer quality of water being discharged close to the lake being
diluted over the course of a year by the good quality of water coming from
the upstream areas.

Estimates of phosphorus assimilation rates have been calculated for basins
dr'aining- mineral soils, but insufficient scientific data are available for
estimating phosphorus assimilation in canals and wetlands draining muck
_soils, ?enerally found south of the lake. If and when sufficient,
scientifically-reliabie data become available for estimating phosphorus
assimilation in canals and wetlands draining muck soils, an assimilation

coefficient will be developed and incorporated into future revisions of the
SWIM plan. :

2. Methodology

The calculation of the assimilative capacity for specific sites is a two-fold
process. First the assimilative nature of the wetland systems must be
evaluated. In terms of total phosphorus in solution this means the
calculation of an assimilation coefficient "a” for depressional wetlands
and channels. The next step is to determine the length of flow path from
the selected site to the Lake or other rec-eivi.n? body. The flow path is
partitioned into wetland length and channel Tength. The assimilation
coefficient "A" is calculated for each type and summed.

The ability of wetland systems to assimiiate phosphorus differs due to
variations.in the bioiogical, chemical, and physical character of each
wetland. In this analysis wetland systems have been split into two main
categories depressional wetlands and channels. The depressional wetlands
are recognized primarily by the accumulation of organic muck in the
sedimant. These wetlands may be further characterized as swamps or
marshes. Channel wetlands refer to ditches such as farm drainage ditches,
and canals such as the channelized portion of Taylor Creek. The channels
are generally sand bottom, characteristic of conveyance systems. They may
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be over-grown and may have a significant floodplain that may become
important during storm events. Although the assimilative capacity of

these varied systems may be unique, these two categories provide a
practical means to distinguish wetland systems.

Biological Mechanisms of Assimilation

Several processes account for phosphorus assimiiation in wetland and
channel systems. These include uptake and retention by plants and
microbes, and adsorption onto organic and inorganic materials in
streambeds and floodplains. The importance of each of these processes
depends on that physicai character of the wetland. The physical
character determines the retention time for water and solutes, the type

of bed sediments and the degree of interaction with floodplain
vegetation,

The most important characteristic is the degree of channelization. In
general un-channelized, depressional wetiands accumulate organic
sediment. Qrganic matter may accumulate from incoming sediment or
formed in place from vegetative detritus. Channels are designed to be
conveyance structures for efficient drainage of upland areas. These
systems do not accumulate organic sediments. The inerganic bed
sediments in this area are both sand and clay materials. The ditch sides
often expose subsurface spodic horizons. The depressional wetlands
generally contain stands of woody vegetation and aquatic

- macrophytes. The channelized systems may have vegetated banks and

floodplains that interact with the water and solutes during storm
events. In un-maintained systems the channelized ditches will be
overgrown in time increasing the assimilative capacity.

Biologic growth has three effects on the assimilative capacity. First,
phosphorus uptake and retention in permanent biomass by woody
plants is an important but minor component of P assimilation. The
component may account for 5 to 10 percent of the P assimilation. A
second effect is the accumulation of vegetative detritus. Plant uptake
and litter fall is an important component of P assimilation. Although
this vegetative uptake is only a short term phenomena, the retention of
the litter P as it decomposes represents a large accumulation of P. It has
been reported that 50 percent of litter P remains in the accumulated
detritus (Rosendahl, 1976). This phosphorus was highly resistant to
further release.” In wetland systems where this sediment can
accumulate net P assimilation is greater. Finally, the accumulated
organic sediment provides an additional source of assimilative capacity.
The organic acids in the sediment provide sorption sites for chemical
bonding of phosphorus.

Chemical Mechanisms of Assimilation

The primary mechanism for phosphorus retention is sorption and
precipitation in wetland sediments. The diagram in Figure 14 illustrates
the transport and transformations of phosphorus in these wetland
systems. Phosphorus in the water column occurs in the form of
ortho-phosphorus and reactable-organic phosphorus. The phosphorus
molecuie is highly reactive in natural systems and generally does not
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Figure 14. Schematic of Phosphorus Transformations
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occur in high concentrations. It rarely occurs in the ortho-form. More
commonly it occurs in an organic form either as free arganic molecules
or in living tissue. This source of phosphorus is digestible under acid
treatment such with the colorimetric determination of SRP (Minear et
al., 1985). Two types of soluble unreactive phosphorus (SUP) have been
reported in the water column (Heath, 1985). A high molecular weight
material that released P following irradiation with sunlight, similar to
the photoreduction of ferric ions associated with those compounds.
Those compounds were found to behave the same as humic acids in
anion-exchange chromatography. These materials are often associated
with long-term retention.” The second class of SUP are

phosphomonoesters (PME) that release P through hydrolytic action of
phosphatases.

Soluble P may be assimilated by aquatic macrophytes, periphyton, or
adsorbed onto organic and inorganic bed sediments. Phosphorus may
also be deposited as organic detritus. As discussed above, detrital
accumutation occurs primarily on the floodplain. Phosphorus released
from detritus -ma?!l enter the stream water column or enter interstitual
water where further reactions with sediments occur.

A potentially important pathway of P transport from the water column
into the seJiment is through periphyton. Microbes growing on the
sediment surface may assimilate a large amount of P and release the P
into the sediment as well as water. Phosphorus may be forced into the
sediments where further sorption occurs (Brown et al., 1978).

From the sediment-water interface P diffuses into sediment pores
where additional sorption occurs. Phosphorus diffusion occurring due
to a concentration gradient may be downward where stream
concentration exceed the equilibrium phosphaorus concentration (EPC)
of the sediment or upward ?rom sediments super-saturated with P. In
the sediment P is sorbed to organic and inorganic materials. The P
sorption may occur as a physical sorption based on charge imbalances
on particle surfaces with is referred to as physical adsorption. Sorption
may also occur as -Ii%a-nd exchange with hydroxyl groups on organic or
inorganic surfaces (Figure 15). The mineral materials consist of Al and
Fe oxides and hydroxides. In this region they occur primarily as surface
coatings on sand grains called sesquioxides. These coatings are poorly
organized structures that are constructed by bridged metal-oxygen
bonds. Phosphorus sorption consists of electrostatic and ligand
exchange with OH groups on the surface (Figure 15). The electrostatic
sorption is dependent on the pH of the water column, where more
bonding occurs at lower pH, and the conductivity of the water. Once
adsorbed to the surface P molecules are not static. They interact with
surrounding molecules often forming more stable bonds. The end
result is that the P molecules become part of the surface and a new
surface is formed attracting additional P.

Ligand exchange occurs on humic and fulvic acid surfaces as well as iron
and aluminum oxide and hydroxide surfaces. if the stream waters or
sediments provide a source of Iron (Fe) or Aluminum (Al) ions, ligand
exchange may be followed by additional adsorption of Fe and Al
followed by additional P. This results in the generation of layers of Al-P
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and fe-P on the sediment particles. The P in these particles slowly
becomes less available to sediment pore water dissolution. Over time
the P may become part of a P mineral that is highly insoluble. This
process is the transformation from labile P to a non-labile form of P
(Figure 15).

The P in the pore water is in a state of near e uilibrium, dynamic
equilibrium, with the mineral components of the bed sediments. The
phase diagram presents the conditions under which the solid phase of a
mineral or the dissolved components are favored (Figure 16). In the
figure, the solid phase is indicated by the region of hatching. When
concentration of the constituent ions, Al, Fe, and Ca exceed
concentrations of 10 to 20 mg |-! P the formation of the mineral
solid-phase is preferred (Stumm and Morgan, 1970). Consequently in
the tributaries of LKR and TC/NS where the pH range is 6.0- 7.5 and the
concentration of Ca2 + is approximately 20 - 30 mq I the formation of
apatite is favored. In the pore water P may diffuse toward the water
column if surface water concentrations are less than interstitial
concentrations.

SKers and Iskandar (1981) reported in their review of phosphorus
chemistry in soil that 21.7 mg Kg-' can be adsorbed by hydrous ferric
oxide gel from a solution of 3.Tmg P I in the pH range 5.0 to 7.7.
Similarly 0.4 mg Kg-1 can be adsorbed by amorphous aluminum
hydroxide from a solution of 3.8 mg P I-1. However, the aluminum
hydroxide was active at a lower pH (4-5). Generally P sorption is

~decreased in the range of pH from 5 to 8. This is due to several factors

which are not clearly understood. Competition for chemical binding
sites on Al and Fe by OH and small molecular-weight organic acids may
decrease the sorption of P. Further, Al is precipitated and the number
of sites is reduced.

This process is dependent on the avaitability of Al, Fe, and Ca ions.
Although abundant in the upland subsoils the abundance of Al in the
streams has not been quantified. Total ion occurs in the range 0.1 to
1.0 mg I-1 (District, unpublished data, 1985). It appears likely that
sufficient Al and Fe are available for increased sarption of P. However
in the pH range of the water occurring in the basin it is more likely that
Ca-P compounds are formed. Approximately, calcium enters the
waterways at twice the mass loading of phosphorus from dairy sites.
Phosphorus may also sorb to organic molecules formed during
decomposition of the organic detritus. These molecules, humic and

- fulvic acids, have a large affinity of phosphorus based on the presence

of acids groups in their structure. Significant amounts of P may be
sorbed to the surface and retained as part of the overall structure. If
the detritus continues to accumulate a significant mass of P will be
permanently stored.

Phesphorus changes slowly from a sorbed form that is in
quasi-equilibrium with the interstitial pore-water to more resistant
compounds. With time under stable conditions the compounds will
form crystalline or occiuded P minerals that are highly resistant to P
refease. PhosEhorus in that form will not likely be re-released
following the change in fand use from dairy to pasture.
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¢. Factors Affecting Assimilation of Phosphorus

1. Phdsphorus Assimilation Kinetics

Phosphorus assimilation kinetics are another area of concern in the
estimation of the assimilation capacity of the wetlands and
channels. It is necessary to evaluate the effect of retention time on
the assimilation processes. Phosphorus assimilation can be
separated into rapid and slow changes. The rapid processes are
almost instantaneous and can be described as equilibrium. The
initial adsorption of phosphorus onto sediments and some
assimilation processes by periphyton are rapid. The SRP in the water
column generally is in equilibrium with phosphorus that is physically
absorbed to exposed sediment surfaces. At low stream velocity and
shallow flow characteristic of these basins, instantaneous
absorption is controlled by the concentration gradient between the
water column and the sediment. Except for very high flow
conditions, stream velocity rarely limits this exchange. This will
occur only in clean ditched tributaries.

Phosphorus assimilation by chemical reaction can best be described
by rapid first order kinetics. Millward et al., (1985) reported that P
removal by Fe3 +-derived precipitates was a first order rate reaction.
The values of the rate coefficient varied from 0.11 min-! at 2¢ C and
pH=7.9 to 0.02 min-1 at 150 C and pH =7.3. The reaction rate was
found to be related to pH, log k = 9.2 - 0.64pH. The half-life on
fresh Fe(tll) and Fe(ll) was < 1 min. and < 20 min. on aged Fe(ll)
precipitates. The rate of reaction for P on iron sediments is very fast
and comparable to the residence time of the water in these stream
reaches. It has been reported that phosphorus uptake in natural
fresh water systems behaves according to first order kinetics Heath
(1985). This is apparently true of both phasphorus limited and
phosphorus sufficient systems. Heath found that phosphorus
assimilation was partitioned into two main components: Active
biolegical uptake, and passive inarganic sorption onto sediment.

Somponge (1981) investigated the kinetics of phosphorus sorption
on three native soils characteristic of stream sediments in the

Okeechobee basin. The sorption rates estimated as first order
reactions:

Basinger fine sand 0.0366 day-!
. Placid fine sand 0.081 day-!
Samsula Muck 0.0285 day-!

These values indicate that it would reguire 23 to 66 days for the
phosphorus concentration to be reduced from 1.2 mg -1 to
0.18 mg I-1. That residence time could be achieved by ponding or
slow flow through the wetlands to the Lake. In the case of slow
flow, the average discharge in the tributaries of LXR and TC/NS
varies from 1to 15 cfs. In these creeks the residence time ranges
from 1to 7 days. The retention time in the L-63 canal is one to two
weeks if plug flow occurs. If there is incomplete mixing of inflow
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-sufficient evidence to indicate that

water the residence time may be substantially greater for a large
portion of the phosphorus. Atlow fiow, the travel time through the
stream channels and canals is approximately three weeks. This
provides a reasonable amount of time for phasphorus sarption in a
native watershed. In these watersheds, where additional material;
calcium, iron and organic matter, are loaded to the system with
phosphorus, this is a conservative estimate of sorption kinetics.
During high flow a large portion of the flow wiil occur in the
floodplain where flow will decrease and sorption will increase.

The analysis based on these rate constants only accounts for
phosphorus sorption onto soil materials. This does not account for
microbial uptake or other assimilation processes. From this analysis
it is reasonable that there is sufficient reaction time for sorption to
occur on the bed sediments. The reaction rates of phosphorus with

- specific soil materials such as Fe- and Al-oxides indicate that a large

amount of phosphorus is assimilated very quickly. There is also

! - r phosphorus uptake by
p:nghyton is sufficiently rapid at the average flow rates occurring in
the basin. _

. Environmental Factors

Assimilation depends on the substrate characteristics, phosphorus
concentration in the water column, and electrolyte composition of
the discharge waters. The greater the availability of metal ions, Al,
Fe, Ca, the greater the adsorptive capacity of the system. The metal
ions may be supplied by the sediments, ad#acent upland soils
through erosion, or supplied with barn washoff. in particular high
concentrations of Ca may be found in barn washoff due to the high
content of Ca in dairy feed. The additions of the ions increases the
capacity of the sediments with time such that the labile and
non-labile P pools will grow.

The electrolytic properties of the stream water such as pH, Eh, and
conductivity affect the so?tive capacity of the sediments. The pH of
the water column and the bed sediments determine the
predominant assimilation chemistry. At low pH (4.5-5.5) the
accumulation of Fe- and Al- phosﬁhates isdominant. The uptake by
microbes is small. AtpH 6.5-7.5 the accumulation of Ca-phosphates
is favored although sorption onto Fe-oxides is stil! great and
microbial growth and assimilation is greatly increased. The effect of
Eh, redox potential is mixed. At Tow Eh, reducing conditions,

- greater P is adsorbed at high P concentrations while the reverse is

true at low TP concentrations (Somponge, 1981). The accumulation
of P is increased in some soils following wetting and drying cycles.
Durin? the wet period ferric iron is reduced and becomes highly
soluble. As the iron re-oxidizes during the dry period Fe-P
compounds are formed. Depending on the character of the mineral
soils, the Fe-P may become unavailable for release following
re-wetting.

The hydraulic character of the wetland systems also has an
important impact on assimilation, the flow pattern determines
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distribution and retention time of phosphorus. At low stage flow is
probabiy confined to a small channel with minerai bed sediment. At
higher stage the flow path may include a substantial floodplain
(Figure 17). In the floodplain velocity decreases and the reaction
time isgreatly increased. The degree of interaction depends on the
size and location of the floodplain. Ditching may reduce the degree
of floodplain interaction. Often the major release of phosphorus
occurs during storm events that increase the stage and the
interaction with the floodplain.

. Management Factors

The management of the wetland systems greatly effects the

assimilative capacity for phosphorus. "Any activity that enhances.

flow across the floodplain increases the likelihood of P sorption and
retention. Phosphorus may be trapped as organic sediment,
assimilated by periphyton and macrophytes, or sorbed by sediments.
The increased retention time due to reduced flow rates and
infiltration of ponded water greatly increased assimilation.
Harvesting wetland vegetation mechanically or by flash-grazing
provides a means of re ucing the standing crop of phosphorus and
increasing long term assimilation. In general any activity that
increases the retention time will improve assimilation. Although
increased retention time appears to reduce the flood protection,
these activities are not necessarily contradictory. Improved
management of the upland pastures may also improve wetland
assimilation of P. Liming soils and thus increasing runoff
concentration of caicium should increase the potential for P
assimilation.

. Experimental Evidence for P Assimilation

Experimentai evidence for P assimilation in bed sediments exists for
two wetlands in the Lower Kissimmee River basin. The 25 ac.
wetland receiving discharge from W.F. Rucks Dairy and the 5 ac.
wetland receiving discharge from Dry Lake 1 & 2 Dairies have been
intensively surveyed by University of Florida researchers under
contract to the District (Reddy et al.,1989). A series of sediment
samples have been collected from each site and various phosphorus
fractions extracted to determine the partitioning of phosphorus at
each site. The results indicate that approximately 50 percent of the
P content of these soils are highly resistant to release.

" The research team has also investigated the decomposition and

release of P from various plant tissue. Samples of plant litter and
herbaceous tissue were placed in litter bags and the decomposition
was monitored with time. The plant tissue decomposed quickly.
Only 20 to 60 percent of the dry matter was still present after
8 weeks in the marsh. The degree of decompaosition depended on
the plant species and the wetland location. In the same period only
2 percent of the litter decomposed further. Aithough fresh plant
material decomposes quickly and releases P, plant litter is much

more highly resistant to decomposition and leaching loss of
phosphorus.
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3. Estimation of Phosphorus Assimilation

6/21/89

The analysis of the assimilative coefficients is separated into two phases,
evaluation of the process and estimation of the coefficients. First the
phosphorus assimilation coefficients are calculated for the wetland
sr‘stems occurring in a given basin. Then the linear length of flow-paths
through those wetlands are estimated from maps and MarkHurd aerial
imagery for the basin. The assimilation coefficient is calculated as a
length-weighted sum of the assimilative coefficients for each component
wetland. In this section the analysis of phosphorus assimilation will be
presented. In the following section, Application, the estimation of the
assimilative coefficients for each basin will be described. Genera|
discussion on the basin-wide application of assimilative coefficients will be
presented in the last section. .

a. Mathematical Description of Assimilation

Assimilation of phosphorus by wetlands was determined by evaluating
the phosphorus retention in different wetland systems in the Lower
Kissimmee River. The data for these calculations were taken from
several different District studies (Federico et al., 1978; Goldstein, 1986;
Davis, 1982; Ritter and Flaig, 1986; Ritter and Allen, 1982; and
unpublished District data).” These studies cover the range of
phosphorus concentrations that are reasonable for those expected in
. Okeechobee County. These data were selected where input and output
data for ﬁhosﬁhorus were available for a section of wetland. In some
studies phosphorus loads and concentration data were available. in the
remainder only TP concentration data were used. In particular, the
analysis of channels is limited in this respect relative to swamps and
marshes. Historically more effort has been made to evaluate the net
uptake of phosphorus by wetland systems whereas little effort has

been made to determine the assimilative capacity of ditches, canals,
and streams.

Phosphorus retention was evaluated by simple.loss of P from the water
column. Plant uptake, sediment adsorption and precipitation, or other
retention mechanisms were grouped together. Sites were selected
where single inflows and outflows were involved and lateral inputs
were minor. In this way the impact of dilution was minimized.

The evaluation of phosphorus retention with distance through the

wetland followed a first order process. The output concentration was a
function of the input concentration reduced by an exponential factor.

Co=Cexp-(aX)
where:

Co - downstream [TP] (mgqg I-1)
C; - upstream [TP] (mgq |-1

a - assimilation coefticient (m-1)
X -length of wetland (m)

This relationship was used to effectively route phospharus through
wetland areas of the Taylor Creek/ Nubbin Slough basin (Bottcher et al.,
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1986). It has also been used to model retention of phosphorus in other
systems (Kadlec and Hammer, 1982). This model was verified with TP
data from Boney Marsh, Higlands Co. FI (Davis, 1982). For data from
Boney Marsh TP data were coilected at several points along a 1640 m
wetland. The input concentration decreased from 0.042 mqg -1 t0 0.015
mg I-! at 1310 m. The concentrations remain constant through the
remainder of the wetland. The exponential function fit the decrease in
concentration well, correlation coefficient r2 = 0.92. The assimilation
coefficient was calculated to be 0.00063 m-1 (.97 mi-1). This relationship
was applied to other systems by solving the following equation:

a=1XIn{Cu/C ]

Based on a comparison of other sites (Table 15) results indicate that a

value of 0.0004 m-! (0.64 mi-1) is a reasonable, conservative estimate for
wetland assimilation.

It was assumed that an exponential decrease in concentration occurred
at other sites since only two sample points are available for most
wetland sections. At Boney Marsh there is an apparent build up of
organic sediments at the inflow decreasing toward the discharge point.
If these sediments are responsible for P retention, then the location of
sediments at other locations is key to evaluating P retention. Since the
location, quantity, and content of sediments have not been reported
for other sites, an exponential decrease downstream is adopted. Thisis

-a reasonable approach that accounts for site to site variability.

In some wetland systems (Kadlec and Hammer, 1978) it has been
reported that the build up of sediment and phosphorus has an upper
limit. As the limit is reached, phosphorus sorption downstream
becomes more important. It seems reasonabie from those studies to
conclude that once the wetland is saturated, phosphorus elusion will
occur. However, in those systems chemical reaction rates and
particularly decomposition of organic detritus are much slower than in
south Florida. In south Florida wetlands phosphorus reacts to form
non-labile sediments more quickly and the decomposition may provide
a greater number of reaction sites. As long as sediments can
accumulate in these wetlands, the annual retention capacity will not
substantially decrease.

. Reviewof Wetland Phosphorus Uptake

A summa? of phosphorus assimilation in wetlands is presented in
Table 16. This table shows the average annual retention of phosphorus
for various wetlands in south Florida. Phosphorus uptake is determined
on a per area basis to provide a measure and range of the assimilative
capacity for different wetland systems. The flow-weighted, average-
annual, total phosphorus concentration is provided to show that
assimilation occurs over a range of concentrations. From this table it
appears that there is a wide range of assimilative capacities.

However, three of the data require further explanation. The

Armstrong S’iough data is an average of three years of data (Table 15).
During the third year the Slough was a net exporter of phosphorus.
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Table 15. Wetland Phospharus Assimilation Summary

Average Annual Average ﬁ

Site Period P Uptake Annual {TP] |

g/méfyr mg/L '
Ash Sloeugh 1979-81 2.5 0.93
1980* 0.79 0.77
Armstrong Slough 1979-81 5.1 0.12
Chandler Slough 1975 0.73 0.28
1976 3.6 0.35

Boney Marsh 1978 0.42 0.041 |

This may indicate that the value of 5.1 g/m2 is not sustainable in
steady-state. The phosphorus uptake at Ash Slough over the same
three year period was apparently 2.5 g/m2 per year. There was no
discharge during a prolonged period such that the wetland was not a
flowing system but rather a receiving water body. in that condition,
the average annual uptake may be artificiall¥ high. ‘Goldstein (1988)
analyzed the wetland phosphorus retention for five storms that were
spaced over a period of a year (Table 16). These data were used to
evaluate the assimilative capacity of the wetland. For these data the
average-annual, flow-weighted concentration was 0.77 mg I-! and the

- phosphorus retention was approximately 0.79 g/m2. At the Chandler
‘Slough site very different phosphorus retention rates were calculated

for twog;ea-rs (Federico et ai., 1978). In 1975 water quality data was
coilected periodically for the entire year. in 1976 the spring flush of

- nutrients which accompanies the first major runoff event foliowing the

dry season was not sampied. Consequently the phosphorus retention
was probably over estimated. A reasonableinterpretation of data from
these three sites indicates that 4 - 8 kg P ha-1 yr-! are retained in these
wetlands. Although more phosphorus may be assimilated during dry
periods or as a result of high loads, the stream systems are net sinks for
phosphorus over a range of inflow concentrations.

This estimate of assimilative capacity is low compared to other wetland
systems. Richardson and Davis (1987) reviewed several wetlands and
concluded that.net assimilation of 20 - 40 kg P ha-1 yr-1 was reasonable
for many systems. Some wetland systems in Florida loaded with
municipal wastewater have assimilated 40 kg P ha-1 yr-1 Dierberg and
Brezonik (1978). One explanation for the difference is the lack of even
distribution of phosphorus in the Chandler, Armstrong, and Ash
wetlands. In these wetlands most of the flow was proba bly conducted
down the primary channel and little of the floodplain was affected.

Con?equently the actual area involved may have been less than haif the
total.

. Review of Water Quality Monitoring Data

The analysis of phosphorus assimilation was conducted on selected sites
in the Lower Kissimmee River basin where upstream and downstream
monitoring samples were collected. The sites were selected where

138

s Toi

Wil

o

frors



Table 16. Wetland Assimilation of Phosphorus

Totai P :
Event | Load | Export | Retained Concen-| Runoff |Retention |
tration
AshSlough | 1 283 167 116 1.83 | 154 1.43
2 87 15 72 096 | 91 .89
3 18 14 -4 0.07 232 .05
4 294 210 43 1.41 209 .53
5 195 112 83 0.43 452 1.02
Ave, 877 103 63.6 0.77 .79
Year kg/ha | kg/ha| kgha | mg/] 108m? g/m3lyr
Ash 79 563 317 246
80 7.3 0 7.3
81 488 322 166
Ave. 0.93 2.5
| Armstrong 79 950 198 752 | 0.12 7.69 6.21
80 3390 [1.930 [ 1460 | 033 | 102 12.1
- 81 1,550 | 1,930 -380 Q.05 28.0 -3.14
Ave, ' ' 0.12 5.04

sufficient data exists to evaluate assimilation and the influence of
lateral inflows between the sampling points was minimal. Two sites
immediately fit this profile, Otter Creek between Potter Rd. and Hwy
68, and the outfall ditch on C&M Dairy. Other sites provide some
upstream-downstream water quality pairs, but the data were
insufficient for this analysis. '

This approach can be illustrated by analysis of water quality data
collected for a 1.5 mi reach of Otter Creek (Figure 14). At this site grab
samples were collected biweekly at stations TCHW 04 and TCHW 0& for
a period from 1978 to present. These sampies were analyzed for
nitrogen and phosphorus species including total phosphorus
concentration (TP). The TP data were used to evaluate the assimilation
coefficient for typical ditched streams. The Otter Creek watershed
contains approximately 2900 ha. (7100 ac.) of which approximately
10 percent of the area drains into the stream reach between the two
sample sites. The soils of this area are primarily Myakka fine sand,
aithough there is a large area of Pomello fine sand adjacent to the
sampled stream reach. %he Myakka soil is poorly drained with a spodic
horizon within 40 cm of the surface. The Pomello soil is characterized
by a deeper spodic horizon (> 140 cm) and better internal drainage.

ore surface runoff is expected from the upper portion of the
watershed than along the monitored stream reach that is primarily
Pomello. In the reach section dilution may be as great as 10 percent
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due to ground water seepage of cleaner water from the adjacent land
area. In the following analysis 10 percent dilution with pure water is
assumed, actual dilution is less since the lateral inputs originate from
dairy and improved beef pasture and supply additional phosphorus.

The upstream (04) and downstream (06) TP data were compared based

on annual mean concentrations, and paired comparisons from biweekly

data for the period of record. The ratio Co/C; was calculated for each
comparison (Table 7). The values ranged from 0.49 to 0.89 indicating
an apparent high degree of assimilation. Although the annual mean
concentrations are not significantly different the pair-wise comparisons
are significant. The input annual average TP concentrations range from
1.85t0 5.11 mg P I-1. Over this range the assimilation coefficient varies
from 0.04 to 0.13 mi-!. Phosphorus assimilation appears to be related
to the inflow phosphorus concentration. The amount of P assimilated
increases with increasing concentration. The equilibrium phosphorus
concentration (EPC), the concentration at which P is neither sorbed nor
released increases. This indicates that the labile pool of weakly sorbed
P ?rows and the potential for formation of P minerals is increased.
Following the decrease of inflow phosphorus concentration the EPC
similarly decreases, thus retaining sorbed P and reducing the potential
for P loss from the sediments.

Table 17. Analysis of Phosphorus Assimilation far Otter Creek, Okeechobee County,

Fiorida, Between Stations TCHW 04 and TCHW 06

l. Mean Annual Total Phosphorus Concentrations from Biweekly Sampling

6/21/89

TCHW 04 (Inflow) TCHW 06 (Outflow)
Year mg/L ((mg/L)?) mg/L ((mg/L)?) Co/Ci
Mean Var Mean Var
1978 430 (2.89) 3.58 (0.73) 75
1979 | 492 (7.86) 3.01 (0.35) 61
1980 5.11 {16.6) ~ 2.53) (2.48) 49
1981 2.72 (16.4) 1.58 (0.68) 58 |
1982 1.85 (0:29) 1.65 (0.27) 89
1983 2.27 (1.65) 1.90 ) | &4
1984 2.77 (12 2.30 (0.75) 83

1. Long-term biweekly Average Concentrations and Co/C; for period of

record:

Station04 3.58 C,/C; = .66
Station06 2.35
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2. Evaluation of the paired comparisans for the period of record
indicate a ratio value of 0.84. The calculated value of "a" is:

a = 1In(0.84) = 0.11mi
' 15

3. If 10% dilution is considered the ratio increases to 0.94 indicating
less phosphorus assimilation and the resulting value of "a" is:

a= 1In(0.94) = 0.04 mi-!
I8

As part of the BMP water quality monitorin program, the outfall from
Cc&m daig has been monitored for a year. There are two sampling sites
separated by 0.4 mile. The outfall ditch that discharges from a pond to
Cypress Slough has been overgrown with vegetation for a while. The
average inflow and outflow total phosphorus concentrations indicate
that P has been assimilated along the ditch (Table 8). The assimilation
_coefficient "a", 0.55, is much greater than would be expected by a
ditch. This is due to the accumulated vegetation that provides a
nutrient trap. Assimilation in this ditch is much greater than the Otter
Creek site. This may be representative of overgrown channels.

Table 18. Phosphorus Assimilation in Wetlands

Inflow | Qutflow | Wetland Phosphorus

Study - [TP) [TP] | Length Assimilation

_ mg/L mg/L m mile ! (m™)

Boney Marsh (1982) 0.042 | 0.015 [ 1,310 97 __[(.00063) |

Ash Slough (1986) 0.90 0.76 304 89 _[(007)

Chandler STough (1975) | 0.276 232 | 4,900 058" (.00056)
Monitoring Program

Qtter Creek (1980) 5.11 2.53 3,200 13 [{.00008)
Otter Creek (1984) 2.77 2.30 043 [(:00003)
C & M Dairy (1987) 5.2 4.01 762 55 1{.00034)

» The impact of dilution in these studies due to lateral inflows was
evaluated. The channel se?ments were carefully surveyed to determine
the potential for lateral inflows. This would result in potential dilution
due to increased flow but little additional phosphorus. In the present
analysis the effect of dilution was estimated proportional to
contributing land area. In a study in north Florida the impact of dilution
was similarly evaluated. Evaluating the removal of phosphorus from
secondary effluent in a flow-through swamp in north Florida, it was
reported that TP concentrations were reduced 90 percent (Bo*yle Eng.,
1981). However, the reduction was attributed to dilution of cleaner
water infiltrating the wetland from lateral sources. The impact of
dilution was determined by evaluating changes in conductivity. Since
the waste water was the primary source of conductivity, which behaved
as a conservative tracer, reductions in conductivity were prescribed to
be due to dilution. At the sites used in this study the time series of
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conductivity data was evaluated for changes in conductivity between
upstream and downstream sites. Since dilution was not apparent there

s additional evidence to suggest that dilution by lateral inflows was a
minimal problem.

4. Calculation of Basin Scaie Phosphorus Assimtlation Coefficients

6/21/89

a. Estimation of Assimilation Coefficient "A"

Estimation of the assimilative coefficient for any site depends primarily
on the nature of the downstream wetlands.” Based on the above
discussion of the assimilative capacity of wetlands, the assimilation
coefficient has been shown to be independent of the input
concentration of a large range of values. Further, the assimilation is
calculated considering single sources with little dilution or other lateral
impacts. Consequently the summation of additional loads from other

adjacent landuses does not impact the assimilation coefficient for the
site in question.

Theoretically the addition of P loads from adjacent landuses should not
impair the assimilation of P. From monitoring data, assimilation occurs
over a range of TP concentrations from 0.04 to 5 mq |-!. The dynamic

equilibrium of sorption processes in the sediment a justs to the inflow
concentration.

"Further it is not expected that TP concentrations will approach the

upper range limit. The addition of more sources along a stream reach
produce additional discharge inflows at 1.2 mg |-1 will combine to yield
an outflow of 1.2 mg I-1 with a greater discharge. Although this may
not be true in the extreme case of high phosphorus loads along an
entire wetland, the assimilation coefficients "a" were calculated based
on ditch and wetland systems that are now highly loaded.

. Estimation of Wetlands and Canals

The assimilation coefficient "A" is calculated base on a summation of
the linear flowpath throu?h wetlands and channels. For each site the
flowpath from the outfall of ownership to the appropriate receiving
water (C-38 or the Lake) was identified. The flowpath was partitioned
into wetland and channel based on field experience of District staff and
aerial photography. (In basins considered in this report the District has
been conducting intensive water quality monitoring. Consequently
most of the wetlands are well known.) Based on the management
scenarios it was possible to characterize a given wetland as a channel
for a more conservative estimate of A. The total length of each
wetland type was determined since channel segments are not
contiguous. The assimilative capacities for each wetland type were
calculated and summed. '

A= ex.p(aw*xW + ac*xC)

where, _
aw - assimilation coefficient for wetlands, 0.64 mi-!
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Xw -summed length of flowpaths through wetlands, mi
3¢ - assimilation coefficient for channels, 0.05 mj-1
X¢ - summed length of flowpaths through channels, mi

These calculations were conducted for various management scenarios

gsed to determine the most probable assimilation coefficient for each
asin. :

The calculations for TC/NS basin:
Average length of.wetiands, Xw = 2.03 mi.

Average length of channels, X, = 11.9 mi.

Where G = Co+ A
A =exp(0.64*2.03 + 0.05*11.9) = 6.7

Co = 0.18 mg/L; Lake average annual lake inflow target
concentration

Ci = 1.2mg/L; Average annual offsite discharge concentration

- The basis for extrapolation of the assimilative coefficients developed in
the Taylor Creek/ Nubbin Siough basin is that these estimates are based
on a highly. channelized system. This results in a much fower and
conservative -assimilative coefficient than expected for other basins
with a greater extent of wetlands. :

There is some uncertainty in the calculation of the above values due to
the nature of the wetland sf\_rfstems. The separation of flowpaths into
wetlands and channels is difficult due to the partial ditching of many
wetlands in Lower Kissimmee River. With drainage paths approaching
25 miles, for some sites, the impact of mis-identification of wetlands
may be important. Another factor is the unique characteristics of each
wetland system. Sediment trapping capability, size of floodplain
surface and percent of flow occupying the floodpiain at different
stages, and chemical characteristics of the bed sediments are important
variables in determining the correct assimilation coefficient. In this

analysis those variabilities were not considered in favor of using an
average vaiue for all basins.

5. Summary and Conclusion

. Based an phosphorus analysis conducted on wetland sediments at two
dairy sites it was determined that wetland systems in the mineral soil
basins have the capability to assimilate phosphorus. Phosphorus mass
balance data from several wetland uptake studies were evaluated to
determine assimilative capacity. A first order process was hypothesized to
describe the decrease in total phosphorus concentration with distance
downstream. This process was supported by water quality data from
Boney Marsh and data from the literature. The first order process was
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applied to District water quality data to determine appropriate
assimilation coefficients "a" for wetlands and channels.

Conservative estimates of permanent phosphorus assimilation rates have
been calculated for these basins An average assimilation coefficient of 6.7
will be applied to all basins which are characterized as mineral soils located
north of a line from the Caloosahatchee River to the St. Lucie Canal. This

results in an average annual off-site discharge total phosphorus
concentration of 1.2 mg/L.
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DISCHARGE LIMITATIONS FOR SUB-BASINS SUBJECT TO AN ASSIMILATIVE

gglELI;I;ICIENT (SUB-BASINS NORTH OF LAKE OKEECHOBEE WITH MINERAL

The average annual off-site concentration standard applies to all discharges
from a land use at the property boundary.

Each drainage basin which drains mineral soils has an inherent capacity to
assimilate phosphorus within wetlands, streams and canals. A reasonable and
conservative average assimilation coefficient of 6.7 was calculated and was
applied to all mineral soil basins from the Caloosahatchee River north to the St.

Lucie Canal. See the previous section for methodology for calculating the
assimilative coefficient 0f 6.7.

The average annual off-site discharge concentration limitation is derived by
multiplying the lake inflow average annual target concentration by the
assimilative coefficient of 6.7 for mineral soil basins north of the lake.” This
results in an ultimate average annual off-site discharge total phosphorus
concentration of 1.2 mg/L for basins which currently discharge an average
annual total phosphorus concentration in excess of 0.18 mg/L. For mineral soil
- basins currently discharging less than 0.18 mg/L, the ultimate off-site discharge

limitation was calculated by multiplying the assimilative coefficient of 6.7 by
the current average annual concentration. -

The concentration standard for improved pasture of 0.35 mg 1-1 was selected
based ‘on evaluation long-term water quality monitoring data and specific
assessment of pasture runoff. Measurements of total phosphorus
concentrations consist primarily of improved pasture. During the past five
years best mana%ement practices (BMP) have been installed to improve water

uality. Total phosphorus concentrations have averaged 0.33 mg 1-! during
this period. A specific assessment of runoff water guality from improved
pastures was conducted during the “Upland Detention/Retention
Demonstration Project” (Goldstein, 1986). The results of that study indicated
that total phosphorus concentration from well managed, typical improved
pasture were below 0.35 mg 1-1. With the appropriate BMPs a well managed
improved pasture should be able to achieve this total phosphorus
-concentration in discharge water as a long term average.

Insufficient scientific data are availabie for estimating phosphorus assimilation
in canals and wetlands draining muck soils, generally found south of the lake.
if and when sufficient scienfifically reliable data becomes available for
estimatin? phosphorus assimilation in canals and wetlands draining much soils,
an assimilation coefficient wiil be developed and incorporated into future
revisions-of the SWIM Plan. Since no assimilative coefficient could be derived,

the ultimate off-site discharge concentration for much soil basis is no greater
than 0.18 mg/L.

SUMMARY OF APPLICABLE DISCHARGE LIMITATIONS

The following table presents the average annual off-site phosphorus discharge
standards for all basins draining into Lake Okeechobee.
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Tenis e bnnuamnivius wilndrye Loncentration and Areal Loadin
the District Within the Lake Okeechobee Draina

g Rates to Works of

Inputs

Assimilative
Coefficient

Lal;eh Inflzw Total oh Ozf-slte Tpta;l Implementation
c asphorus oscp orus DIS.C arget n,ee for permit
opcgntr'atlon opcgntrgtmn Fequirements (tima
Limitations Limitations riod aft
P,f[_) - (m P[L) - pen after
(mg 9 effective date of
rule)
1991 & 1991 8
1939 1990 989 *990
1992 1992
interim Intenm INTarm nterm
ultimate diumate
Limnta- Lirmita- Lmitas Lirita-
. Lsmita- Lirmita-
tion tuen ugn ton
tion non

1. Discharge from parcels in the following sub-basins may not exceed these Off-Site

Total Phosp

orus Discharge Concentration Limitations {(Column 2). If the parcel's

current average off-site discharge concentration is greater, that discharge
concentration may be maintained so long as it does not exceed 0.18 mg/L.

] 5-236 (So. Fla. Conservancy) 1.0 0.09]0.03[003[0.09]0.09]0.03 ][ trective vae
Cuivert 44 {50. Bay/So. Shore) 1.0 0.0830.08]008]0.080.08]0.08] etectiveDate
Culvert 12 (East Shore 0.0} 1.0 0.13}10.13]0.13]10.13[0.13 | 0.13 | etfective Date
$-2 {ftood control) 1.0 0.1610.16 | 0.16 | 0.16 | 0.16 | 0.16 | etective Date
$-3 (fload control) 1.0 0141014 1 0.14 1 0.14 | 0.14 | 0.14 | etfective Date

' He%5-351 (W.P.B. Canal) 1.0 0.14106.1410.14 0.1410.14 0.14 Effective Date
§-77 {East Caloosahatchee) 1.0 0.15]0.15]0.15] 0.15{ 0.15 | 0.15 | ettective Date
Culvert 10A (L-8) 1.0 0.10 1 0.10 | 0.1040.10 | 0.10 | 0.10 | etfective Date

*These refer to average annual concentrations (See Text).

2. Discharge from parcels in the following sub-basins may not exceed 1.2 mg/L. If
the parcel’s current average concentration is less than 1.2 mg/L, that discharge
concentration must be maintained, however, it is not required to be maintained below
the Lake Inflow Total Phosphorus Concentration Limitations (Column 1).**

| C-38 Pool A (5-654) . 0. 0. . 0.47 { 0.47 | 0.47 | ettective Date
C-38 Pooi 8 (5-658) 6.7 0.06 ] 0.06 ) 0.06]10.40]0.40 ] 0.40 | etfective Date
C-38 Poot C(5-65C) 6.7 ]0.1210.12]0.12]0.80 ] 0.80 | 0.80 | etfective Date
-84 6.7 10.1830.1810.18 | 1.20 | 1.20 ] 1.20 | eftective Date
$-131 6.7 0.13]10.13]0.1310.87]0.87 | 0.87 | etective Date
5-135 6.7 011011011 [074]0.74 | 0.74| ettactive Date
L-60E. L-60W 6.7 0.10 [ 0.10 | 0.10 | 0.67 | 0.67 | 0.67 | Effective Date
L-61E.L-61W 6.7 0.091{0.09]0.09]10.60)0.60{0.60 | etectiveDate
Culvert S (Nicodemus Siough) 6.7 0.06 1 0.06 | 0.06 ] 0.40 | 0.40 | 0.40 | etective Date
5-308C(C-44, 5-153) 6.7 0.16 | 0.16 [ 0.16 | 1.07 | 1.07 | 1.07 | ettective Date
§-129'(L-49) 6.7 0.1810.18J0.18 | 1.20 ] 1.20 | 1.2 | eftfactiveDate
L-S9E, L-S9W, Culv. A" 6.7 0.16]0.16 1 0.16 1 1.07 1 1.07 | 1.07 | eftective Date

*These refer to average annual concentrations (See Text).

**For parcels in or converted to improved pasture the current average discharge
L (average annual concentration). Any discharge in excess of

concentration is 0.35 m
this must be reduced to
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Lake Inflow Total Off-site Total
Phosphorus Phasphorys Discharge '
Concentration Concentration ',"""'"'":"
Limitations (mg P/L) - Limitations "°';°“7 o
Assimilati (Current Basin Inflow (mg Pn) o ermit
ssimilative : equiremaen
e s Concentration)
Inputs Coefficient
19914 1991
1989 1990 1989 1999
1992 §1992
ntenm Aterim tremate ntenm intprim Simate
LiMita RIS Y Limita. Limita. i Effective Date
non [11-1,] bt LGN uon bt
_ . Lan Ton
3. Discharge from parcels in the following sub-basins may not exceed the Off-Site

Total Phosphorus Discharge Concentration Limitations {Column 1) listed below or the
parcel’s current average discharge concentration whichever is less, unless the current
‘concentration is below 0.18 mg/L,in which case it may rise to 0.18 mg/L.

T

Industnat Canal

1.0 034 ] 033|018 ]034] 033018 12 mths

5-4 1.0 0.20 § 0.20 | 0.18 | 020 | 0.20 [ 0.18 24 mths

Cuivert 12A (715 Farms) i.0 0.26 | 0.26 | 0.18 § 0.26 | 0.26 | 0.18 24 mths

Culvert 10 (East Beach 0.D)) 1.0 028 | 0.28 |1 0.18 | 0.28 1028 ¢ 0.18 24 - ~ths
4. Discharge from parcels in the following sub-basins may not exceed the Off-Site

Total Phosphorus Discharge Concentration Limitation (Column 2) listed below. If the
parcel’s current average d scharge concentration is lower than 1.2 mg/L, discharge may

not exceed the current concentration, unless the current concentration is below 0.18
mg/L, in which case it may rise to 0.18 mg/L.** :

5154 6.7 066 | 033 | 0.18 | 442 } 221 | 1.2 90 days
$-191 (TONS) 6.7 066 | 033 {018 | 442 | 221 1.2 90 days
5-71(C-41) 6.7 0.38 ] 033 } 018 | 268 | 221 | 1.2 12 mths
5-72(C-40) 6.7 066 ] 033 | 018 [ 442 | 221 | 1.2 12 mths
S-127 (L-48) 6.7 038 | 033 | 0.18 | 255 | 2.21 1.2 12 mths
C-38 Pool € {$-65E) 6.7 066 | 033 | 0.18 | 442 | 221 | 1.2 90 days +2

| ¢c-38 Pool D (5-650) 6.7 026 1 026 | 018 [ 1.74 [ 174 | 1.2 24 mths
5133 6.7 032 ] 032 | 018 | 214 | 214 12 12 mths
$-154C 6.7 022 022 Jo18 [ 221 | 221 | 12 24 mths
Fisheating Cr. 6.7 021 ] 0.21 | 0.18 | 140 | 1.40 1.2 24 mths

**For parcels in or converted to improved pasture the current average discharge

concentration is 0.35 mq/L (average annual concentration). Any discharge in excess of
this must be reduced t¢ 0.35 mg/L.
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H. MONITORING AND ENFORCEMENT

1.

Discussion

The maximum phospharus off-site concentration fimitation applies only to
those basins which currently have inflow concentrations to the lake greater
than 0.18 m?flL and have an assimilative capacity assigned. The purpose of the
maximum off-site concentration standard is to provide an indication of when
a land use has a high probability of not meeting the applicable annual
performance standard. If the maximum off-site concentration standard is
exceeded, action should be taken immediately to determine the source of the
excessive discharge and to take appropriate steps to reduce it.

Table 20 presents the values, which if exceeded, indicate that there is greater

than a 50 percent probability off-site discharge limitation will not be met. The
propabilities are presented for several numbers of samples coltected.
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Table 20. Total Phosphorus Concentration Exceedance Values

Average Annual

Off-Site Target

Phosphorus
Concentration

mg/L ] 2 3 . ‘4 5 ]

=.30 5.401 1.541 .735 457 .325 .300
3 5.544 1.579 .752 467 .333 .310
.32 5.688 1.616 .769 477 .340 .320
.33 5.831 1.654 .786 486 .348 .330
.34 5.974 1.691 .803 496 .355 .340
.35 6.118 1.729 821 .506 .363 .350
.36 6.261 1.767 .838 .516 370 .360
.37 6.404 1.804 .855 526 .378 .370
.38 6.547 1.842 .872 535 .385 380
.39 6.691 1.879 .889 .545 .393 .390
.40 6.834 1.917 .906 558 400 400
41 7.014 1.965 928 .568 410 41
42 7.195 2.013 950 .580 420 420
.43 7.37S 2.061 .972 .593 430 430
44 7.558 2.109 .994 .606 440 440
45 7.736 2.157 1.016 .619 450 .450
.46 7.916 2.204 1.037 .631 460 460
47 8.096 2.252 1.059 .644 470 470
.48 8.276 2.300 1.081 .657 480 .480
.49 8.457 2.348 1.103 .669 490 490
.50 8.637 2.396 1.125 .682 500 .500
.51 8.815 2.443 1.147 .695 510 510
52 8.992 2.491 1.169 .708 .520 520
.53 9.170 2.538 1.190 720 530 .530
.54 9.348 2.585 1.212 733 .540 .540
.55 9.526 2.633 1.234 .746 .550 .550
.56 9.703 2.680 1.256 759 .560 .560
.57 9.881 2.727 1.278 772 .570 570
.58 10.059 2.774 1.299 .784 .580 .580
.59 10.236 2.822 1.321 797 .590 .590
.60 10.414 2.869 1.343 810 .600 .600
.61 10.586 2.915 1.365 .829 .610 610
.62 10.758 2.962 1.386 .835 .620 .620
.63 10.930 3.008 1.408 ;848 .630 .630
.64 11.102 3.054 1.429 861 .640 .640
.65 11.274 3.101 1.451 874 .650 650
.66 11.445 3.147 1.472 .886 .660 .660
.67 11.617 3.193 1.494 .899 .670 670
.68 11.789 3.239 1.515 912 .680 .680
.69 11.961 3.286 1.537 924 .690 .690
.70 12.133 3.332 1.558 937 .700 .700
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Table 20 (Continued). Total Phosphorus Concentration Exceedance Values

Average Annual
Off-Site Target
Phosphorus

Concentration
mg/L 1 2 3 4 5 6
71 12.305 3.379 1.580 8950 710 710
72 12.478 3.425 1.602 963 .720 720
73 12.650 3.472 1.623 976 730 730
74 12.822 3.518 1.645 989 .740 .740
75 12.995 3.565 1.667 1.002 .750 750
76 13.167 3.612 1.689 1.015 .760 .760
77 13.339 3.658 1.711 1.028 770 770
.78 13.511 3.705 1.732 1.041 .780 .780
79 13.684 3.751 1.754 1.054 .790 790
.80 13.856 3.798 1.776 1.067 .800 .800
.81 14.053 3.851 - 1.800 1.081 .810 810
.82 14.251 3.904 1.825 1.096 .820 .820
.83 14.448 3.956 1.849 1.110 .830 .830
.84 14.645 4.009 1.873 1.124 .840 .840
.85 14.843 4.062 1.898 1.139 .850 .850
.86 15.040 4.115 1.922 1.153 .860 .860
.87 15.237 4.168 1.946 1.167 - .870 .870
.88 15.434 4,220 1.970 1.181 .880 .880
.89 15.632 4273 1.995 1.196 .890 .890
.90 15.829 4.326 2.019 1.210 .800 .900
91 16.023 4378 2.043 1.224 910 910
.92 16.217 4,430 2.068 1.239 .920 920
93 16.411 4483 2.092 1.253 930 .930
94 16.605 4.535 2.116 1.268 940 .940
95 16.799 4.587 2.141 1.282 950 950
.96 16.993 4639 2.165 1.296 960 .960
.97 17.187 4.691 2.189 1.311 .970 970
.98 17.381 4.744 2.213 1.325 .980 .980
.99 17.575 4.796 2.238 1.340 .990 990
1.00 17.769 4.848 2.262 1.354 1.000 1.000
1.01 18.003 4.910 2.290 1.371 1.010 1.010
1.02 18.237 4,972 2.319 1.387 1.020 1.020
1.03 18.471 '5.034 2.347 1.404 1.030 1.030
1.04 18.705 5.096 2.375 1.420 1.040 1.040
1.05 18.939 5.158 2.404 1.437 1.050 1.050
1.06 19.173 5.220 2.432 1.454 1.060 1.060
1.07 19.407 5.282 2.460 1.470 1.070 1.070
1.08 19.641 5.344 2.488 1.487 1.080 1.080
1.09 19.875 5.406 2.517 1.503 1.090 1.090
1.10 20.109 5.468 2.545 1.520 1.100 1.100
1.11 20.290 5.517 2.568 1.534 1.110 1.110
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Table 20 (Continued). Total Phosphorus Concentration Exceedance Values

mg/L

Average Annual
Off-Site Target
Phosphorus
Concentration

1

A2
A3
.14
A5
16
A7
18
19
.20
.21
.22
.23
24
25
.26
.27
.28
.29
30
31
.32
.33
34
.35

B R R R I B R R R e e IR I R I R R R R e e I T T JECUE G iy

oesnbbpabapbly

20.471
20.651
20.832
21.013
21.194
21.375
21.555
21.736
21.917
22.048
22.179
22.311
22.442
22.573
22.704
22.835
22.967
23.098
23.229
23.456
23.682
23.909
24.136
24.363
24.589

24816

25.043
25.269
25.496
25.639
25.781
25.924
26.066
26.209
26.351
26.494
26.636
26.779
26.921

3 4
2.592 1.548
2.615 1.562
2.639 1.576
2.662 1.590
2.685 1.603
2.709 1.617
2.732 1.631
2.756 1.645
2.779 1.659
2.797 1.670
2.816 1.681
2.834 1.693
2.853 1.704
2.871 1.715
2.889 1.726
2.908 . 1.737
2.926 1.749
2.945 1.760
2.963 1.771
2.991 1.787
3.019 1.804
3.047 1.820
3.075 1.837
3.103 1.853
3.130 1.869
3.158 1.886
3.186 1.902
3.214 1.919
3.242 1.935
3.262 1.947
3.282 1.959
3.302 1.972
3.322 1.984
3.342 1.996
3.362 2.008
3.382 2.020
3.402 2.033
3.422 2.045
3.442 2.057

120
130
140
150
160
170
.180
.190
1.200
1.210
1.220
1.230
1.240
1.250
1.260
1.270
1.280
1.290
1.300
1.310
1.320
1.330
1.340
1.350
1.360
1.370
1.380
1.390
1.400
1.410
1.420
1.430
1.440

— e b b b

1.450

1.460
1.470
1.480
1.490
1.500

120
130
140
150
160
170
.180
.190
1.200
1.210
1.220
1.230
1.240

e md el ek ol b b

-1.250

1:260

1,270
1.280

1290
1.300
1.310
1.320
1.330
1.340
1.350
1.360
1.370
1.380
1.390
1.400

1.410

1.420
1.430
1.440
1.450
1.460
1.470
1.480
1.490
1.500
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The information in Table 20 can be used to assist a landowner in evaluating
his system’s anticipated performance during the course of a year:

1. Hf the phosphorus concentration of an outflow watersample is found to
be 39.6 mg/L, then there is at least a 90 percent probability that the
piece of property wouid not be able to meet the target mean
concentration of 1.2 mg/L in the next 12 month period.

2. Any concentration over 1.2 mg/L is a warning that requires further
monitoring. There is at least a 70 percent probability that the target
mean of 1.2 mg/L would not be met when the concentration of seven
(7) samples exceeded 1.2 mg/L, but none of them exceeded 1.3 mg/L.

2. Meth-odology

Property-level phosphorous concentration data collected at 74 locations
around the lake (Taylor Creek/Nubbin Siough, S-154, and Lower Kissimmee
River basins) was used in this analysis (Table 21). The sampling frequency
was mostly bi-weekly, but varied from weekly to monthly. The data points
were considered to be independent of each other and collected at random
time intervals. Considering the hydrologic conditions of the area,
independent samples should have a minimum of a two day separation.
The record lengths varied from four months to over two years. Even
though most of the mean concentrations from those locations were much
higher than the desired target mean, at all locations there were always
some measurements of very low concentration. The basic concept of this
analysis was to use the lower than target mean concentration events,
which occur in the existing data and which are also expected to occur in
the future to compensate for the events of higher than target mean
concentration. The procedures are:

a. For each sampling location, rank the concentrations from low to high.
Let the ranked concentration be denoted by C;,i=1,....N. Nis the total
number of data. C; is the lowest concentration in the location.

b. Given a target mean concentration, Cr, take only the sampled
concentrations that are less than the target mean. Let these
concentrations be denoted by C;, i=1,...,n. n is the total number of
existing data of C; that is less than CT. The sum of difference, 8, B = sum
(Ct - C), i=1,..,n is the buffer available to compensate for the
occurrence of events having higher than Cr.

c ghg B valu_,e for the jth sampling location be denoted by B;. Compute all
i =1,...,74.

d. For the non-exceeding level of any one sample, B; is used to compute
statistical moments to define a Pearson ili distribution. This analysis
follows the detail procedures found in “Statistical Methods in
Hydrology” by C.T. Haan (The lowa State Universi(tjy Press, Ames, lowa,
1977). Other references are “Handbook of Applied Hydrology” by V.T.
Chow (McGraw-Hill, 1964) and “Probability and Statistics in Hydrology”

by V. Yevjevick (Water Resources Publications, Littleton,
Co. 80161, 1972). :
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e. An analysis of skewness showed that coefficients of skewness vary from

-0.7 for the target mean concentration of 0.3 mg/L to -1.1 for the target
mean concentration of 1.7 mg/L. The coefficient of skewness for a
target mean concentration of 1.2 mg/L concentration, is about -1. In
order to maintain a smooth graduation of levels in the transition from
one target concentration to the other, a unified coefficient of skewness
of -1.0 was adopted for the entire analysis.

For non-exceeding level of F samples, the data By/f is used for similar
distribution analysis. This is equivalent to assuming each of the F
exceeding events occurred exactly at B/F value. This simplification,
however, results in liberal non-exceeding level, which in turn gives at
least the confidence as computed from the selected distribution

. A Fortran pro?‘ram was written for this analysis. To smooth out the

graduation, the program computes the target concentrations in
0.1 mg/L increment and then linearly interpolating for increments of
0.01 mg/L. The Fortran program used to calculate the maximum off-site
discharge concentration and a listing of the stations used in the
analyses follows. The raw data is available upon request. Distributions
were performed computationally and not graphically (See Table 22).
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Table 21. Station Descriptions Used to Calculate Maximum
Off-Site Discharge Concentration Standards

KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA
KREA

KREA,

KREA
KREA
KREA
KREA
KREA
KREA
KREA

o1
07
08
09
10
14
16
18
19
20
21
21A
23
25
27
ki
32
32A
Jae
33
34
34A
as
3B
a7

38
38A

40A
41
41A
42
43
43A

A
45
45
47
48
49

272736.00
27243300
272430.00
27255400
271919.00
271651.00
271808.00
271951 00
27144200
272020 Q0
272705.00

273052 00
272612 00
272635.00
27143500
271839.00
271820 00

27174500
271140 00
27115300
271120 00
271228.00.
271220.00
27121500
27121200
271520.00

271731.00

271715.00
271720.00
271855.00
272052.00
272510.00
272302.00

272512.00
272523.00
272720.00
27111300
27175300

805523 Gu
810237 a6
810222 Q0
810313.00
810250 00
81611400
805355.00
810035 00
800110.00
805628.00
805630.00

810355 00
805925 00
805950.00
805553 00
805405.00
805355.00

805323 00-

805047.00
805148 00
80541000
805147.00
805925.00
800005.00
805958 00
81013700

810129.00

81010500
810207 00
805540.00
805925 00
81574500
800532 00

81074500
805732.00
805929 00
805115.00
805337 00

Fizet SLOUGH AT N'AM 240th RCAD

LARSON DAIRY TRIB.W AT NW 160t DR
LARSON DAIRY TRIB E AT NW 180th DR

LARSON D ASH SLU OFF OLD PEAVINE IR
BUTLER DAIRY QUTFALL UNDERHILL RD

PUMP ON CLEMONS RANCH & LARSON O AD
PLATTS BLUFF D OUTFALL NW 156in ST

fATES MARSH N AT SCL RAILROAD

M A WILLIAMS QUEEN BEE RD OFF HWY70
SANDFLY GULLY N.OF FLYIN"G" AT US98

W F RUCKS D QUTFALL OFF EAGLE IS.RD
DUWNSTREAM OF W F RUCKS D OUTFALL

ASH SLOUGH VIKING PROPEATY AT WEIR
TURKEY SLU SO.OF FLYING"G" O US 98
CHANDLER SLOUGH WEST AT NW.220th ST

TRIB TO L-62 W.OF POPASH SiLU HWY 70

5MI N OF DRY LAKE DAIRY #1 US 98

AT DRY LAKE DAIRY #1 AT US 98

UFSTREAM OF DRY LAKE DAIRY #1

5 M S CF DRY LAKE DAIRY #2 US 98

FERRELL DAIRY OUTFALL AT HWY 78

FERAELL D. OUTFALL AT FERRELL D RD

IN'L-59 AT C-38 SW SIDE OF KISS RV _
WOLF DAIRY QUTFALL EAST OF LEMKIN CREEK
AUCK'S DAIRY OUTFALL SOUTH OF C-41A CANAL
BRIGHTON DAIRY #1 OUTFALL

BRIGHTON DAIRY #1 OUTFALL UPSTREAM
MURPHY WHITE DAIRY QUTFALL OFF HWY 70
MURPHY WHITE DAIRY OUTFLOW-GRAB SITE-TQ CLEMONS RANCH
LARSON DAIRY #2 QUTFALL LARSON D RD
DOWENSTREAM FROM KREA 40

BUTLER DAIRY #2 OFF BOAT RAMP ROAD
BUTLER DAIRY #2 QUTFALL S OF KREA41
OUTFALL FOR FLYING "G" DAIRY

C & M RUCKS DAIRY QUTFALL

C & M DAIRY DOWNSTREAM OF KREA 473

LAMB ISLAND DAIRY QUTFALL OFF LAMB ISLAND ROAD
LAME ISLAND DAIRY OUTFLOW TG CYFRESS SLOUGH
PALMER DAIRY OUTFALL POOL C

C&M DAIRY QUTFALL SOUTH OF EAGLE ISLAND RUAD
EAGLE ISLAND DAIRY QUTFALL SOUTH

EAGLE BAY AT HWY 78

DRY LAKE DAIRY #182 QUTFALL
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Ta le 21 Continue . Station Descriptions Use to Calculate Maximum
Off-Site Discharge Concentration Standards

KREA
KREA
KREA
KREA
KREA
KREA
TCNS
- TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS
TCNS

49A
54
59
66
IRt
IR2
202
203
205
208
210
211
216
220
221
223
224
225
226
227
229
231
234
242
251

271740 00 810022 00
271803.00 810038.00
272252 00 810604 00

27241500 805134 00
272421.00 805133.00
274400.00 804751 00
272354.00 804921.00
272254.00 805116 00
272302.00 804904 00
27171000 805043.00
27151300 804612.00
271337.00 804650.00
271610.00 804220 00
271549 00 -804204.00
271234.00 804412.00
271215.00 804429 00
271252.00 80441700
27102700 804210.00
270946 00 B03842.00
27151300 804203 00
272453.00 804750 00
271250.00 804445 00

DOWNSTREAM OF KREA 49

POOL E DOUGHERTY CUTOFF

LARSON AND BUTLER DAIRY RUNOFF

FOUR €S FISH CAMP AT US 98

DRY LAKE #2 RUN OFF FROM SOUTHERN SPRAY IRR. FIELD
DRY LAKE #2 RUN OFF FROM NORTHERN SPRAY IRR. FIELD
H&T RUCKS #2 AT LITTLE BIMINI

MCARTHUR #4 & 5 AT LITTLE BIMINI

MCARTHUR #1 & 2 HAYFIELD RUNOFF

WILSON RUCKS RUNOFF AT OTTER CREEK

HAT RUCKS #3 RUNOFF TO WEST OTTER CREEK AT POTTER RD
H&T RUCKS #1 RUNOFF, EAST OTTER CREEK AND.POTTER RD
SLOAN RAY DAIRY RUNOFF AT WOLFF CREEK

MOSQUITO CREEK BELOW LARSON DAIRIES AT HWY. 70
MURPHY WHITE DAIRY ABOVE FP&L SUB STAT OFF HWY. 710
DAVIE DAIRY #2 RUNOFF ON FARM

DAVIE DAIRY RUNOFF BELOW #1 & #2

NEW PALM DAIRY RUNOFF ABOVE NEWCOMMER DAIRY
NEWCOMMER DAIRY RUNOFF

RED TOP DAIRY RUNOFF

ENRICO DAIRY RUNOFF TO HENRY CREEK

UNDERHILL DAIRY RUNOFF OFF MARTIN GRADE ROAD

POSEY DAIRY AT HWY 70 & BERMAN RD

MCARTHUR FARMS BARN RUNOFF AT OTTER CREEK

RED TOP DAIRY DISCHARGE TO NUBBIN SLOUGH
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~ Table 22. Fortran Program for Calculating Off-Site
Maximum Discharge Concentration Standards

15
20
25

30

60

70

80

100

PROGRAM NOEXC{DATA RR.R99,R90,R80,R70,R50, TAPE | = DATA, TAPE2 = RR, :

$ TAPE3 = R99,TAPE4 = R90, TAPES = R80, TAPES = R70, TAPET = R50)

TO COMPUTE NON EXCEEDANCE OFF-SITE QUTFLOW TOTAL PHOSPHORUS CONC.

IMENSION CV{8001,RCM(800),0MAX(15,7,250),CALOW(18),

$ AA(7,5),88(7,5),CC(7.9)

DO 10I=1,15 ‘
CALOWI() =018 FLOAT(1) + 0.200

K=1
=1

READ(1,25,END = 300) MM MD,1Y,CM(J)

FORMAT{312,F10.3)
IF{MM .GT, 89} GO TO 30
I=]+1

GOTO 20

NJl=J-1

QMAX = 0.0
DO&0J=1NJ
IF(CM(J) .GT. QMAX) QMAX = C\W())
CONTINUE
ITR=0
CONCMX = QMAX
QMXN = 0.
DOB80J=1,NJ
IFUTR .GE. NJ)GO TOQ 100
IF{CM(J)) .GT. QMAX) GO TO 80
IF{CM(J)) .GE. QMAX) THEN
JTR=JTR +1
JR=NJJTR +1
RCM{JR) = CM(J)
GO TO80
ENDIF

- IF(CM(J) .GT. QMXN) QMXN = CM(J)

CONTINUE

QMAX = QMXN

IF{QMAX .LE. 0.) GO TO 100
GOTO70

DO 2001=1,15
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Table 22 (Continued). Fortran Program for Calculating
Qff-Site Maximum Discharge Concentration Standards

FN =0.
TOT =0.
DO 150 )= 1,NJ
IF(RCM(J) .LE. Q) GO TO 150
IF(RCM(J) .GE. CALOW() )Y GO TO 160
TOT =TOT + RCM(H)
FN=FN + 1.
150 CONTINUE

160 DOI18ON=1,7
DMAX(LN K} =-1.
IF{FN .LE. 2.) GO TO 180
EN = 26-N
EX =CALOWI()*26.-TOT*EN/FN
DMAX(I,N,K) = EX/FLOAT(N)
180 CONTINUE

200  CONTINUE

N K=K+1
‘ GOTO 15

300 KN =K-1
DO6B001I=1,15
FN =0,
AVE=0,
STD=0.

DO380N=1,7

DO 320K = 1,KN
IF(DMAX({I,N,K) .LE. 0.) GO TO 320
FN=FN+ 1.
AVE = AVE + DMAX(I,N,K}
320 CONTINUE

AVE = AVE/FN

PO 340K =1,KN

STD =STD + ( DMAX(I,N,K)-AVE )**2
340 CONTINUE

STD =SQRT( STD/(FN-1.))

BB(N,1) = AVE + 1,588*STD

IF(BB(N, 1) .LE. CALOW(I} ) BB(N,1) = CALOW())
BB(N,2) = AVE + 1,128*STD

IF(BB(N,2) .LE. CALOW() ) BB(N,2) = CALOW(!)
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Table 22 {(Continued). Fortran Program for Calculating
Off-Site Maximum Discharge Concentration Standards

365

366
380

440

450

470
475

430

500

510

520

600

38(N,3} = AVE + 852"STD

iF(BB(N,3} LE. CALOW(!) ) BB(N,3) = CALOW{D
BB(N,4) = AVE + 544*STD

IF{BB(N,4) LE. CALOW(1} ) EB(N,4) = CALOW(l)
B8B(N,5) = AVE + 0.164*STD

‘(F(BB(N,5) .LE. CALOW({i) ) BB(N,5) = CALOWI(I)
FORMAT(13,8F8.3)

WRITE(2,366) N,CALOWI(1},{BB(N,LCF),LCF = 1,5)
FORMAT(16,2X,F6.2,2X,8F8.3)

CONTINUE

{F(1 .EQ. 1} GO TO 500

DO490M=19
TC=TA + 0.C1*FLOAT(M)

DO4SOK=1,7

DO 440 LCF=1,5

DLT = BB{K.LCF)-AA({X,LCF)

DLT =DLT/10. :
CC(K,LCF) = AA(K,LCF) + DLT*FLOAT{M)
CONTINUE

CONTINUJE

DOA4701LCF=1,5

NF =2 + LCF

WRITE( NF, 475} TC, (CC{K,LCA),K=1,7)
FORMAT(8X,F6.2,2X,8F8.3)

CONTINUE

TA = CALOW())
DO510LCF=1,5
DOS10K=1,7
AA(K,LCF) = BB(K,LCF)

DO S20LCF=1,5
NF=2+LCF
WRITE( NF, 475) CALOW(]), (BB(K,LCF),K=1,7)

CONTINUE
sTOP
END
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