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PART 1

INTRODUCTION

Program Description: The Caloosahatchee River, one of the major outflows

from Lake Okeechobee, is a very important leg of the Cross-State Okeechobee
Waterway. The primary importance of the Caloosahatchee River is as a public
water supply and in its ability for the control and stage maintenance of

Lake Okeechobee. Secondarily, the spillways and their associated locks serve
three ancillary functions; the maintenance of canal stages, salinity and
general flushing control, and navigation. The operation of these structures,
however, is modified by localized conditions within each basin; conditions
which must be satisfied first.

Generally, the District's responsibility for the Caloosahatchee River
resource lies in its ability to best manage the water flow to provide potable
water at the intakes of Lee County Utilities and Fort Myers treatment plant,
recognize the need for agricultural irrigation, and provide for flood control
and adequate drainage.

Due to the lack of good background chemistry data on the Caiocsahatchee
River and tributaries and the importance of the system to the Lower West Coast-
Water Use Plan (LWC-WUP), Program 8762 {(CR) was begun during fiscal year
1977-78 with sample collection beginning in January 1978.

The purpose of the Caloosahatchee River Study was to initiate the develop-
ment of a water quality data base of the river including its major tributaries.
Also some direct emphasis was placed on determining possible causative mechanisms
for the recurrent algal blooms upstream of the W.P. Franklin Lock and dam

(5-79).
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The original design of the Caloosahatchee River program established three

main phases of the program with four main objectives. Monthly water quality
samples were to be collected at six tributary and twelve main stream sites
between January and December 1978. Prior to the commencement of monthly sampling,
orientation and review of the study area and a sediment inventory was performed
(October and Decmeber 1977). Intensive water quality sampling between April
and June 1978 was performed to monitor the water quality characteristics during
potential bloom periods. This included bimonthly grab samples at all stations
and daily surface water quality monitoring at Alva bridge (CR-36.0) and the Lee
County Water Treatment Plant {CR-40.3). Evaluation of the data and redesign
of the study as necessary occurred between August and September 1978 as a result
of the initial effort.

Due to the preliminary findings of the Calcosahatchee River program during
1978 calendar year, the current year program (1979 calendar year) purpose and
goals were amended to include the continued development of a water quality data
base, initiate the monitoring of the quality of water delivered to the Caloosahatchee
River through S5~77, and document the quality of major inflows within the East
Caloosahatchee Basin.

THE RESULTS OF THE DATA FOUND WITHIN THIS DOCUMENT ARE BASED UPON THE STUDY
YEAR 1978 AND ARE PRELIMINARY, SUBJECT TO CHANGE AS FUTURE INFORMATION MIGHT

+

INDICATE.

’

Description and Hydrology of the Caloosahatchee River Study Area: The function

of take Okeechobee in the drainage of South Florida is as a balancing reservoir,
receiying runoff from the north, northwest, and south and within the limit
of safe storage capacity retains a portion of the runoff for water supply.

The stage of Lake Okeechobee is controlled to provide flood protection

and an available water supply to residents and property within the adjacent
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drainage basins. The same canal network and water control system regulating
water releases from Lake Ckeechobee to control stages, also serve for both
irrigation and drainage of adjacent lands. COutflow from Lake Okeechobee is
controlled, in part, to the Atlantic and Gulf Coasts by the St. Lucie and
Caloosahatchee Canals, respectively. This forms the Cross-State Okeechobee
Waterway of which the Caloosahatchee Canal is a very important Tegq.

The Caloosahatchee River originates in Moore Haven on the southwest shore
of Lake Okeechobee., Water from Lake Okeechobee is released through a combination
spillway and navigation lock (S-77) and flows southwest about 6 miles through
a nearly level overflow basin, Lake Hicpochee. The River continues westerly
to Ortona some 15 miles from Moore Haven where a second lock and spillway (S-78)
aids in the control of water levels on adjacent lands upstream. Water level
and salinity control in the remaining 26 mile reach of the Caloosahatchee River
are maintained by the W.P. Franklin Lock and Dam (5-79).

The Caloosahatchee River has been straightened and channelized throughout
most of its 65 mile length. Many of the bends found in the natural setting
now remain only as oxbows on both sides of the channel in the lower pool. The
drainage influence to the Caloosahatchee River extends, on an average, about
15 miles on either side of the river, sloping toward the river (U.S. Corps of
Engineers, Jacksonvi]le,' Y. Ortona Lock (S-78) separates the Ce]oosahatchee
River Study Area into two distinct hydrologic boui daries. The upper pool or
East Caloosahatchee Basin (ECB} drains 338 square miles (216,133 acres) while
the Tower pool or West Caloosahatchee Basin (WCB) drains 497 square miles
(3?8,253.acres). The hydrologic boundaries are shown in Figure 1. Table 1

presents the land use in each basin (SFWMD, 1978 Land Cover Inventory).
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TABLE 1  LAND COVER INVENTORY*

East Caloosahatchee West Caloosahatchee
Land Use Basin (Acres) Basin (Acres)
Urban and built-up land 1,530 18,993
Agriculture 116,029 182,952
Rangeland 6,214 12,902
Forested uplands 14,078 64,898
Wetlands 76,451 35,299
Water 1,177 1,572
Barren Land 654 1,637
Total 216,133 318,253

*SFWMD Unpublished Records, January, 1979; From Level 3 Analyses
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A

Stages in the Eastern Basin from $-77 to $-78 (upper pool) are maintained
at approximately 11 feet M.S5.L. while the Western Basin from S-78 to 5-79
{(Tower pool} stages are maintained at approximately 3 ft. M.S.L.

Based upon field experience during 1978, most of the tributaries adjoining
the Caloosahatchee River exhibited continuous flow to the River during the wet
season, May through October inclusive. During the dry season, some of the
tributaries were utilized for drainage, flowing to the river, while other
tributaries were utilized for irrigation purposes withdrawing water from the
Caloosahatchee River. Still other tributaries exhibited no flow during the
dry season.

Figure 2 represents the discharge occurrence versus date. Water releases
at S-77 during 1978 were essentially nonexistent with the exception of a few
weeks during the year. S5-77 discharged continuous during the latter part of
March into early April to maintain canal stages in the upper and lower pool and
again in August to maintain the regulation stage of Lake Okeechobee. The
remainder of the year exhibited intermittent releases lasting nc more than a
few days at a time. S-77 at Moore Haven, when releases are not being made,
completely isolates Lake Okeechobee from the system, with the minor exception
of lockages. Therefore, Lake Okeechobee was not a factor affecting the water
quality in the river during most of the year. §-78 and 5-79 discharges were
sybstantially different from that of S-77 in that water releases oc;urred con-
tinuously during 1978 interspersed with gate closure lasting a féw days tc a
couple of weeks at a time.

Table 2 represents the actual monthly discharge during 1978 and the

average discharge for the period of record.
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TABLE 2. DISCHARGE* COMPARISON ON THE CALOOSAHATCHEE RIVER 1978

$-77 5-78 5-79
**Ayerage 1978 Average 1978 Average 1978
January 32,035 879 34,542 9,092 47,327 21,757
February 23,102 758 25,992 2,182 35,883 14,327
March 48,605 3,443 60,044 11,363 86,973 42,707
April 80,439 15,043 77,203 7,113 79,080 2,801
May 35,550 3,352 41,094 23,805 45,006 27,096
June 49,898 298 97,319 24,469 © 141,963 45,094
July 57,870 300 118,947 45,501 183,983 99,673
August 87,684 182,474 147,176 266,791 183,089 308,359
September 15,393 25,091 55,071 68,868 113,189 103,088
October 32,988 307 55,365 18,876 93,996 43,786
November 35,305 1,632 39,943 6,018 51,095 15,583
December 25,052 543 23,378 10,332 32,108 27,780
Annual 523,921 264,320 775,774 494,410 1,093,690 752,051

Total

*Discharge in Acre-feet; S-78 data based upon instantaneous flpw, C.0.E. Togs.
S-77 data taken from the Lake Okeechobee Water Budget Reports supplied by the
USGS and S-79 data taken from unpublished USGS miscellaneous data.

**flverage data from the U.S.G.S. Water Resources data between 1966 and

1977, inclusive. Average includes the extreme discharges during the
dry season, 1969, 1970 due to unseasonable rainfall.
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Rainfall: The Caloosahatchee River Study Area lies within the region covered
by the Florida Climatological Report, Division 5, entitled, "The Everglades and
Southwest Coast" (U. S. Department of Commerce, NOAA, 1978). The locations of
rainfall stations mentioned in this section -Moore Haven (5-77), Ortona {S-78),
and the W. P. Franklin Lock and Dam (S-79) are shown in Figure 1 .

Figure 3 compares the rainfall in the East Caloosahatchee Basin (ECB),
the average of S-77 and 5-78, and the West Caloosahatchee Basin (WCB}, the average
of S-78 and S-79. Included in the graph is the respective historic average
(based upon the period of record at $-77, 5-78, and S-79 from the National
Weather Bureau). Total rainfall in the WCB (52.88 inches) and in the ECB
(50.54 inches) during 1978 was quite similar to the historic average in the
ECB (50.54 inches) during 1978 was quite similar to the historic average in
the ECB (47.71 inches) and WCB (45.91 1ncﬁes); an approximate difference of 10%
(Table 3 ). .

The rainfall data demonstrated a well defined seasonal pattern with approxi-
mately 71% of the rainfall in the study area falling during the six month wet
season which extends from May through October. Although the wet season appeared
to be normal and the dry season appeared to be wetter tha normal, the general
conditions and patterns in the Caloosahatchee River Study area indicate that

the nominal differences in rainfall during 1978 could be considered«normal.
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MATERIALS AND METHODS

Sampling lLocations and Frequency: Twenty-four stations were sampled routinely

in the Caloosahatchee River Study Area; eleven tributary sites and thirteen
mainstream sites. Their codes and corresponding site descriptions are described
in Table 4.

Station identification numbers include a two letter prefix representing
the study area (CR) and a 3-digit number corresponding to the mileage from a
point of orientation located at the center of the Lake Okeechobee Rim Canal
(adjacent to $-77 spillway in Moore Haven). An additional letter suffix (T)
is included in the identification number only when the code refers to a tributary
station. The mileage indication for all tributary stations refers to that point
where the Caloosahatchee River and an associated tributary intersect.

The general locations of these sites are on Figures 4 and 5. The
general criteria used for the selection of these stations were:

- 1. The tributaries should appear to either release large volumes of
water of unknown quality to C-43, or

2. Release poor quality water of unknown volumes to C-43.

To meet these general requirements, tributary sites were selected and
continuous stage recorders were installed. As the program progressgd, field
experience indicated that some additional tributaries should be tncluded in
the study. Consequently, the LaBelle Canal (CR-25.0T), Crawford Canal (CR-26.2T),
* Jack's Branch (CR-30.3T), and Ft. s.uwus Branch (CR-31.0T) were added.

The frequency of sample collection is shown in Table 5. Sediment and
interstitial water samples were collected in November 1977 as outlined by the

program objectives. Daily sampling occurred at only two stations. Alva bridge
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TABLE 4

© 1. CR-00.5, C-
2. CR-03.0, C-
3. CR-06.0, C-
4. CR-11.0, C-

0 5, CR-16.0, C-
6. CR-22.5, C-
7
8

B, Tributary
1. CR-22.0T,
2. CR-25.0T,

3. CR-26.2T7
4, CR-29.37,
5. CR-30.3T,
6. CR-30.4T,
7. CR-31.0T,
8. CR-33.5T,
9. CR-36.2T,
10. CR-38.2T,

11. CR-39.6T,

. CR-26.0, C-
. CR-30.4, C-
9. CR-32.0, C-
*010. CR-36.0, C-
11. CR-37.0, C-
12. CR-39.0, C-
*013. CR-40.3, C-

CALOOSAHATCHEE RIVER STUDY AREA STATION LOCATIONS

43 1/2 mile west of Moore Haven Lock (S-77)
43 3 miles west of Moore Haven Lock (S-77)
43 6 miles west of Moore Haven Lock (S-77)
43 11 miles west of Moore Haven Lock (5-77)
43 1.2 miles west of Ortona Lock (S-78)

43 1.0 mile east of LaBelle Bridge

43 2.5 miles west of LaBelle Bridge

43 1.6 miles west of Ft. Denaud Bridge

43 3.6 miles west of Ft. Denaud Bridge

43 5.0 miles east of Franklin Lock (S-79)
43 4.0 miles east of Franklin Lock (S-79)
43 2.0 miles east of Franklin Lock (S-79)

43 At Franklin Lock adjacent to Olga- surface water
intake at water plant

Okaloacoochee Branch at S.R. 80 west of Port LaBelle

Unnamed tributary (0700050) at mouth of tributary
and river

Crawford Canal at S.R. 80

Jack's Branch at S.R. 78

Jack's Branch at Norris Rd.

Banana Branch at Robert's Canal at C-78A
Ft. Simmons Branch at S-78A

Townsend Canal at S.R. 80

Bedmen's Creek at S.R. 80

Cypress Creek at S.R. 78

Hickey's Creek at S.R. 78

* Datly sample station

e
0 Sediment station
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(CR-36.0) and Lee County Water Treatment Plant (CR-40.3).

Sampling and Analytical Methods: Dissolved oxygen, temperature, specific

conductivity, pH, and REDOX potential were measured at each station with a
Hydrolab(R) Surveyor II. These measurements were made in profile at two meter
intervals at the main river stations and at one meter intervals at the tributary
sites. Daily water samples were collected 0.5 meters below the surface with
an ISCO Automated Sampler Model 1392 and stored in refrigerated polyethylene
bottles. Routine water samples were collected from the surface of the River
and tributaries with a polyethylene bucket from which subsamples were then
taken'and prepared for analyses. Bottom samples (1 meter above the sediment)
were also collected from the mainstream sites with a 5 Titer PVC Niskin(R)
Sampier and transferred to a polyethyiene bucket from which subsamples were
then taken and prepared for analyses. Unfiltered aliquots of samples were collected
for total nutrient analysis. Samples for the analysis of dissolved constituents
were filtered through a 0.45 micron Nuc]epore(R) membrane filter. Dissolved
metals were preserved with concentrated nitric acid (2 drops/100 mls). A1l
water samples were stored on ice in polyethylene bottles until returned to
the Taboratory, at which time they were transferred to a refrigerator and held
at 4°C for subsequent analysis, usually 1 to 2 weeks.

The routine chemical analyses performed on each sample are Tisted in
Table 6. Laboratory analyses performed were either recommended or approved
by the Environmental Protection Agency or the American Public Health Association

(Standard Methods for the Examination of Water and Wastewater).



TABLE 5. PARAMETER LIST, 1978

I. River and Tributary Sites
A. Grab Samples
1. Field Measurements (2 meter profiles)
a. Physical Parameters: Redox, Temp., Conductivity, D.O.,
pH, Depth, Secchi Disc.
2. Lab Measurements
a. Surface Samples
1) Physical Parameters: Turbidity, Color
2) Nutrients: NOy, NO2, TKN, NHg, TPo4, TdPog4, 0PO4 SiOp
3) Major Constituents: Ci, Alkalinity, S04
4) Metals: TFe, TdfFe, Ca, Mg, Na, K, Mn, Cu, In
b. Bottom Samples
1) Nutrients: NO,, NOp, TKN, NHg, TPog, TdPog, OPO4
2) Major Constituents: C1, Alkalinity
3) Metals: TFe, TdFe
B. Daily Intensive Composite Samples (River Only)
1. Lab Measurements
a. Surface Samples Only
1) Physical Parameters: Lab Conductivity N
2) Nutrients: NOx, NOp, TKN, NHg, TPO4, TdPO4, OPO4
3) Major Constituents - C1 '
C. Sediment Review Samples
1. Field Measurements
a. Physical Parameters: Redox, pH, Temp.
2. Lab Measurements
a. Physical Parameters: Lab pH, Texture, % Organic Matter
b. Nutrients: TKN, Toal Elemental P

c. tals: TFe, Ca, Mg, K
I-18-



RESULTS AND DISCUSSION

Nutrients

Nitrogen: Total nitrogen at S-77 indicated no significant seasonal pattern
(Figure 6) with a wet season average of 1.95 mg/1 and a dry season average
of 2.12 mg/1 (Table 7 ). The effects of the nominal water releases in April
and the regulatory water releases in August from Lake Okeechobee upon the total
nitrogen water quality immediately downstream of the structure was not appreciable.
The average total nitrogen concentration during water releases at 5-77 was
2.35 mg/1 as opposed to the average concentration of 1.98 mg/1 during no releases.
Total nitrogen demonstrated a slight decreasing trend {Figure7 ) as
the distance from Lake Okeechobee increased. The average total nitrogen value
at each of the tributaries in the WCB demonstrated better quality than the average
for the river. The apparent river water quality improvement downstream of
S-78 is, at least, the partial result of the improved quality influence of the
tributary drainage to the river.
Organic nitrogen was the major contributing component to the total nitrogen
levels in the study area. The oxidized states of nitrogen contributed to a

greater extent to the inorganic nitrogen component than did ammonia.

Phosphorus: Total phosphorus at S-77 demonstrated some seasonal variation
during 1978 with slightly elevated values occurring during the wet season
(Figure 8 ). Total phosphorus ranged from an average of 0.056 mg/1 during the
dry season to 0.082 mg/1 during the wet season (Table7 ). The ;§erage con-

. centration of total phosphorus at $-77 during water releases (0.098 mg/1) was
somewhat higher than the concentration during no releases (0.065 mg/1) during
1978." The highest concentration (0.152 mg/1) during August coincided with

the occurrence of regulatory releases in August. However, two weeks after

this value was measured, during the same regulatory release, an appreciable
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TABLE 7. AVERAGE CONSTITUENT CONCENTRATION* DURING THE WET AND DRY SEASON**

TPO4 T-N Cl1
Wet Dry Wet Dry Wet Dry
Season Season Season Season Season Season
5-77 .082 .056 1.95 2.12 64.6 103.2
5-78 137 .098 2.06 1.73 51.2 67.3
S-79 .118 .082 1.92 1.54 73.1 74.8
Tributaries 040 .030 1.34 1.21 75.5 87.4
ECB .123 .076 2.16 1.63 60.1 89.8
WC8 131 .087 1.63 1.6 60.5 66.5

(excl. trib)

*
Concentrations in mg/)

**et Season -- May to October
Dry Season -- November to April
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impro@ement in quality was also observed. The initial water quality and sub-
sequent improved quality is probably due to the initial release of rim canal
water to the Caloosahatchee River followed by the infiltration of Lake Okeechobee
waters after continued releases through S-77.

Dickson, et al., 1978, reported an average total phosphorus of 0.089 mg/1 at
Moore Haven during backpumping events (April 1976 to August 1977) in the south
end of Lake Okeechobee and an average of 0.050 mg/1 during no backpumping.

Since backpumping normally occurs during the wet season, the higher levels of
total phosphorus would contribute to a somewhat higher wet season mean at S-77.
The values reported compare closely to that data found during this study in

1978 at S-77. In the same study, the highest total phosphorus concentrations
measured in the rim canal were in the vicinity of S-4. Although statistical
comparison found that station location and backpump%ng wefe significant factors
influencing the total phosphorus levels, no significant interaction between

the two factors were found. Further testing indicated that the lack of apparent
westward Timit to the effects of backpumping is probably the result of moderately
high phosphorus levels being released by Fisheating Creek.

Total phosphorus at $-78 and S-79 also demonstrated seasonal variation,
however, the values and trends were much more pronounced than what was identified
at $-77 (Figures 9 and 10 ). The average total phosphorus ranged from a low
during the dry season at 5-78 (0.098 mg/1) and S-79 (0.082 mg/1) to*a high
during the wet season {0.137 mg/1) and (0.118 mg/1}, respectively. The peak
concentrations during May and June at S-78 and S-79 are probably the result of the
"first flush" of the wet season as they coincide with the onset of the rainy
season. The "first flush" is a result of the drainage of adjacent lands, not

L]

from water releases from Lake Okeechobee.
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Uﬁ]ike total nitrogen, total phosphorus demonstrated a twofold increase
between 5-77 and 5-78 from 0.069 mg/1 to 0.136 mg/1. The increased levels
were not the result of inflows from Lake Okeechobee (Figure 11 }. Phosphorus
increased Tinearly between the four stations downstream of S-77 indicating
influencial sources of phosphorus were entering the River below S-77. Between
S-78 and 5-79, a marked decrease in the total phosphorus levels was identified
(Figure 11). The improved quality of water in the WCB is probably the result
of the improved quality of drainage from the tributaries as they consistently
demonstrated better quality than found in the river. The major land use in
association with the tributaries is forested uplands, undeveloped urban lands,
and some agriculture (probably less than 20%). The water quality in the remaining
areas to the East of the tributary sub-basins reflect primarily agricultural
Tand use (probably greater than 80%) and demonstrate higher concentrations of

phosphorus.
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-

- RESULTS AND DISCUSSION

Conservative Parameters

Chioride: Chloride at S-77 demonstrated pronounced seasonal variability

with Jow values occurring during the wet season while higher values occurred
during the dry season (Figure 12 ). The average chloride concentration ranged
from a low of 64.6 mg/]1 during the wet season to a high of 103.2 mg/1 during
the dry season (Table 7 ).

Chloride at S-78 demonstrated nominal seasonal variability with some lower
values occurring during the wet .cu.... .cigure 13). Chloride at S-79 exhibited
two distinct peaks during early May and again in carly June followed by lowered
values during the wet season (Figure 14). During the entire month of April
and early May, no water releases were made through S-79. The high values
during May (121.6 mg/1) and June (118.6 mg/1) were the average of moderate
surface values and high bottom values. Since the downstream waters at $-79 are
saline and no fresh water releases occurred during the elevated peaks in May
and June, the increased chloride values are probably due to navigation lockages
and the penetration of saline waters along the bottom waters at $S-79. The
influence of groundwater in the lower pool reach may also be contributing to the
high chloride values.

The average annual chloride concentration in the WCB demonstrated an
opposite trend to that found in the WCB. Chloride levels decreased between
5-77 and S-78, then increased between $-78 and 5-79. This poorer quality in
the WCB appears to be the influence of the tributaries since all but three
of the tributaries had higher chloride concentrations than the river (Figure 15).

ther consideration of the nutrient data, the chloride data substantiates
the influencial effects of rainfall, in the subsequent drainage of lands associ-

ated with the study area, on the quality of water in the Caloosahatchee River.
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Tables B8a through '1 1lists the mean, minimum, and maximum levels of all data

for the Caloosahatchee River during 1978 and the sediment data.
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River Redox
Station MV
00.5 ~-190
16.0 - 50
26.0 -120
36.0 -110
40.3 - 80

*TEP = Total Elemental Phosphorus

TABLE

6.73
6.89
6.55
6.80
6.80

11 SEDIMENT DATA FOR THE CALOOSAHATCHEE RIVER

% Concentration

.047
.122
125
.294
314

.09
.24
.40
.34

I-41

ca

1.42
4.70
4.69
5.04
4.97

Organic
Mg TFe Matter Texture
05 .31 3.5 Loamy Sand
14 1.42 9.7 Sandy Clay Loam
.15 .68 3.7 Sandy Clay Loam
.78 1.25 4.3 Clay
1.27 1.53 9.0 Clay



1979 PROGRAM DESIGN

As indicated by the data collected during 1978, program changes were
made to identify the apparent increased nutrient levels in the East
Caloosahatchee Basin. The 1978 program didn't have this ability built
into it, therefore additional stations were necessary. Consequently, four
additional river stations and five additional tributary stations were selected
to better pinpoint the problem area and cause.

Since Lake Okeechobee had been linked as a probable cause to the poor
quality water (208 Study), closer attention was deemed necessary to respond
to this argument. An automated sampier was installed at S-77 to collect a
time composite sample during all discharge events.

Finally, all discrete top and bottom sampling was terminated and replaced
with one composite sample from the surface and bottom depths. With the
exception of certain field parameters, all nutrients, metals, etc. demonstrated
no significant difference in the water column during 1978 (calculated data on
file, 1978). The automatic sampler at S-77 has been installed and has already
been used for data collection. A sediment review was again run in January,

1979 at all river stations with the results not yet available.

Problems Encountered:

No major probliems were encountered during 1978. The delay in the
installation of stream stage recorders was more an inconvenience than a problem.
However, all recorders requested were finally installed in May 1978. The

Y program met all 1978 objectives.

L]
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MATERIALS AND METHODS - 1979

Sample Frequency and Sample Collection

The frequency of sample collection is shown in Table 12 . Daily samples
were collected at 5-77 only during a discharge event. Based upon the data
obtained during 1978 and in keeping with the goals and objectives of the
program, all parameters were re-evaluated with some deletions and some additions
as indicated in Table 13 (Memo Report, Redesign' )

L R

Station Locations: (Figures 1€

A. 1. CR-03.0, C-43 3 m':es west of Moore Haven Leck (S5-77)
* 2, CR-04.5, C-43 4.5 miles " " " L "
3. CR-06.0, C-43 6 miles " " i " "
* 4, CR-09.0, C-43 9 miles " " " " "
5. CR-11.0, C-43 11 miles " " L " n
* 6. CR-13.5, C-43 2.3 miles east of Ortona Lock (S-78)
7. CR-16.0, C-43 1.2 miles west " ] n
* 8. CR-19.0, C-43 4.2 miles " " u n
9. CR-22.5, C-43 1.0 miles east of LaBelle Bridge (SR-29)
10. CR-26.0, C-43 2.5 miles west " " "
11. CR-30.4, C-43 1.6 miles west of Ft. Denaud Bridge {C-78A)
12. CR-32.0, C-43 3.6 miles " " n " "
13. CR-36.0, C-43 5.0 miles east of Franklin Lock (S-79} '
-14. CR-37.0, C-43 4.0 miles " u " "
‘15. CR-39.0, C-43 2.0 miles " u " "

*16. CR-40.3, C-43 at Franklin Lock adjacent to 0Olga surface water intake
at water plant

B. Tributary
* 1. CR-03.2T, Diston Island Canal at Diston Island, Hicpochee Pump

* 2. CR-04.37, Whidden Corner Canal (C-5) at S.R. 80
1-43



Tributary (Continued)

CR-04.8T, C-19 at $-47D

3.

4. CR-10.1T, Meander Tline Ditch at S.R. 78

5. CR-14.0T, Long Hammock Canal at S.R. 80

6. CR-14.9T, Goodno Canal at S.R. 80 near Ortona

7. CR-22.0, Okaloacoochee Branch at.S.R. 80 near Port LaBelle

CR-26.2T, Crawford Canal at S.R. 80

9. CR-30.3T, Jack's Branch at Norris Road

10.  CR-30.4T, Banana Branch of Robert's Canal at C-78A
t1. CR-31.0T, Ft. Simmon's Branch at C-78A
12. CR-33.5T, Townsend Canal at S.R. 80
13. CR-36.27, Bedman's Creek at S.R. 80

14. CR-38.2T, Cypress Creek at S.R. 80

15. CR-39.6T, Hickey's Creek at S.R. 78

Stations added during 1979
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TABLE 3
PARAMETER LIST, 1979

I. River and Tributary Sites
A. Grab Samples
1. Field Measurements (2 meter profiles)

a. Physical Parameters: Redox, Temp., Conductivity, D.0., pH,
Deth, Secchi Disc

2. Lab Measurements {Composite River, Surface Tributaries)

a. Physical Parameters: Turbidity, Color (all tributaries and
3 river stations), Total Suspended Solids (3 river stations only)

b. Nutrients: NO_, NO,, TKN, NH4, TPQ,, TdPG,, QPO

x> 2 4’ 4 4
c. Major Constituents: C31, Alk (3 river stations only)
d. Metals: TFe, Ca, Mg, Na, K
* e, Other: Floride
B. Daily Intensive Composite Samples (River only, Surface only)
1. Lab Measurements
a. Physical Parameters: Lab Conductivity
b. Nutrients: NOX, NO,, TKN, NH,, TPO,, TdPO,, OPQ,
¢. Major Constituents: (1
€. Sediment Review Samples
1. Lab Measurements

a. Physical Parameters: Texture, % Organic Matter

b. HNutrients: Total elemental P

* Additional parameters
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PART II

WATER QUALITY STANDARDS

Florida Administrative Code (FAC) Chapter 17-3 water quality criteria
were adopted in 1972, revised in 1979, with the intent of maintaining and
improving the quality of waters within the State of Florida. Table 14 lists
the designated uses for all waters of the State. Surface water general criteria
has been established for all waters in Florida with additional specific criteria
adopted for waters of the State that have been classified according to designated
uses.

There are two major groups of water quality parameters covered in Chapter
17-3, those with specific numeric criteria beyond which constitutes pollution,
and those constituents for which no numerical threshold values have been
established. These latter interpretive criteria cover any substance considered
by the regulatory agency (FDER) to be deleterious and/or toxic according to
designed uses.

Chapter 17-3 receiving wéter criteria are applied only after a reasonable
opportunity for mixing with the receiving surface waters has been afforded.

The reasonableness of the opportunity for mixing is stated to be dependent upon
the condition of the receiving body of water, the nature, volume and fregquency
of the proposed waste including any possible synergistic effects with other
pollutants or substances which may be present, and the cumu]ativ; effect of the
proposed mixing zone and other mixing zones in the vicinity.

Due to the nature and design of this study, strict application of (FAC)
Chapter 17-3 quality criteria is not possible, No provisions were made in the

study design to delineate mixing zones or assess "natural background" levels.



However, a comparison between the water quality data collected during 1978
and {(FAC) Chapter 17-3 quality criteria lends some perspective to the overall
quality of waters in the Caloosahatchee River Study Area.

The Caloosahatchee River flows from Lake Okeechobee through a three county
area and eventually reaches the estuaries of the Caloosahatchee River west
of the W. P. Franklin Lock and Dam (S-79). The Caloosahatchee River's designated
usage is divided at the Hendry-Lee County line with Glades and Hendry Counties
being designated as Class IIl and Lee County as Class [-A due to the surface
water intake for potable water supply by Lee County and the City of Fort Myers.
The remainder of the tributaries discharging water to the Class I-A reach of
the Caloosahatchee River in Lee County are designated Class 1II.

Presented in Table 15 are the mean, minimum, maximum, and numeric threshold
values for nine select (FAC) Chapter 17-3 quality parameters for which measure-
ments were taken at 12 river stations and 9 tributary stations in the Caloosahatchee
River Study Area (Figure 4)}. Although other parameters have numerical criteria,
there was a lack of sufficient data for their proper evaluvation. This table
covers the period January 1978 through December 1978. Sampling frequency was
presented earlier in Part I (Table 5)}.

Alkalinity, ammonia, chloride, nitrate, and pH Tevels were at no time during
1978 outside the range limits established by the State criteria for fresh water
or the quality criteria according to designated usage and as such wi%] not be
discussed further. Of the remaining parameters, total iron was ih excess of the
State criteria on occasion for Class [-A waters only while zinc and dissolved
oxygen were beyond the 1imits established by the State criteria for both
Class.I-A and Class IIT waters.

Specific conductance ranged from 98 to 2680 ymhos/cm throughout the study

area with a river and tributary average of 600 and 742 umhos/cm, respectively.

I1-3



TABLE 15 SELECT FAC CHAPTER 17-3 WATER QUALITY PARAMETERS

Class I-A

River Reach

3

0.723

Parameter Standard Min. Max. Mean
Specific Conductance -
(umhos/cm) 418 2000 628
pH no specific criteria 6.6 7.7 7.3
Chloride (mg/1) not >250.0 mg/1 42.6 176.3 76.3
T-Fe (mg/1) not >0.3 mg/1 0.04 *0.78 0.25
Alkalinity not <20 mg/1 as CaCO3 122.0 203.0 159.7
(mg/1 CaCO,)
Zinc (mg/1) not >0.03 mg/1 0.01 *(.07 0.03
Armonia not >0.02 mg/1 0.01 (.06 0.03
{mg/1 ionized) (mg/1 un-ionized)}
Dissolved not <5.0 mg/1 *0.7 8.2 5.6
Oxygen (mg/1)
Nitrate (mg/1) not >10.0 mg/1 0.004 ~ 0.650 0.278
Class III
River Reach Tributary Inflows
Parameter Standard Min. Max. Mean Min. Max Mean
Specific Cond. - 266 1000 582 98 2680 742
(pmhos/cm)
pH 6.0 - 8.5 6.0 7.8 7.2 6.5 7.9 7.3
Chloride (mg/1) no specific criteria 29.6 113.7 64.6 9.8 614.0 81.2
T—Fef(mg/3) not >1.0 mg/1 0.05 0.84 0.26 0.02 0.93 .28
Alkalinity not <20 mg/1 as CaC03 46.0 247.0 155.8 25.5 368.5 194.1
{mg/1 CaC03)
Zinc {mg/1) not >0.03 mg/1 0.01 *0.08 0.03 0.01 * *0.09 0.02
Ammonia not >0.02 mg/] 0.07 0.40 0.06 0.01 .30 0.02
{mg/1 ionized) (mg/1 un-ionized) ’
Dissolved not <5.0 mg/1 *}.10 9.7 5.2 *2.7 13.¢ 6.4
O%ygen (mg/1)
Nitrate (mg/1) no specific criteria 0.004 0.170 0.004 0.783 0.110

-

* represeﬁts some values beyond the limits of State Standards



Chapter 17-3 states that the specific conductance shall not be increased more

than 100% above background levels or to a maximum level of 500 umhos/cm in

those surface waters in which specific conductance of the water at the surface

is less than 500 umhos/cm; and shall not be increased more than 50% above
background level or to a maximum of 5,000 umhos/cm for predominantly fresh

waters in which the specific conductance of the water at the surface is equa)

to or greater than 500 umhos/cm. Specific conductance in the study area was usually
greater than 500 umhos/cm. The average specific conductance in the tributaries
was higher than the average specific conductance in the river, however, at no

time was the specific conductance in the tributaries 50% greater than in the
river. The maximum specific conductance measured at any station was 2680 umhos/cm
(tributary station), a value considerably less than the maximum allowable level
for predominantly fresh water.

The iron concentrations for the river and tributaries, collectively, ranged
between .02 mg/1 and 0.93 mg/1. The Class I-A criteria for iron in fresh
waters is 0.30 mg/) while in Class IIl waters the criteria iron value shall not
exceed 1.0 mg/1. Under no circumstances was the State criteria of 1.0 mg/1
in the Class III water of the Caloosahatchee River area exceeded. The Class I-A
waters, however, usually exceeded the 0.30 mg/1 and probably reflects the
effect of the tributary inflows in this reach. .

The overall average for zinc in the river (0.03 mg/1) was only slightly
higher than the tributaries (0.02 mg/1), with a collective range’ between 0.0
and 0.09 mg/1. FAC Chapter 17-3 indicates that zinc in Class I-A and Class III
waters shall not exceed 0.03 mg/1. All stations, with the exception of the
Okaloacoochee Branch (CR-22.0T), the Crawford Canal (CR-26.2T), and the Banana
Branch of Robert's Canal (CR-30.4T) in the study area exceeded this criteria

at some time during 1978.



fﬁe Chapter 17-3 criteria for dissolved oxygen for Class I-A and Class III
Waters states that the dissolved oxygen shall not be less than 5 mg/1. Normal
daily and seasonal fluctuations above this level shall be maintained for pre-
dominantly fresh waters. Dissolved oxygen, Table 16, in the river, ranged
between 0.1 mg/1 to 9.7 mg/1. The dissolved oxygen, Table 17, in the tributaries
ranged between 2.7 and 1.39 mg/1 with an overall mean of 5.3 mg/1 for the
River and 6.8 mg/1 for the tributaries.

Table 16 includes the total number of dissoclved oxygen measurements taken
at each station (includes surface and bottom measurements) and the number of
values less than 5.0 mg/1. The dissolved oxygen in the river frequently was
less than 5.0 mg/1 (23 to 66 percent of the measurements).

A review of the tributaries of the WCB indicates that_the Okaloacoochee
Branch {CR-22.0T), the Crawford Canal (26.2T), the Banana Branch of Roberts
Canal (CR-30.4T), and Ft. Simmons Branch (CR-31.0T) were not below the State
criteria at any time during 197° 7-~ ™aloacoochee Branch, the Crawford
Canal, and Ft. Simmons Eranch are extremely small. shallow tributaries with
relatively minimal flow. Biological activity with oxygen production probably
accounts for the high dissolved oxygen levels. The Townsend Canal (CR-33.5T)
discharged to the river very few times during 1978 but irrigation water was
often pumped from the Caloosahatchee River to the Townsend Canal. The low dissolved
oxygen values in the Townsend Canal probably reflect the low river nygen values.
Cypress Creek had dissolved oxygen values above 5.0 mg/] only a few times
. during 1978 and may aiso reflect the occurrence of river water ponded at its
lower reach during minimal or no fiow points.

}n that no tributaries were sampled in the ECB, and the tributaries in the
WCB, with respect to dissolved oxygen, had higher values than the River, it

would appear that the depressed dissolved oxygen values were caused by something

11-6



TABLE 16. DISSOLVED OXYGEN REVIEW ON THE CALOOSAHATCHEE RIVER

River Annual Surface Bbttom Total No. Total No.
Stations Min. Max. Mean Mean Mean Samples Samples
<5.0 mg/1

Class 111

S-77 1.2 10.0 5.3 29 13
CR-03.0 0.1 8.4 4.2 5.1 3.4 58 38
CR-06.0 0.2 9.7 4.5 5.7 3.4 59 30
CR-11.0 0.3 9.0 5.3 5.9 4.8 56 23
CR-16.0 0.4 9.2 5.7 6.5 5.1 66 23
CR-22.5 1.6 8.6 5.9 6.8 5.0 56 13
CR-26.0 0.5 0.4 5.2 6.4 4.4 67 24
CR-30.4 0.3 8.2 5.3 6.1 4.5 67 18
CR-32.0 0.2 7.8 5.4 6.1 4.6 70 21

5.2 6.0 4.4

Class I-A

CR-35.0 1.1 8.1 5.5 6.4 4.8 70 20
CR-37.0 0.7 8.1 5.5 6.4 4.8 70 24
CR-39.0 1.1 8.1 5.5 6.4 4.8 70 24
CR-40.3 1.2 8.2 5.7 6.7 6.0 69 19

5.6 6.5 5.1



TABLE 17, DISSOLVED OXYGEN REVIEW OF TRIBUTARIES IN THE CALOOSAHATCHEE
RIVER STUDY AREA

Tributary Annual Total No. Total No. Samples
Station Minimum Max imum Mean samples <5.0 mg/1

Class III

Okaloacoochee 7.8 13.9 10.7 14 0
Branch

Crawford Canal 5.0 8.6 6.4 11 0

Jack's Branch 4.3 7.2 5.4 13 3

Banana Branch 5.5 9.0 7.7 15 0

Ft. Simmons 7.2 9,2 8.0 14 0
Branch

Townsend Canal 2.7 8.0 6.2 37 5

Bedman Creek 4.9 8.1 6.4 33 2

Cypress Creek 2.8 6.2 4.4 32 24

Hickey Creek 4.0 7.8 6.1 42 3




other than tributary input (i.e. configuration of the Caloosahatchee River,
groundwater seepage, infiow from tributaries in the WCB, or a high organic load

to the system).
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TABLE 14 CLASSIFICATION OF WATERS

Classification Designated Uses

Class I-A Potable Water Supplies - Surface waters

Class I-B Potable and Agricultural Water Suppiies
and Storage - Groundwaters

Class II Shellfish Propagation or Harvesting -
Surface waters

Class IT1 Recreation, Propagation and Management of
Fish and Wildlife - Surface waters

Class IV Agricultural Water Supplies - Surface
water

Class V-A Navigation, utility, and industrial uses -

surface waters

Class V-B Fresh water storage, utility and industrial
uses - Groundwaters
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WATER QUALITY EVALUATION OF PERMIT
NOS. 50-00143-S AND 50-00143-W
(SUCROSE GROMWERS)

Prepared by

Water Chemistry Division

RESOURCE PLANNING DEPARTMENT
SOUTH FLORIDA WATER MANAGEMENT DISTRICT

June 1, 1977



INTRODUCTION

The findings of a Public Hearing resulting from the Application for Water
Use, Surface Water Management and Right of Way Occupancy Permits by Sucrose
Growers and Roger Hatton stipulated that a water quality monitoring program be
conducted to determine whether or not the applicant's discharge resulted in water
quality degradation of C-51 (West Palm Beach Canal). The following report is
the results and evaluation of the monitoring programs conducted by both the.app11cant
and the District from January 1976 to March 1977.

The West Palm Beach Canal (C-51) 1s located on an east/west axis between
Conservation Area No. 1 on the west and the Lake Worth intracoastal waterway
to the east., C-51 is approximgte]y 22 miles in Tength and traverses urban areas
along the eastern reach and agricultural areas along the western reach. Drainage
of the canal to the Lake Worth intracoastal is by gravity flow with an average
annual discharge to Lake Worth of approximately 671,000 acre-feet.

The C-51 basin has been divided into an eastern and western half for planning
purposes by the District especially in relation to possible backpumping of
the western half. The divide 1s usually considered to be State Road 7 (U.S. 441).
Only the western basin is considered in this evaluation since the discharge under
study is on the extreme western end of the canal.

There are approximately 120 square miles of drainage area tributaries
to Western C-51. Although the predominate soils type 16 the basin is poorly
drained sandy soils, the permittee's property 1s located on organfc soils (Terra
cefa) which are undoubtedly remnants of the original Everglades. The land use
within the basin is mainly agricultural with some remaining forest and wetlands
and some urban development.

A series of related water control structres and the S-5A pumping stations
are located at the western end of the basin. These structures control water

LY
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o d
releases into the canal primarily for irrigation purposes during dry periods.
There are numerous private drainage connections to the canal between $-5A and
S.R. 7 which result in a rather complicated hydrologic system. A complete
description of the S-5A complex and the dralnage connections to C-51 are on file

at the District with the original permit.

Methods

For the purposes of hydrologic calculations in this evaluation a reduced
drainage area was considered. Figure 1 shows the entire and the reduced basin
as well as the permittee's property. The reduced basin is approximately 52
square miles with the permittee's property being 3 square milesor 5% of the
basin.

As stipulated in the special conditions of the temporary permit, two monitoring
programs were conducted during this evaluation. The permittee monitored the
quantity and quality of the discharge and the District monitored the quality
of the receiving waters.

The quantity of discharge was estimated from daily logs of pumping hours
supplied by the permittee. Water quality samples were collected once a month
during the wet season from May to October by Paul R. McGinnes and Associates
of North Palm Beach, Florida. Two additional samples were also coliected in
January and March. These samples were analyzed according to Standard Methods for
a) A1l nitrogen species b) total phosphorus c) total dissolved solids d) turbidity
and e} dissolved oxygen.

The District's sampling program consisted of eight stations along C-51

between S-5A and S.R. 7 as shown in Figures 1 and 2. Originally there were

-~
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i oo
six stations but the Sucrose West station was added to provide a better record
of quality upstream of the discharge and the Callery Judge Canal Station was
added to account for effects due to other downstream discharges. These stations
were sampled biweekly during the wet season and approximately monthly during the
dry season.

Dissolved oxygen, temperature, specific conductivity and pH were measured
at each station using a Hydrolab(R) Surveyor I1. These measurements were
made at the surface and at 1 meter intervals to the bottom of the canal.

Water samples for laboratory analyses were collected at approximately 1/2
meter below the surface.

Dissolved nutrient and major anifon samples were preserved by filtration
through 0.45 micron membrane fi]térs. Samples for major cation and trace metal
analysis were also filtered and preserved with concentrated nitric acid (2 drops/
100 m1). Unfiltered aliquots of samples were collected for total nutrient analysis.
A1l samples were stored on ice in polyethylene bottles. Laboratory analysis of
the water samples was performed within one to two weeks following collection,
Samples were stored in the laboratory at 4° C in the dark.

The routine chemical analyses performed on each sample included the following
parameters:

1. Dissolved nutrients (nitrate plus nitrite, nitrite, ammonia, ortho-

phosphate, and total dissolved phosphate)

2. Total phosphorus, total Kjeldahl nitrogen and turbidity

3. Major cations and anions (calcium, magnesium, sodium, potassium,

chloride and sulfate)

4, Alkalinity

5. Trace metals (copper)

The analytical chemistry methods used in this study were either recommended
or approved by the Environmental Protection Agency or the American Public

=y
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Health Association. Most analyses were performed on either a Technicon Industrial
Systems II AutoAnalyzer or a Perkin Elmer Model 107 Atomic Absorption Spectro-
photometer. Trace metal analyses were performed on a Perkin Elmer Model 306

Atomic Absorption Spectrophotometer with a Perkin Elmer Heated Graphite Atomizer.




. - RESULTS AND EVALUATION

A summary of the water quality data of the permittee's discharge is shown
in Table 1. A1l other basic data collected and utilized in the evaluation of
the permittee's discharge is on file with the District. These data include
all water chemistry data collected by the SFWMD,as well as, hydrologic data
for the applicant's discharge and western C-51 basin.

Since the quantity and to some extent the quality of discharge is dependent
upon rainfall, a summary of the 1976 rainfall at 5-5A is shown in Figure 3.

As a comparison to the study period conditions, the 20 year average of rainfall

at $S-5A 1s also shown. Total rainfall for 1976 (50 inches) appears to be somewhat
below average (56 inches) but analyses of the 20 year period of record indicates
that there were seven years in the last 20 during which rainfall was less than
1976, Thus the study year can be described as below normal but not an extremely
dry year. Estimated total rainfall in the entire western C-51 basin as derived
from 3 raingauges in the basin was 52 inches for 1976. Although this 1s somewhat
greater than the rainfall recorded at S-5A it is still below average.

The applicant's daily discharge record is shown in Figure 4 and to some
extent reflects the rainfall pattern. A maximum daily pumpage of slightly over
220 acre-feet occurred on August 5, 1976, Discharges frequently exceeded 100
acre-feet per day. The months of May through August appear to be the months
of highest discharge although no data is available for January, November and
December. August appeared to be the period of most intensive pumpage with over
50 acre-feet per day being pumped every day of the month. Total discharge
recorded for the study period was just under 10,000 acre-feet,

It can be assumed that the applicant's pumpages for 1976 represent average
values if rainfall conditions are considered to be the controliing factor.

-7-



TABLE 1. PERMITTEE DATA
Totai-N Total Org.-N  Total Inorg.-N NO3-N NC2-N NHg-N TPO4-P D.0. Turbidity

Date ma/1 mg/1 mg/1 mg/ mg/1 ma/1 mg/1 mg/} mg/1
1976
February 4,67 0.25 4.40 1.70 0.120 2.60 0.05 - 3.0
March 1.58 0.26 1.32. 0.80 0.022 0.50 0.07 6.1 4.8
April - - - - - - - - -
May 3.63 0.30 3.33 0.70 0.026 2.60 0.045 2.8 17.00
June 5.64 2.25 3.39 0.80 0.041 2.55 0.025 3.4 3.2
July 5.36 1.95 3.41 0.75 0.010 2.65 0.030 6.3 6.9
August 5.07 1.85 3.22 0.80 0.025 2.40 0.100 3.8 3.6
September - - - - - - - - -
October 2.13 1.45 0.68 0.40 0.034 0.25 ¢.010 7.4 3.5
November 4.38 2.20 2.18 0.70 0.134 1.35 0.050 7.7 6.0
December - - - - - - - - -
1977
January 5.27 2.20 3.07 0.85 0.120 2.10 0.025 7.6 6.3
February 5.16 1.70 3.46 0.60 0.057 2.80 0.025 7.8 1.5
March 4.30 2.35 1.95 1.00 0.154 0.80 0.050 6.2 2.3
DIEL DATA

June 17-19, 1976

Time

10:00 5.3 2.6 2.73 0.95 0.078 1.7 2.9
16:00 4.6 2.3 2.30 0.5 0.049 1.75 2.0
22:00 4.5 2.3 2.24 0.25 0.035 1.95 43
04:00 5.1 1.95 3.22 0.85 0.023 2.35 24
10:00 3.2 1.75 1.43 0.6 0.032 0.8 3.1
16:00 2.5 1.75 0.73 0.5 0.034 0.2 30
22:00 2.3 1.65 0.64 0.45 0.038 0.15 30
04:00 2.6 1.7 0.88 0.7 0.034 0.15 22

Pumps running approximately 6/17 08:00 to 6/17 18:00
and 6/18 08:00 to 6/18 18:00.
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However s1nce the applfbant's property is contiguous with Conservation Area 1

along L-40 there is a possibility that seepage from the Conservation Area into

the applicant's property may be a significant factor in determining pumpage rates.
Thus the water levels in the Conservaton Area rather than rainfall conditions

may be the controlling factor on water management for the applicant. Unfortunateiy
there are no quantitative data on seepage into the property to substantiate

the seepage relationship. At any rate, the annual variations in seepage rates are
Tikely to be less than variations in rainfall and thus the 1976 pumpages are
probably typical of what can be expected in the future assuming the land use and
management practices remain the same.

Since generalized statements on the water quality of both the permittee’s
effluent and the receiving water (C-51) will be discussed within the evaluation
itself, no general statements on water quality will be made at this pofnt.

Four basic criteria have been developed to evaluate the impact of the
applicant's discharge on the water quality of the receiving waters. Brieflj, these
criteria are:

1. Historical

This method uses water quality data collected on C-51 prior to the
construction of the applicant's drainage system as a standard against
which the data collected after construction and operation can be compared.

2. State Standards

The appropriate Florida water quality standards are applied to the
evaluation data to determine if violations occurred.

3. Areal Comparison

This method is essentially an extension of number 2 above, but uses data
for parameters for wh1ch there are no numeric standards. The evaluation
consists of determining whether or not statistically significant changes
in water quality values occurred, downstream of the applicant's discharge

iy
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compared to values recorded upstream during the same time period.

4. Loading Comparisons

Estimates of total nitrogen and total phosphorus exports from the
applicant's property were calculated and compared to loadings from
the rest of the C-51 basin, S$-5A drainage basin and a similar agri-
cultural site,

Aside from the inherent limitation imposed on the evaluation due to the
design of the study, there are a number of additional limitations placed on this
evaluation. In an effort to reduce the length and complexity of the evaluation
most of the evaluation has been 1imited to "wet season" (June to October) data.
It was felt that if any significant impacts were occurring they would be most
evident during periods of greatest discharge. As indicated in the introduction,
The West Palm Beach Canal is amajor drainage artery and has a large number of

secondary drainage system connections. Since a detailed analyses of the complex

mixing characteristics which must exist in such a system has not been performed
there have been a number of simplifying assumptions made concerning the physical
characteristics of the canal. Finally this study and other studies of Florida's
east coast canals indicate that the quality characteristics of the systems are
highly transitory during active periods. That is, when the canals are functioning
as drainage system, the time during which any water mass is in the canal can be
very short (<24 hours) due to the 1imited storage capacity of the canal. Since
the sampling program consisted of grab samples rather than integrated samples,

the water chemistry data may represent only very limited examples of the range

of conditions that might exist in the system.

Historical Compar1sons_

A study of the water quality in the western reach of C-51 between State

- -12-
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TABLE 2.

HISTORICAL COMPARISON

S-5A MacArthur Rd. State Road 7

Parameter 1974 1976 1974 1976 1974 1976
D.0. 3.1 2.9 2.3 2.6 2.5 2.3
pH 7.16 6.90 7.1 7.07 7.32 7.18
Sp. Cond. 648 715 600 1092 513 749
Turb. 2.8 6.2 6.7 8.9 8.1 4.8
Inorg N 0.61 1.18 0.45 1.03 0.41 0.73
Total N 2.84 2.98 2.49 2.87 1.72 2.25
0-PO, 0.062 0.040 0.066 0.046 0.051 0.048
Total P 0.084 Q.060 0.095 0.065 0.094 0.064
Na 59.8 109.1 60.8 134.1 39.4 91.6
Ca 53.5 69.9 65.1 99.8 67.6 94.1"
1 91.1 141.9 99.0 221.1 75.2 127.5
Alk 3.32 5.38 n 7.47 3.84 6.66
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Road 7 and S-5A was conducted in 1974 by the District. Three of the four sampling
sites in that study were identical to sites used in this evaluation. Also the
frequency of sampling, methods of sampling, and laboratory methods of analyses

were nearly identical in the two studies. Since the 1974 data were collacted prior
to the construction and operation of the drainage system in question a comparfson
of the two data sets may indicate the nature and degree of impact by the new dis-
charges on the C-51 receiving waters.

Table 2 1s a summary of mean wet season values of selected parameters measured
in the 1974 and 1976 studies at the three common stations. For both years the
means were calculated from approximately 10 - 12 surface grab samples collected
at biweekly intervals between June and October. In comparing the data in Table 2
it is important to remember that the S-5A station is upstream of the permittee's
discharge while the MacArthur Road Statfon 1s about 2 miles downstream and the
State Road 7 site is about 8 miles downstream. The S-5A station is especially
critical since it represents a control station for comparisons in that it should
reflect only temperal changes in water quality from 1974 to 1976. The station
downstream of the discharge will reflect both overall temporal changes and possible
effects due to the additional discharges.

Casual inspection of the data in Table 2 indicate that there has been an
apparent change in water quality in C-51 from 1974 to 1976. At all three
stations nitrogen concentrations, especially inorganic nitrogen, have increased.
Conversely, phosphorus concentrations show a decrease at all three stations with
the principal decrease being in the ortho-phosphorus species. The specific
conductivity and the major inorganic fons sodium, chloride, calcium and alkalinity
have apparently increased from 1974 to 1976 at all three stations. However,
the MacArthur Road stations show a much greater increase in these parameters

than the other two stations.
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In an effort to de;erﬁine whether the apparent effects on water chemistry
(Table 2) ére due to the existence of the new discharge or to time, analysis
of variance techniques (ANOVA) were employed. The statistical testing was
carried out using two analysis of vartance models with subsequent testing of the
error terms (residuals) to determine which model accounted for the data the best.
Model I was a simple two-way ANOVA of station and year which accounted for dif-
ferences between stations without regard to year and differences between years
without regard to stations. Model II was a three-way ANOVA combining Model I
with an additional factor to account for the new discharge.

The results of these statistical tests indicated that at the 95% confidence
level there were no significant effects on any water quality parameters attribut-
able to the permittee's discharge. The significance of the statistical analyses
is of course governed by the laws of statistics rather than the principles of
environmental sciences. Therefore, the lack of statistically significant differences
between 1974 and 1976 data at the downstream stations should not automatically be
considered a test for environmentally significant impact.

State Standards

Chapter 17-3 of the Florida Administrative Code provides numerical water
quality criteria for waters of the state. Specifically Sections 3.02 and 3.03
describe minimum conditions of all waters at all times and Section 3.09 contains
the criteria for Class III Waters (recreation-propogation and management of
fish and wildlife) which is the classification of the West Palm Beach Canal. Most
of the Florida Standards are receiving water standards which stipulate that an
effluent may not cause a specifically stated change in the receiving waters after
a "reasonable opportunity for mixing" has been allowed. In the evaluation of
this discharge, it was assumed that the Appleby Groves Station which is one mile

downstream of the applicant's discharge provided sufficient mixing opportunity.

-15-



o foci

Precedent or ambient conditions were considered to be represented by the data
collected at the two stations upstream of the discharge (S-5A and Sucrose-West).
The station just downstream of the discharge (Sucrose-fast) can be considered
as representative of the discharge itself although discharge was actually observed
only 3 times during the sampling program. Water quality data were not collected
for all the parameters for which there are numerical standards since some parameters
were not pertinent to this evaluation.
Chloride

The maximum allowable chloride value for all fresh waters s 250 mg/1. Table 3
is a summary of the chloride values by month at each station. The summary is
Timited to the wet season months (June to October). The data indicate that
greater than 250 mg/1 chloride values occurred downstream of the applicant's
discharge during the months of May and October. Since no data were collected at
the Sucrose W station just upstream of the discharge in May it is not known if
these high values were also occurring above the discharge. Only one chloride
value for each station was measured in October except at the Sucrose East station.
Although the value at Appleby Groves is definitely above 250 mg/1 the value just
downstream of the discharge (Sucrose East) is much lower and very similar to
the values upstream of the discharge. It appears therefore that the source of
the high chlorides may be between the applicant's discharge and the Appleby Groves
stations. It should also be noted that there was very little discharge by
the applicant during October. As pointed out earlier August was the month of
highest discharge and Table 3 {indicates that chloride values along the entire canal
were highly variable. Maximum recorded chloride values exceeded 250 mg/1 at
all stations both upStream and downstream of the applicant's discharge except
at the U.S. 441 station which is almost 10 miles downstream of the discharge.
For all other months chloride concentration at all stations were generally

between 100 and 200 mg/1.
- _'l 6-



Specific Conductivity

The maximum allowable specific conductivity for all fresh waters is 500
micromhos per centimeter (umhos/cm)}. Table 4 is a summary of specific con-
ductivity data for C-51 similar to the chioride data in Table 3. As can be
seen from the table, specific conductivities were generally greater than 500
umhos both above and below the applicant's discharge during the months from May
to October. There were several months (June, July, and October) during which
large increases in specific conductivity were recorded just downstream of the
| applicant's discharge at Station Sucrose East but maximum conductivity values
tended to occur further downstream at the Appleby Groves Station. This is
consistent with the chioride data that indicated a source of high conductivity
water between the Sucrose East and Appleby Grove stations.

Copper

The concentration of copper is not to exceed 0.50 mg/1 (500 micrograms per
Titer) for all waters at all times. Since copper is often applied as a micro-
nutrient in South Florida this parameter was monftored during the evaluation.
Table 5 is a summary of the copper data measured at each station during the June
to October period. It should be noted that all the values are in micrograms per
liter (ug/1). It is obvious from the table that only very trace amounts of copper
exist in the C-51 basin and that all stations recorded values well below the
maximum State standard of 500 ug/1.

Turbidity

For Class III waters turbidity values may not increase more than 50 Jackson
units (JTU) above background. Table 6 is a summary of the turbidity values
recorded in C-51 between June and October. As can be seen from the table there
were no values above 50 JTU at any station at any time. The highest turbidity

.value recorded in C-51 was 39.0 JTU at the Callery Judge Canal Station in July.
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The applicant's discharge was intensively monitored during June and recorded
a high value of 43.0 JTU. Generally the turbidity values in C-51 were below
20 JTU and many values were even below 10 JTU.
o _

For Class IIl waters the pH should not be below 6.0 nor above 8.5 pH units.
In addition no effluent should cause a change of more than 1.0 pH units from
the ambient value. Table 7 is a summary of the pH values in C-51 similar to the
previous summary tables. The summary table indicates although there was some
variation in pH froﬁ month to month at all stations there was very little change
Tn pH along the canal during any specific month. A pH of 5.8 was recorded at
the S-5AE station 1n July but otherwise all values were between 6.3 and 7.8 and
there were no changes of more than 1.0 pH unit attributable to the applicant's
discharge.

Dissglved Oxygen

For Class III waters the dissolved oxygen concentration should not average
less than 5.0 mg/1 and no single value should be less than 4.0 mg/1 within a
24 hour period, Figure 5 is a summary of the average dissolved oxygen values
recorded at each station in C-51 betﬁeen June and October. Also shown in the
figure are the maximum and minimum values recorded at each station. It 1s cbvious
from the figure that every station along the West Palm Beach Canal fails to meet-
the dissolved oxygen criteria for Class III waters. The average dissolved oxygen
value at all stations was between 2.5 and 3.5 mg/1. The minimum values recorded
were in all cases close to 1.0 mg/1 while maximum values were as high as 8.4
(Callery Judge Canal Station) and exceed 4.0 mg/1 at all stations except the
U.S. 441 station. It should be pointed out that these values are six month
averages rather than 24 hour averages as stfipulated in the Rule but analyses
of individual values does not significantly change the conclusions evident in

Figure 5. It should be pointed out that the dissolved oxygen concentrations

k)
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TABLE 3
AVERAGE CHLORIDE (MG/L) AND RANGE

1876 May June July August September October
S-5AE *142.8 70.0 88.3 186.6 117.6 234.6
121.5-164.1 70.0-70.0 86.7-90.9 72.3-269.8 45.1-190.0 234.6-234.6
€ Sucrose-west - 86.0 89.2 192.1 109.6 244..8
86.0-86.0 88.9-89.4 74.9-257.2 28.2-191.0 244.8-244.8
. Sucrose-East 281.7 135.3 118.7 202.1 117.5 249.9
269,2-294.1 135.3-135.3 90.4-147.0 100.7-272.2 44 .5-190.4 248.7-251.1
Appleby Groves 282.6 205.7 111.4 231.9 .7 410.7
242 .1-323.1 205.7-205.7 92.2-130.5 163.8-280.3 71.7-11.7 410.7-410.7 _
- (=31
Callery Judge Canal 166.3 106.7 203.8 66.2 459.2 i)
93.2-242.1 - 86.0-117.4 83.2-267.5 66.2-66.2 459.2-459,2
MacArthur Dairy Rd. 201.4 162.6 145.7 252.8 120.3 446.7
182.2-220.5 162.6-162.6 96.0-195.4 198.3-295.1 85.6-155.0 446.7-446.7
Forest Hill Blvd. 152.6 142,2 119.9 239.7 120.7 233.1 ¢
_ﬂ P 150.3-154.9 142.2-142.2 92.5-147.2 185.6-274.6 87.0-154.4 233.1-233.1
us 441 117.8 95.3 77.8 179.7 113.0 132.1-
108.8-126.7 95.3-95.3 74,3-81.2 107.6-228.8 77.2-148.7 132.1-132.1
- * Average
Min. - Max.



TABLE 4
AVERAGE SPECIFIC CONDUCTIVITY Ata:om\namv

1976 May June July August September October
S-5AE *860 600 634 848 450 1400
840-880 600-600 600-650 380-1300 260-640 1300-1500
. Sucrose -HWest - 695 678 1400 485 1175
ﬂ.\." 695-695 645-800 600-2000 310-660 11501200
Sucrose -East 1100 1000 1158 1105 515 1560
: 1000-1200 1000-1000 650-2300 760-1800 370-660 1500-1800
Appleby Groves 1700 1200 786 1140 480 2200
1700-1700 1200-1200 670-900 800-1300 480-480 2000-2400
Caliery Judge Canal 1350 - 813 1233 620 2033
1300-1400 705-1000 900-1500 620-620 1600-2300
MacArthur Dairy Rd. 1175 1150 1071 1233 580 2033
1150-1200 1150-1150 725-1300 1100-1300 550-610 2000-2100
Forest Hill Blvd. 990 1000 820 1288 585 1400
) 990-990 1000-1000 730-1000 1100-1400 550-620 1400-1400
1 US 441 850 830 708 1000 550 933
850-850 830-830 670-760 600-1250 510-590 900-1000
* Average
: Min.-Max.

-20-



TABLE 5

AVERAGE COPPER CONCENTRATION (ugms/1)

1976 June July Augqust September October
S-5AE 3.5 0.8 1.3 2.1 1.7
3.5-3.5 0.6-1.2 < 0.6-2.1 1.6-2.6 1.7-1.7
Sucrose -West 2.9 0.8 < 0,6 3.0 2.4
2.9-2.9 0.8-0.8 < 0.6-<0.6 < 0,.6-5.5 2.4-2.4
Sucrose -East - 1.0 0.6 1.2 < 0.6
1.0-1.0 < 0.6-1.0 < 0.6-3.3 < 0.6-<0.6
Appleby Groves 1.5 1.0 < 0.6 < 0.6 0.7
1.5-1.5 1.0-1.0 < 0.6-<0.6 < 0.6-<0.6 0.7-0.7
Callery Judge Canal - 0.8 < 0.6 1.8 0.8
0.8-0.8 < 0.6-<0.6 1.8-1.8 0.8-0.8
MacArthur Dairy Rd. 3.1 1.1 < 0.6 1.0 < 0.6
3.1-3.1 1.1-1.1 < 0.6-<0.6 < 0.6-1.3 < 0.6-<0.6
Forest Hi11 Bivd. 2.4 0.8 < 0.6 3.0 < 0.6
2.4-2.4 0.8-0.8 < 0.6-<0.6 < 0.6-5.5 < 0,6-<0.6
Us 441 4,2 G.6 1.3 2.4 < Q.6
4.2-4.?2 0.6-0.6 < (,6-2.5 2.4-2.4 < 0.6-<0.6
*Average
Min. - Max.
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TABLE 6

AVERAGE TURBIDITY (JTU) AND RANGE

1976 May June July Aug. Sept. Oct.
S5AE * 5.4 15.1 12.7 4.9 4.5 1.8
6.4-6.4 15.1-15.1 5.7-15.1 3.1-5.8 3.2-5.7 1.8-1.8
Sucrose -West 7.2 9.6 4.1 2.9 3.9
7.2-7.2 3.9-15.2 1.8-5.6 1.8-3.9 3.9-3.9
Sucrose 17.0 17.8 6.9 3.6 - 3.5
Discharge 2.0-43.0
Sucrose-East 7.5 10.0 8.4 2.8 3.4 1.6
7.5-7.5 10.0-10.0 2.2-14.5 2.1-3.4 1.7-4.4 1.6-1.7
Appleby 11.0 6.3 5.1 3.5 1.6 1.4
Groves 10.0-11.0 6.3-6.3 3.0-8.6 2.6-4,2 1.6-1.6 1.4-1.4
Callery 11.5 - 23.4 5.0 5.6 2.2
Judge 11.0-12.0 7.8-39.0 3.2-8.2 6.6-5.6 2.2-2.2
Canal
MacArthur 27.5 17.0 5.7 8.0 15.0 3.7
Dairy Rd. 27.5-27.5 17.0-17.0 1.2-10.1 2.8-17.0 15.0-15.0 3.7-3.7
Forest Hill 11.0 10.0 4.8 3.5 8.9 2.6
Blvd. 11.06-11.0 10.0-10.0 2.3-7.2 2.5-4.7 3.8-14.0 2.6-2.6
U.S. 441 5.6 10.2 3.0 2.8 7.7 3.3
5.6-5.6 10.2-10.2 2.1-3.8 2.2-3.2 3.3-12.0 3.3-3.3
* Average
Min. - Max.
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TABLE 7
AVERAGE pH AND RANGE

1976 May June July August September October
S-5AE *7.35 7.10 7.0 6.8 6.95 -
7.1-7.5 7.1-7.1 5.8-7.6 6.7-6.9 6.7-7.2
2 Sucrose- West - 7.10 7.20 6.6 7.00 -
ﬂm , 7.1-7.1 6£.2-7.8 6.6-6.6 6.8-7.2
_ 'Sucrose -East 7.20 7.10 7.41 6.48 7.00 -
7.1-7.3 7.1-7.1 7.0-7.75 6.4-6.5 6.8-7.2
Appleby Groves 7.10 7.00 7.50 6.25 6.80 -
7.0-7.2 7.0-7.0 7.3-7.7 6.2-6.3 6.8-6.8
Callery Judge Canal 7.20 - 7.66 6.37 7.00 -
7.1-7.3 7.4-7.8 6.3-6.4 7.0-7.0
MacArthur Dairy Rd. 7.48 7.10 7.46 6.30 7.00 -
7.2-7.8 7.1-7.1 7.3-7.7 6.3-6.3 6.9-7.1
Forest Hill Blvd. 7.43 7.10 7.53 - 6.95 - ¢
. . 7.2-7.8 7.1-7.1 7.2-7.7 6.8-7.1
i us 441 7.43 7.10 7.40 - 7.00 -
7.3-7.6 7.1-7.1 7.2-7.6 6.9-7.1
© * Average
Min. - Max.
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in the permittee's efflﬁent.was often well above 5.8 mg/1.

Area Analyses

One obvious way to evaluate the impact of a discharge on a receiving stream
is to compare the upstream quality to the downstream quality. This 1s essentially
what was done in applying the state standards in the previocus section. Unfortu-
nately there are no standards for many water quality parameters including the
major nutrients, phosphorus and nitrogen. Evaluation of impact on the receiving
waters based on these parameters is, therefore, a value judgement. In the
evaluation of this particular discharge three approaches have been uysed.

1. Specific cases

2. Seasonal cases

3. Statistical analyses

Two examples of the distribution of nitrogen, phosphorus and chloride in
C-51 are shown in Figures 6, 7 and 8 respectively. The two cases are represented
by the March 1, 1976 and August 17, 1976 data. The March data represents an
isolated mid-spring discharge event of several days duration (February 24 to March 1).
This discharge was the result of an unusual rainfall event and/or is associated
with the initial drainage of the property. The August data represents a more
typical wet season discharge since daily pumping had been occurring for 31
straight days prior to the sampling.

The apparent impact of these discharges on the canal was considerably different.
There was substantial increase in nitrogen and phosphorus values downstream of
the permittee's discharge during the March event. However there was little or no
impact on the chloride values. During August the trend is almost exactly opposite.
The nitrogen and phosphorus values appear to decrease downstream of the permittee's
discharge while chloride values are higher. As pointed out earlier the increased
chloride may be due to an unidentified source between the Sucrose East and Appleby

Groves stations.
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Figures 9 and 10 1ljustrate the distribution o% the average wet season
{(June to October) values of total nitrogen and total phosphorus along the western
reach of C-51. The variability of the data at each station is indicated by
also plotting two standard deviation of the means. The relationship of the
permittee's discharge to the instream values is given by including the mean value
and two standard deviations of the permittee's effluent as measured during the
same time period.

These plots illustrate some of the difficulties encountered in evaluating
this discharge. Although the mean total phosphorus values in C-51 show a sub-
stantial increase just downstream of the permittee's discharge (station Sucrose
East), the mean total phosphorus concentration of the effiuent is considerably
below the instream values both upstream and downstream of the discharge. On the
other hand, the mean total nitrogen concentrations show only a minor increase
downstream of the discharge, but the effluent concentrations are substantially
higher than all instream values. The fact that the effiuent and instream samples
were not collected simultaneously may account for this apparent discrepancy.

In general the plots indicate that there is considerable variability in the
western third of the basin (S-5AE to Callery Judge Canal) while the eastern two-
thirds (MacArthur Dairy to U.S. 441) is more stable. Since the western third
of the basin is the critical area for assessing impact of the permittee's discharge,
the variability of the data is that area makes evaluation difficult.

The third method of evaluating the discharge by comparing upstream and down-
stream data employs statistical analyses of the differences between upstream
and downstream samples. The upstream values were taken from Station S-5AE and
Sucrose West. Downstream values were derived from stations Sucrose East and
Appleby Groves. Data collected at these stations from June through October was
then subjected to a one-way analysis of variance to test for significant upstream/

downstream differences. Upstream and downstream means for all parameters
) _29-
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o b
tested as well as the results of the tests are listed in Table 8.

As can be seen from the Table only four parameters, total phosphorus,
conductivity, turbidity and copper were found to have statistically significant
differences., Of these four turbidity and copper actually have lower values down-
stream of the discharge., As was mentioned earlier in the section on historical
comparisons, the significance of these differences is based on statistical rather
than environmental principles. Thus it is important to point out that although
the differences were not statistically significant all nitrogen parameters did
have higher mean concentrations below the discharge than above it.

Loading Analysis

One of the more common concerns regarding nonpoint source agricultural runoff
is the rate at which basic nutrients (nitrogen and phosphorus) are transported
by drainage water from the site into a receiving body of water. From the perspective
of the receiving water, this process is regarded as a nutrient addition or "load"
to the receiving stream, lake, etc. The rates at which lakes can safely assimilate
nutrients has received intensive study and critical loading rate values have been
established. However, the "safe" loading rates to streams (canals), wetlands and
estuaries are an area of great uncertainty and no critical values have been es-
tablished.

There has been a considerable amount of interest in the mechanism by which
nonpoint sources generate their nutrient loads. These studies have indicated
that land use; soil type, drainage system design and rainfall patterns all influence
the export of nutrients by nonpoint sources. The loading analyses attempted in
this evaluation are a simple comparison of mass, areal and volumetric loading rates
for total nitrogen and total phosphorus from various related basins. Since the
receiving waters associated with these basins are either canals, wetlands or

estuaries only relative comparison can be made.
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TABLE 8.

Parameter

Total Phosphorus
Ortho-Phosphorus
Total Nitrogen
NOx

NH,

Inorganic Nitrogen
Organic Nitrogen
Conductivity
Turbidity

Copper

—y

UPSTREAM/DOWNSTREAM CONTRASTS

Upstream
0.06 m6/1

0.03 mg/1
2.89 mg/1
0.78 mg/]
0.30 mg/1
1.08 mg/1
1.89 mg/}

829 mhos/cm

7 J1U
1.76 ng/1

-33-

Downstream

0.08 mg/1
0.04 mg/1
3.16 mg/1
0.80 mg/1
0.38 mg/1
1.17 mg/1
2.17 mg/1

1076 mhos/cm

4 JTY
.98 ug/1

Significance
(95% Confidence)

Yes
No
No
No
No
No
No
Yes
Yes

Yes
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Four basins and their hitrogen and phosphorus loads are summarized in
Table 9. The permittee loads to C-51 were calculated for the 1976 calendar year
using the quantity and quality data supplied by the permittee. Since these data
were 1imited (only 7 chemistry samples and no discharge record for January,
November or December), the calculated loads are at best rough estimates of the
actual load. Export from the western C-51 basin for calendar year 1976 was
calculated at the Forest Hill Blvd, station rather than at S.R. 7 due to the in-
ability to accurately estimate flows at S.R. 7. The basin export has been corrected
for nonbasin inputs at S-5AE using discharge and quality data at S-5AE.

The loadings into Conservation Area I from the $-5A drainage basin were taken
from SFWMD data collected in 1974 (SFWMD Technical Publication in preparation).

The fourth basin is the Vaughn Plantation which is a 4,200 acre sugar cane
plantation on the Miami Canal studied by the SFWMD in cooperation with the U. S.
Sugar Corporation in 1974-75. The loading values in the table are from unpublished
SFWMD data and written communication from Dr. Earl Shannon, Black, Crow and
Eidsness 1976. The time period for the calculation is April 1974 to April 1975.

For each basin, loading rates have been expressed in 3 different units. The
mass loading rate is simply the total mass of nitrogen or phosphorus exported
from the basin for the year. The areal loading rate is the total mass divided by
the total area of the drainage basin and in this case is expressed as grams per
square meter. The third rate of loading 15 really a flow weighted average con-
centration and is calculated by dividing total mass by total volume of runoff.

If it can be assumed that the flow and chemical concentrations measured at
the Forest Hill Blvd. station are representative of the net effect of all tributary
drainage basins in C-51 then comparison of the permittee's loadings to the C-51
loadings provide some indication of the relative contribution the permittee makes
to the basin. The data in Table 9 1indicates that the permittee is making a

significant contribution in terms of total nitrogen but not in terms of phosphorus.

“x
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TABLE 9. LOADING SUMMARY

Nitrogen Load (Annual) Phosphorus Load (Annual)
Discharge

Area Volume Mass >1mmm Volumetric Mass Areal Volumetric
Basin (Acres) (Acre-Feet) (Metric Tons) (g/m“) (mg/1) (Metric Tons) {g/m?) {ma/1)
Permittee d.moo o.imm 44.7 6.1 3.97 0.60 0.08 0.05
Western C-51 37,208 32,255 84.0 0.5 2.12 14.0 0.09 0.35
S-5A dwm.ooo 293,690 2535 4.5 7.02 39.0 0.07 0.11
Vaughn Plantation 4,200 9,964 97.2 5.2 7.0 0.43 0.02 0.04 mw




- -

Althoqgh the permittee's land area {s only 5% of the total basin, the total
nitrogen mass loading for the permittee is 50% of the total basin and the areal
Toading rate is 10 times the rate for the entire basin. On a volumetric basis
the effect of the permittee's nitrogen loading is not so dramatic since the
discharge volume for the permittee was almost 30% of the total basin discharge
and the volumetric loading rate is less than twice the basin average.

Conversely, the phosphorus data indicates that the permittee's discharge is
very typical of the basin as a whole. The total phosphorus mass loading for the
permittee {s approximately 5% of the total basin and therefore the areal loading
rates for the permittee and the total basin are essentially identical. The
volumetric loading rate or flow weighted average phosphorus concentration is signi-
ficantly lower for the permittee compared to the total basin.

The loadings for the S-5A basin were included to give some indication of the
potential effects of backpumping the western C-51 basin including the permittee's
drainage to Conservation Area 1. These data indicate that the mass, areal and
volumetric loading rates of nitrogen to Conservation Area I from the S-5A basin
are already quite high and that neither the permittee nor the western C-51 basin
would be a significant addition to the current loadings. Of course 1t should be
noted that the $-5A loading data are for 1974 while the permittee and western
C-51 data are for 1976. With regards to phosphorus loading, it appears that
the addition of the western C-51 basin to the S-5A loadings could cause a signi-
ficant increase in the loadings to Conservation Area 1. However, &s discussed
above, the permittee's phosphorus contribution to the western C-51 loadings are
rather minor.

There are some interesting similarities and differences between the loading
characteristics for the permittee and the Vaughn Plantation. The loading rates
for nitrogen from the two properties are very similar especially when expressed

on an areal basis. - However the phosphorus areal loading rate is much higher
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for the permittee's discharge compared to the Vaughn discharge. The volumetric
loading rates show just the opposite trend. The phosphorus volumetric loading
rates for both areas are very similar but the nitrogen volumetric loading for
the Vaughn Plantation is twice the rate for the permittee.

It is tempting to conclude from the data in Table 9 that nitrogen loading
is a function of area while phosphorus loading is a function of volume of discharge.
However, it must be remembered that these data were collected at different
time periods using different data sets for the calculations. Regardless of these
differences, it is apparent that the permittee's loading characteristics are
more similar to those of the Vaughn Plantation and the S-5A basin than of the {-51
basin,

Both the Vaughn Plantation and the permittee's property as well as the
majority of the S-5A drainage basin are areas of organic soils while the majority
of the western C-51 basin is sandy soils. The loading data in Table 9 indicate
that the organic soils export nitrogen at a high rate but do not export excessive
amounts of phosphorus. Conversely, the sandy soils of the western C-51 basin
appear to have a relatively low rate of nitrogen export and much higher rates of

phosphorus export,
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violations of minim;m cfiteria had occurred. Of the selected parameters
ana]yzéd, dissolved oxygen, specific conductivity and chloride did not meet
minimum criteria for Class III waters. However, the criteria were not met
at both the upstream and downstream stations so although the permittee’s
discharge may be contributing to the degraded water quality conditions in C-51
it is not the major causative factor. There is some evidence that the high
specific conductivity and chloride values are due to groundwater seepage in
the drainage system through this area and therefore may be considered "natural".
The low dissolved oxygen values are not unique to the West Palm Beach Canal but

are an endemic problem in most conveyance canals throughout south Florida.

. Areal Comparisons

Water quality parameters downstream of the permittee's discharge were compared
to values upstream of the discharge using graphic and statistical techniques.
These comparisons were made primarily for parameters for which there are

no standards. The graphic analyses were inconclusive. For a minor specific
discharge event there appeared to be a considerable increase in downstream
concentrations of phosphorus and nitrogen but there were little or no effects
apparent during long term discharge periods. Comparisons of the average total
phosphorus and total nitrogen concentration in the permittee'’s effluent to
average concentrations 1ﬁ the receiving waters were to some degree contradictory.
The total phosphorus concentration in C-51 was significantly increased down-
stream of the discharge but average effluent values were below those of the
receiving water. On the other hand nitrogen concentrations in the effluent
were higher than the receiving waters but no significant increase was measured

downstream of the discharge.

The mean wet season concentrations of total phosphorus and specific conductivity

were significantly higher downstream of the discharge than they were upstream

"B
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SUMMARY AND DISCUSSION -

An evaluation of the potential impact on the quality of water in the western
reach of C-51 (West Palm Beach Canal) by the permittee's discharge has been
undertaken. ' _ The data set available to attempt this
evaluation consisted of the daily pumpage record of the permittee and approximately
monthly water quality samples of the effluent. These samples were analyzed for
several nitrogen species, total phosphorus, dissolved oxygen, turbidity and
several other parameters. The recelving waters were also sampled biweekly for
the period February 1976 to March 1977 both upstream and downstream of the discharge.
These samples were analyzed for the same parameters as the effluent plus major
inorganic jons and the trace metal copper. Associated meterological and hydrological
data for the western C-51 basin were also utilized in order to quantify the
evaluation.

The evaluation was primarily limited to the wet season period {June to October)
of 1976 within C-51 between S-5A and U.S. 441. Four methods of evaluation were
employed.

1. Historical Comparison

Data collected in 1974 (one upstream and two downstream of the permittee's

discharge) are identical to stations sampled in 1976 and were compared stati-

stically to determine the relative effects of time and discharge on the quality
of water downstream of the discharge. For all parameters tested which

included nutrients, dissolved oxygen and major ions there were no statisticaily

significant impacts which could be attributed in the addition of a new

discharge in 1976,

2, State Standards
The Florida water quality staﬁdards for Class III waters as outlined in
Chapter 17-3 of the Florida Administrative Code were used to determine {f

“
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of the discharge based on statistical testing. The means of all nitrogen
species were higher downstream of the discharge than they were upstream but
the differences were not statistically significant.

4, Loading Analyses
The exports of nitrogen and phosphorus from the permittee's property were
compared to the loadings from the western C-51 basin, the S-5A drainage basin
and a previously studied sugar cane plantation (Vaughn Plantation)., Comparisons
indicated that the loadings from the permittee's property were similar to those
of the other plantation and the entire S-5A drainage basin. They further
indicated that the permittee's nitrogen loadings to C-51 were a significant
portion of the entire basin load but that phosphorus loadings were reasonable

given the land area and volume of discharge involved.

In order to put the various methods of evaluation used in this analysis into
perspective, it is necessary to attempt to define the intrinsic value of the
receiving waters, C-51. The objective of this study was to determine if the
discharge of the permittee's effluent would have an adverse impact on the receiving
waters. It has been assumed that adverse impact would be loosely defined as a
condition created by the discharge which would result in a significant reduction
in the "value" of C-51. Conditions which would cause a significant impact would
include:

1. Public Health problem caused by toxic or pathogenic substances.

2. Severe quality degradation which would preclude current uses.

3. General degradations affecting the natural biota of this aquatic system.
One method of defining the intrinsic value of C-51 is to refer to its classification
as Class I1I waters. The water quality for Class III waters are designed to
protect and promote fish and wildlife benefits and other recereational benefits.

The identification of the fish and wildlife resources of this canal and in fact

B
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any canal 1; difficult since the canals are not natural bodies of water. The
canal does seem to support an undefined population of fish, turtles, alligators,
ducks, and other aquatic birds. Types and distribution of invertebrate and phyto-
plankton populations are unknown. There is little vegetation of any conseguence
in the western reach of the canal. The recreational benefits on the canal include
some fishing and minor boating activities.

Despite the classification of the canal as Class III waters its primary use
remains as flood control and water supply. During the wet season the canal
drains surface runoff to the east for eventual discharge to Lake Worth. ‘During
the dry season water is released into the canal from S-5AE to provide irrigation
water for various agricultural uses.

Considering the value of C-51 and the adverse impact criteria 1isted above,
the analysis of data collected during this evaluation does not indicate any well
defined cases of adverse impact due to the permittee's discharge.

The initial concern about the discharge involved the effects of excess
nutrient loadings into C-51. Consequently 1ittle data were collected which are
appreciable to public health issues. The data collected for the one potentially
toxic element, copper, indicate that the levels of this parameter in C-51 are
well below the concentrations of concern.

The only water quality degradations apparent in the evaluation were increases
in specific conductivity, chloride and total phosphorus. The possibility that
these degradations would preclude any of the current uses of C-51 are considered
to be slight. Furthermore there is some uncertainty that these water quality
changes can be solely attributed to the permittee's discharge since evaluations
using historical data do not confirm the evaluation using only upstream and
downstream data.

Due to the nature of the canal itself it is practically impossible to

predict what subtle general impacts the additional discharge with its high nitrogen

5,
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loading will have on th; natural resources of the canal. Since the residence
time of waéer in the canal is relatively short during periods of high discharge
it is unlikely that any enrichment effects due to loading increases are impacting
the canal itself. The ultimate impacts, if any, are probably felt by the ultimate
receiving waters which in this case is Lake Worth,

Of the parameters which do nct meet minimum criteria for Class III waters,
dissolved oxygen is the most critical. Low dissolved oxygen values are a common
problem in most canals and 1imit their usefulness as aquatic habitat. The low
values are probably due to lack of reaeration, benthic oxygen demand and warm
temperatures. There does not appear to be any significant aggravation of the
dissolved oxygen problem due to the permittee's discharge and in fact the effluent
often had dissolved oxygen concentrations higher than the receiving waters. The
high total dissolved solids as estimated by the specific conductivity and chloride
concentrations are less significant in terms of over all water quality. There
is some evidence that these parameters are elevated due to groundwater seepage
rather than surface runoff.

Recommendations:

1. Since the watef quality problems in western C-51 appear to be general
and there is little evidence of specific impacts due to the permittee's
discharge, it is recommended that the permittee be granted a Surface Water
Management Permit,

2. Since the evaluation study has identified current water quality problems
within the western C-51 basin it is recommended that area wide basin criteria
be established to address these problems, especially dissolved oxygen.

Since there is a potential for this basin to be backpumpted into the envi-

Lid
.

ronmentally sensitive Conservation Areas, it is recommended that discharge
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permit include special conditions to:

a) Renew the monitoring program to provide better estimate of nutrient loading.

b) Work toward establishing best management practices to reduce nutrient
loading in the event that current loading rates are found to be detrimental

to wetlands.
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DIRECT CALCIUM AND MAGNESIUM DETERMINATION BY A MODIFIED ATOMIC
ABSORPTION SPECTROPHOTOMETRY ASP[RﬁETION SYSTEM
T. H. Miller, IV and W. H. Edwards, 111

Central and Southern Florida Flood Control District
W est Palm Beach, Florida 33402

INTRODUCTION

We have adapted the double capillary system (DCS) as
described by Singhal, et al. {1, 2) to the rapid determina-
tion of calcium and magnesium in natural water systems.

In the air-acetylene flame, calcium and magnesium ab-
sorbances are lowered due to interferences from elements
such as phosphorus (3). The addition of lanthanum or
strontium to samples and standards corrects for the chem-
ical interference. Usually a 0.1% to 1.0% solution of lan-
thanum or strontium is added volumetrically to samples.
This is time-consuming and may be a source of error. Also,
the high levels of calcium and magnesium found in some
natural waters require dilution to bring them within the
linear working range of atomic absorption.

The double capillary system (DCS) provides a conven.
ient means to pretreat and dilute each natural water sample
as it is aspirated directly into the burner mixing chamber.
Ward and Biechler {4) have presented a study of interfer-
ences using a similar system, with the nitrous oxide-acety-
lene flame,

MATERIALS AND METHODS

Our DCS consists of a “T”, fitted with two polyethylene
tubes, connected to the nebulizer. Singhal, and coworkers,
have described a method whereby a reagent solution is
aspirated through one arm of the “T” while standards or
samples are aspirated through the other. Leiritie and Matis-
son (5} have discussed a modified sample addition method
for the determination of various elements using a similar
aspiration system.

The “T” is available through Elkay Producis (No.
PT-2). The bottom of the “T” is fitted to the adjustable
nebulizer by a short 0.015-in. polyethylene tube from Tech-
nicon. The two arms of the “T” are then fitted with 9-in.
lengths of the same tubing.

Standards were prepared from 1000-ppm stock solutions.
The reagent solution consisted of 0.5% Lay,0; w/v and
2.5% HCl v/v.

INSTRUMENTAL CONDITIONS

All data were obtained using a Perkin-Elmer Model 306
atomic absorption spectrophotometer equipped with 2
Model 056 Multirange Recorder, and Intensitron® hollow
cathode lamps. Calcium was measured at 422.7 nm with a
spectral bandwidih of 1.4 nm and magnesium at 285.2 nm
with a spectral band width of 0.7 nm.

The high concentrations of calcium and magnesium in
the samples analyzed in this study required that the burner
be rotated approximately 90° to reduce the cell path length.
A reducing air-acetylene flame was used for calcium and
an oxidizing flame for magnesium. The adjustable nebulizer
was set at an uptake rate of approximately 2.8 ml/min. for
hoth tubes of the “T” while aspirating deionized water.

RESULTS AND DISCUSSION

The major concern involving the DCS was reliability. A

ATOMIC ABSORPTION NEWSLETTER
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noticeable drop in aspiration rate using the DCS was ob-
served with the 0.015-in. tubing. Aspirating with both
tubes from a 10-ml graduated eylinder produced an uptake
rate of 2.8 ml/min. A rate of 2.8 ml/min. was alse observed
for a 0.5% Las03/2.5% HCI solution. Larger tubing was
tried in an attempt to increase the amount of sample intro-
duced to the flame. Although the aspiration rate increased,
new problems occurred.

A tubing size of 0.030-in. i.d. was found to cause an ap-
parent increase in the concentration reading of an 80 mg/1
caleium solution if the sample level was held constant and
diluent level was allowed to drop approximately 4.5 in. A
decrease in concentration reading was ohserved if the dilu-
ent side was held constant and the sample level dropped
approximately 4.5 in. Similar results were obtained using
0.023-in. i.d. tubing,

The 0.015-in. i.d. tubing was found to produce no sig-
nificant variations (Table ). The standard level was held
constant and the diluent level varied from full to three-
fourths, to one-half, and finally one-fourth. A mean of 83.0
mg /], with a coefficient of variation of 2.2% was found. The
diluent was then held constant and the 80-mg/1 standard
level changed. Three readings {full, half, and three-fourths)
gave a mean of 80.6 mg/1 with a coefficient of variation of
1.0%.

Water samples selected at random were analyzed by the
conventional single tube ispiration method {4) and the
DCS method. Results are given in Table I1a. Percent differ-
ence was calculated by assuming that the single aspiration
system was the standard value. No significant difference
was found.

Environmental Protection Agency (E.P.A.) -tandard
reference samples were analyzed as accuracy checks (Table
IIb). The E.P.A. values were assumed to be the standard
value for percent difference calculations. Both systems gave
similar results.

Mean, standard deviation, and percent coefficient of vari-

- ation data were compiled by replicate analyses of a sample

periodically run throughout a routine analysis {Table I11}.

The percent recovery data were calculated from the
formula:

S, —1/2U,

1/2 8
Where:

S, is the standard addition experimental value

U, is the unknown experimental value

Sk is the known standard value

The formula assumes a 1:1 dilution of an unknown with
an appropriate standard.

The working ranges abtained for calcium and magne-
sium using the DCS were 2.5 mg/1 to 160.0 mg/1 and 1.0
mg/1 to 40.0 mg/| respectively.

It is not known whether the DCS produces an exact 1:1
dilution. However, the dilution ratio is constant and, there-
fore, normal calibration is not affected (6}.

CONCLUSION

The DCS as a peripheral tool to atomic absorption spec-
trophotometry appears to have added a useful dimension

X 100 = % recovery
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TABLE 1

Comparisen of Percent Change in Sample Concentration with
Respect to Tubing Inside Diameter

% Apparent Increase in |% Apparent Decrease in
Tubing Size Concentration (Sample | Concentration (Diluent
Level Held Constant) Level Held Constant)
Technicon® 0.015-in. 1.D. 0.56 247
Intramedic® 0.023-in. I.D. 12.46 ) 13.26
Technicon®0.030-in. I.D. 14.06 13.70
TABLE I to an already powerful analytical technique and is adapt-
Caltium-Magnesium Data Comparisen in Natyral able to the analysis of natural waters.
Waters {mg/l) The tubing size is a major factor in the performance of
A the system as was shown. Using the correct tubing size
: : satisfactorily eliminates head pressure effects found with
mg/ICa larger tubing.
Dual Single ) The DCS method of direct analysis for Ca and Mg pro-
Sample No. Aspiration Aspir?rﬁon % Difference vides for simultaneous chemical treatment thus avoiding
any pretreatment with its associated errors.
H120 46.0 47.2 2.5 The overall performance of the DCS for high concentra-
H122 81.1 81.2 0.1 tions of calcium and magnesium has been shown to be as
R166 53.2 54.8 29 reliable as the single aspiration system (Table I1) and is
_ being used routinely in this laboratory with great success.
1502 8.9 8.6 3.5 2 ; . ] .
F1104 Quality control measures (i.e., standard additions and inde-
232 24.4 4.9 pendent standard reference samples) have shown the sys-
F1108 8.2 7.8 —5.1 tem to be reliable.
F1112 66.4 64.8 -~2.5 Two other elements which are found in high concentra-
F1114 $3.9 64.2 0.5 tions in some natural waters are sodium and potassium. We
E041 19.6 388 —21 are determining these elements routinely using the DCS, in
’ ’ ’ his instance as a dilution device to accommodate the high
A224 160.3 162.0 1.0 this Tnstanc ’ : : &
‘ : * concentrations of sodium and potassium founa in the sam-
f sod dp found in th
mg/! Mg ples studied.
YBé?g 15.4 149 —3.4 ACKNOWLEDGMENT
YB&69 6.3 6.3 0.0 . . oo
Y8702 19.8 200 1.0 kn'([}“}:c]ae;;seﬁmnce of Frederick E. Davis is gratefully ac-
B498 15.7 15.1 —4.0 ' Recetved December 3, 1975
B510 52 50 —4,0 Revision received March 29, 1976
YC719 14.7 14.2 —3.5 REFERENCES
YC739 15.0 146 —27 1. K. C. Singhal and B. K. Banerjee, At. Absorption Newslett, 14, 135
B. (1975).
2. K. C. Singhal, R. C. P. Sinha, and B. K. Banerjee, Technology 6,
Element - EPA Dual % Dif- Single % Dif- 219 (1969).
Aspiration ference Aspiration ference 3. Analytical Methods for Atomic Absorption Spectrophotometry,
- Perkin-Elmer Corporation, Norwalk, CT (1973).
Calcium 90 96 —6.7 8.4 6.7 4. D. A, Ward and D. G. Biechler, At. Absorption Newslett. 14, 29
60 75 —53 34 7.2 5 r(v:g;,? itie: and B. M Anal, Lett, 3, 315 (1970)
Mugnesium 2" 2.0 ‘-8 2‘° 4.8 e . 1ritie an N attsson, Anai. tt. 3, .
6. R. S. Tse, 8. C. W, d 8. 8. L. Wong, Anal. Chem. 48, 234
82 82 00 78 49 R - & Wors an o, fnal LAem
TABLE M
Statistical Date Computed on Randomly Cheosan Natural Water
Samples, Anatlyzed by the DCS
Element: Calcium
Somple No. n X %CV. Us* Sk* Sa* % Recovery*

YB694 3 48.3 0.8 48.8 i00.0 79.6 110.4
YA703 8 44.7 27 43.5 50.0 47.8 104.2

Element: Magnesium

YB694 3 15.4 08 15.4 300 225 98.7
YA703 4 151 0.5 15.1 20.0 17.5 99.5

* All defined within text.
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INTRODUCT ION

Florida's Lower West Coast has been partitioned into nine basins
according to their respective hydrologic characteristics. These basins are:

1. East Caloosahatchee Basin

2. West Caloosahatchee Basin

3. Telegraph Swamp Basin

4, Tidal Caloosahatchee Basin

5. North Coastal Basin

Island Basin
7. Estero Bay Basin
. West Collier Basin

9, East Collier Basin
The development of a Water Use Plan for these areas necessitated a need to
know not only the present quality of the water resources but also the general
emphasis with respect to the direction of previous studies and the need for
future studies. This level of understanding could best be gained through a
review of the available literature.

One basic guideline was established in the selection of references. The
reference had to have a review of some fresh water chemistry {as—opposed—te-
! ) and

would include only references te surface waters, or-suwrfest-sndere—ar-wffected=by
* aither grousdweders—or—trucitsh-anbonsr Of the 147 references specific to the
nine basin area, those that met this specific guideline are listed in Tables

DRAFT
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TABLE GENERAL AND SPECIFIC FRESH WATER, SURFACE WATER QUALITY REFERENCE LIST
FOR SELECT STREAMS AND CANALS IN FLORIDA'S LOWER WEST COAST

RIVER *BASIN

REFERENCES

Barren River 9

Caloosahatchee River 1, 2, 4

Cocohatchee River 8
Esteroc River 7
Falka Union Canal 8
Gator Siough 5
Golden Gate Canal 8
Garden River 8
Henderson Creek 8
Hendry Creek 7
Imperial River 7
Lely Canal 8
Mallock Creek 7
Orange River 4
Spring Creek 7
Ten Mile Canal 7
Tonsend Canal 2
Turner River 9

x*
Basin Code:

1 - East Caloosahatchee Basin
2 - West Caloosahatchee Basin
3 - Telegr ™ Swamp Basin

1, 11, 18, 25, 32, 41, 46, 47, 58, 61, 64, 68, 72,
g2, 88, 90, 95, 99, 114, 116, 125, 127, 129, 142

5,6, 8, 18, 24, 25, 33, 36, 41, 43, 44, 46, 47,
52, 67, 68, 70, 85, 95, 99, 100, 102, 114, 115,
116, 127, 129, 136

4, 18, 25, 32, 46, 72, 95, 99, 114, 116, 127, 129
18, 25, 41, 46, 47, 95, 99, 100, 114, 116, 127, 129

11’ 18’ 25. 32' 4]’ 46, 47| 72, 32. 95’ 99’ 114’ ]]69
125, 127, 129

18, 25, 46, 47, 95, 99, 114, 116, 127, 129

4, 18, 25, 32, 41, 46, 47, 52, 68, 72, 82, 95, 99,
114, 116, 127, 129

4, 18, 25, 32, M, 46, 47, 72, 95, 99, 114, 116,
127, 129

18, 25, 32, 41, 46, 47, 72, 95, 99, 114, 116, 127,
129, 144, 146

18, 25, 46, 47, 95, 9%, 116, 127, 129

18, 25, 41, 46, 47, 70, 95, 99, 100, 104, 114, 116,
127, 129

18, 25, 46, 47, 72, 99, 114, 116, 127, 129
18, 25, 46, 47, 95, 99, 116, 127, 129

18, 25, 41, 43, 46, 47, 70, 95, 99, 114, 115, 116,
127, 129

18, 25, 46, 47, 99, 116, 127, 129
18, 25, 41, 46, 47, 95, 99, 116, 127, 129

18, 25, 33, 41, 46, 47, 95, 99, 102, 114, 116, 117,
N9

}gé 25, 46, 47, 58, 72, 82, 95, 99, 114, 116, 127,

4 - Tidal Caloosahatchee Basin 7 - Estero Bay Bas
5 North Coastal Basin 8 - West Collier Bi
. Island Basin 9 - East Collier B
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GENERAL AND SPECIFIC FRESH WATER, SURFACE WATER QUALITY REFERENCE LIST
FOR SELECT LAKES AND MAJOR WETLANDS ON FLORIDA'S LOWER WEST COAST.

TABLE

LAKES *BASIN REFERENCES

Deep Lake 9 51, 83, 104, 110
Halfway Pond 4 Mo Data Found

Lake Hicpochee 1 114

Lake Trafford 8 50, 52, 68, 95, 104
WETLANDS BASIN REFERENCES

Big Cypress Swamp 8,9 1, 72, 73, 82, 137, 143
Corkscrew Swamp 8 72

Fahkahatchee Stand 8 11, 72, 82, 95, 126
Okaloacoochee Slough 2, 9 44, 45, 82, 114

Six Mile Cypress 7
Telegraph Swamp 3

*
Basin Code:

1 - East Caloosahatchee Basin

2 - West Caloosahatchee Basin
3 - Telegraph Swamp Basin

4 - Tidal Caloosahatchee Basin
5 - North Coastal Basin

64, 95
No Data Found

6 - Island Basin

7 - Estero Bay Basin

8 - West Collier Basin
9 - East Collier Basin

RAR




Since the references selected were swvaried, a comparative evaluation would
have been difficult without some additional guidelines. Consequently, three
specifig guidelines were established to determine which specific references

MRS AT

should be included in this text. /

First, the references ﬁzgg:jncHude some discussion of the data collected.
Some of the data, including Supplemental Data on the Water Quality in the Lower
West Coast, Florida by the South Florida Water Management District, 1976-1978,
and "Nutrient Concentrations of Surface Waters in Southern Florida, September
1970 to April 1975" by W. L. Miller, for—answmple, inc]uda#thensive sampling
over the entire Lower West Coast. However, the dataLE;?:ot accompanied by any
text or evaluation.

Aot

Secondly, the references mwet include general aquatic chemistry with some

discussion of nutrient levels.
Spgglfwiﬁgﬂiii‘”of.:‘singhw,"}ﬁis guideline attempiewmto omitice/

data very general in nature including map series such as the pH of Water in Florida

Streams and Canals, 1970, or Color of Water in Florida Streams and Canals, 1969.

This guideline also a:tcupiud—to~omi€“$2ry specific parameters from a detailed
analysis including, as examples, the "Geechemistry of Mercury in Three Estuaries
from the Gulf of Mexico" by Anders W. Andren, 1973, or the "Impact of Pesticides
on Phytoplankton in Eve 1a’$s Estuaries" by Stanley A. Moore, 1973.

Finally, the data mss# have been collected between 1969 and 1979. Some
data including the Water Resources of Southeastern Florida by Garald Parker,

et al., 1955, or "Dissolved Phosphorus in Florida Waters" by Howard T. Odum,
1953, provide valuable historic data. However, due to the pregressive
growth in the Lower West Coast and the continually changing water resource

1

iie Pt
patterns, more recent data would, 1ikely typify the current water quality.




The omiSSion of numerous references according to the established guidelines
does not lessen their importance, rather, it facilitates a review of the
water quality on the Lower West Coast. With this document, the interested
reader can be directed to references in areas of particular concern.

Some of the conclusions reported here may appear to contradict that of
other authors. Strict interpretation of the information presented must be
tempered by consideration of the sampling dates, study duration, analytical
and data handling metheds, and a realization that the environment in general is
not static but constantly changing.

, hetlands

The wetland areas of the Lower West Coast of Florida represent almost
50% of the total area {SFWMD, 1979). Of the six major wetlands of Southwest
Florida, no data was found for Telegraph Swamp, and of the nine basins, no
major wetlands are located in the East Caloosahatchee Basin, the Tidal Caloosahatche
Basin, or the North Coastal Basin.

Carter, et. al., 1973, studied the ecosystems associated with the Big
Cypress Watershed and found that surface waters in the Fahkahatchee strand con-
sistently had greater concentrations of total phosphorus, total organic carbon,
total Kjeldahl nitrogen, apparent color, and tannin and lignin “like" compounds
than did the drainage canals. The results demonstrate the total dependerice
of the South Florida ecosystem on the hydroperiod. Alkalinity, dissolved oxygen,
and turbidity were higher in the canals, as were the quantities of nutrients

‘transported. Surface waters were free from any detectable levels of pesticides.

Klein, et. al., 1975, described the quantity and quality of surface water

and groundwater and their interrelation with the estuarine and marine waters of
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South F}orjda. Nine areas were identified, accordiﬁg to ltand use, to illustrate
their efféct upon the water quality. Only two of these areas were located in the
Lower West Coast; the Big Cypress Watershed and the urban areas to the west.
The Big Cypress Watershed was used comparatively to represent low nitrogen
and phosphorus levels which generally were lower than the other areas considered.
Little, et. al., 1970, during a one month study in March 1970, conducted
physical, chemical, and biological studies at 34 stations including various
canals, the Big Cypress Swamp, the Fahkahatchee Strand, and the Okaloacoochee
Slough. This report concluded that arbitrary development has resulted in
deteriorated water quality and increased concentrations of certain elements
potentially toxic to aquatic life. Low nutrient levels in waters of the Big
Cypress indicated relatively low enrichment as a result of either assimilation
or accumulation in the sediments. Total phosphorus levels averaged Tess
than 0.1 mg/1 at all stations with the highest recorded value being 0.38 mg/1.
Seepage to the Gulf Atlantic Cofporation (GAC) canal system accounts for the
significantly elevated values for hardness, alkalinity, and sulfate as compared

to the remaining swamp.

Lakes

There are only four major lakes of interest (surface area greater than
25 acres) on the Lower West Coast. These are Halfway Pond, Lake Hicpochee,
Lake Trafford, and Deep Lake. The four lakes are located in four separate
basins; the East Caloosahatchee Basin, the Tidal Caloosahatchee Basin, and
}he East and West Collier Basins. No data was found for either Halfway Pond
or Lake Hicpbchee.

Goolsby, et. al., 1976, and Joyner, 1973, summarized the general water
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quality throughout the State and specific areas of central and southern Florida,
respectively, including some specific information on Lake Trafford. They also
jdentified a general lack of available information in Lee and Hendry Counties.
Schneidw”0 studied the limnology of a meromictic sinkhole lake (Deep
Lake) in South Florida with emphasis on the morphometric and climatic reasons
contributing to the maintenance of meromixis. The physical, chemical, and
biological interactions were observed with the conclusion that the general
chemical properties occurred in concentration ranges normally found in South Florida.
The major chemical concentrations of the surface waters were lower during the
wet periods and higher during the dry periods indicating that dilution and
concentration (including evaporation, seepage, run-off from surrounding wetlands
high in dissolved solids, etc.) play an important role in the quality of surface

waters in Deep Lake.

Canals, Rivers, and Streams

Of the 18 major canals, rivers, and streams of importance on the Lower
West Coast of Florida, eight revealed a general lack of information including
Gator Slough, Hendry Creek, the Imperial River, Mullock Creek, the Orange
River, Spring Creek, Ten Mile Creek, and the Estero River.

Black, Crow, and Eidsness, 1975, attempted to develop a comprehensive
water management plan in Northwest Collier County while maintaining a quality
environment through the protection of valued natural resources. Water quality
data was documented for the Gorden River Area, Golden Gate Canal Watershed,

“and the Cocohatchee River Area. Total nitrogen, particularly in the fresh water
locations of the Cocohatchee River System during the rainy seasocn, is relatively
high indicating a considerable degree of enrichment due to land run-off from

agricultural areas. During the dry season, total nitrogen concentrations fall
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to one-fourth the wet season levels. Phosphate 1e§éls are generally low.

Carter, et. al., 1973, studied the ecosystems associated with the Big
ypress Watershed and found the canals transported much greater quantities of
nutrients than did the surrounding wetlands. Alkalinity, dissolved oxygen, and
turbidity were higher in the canals, however, nutrient levels and color were
generally lower while detectable levels of pesticides were not found.

Environmental Science and Engineering, 1977, in the "Final Water Quality
Report for the Big Cypress Study Area” indicated that nutrient levels tended to
decline during the dry season in the Cocohatchee River and Golden Gates Areas
with phosphorus levels in the Cocohatchee River Canal being generally higher than
at other sites. Generally, the results indicate that the water quality leaving
the canals contains excessive levels of nutrients.

Environmental Science and Engineering, 1977, in "The Final Report for the
Caloosahatchee River Study Area" indicated that the water entering from Lake
Okeechobee is as good or better than that downstream with the eastern river

portions being of poorer quality than the western portions. Generally the water

" quality in the river is better than that of the tributaries sampled and nutrient

levels are high with water entering the river being rich in nitrogen‘and phosphorus.
Goolsby, 1976 presented an analysis of the historical water quality data
collected in Central and Southern Florida. Total nitrogen and total phosphorus
concentrations for about 2,000 samples from the area averaged 1.82 and 0.15 mg/1,
reSpgctive1y with 77% of the nitrogen being organic and 80X of the phosphorus
being soluble ortho-phosphate.
Little, et al., 1970, during March 1970, examined the physical, chemical,
‘and biological characteristics of the Big Cypress Area. It was indicated that

an ecosystem shift was occurring from wet prairies, marshes, and sloughs to a
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canal system. The drainage caﬁa]s exhibited a deterioration in quality due to the
transport of wastes from residential, commercial, industrial, and agricultural
land use. Increased levels of iron, lead, and aluminum in the GAC canal were
detected in greater amounts than what would normally exist. Hardness, alkalinity,
and sulfate demonstrated a significant increase in the GAC cana) relative to the

adjacent wetlands due to the seepage of groundwater.

O'Donneﬂ102 studied the water quality of canals in Hendry County, mainly
the Caloosahatchee River and Townsend Canal. The quality of water in the
Caldosahatchee River, at taBelle, was generally good except for the color.

Tabb]25 during two sampling trips in late 1975 and early 1976 obtained
data which indicated that the general quality of the Golden Gate Water System

was good.

DRAR




=]

el

LOWER WEST COAST - FLORIDA

BIBLIOGRAPHY

Andren, Anders W, Geochemistry of Hércury in Three Estﬁifies from
the Gulf of Mexico. Tallahassee, Florida: Florida State
University; 1973. Dissertation.

Anonymous. Attractihg New Industries to Florida; Water Pollution
Considerations. J. Water Pollut. Control Fed., V. 38: 1601-8;
1966 October; Panel Discussion.

Biaék, Crdw;-and Eid;néSs, Inc., Engineers. Master Plan fbf Hatef'Management
District No. 6, Collier County, Florida. Gainesville, Florida:
1974 February.

Black, Crow, and Eidsness Inc., Engineers. Master Plan for Water
Management District No. 7, Including the Cocohatchee and Gordon i
River Basins, Collier County, Florida. Gainesville, Florida: :
1975 March. -

Boggess, Durward H, A Test of Flushing Procedures to Control Salt Water
Intrusion at the W. P. Franklin Dam, near Ft. Myers, Florida.

Tallahassee, Florida: U. S. Geological Survey; 1968; Open File
Report.

Boggess, Durward H. Controlled Discharge from the W. P. Franklin
Dam as a Means of Flushing Saline Water from the Fresh Water
Reach of the Caloosahatchee River, Lee County, Florida, Tallahassee,

F]oridq: U. S. Geological Survey, Florida Bureau of Geology; 1972;
Open File Report No. 72028. '

Boggess, D. H.; Missimer, T. M.; 0'Donnell, T. H. Saline Water
Intrusion Related to Well Construction in Lee County, Florida.
Tallahassee, Florida: U. S. Geological Survey; 1977 September;
Water Resources Investigations No. 77-33.

Boggess! Durward H. The Magnitude and Extent of Salt Water Contamination
in the Caloosahatchee River Between LaBelle and Olga, Florida.

. Tallahassee, Florida: Florida Bureau of Geology: 1970;
Information Circular No. 62.

. Boggess, Durward H. Water Supply Problems in Southwest Florida.

Tallahassee, Florida: U. S. Geological Survey:; 1968 March;

Open File Report. . @@l




10.

1.

12.

13.

14.

15,

16.

17.

18.

1

o

Carriker, Neil E.; Gillespie, W. Thomas; Brezonik, Patrick L. Boron
and Arsenic Studies in Florida Waters. Gainesville, Florida;
University of Florida, Water Resources Research Center;

1976; Publication No. 34.

Carter, Michael R.; Burns, L. A.; Cavinder, T. R.; Dugger, K. R.; Fore,
D. L.; Hicks, D. B.; Revells, H. L.; Schmidt, T. W. Ecosystems
Analysis of the Big Cypress Swamp and Estuaries. Athens, Georgia:
- Environmental Protection Agency; 1973 June; Florida Ecological
Study DI-SFEP-74-51.

Central and Southern Florida Flood Control District. Lee County,
The. Role of the Caloosahatchee River in the Comprehensive Flood
Control Program.  West Palm Beach, Florida: Attached to:
George B. Hills Co., Report and Plan of Improvement, Caloosahatchee
Improvement District. Jacksonville, Florida: 1927 June.

Central and Southern Florida Flood Control District, Resource Planning
Department. Memorandum Report on Surface Water Availability
in the Caloosahatchee Basin. West Palm Beach, Florida:
University of Miami; 1972 February; Florida Sea Grant Program
Special Bulletin No. 6.

Childs, Marquis. The Everglades in Era of Reprieve, but Concern
Remains. Smithsonian 1(3): 4-13; 1970 June.

Chitty, Nicholas (Eds.); Davis, Charles W. The Effects of the
Discharge of Secondarily Treated Sewage Effluent into the
Everglades Ecosystem. Coral Gables, Florida: University of

%iapg; 1972 February; Florida Sea Grant Program Specfal Bulletin
No. 6.

City of Naples Planning Department. Comprehensive Plan Potable Water,
Wastewater, Surface Water, Solid Waste, Utility (Electric)
Element. Naples, Florida: 1978 December.

Collier County Coa§tal Area Planning Commission. A Comprehensive
Plan for Collier County, Florida. Naples, Florida: 1974 August.

Color of Water in Florida Streams and Canals. Matthew I. Kaufman.
Tallahassee, Florida: Florida Department of Natural Resources,
Bureau of Geology; 1369; U. S. Geological Survey Map Series No. 35.

. Costeel, S. C. Water Resources of Florida. Water and Sewage Works

118: 282-4; 1971 September.




20.

21.

22.

23.

24,

25.

26.

27.

28,

29.

Croome,'Angelia. Rape of the Swamps. New Sci. London 47 (713): 288-
1970 August 6.

Crowder, John P. The Effects of Drainage and Associated Development
in the Big Cypress Swamp. Atlanta, Georgia: Bureau of
Sport Fish and Wildlife; 1974 February; South Florida Environmental
Project No. DI-SFEP-74-21.

Dantzman, C. L.; Breland, H. C. Chemical Levels of Streams in Southwest
Central Florida. Soil Crop Sci. Soc. Fl. Proc. 32: 102-105;
1972. '

Dantzman, Charles L.; Breland, Hefﬁon L. Chemical Status of Some
Water Sources in South Central Flerida. Soil Crop Sci. Soc.
F1. Proc. 29: 18-28; 1970.

Davis, Frederick; Marshall, Michael L. Chemical and Biological Investigations
of Lake Okeechobee, January 1973- June 1974; Interim Report.
West Palm Beach, Florida: Central and Southern Florida, Flood
Control District; 1975 March; Technical Publication No. 75-1.

Dissolved-Solids Concentrations and Loads in Florida Surface Waters,
Joel E. Dysart and Donald A. Goolsby. Tallahassee, Florida:
Florida Department of Natural Resources, Bureau of Geology; 1977;
U. S. Geological Map Series No. 77.

Dohrenwend, Robert E. Evapotranspiration Patterns in Florida.
Florida Scientist 40(2): 184; 1977.

«

Quane Halland Associates, Inc. Water Quality Study, Lee County, Florida.
Ft. Myers, Florida: 1974 December.

Duever, Michael J.; Carlson, John E.; Riopelle, Lawrence A. Corkscrew
Swamp, a Virgin Strand. Water Budgets and Comparative Study of
Virgin Corkscrew Swamp. Odum, Howard T. ed. Cypress Wetlands:
First Annual Report on Research Projects; 1973- May - 1974 November;
University of Florida, Center for Wetlands Phelps Laboratory,
Gainesville, Florida: 1974: 595-634

Duever, Michael J.; Carlson, J. E.; Riopelle, L. A. Corkscrew Swamp,
A Virgin Strand, Phase 12, Ecosystems Analysis at Corkscrew
Swamp. Odum, Howard T. ed. Cypress Wetlands: Second Annual
Report on Research Projects; 1974 November - 1975 October:
University of Florida, Center for Wetlands, Phelps Laboratory,
Gainesville, Florida: 1975: 627-686. :




30.

3].

32.

33.

34.

35.

36.

37.

38.

-

Duever, M. J.; Carlson, J. E.; Gunderson, L. A.; Duever, L. Corkscrew

Swamp, A Virgin Strand, Ecosystems Analysis at Corkscrew Swamp.
Odum, Howard T. ed. Cypress Wetlands: Third Annual Report on
Research Projects; 1975 November - 1976 December; University of
Florida, Center for Wetlands, Phelps Laboratory, Gainesville,
Florida: 1976: 707-737.

Duever, M. J.; Carlson, J. E.; Riopelle, L. A.; Duever, L. C. Corkscrew
Swamp, A Virgin Strand, Ecosystems Analysis of Corkscrew Swamp.
Odum, Howard T. ed. Cypress Wetlands: Fourth Annual Report on
Research Projects; 1976 December -~ 1977 December; University of
Florida, Center for Wetlands, Phelps Laboratory, Gainesville,
Florida: 1977: 534-565.

Environmental Science and Engineering, Inc. Final Water Quality Report
for the Big Cypress Study Area. Ft. Myers, Florida: Southwest
Florida Regional Planning Council; 1977. )

Environmental Science and Engineering, Inc. Final Water Quality Report
for the Caloosahatchee River Study Area. Ft. Myers, Florida:
Southwest Florida Regional Planning Council; 1977 November.

Environmental Science and Engineering, Inc. Final Water Quality
Report for the Charlotte Harbor Study Area. Ft. Myers, Florida:
Southwest Florida Regional Planning Council; 1977 November.

Florida Board of Conservation, Division of Water Resources and

?oggervation. Gazeteer of Florida Streams. Tallahassee, Florida:
9 -

L}

Finney, S.N. Miller, J. B. Some Physical and Chemical Characteristics
of Selected Florida Waters. Jacksonville, Florida: Florida
State Board of Health, Bureau of Sanitary Engineering, Division
of Water Supply; 1968 June; Second Supplement.

Florida Board of Conservation, Division of Water Resources. Florida
Lakes. Part III; Gazeteer. Tallahasse, Florida: 1969.

Florida Department of Administration, Division of State Planning.
F1pa] Report and Recommendations for the Big Cypress Area of
Critical State Concern, Collier County, Dade County, and Monroe
County, Florida. Tallahassee, Florida: 1973.

39. Florida Department of Transportation. Cecil M. Webb Wildlife Management

Area, 1-75. Tallahassee, Florida; 1972 September; Draft
EIS I-75 East of Ft. Myers to Myakka River in Sarasota County.

DRAFT



40. .

A1.

az.

43.

44,

45.

46.

Freiberger, Herbert J. A Prelimimary Assessment of Water Quality in
South Florida. Trans. AGU 53 (4): 377; 1972 AP

Freiberger, H. J. Nutrient Survey of Surface Waters in Southern Florida
During a Wet and a Dry Season, September 1970 and March 1971.
Tallahassee, Florida: U, S. Geological Survey; 1972; Open File

_ Report No. 72008.

Gee and Jensen, Consulting Engineers, Inc. Plan of Reclamation for
East County Water Control District, Lee County, Florida.
West Palm Beach, Florida: 1958 July.

Gee and Jensen, Consulting Engineers, Inc. Water Resources Report,
East County Water Control District, Lee County, Florida. Lehigh
and West Palm Beach, Florida: 1975 Mayv

General Development Corporation. Port LaBelle, Master Application for

Development Approval (ADA). Miami, Florida: Environmental Impact
Statement; 1970; 2 volumes.

General Development Corporation. Port LaBeile Master Application
For Development Approval (ADA). Miami, Florida: 1974 January.

Generalized Distribution and Concentration of Orthophosphate in Florida Streams.
Matthew I. Kaufman. Tallahassee, Florida: Florida Department

of Natural Resources, Bureau of Geology; 1969; U. S. Geological
Survey Map Series No. 33.

47, GeneraliZed Distribution and Concentration of Orthophosphate in Florida

Streams. Matthew I. Kaufman. Tallahassee, Florida: Florida
Department of Natural Resources, Bureay of Geology; 1973; U. S.
Geological Survey Map Series No. 58.

48. George B. Hills, Co., Chief Engineers. Report and Plan of Improvement,

Caloosahatchee Improvement District. Jacksonville, Florida:
1927 June.

49. Gleason, Patrick J., editor and compiler. MEMOIR 2: Miami Geology

50. foforth, Dwight. Data on Lake Trafford, 1975,

Society Enviroments of South Florida: Present and Past., Miami,
Florida: Miami Geological Survey; 1974 November,

West Palm Beach,
sh Commission; 1978;

DT

Fiorida: Florida Game and Fresh Water Fi
Personal Communication.




51.

52.

53.

54.

55.

56.

Gonyea, William J.; Hunt, Burton P. Organic Matter in Fresh Water of
South Florida. Florida Scientist. 32 (3): 171; 1969

' Goolsby, D. A.; Mattraw, H. C.; Lamonds, A. G.; Maddy, D. V.; Rollo, J.R.

Analysis of Historical Water-Quality Data and Description of

Plan for a Sampling Network in Central and Southern Florida.

Tallahassee, Florida: U. S. Geological Survey; 1976: Water
~ Resources Investigations 76-52.

Gorelick, Steven. Southwest Florida Regional Hydrogeology and
Water Supply. Sarasota, Florida: 1973 June; New College,
Environmental Studies Program.

-

Greenfield, Leonard J. Chemical Ré]ation Between Surface Water and the
Ground in South Florida. Water Resour. Bull. 9 (5): 923-31; 1973

| Greenfield, Leonard J. Progress Report on Ecological Survey of the

Dade-Collier Training and Transition Airport Facility. Coral

Gables, Florida: University of Miami, Center for Urban Studies;
1970. .

Harriss, Robert C. Distribution of Pesticides in a South Florida
Watershed. Atlanta, Georgia: U. S. Department of the Interior,
National Park Service; 1973 March; South Florida Ecological
Study DI-SFEP-74-14.

57. Harriss, R. C.; Mattraw, H.; Alberts, J.; Hanke, A. R. Effect of.

58.

59.

Pollution in the Marine Environment. A Case Study. Edge,
Billy L., ed. Coastal Zone Pollution Management: Proceedings

- of the Symposium; 1972 February 21-22; Clemson, South Carolina.
Clemson University. 1972: 249-64.

Harriss, Robert C.; Mattraw, Harold; Horvath, George; Andrew, Anders.
{nput, Cycling, and Fate of Heavy Metal and Pesticides Pollutants
in Estuaries of the Western Everglades. Atlanta, Georgia:
Department of the Interior, National Parks Service 1971 October;
South Florida Environmental Project, Phase I.

Heald, Eric J.; Tabb, Durbin C.. Applicability of the Interceptor
Waterway Concept to the Rookery Bay Area. Conservation
Foundation, Inc. Rookery Bay Land Use Studies: Environment
Planning Strategies for the Development of a Mangrove Shoreline.
Washington, D. €.: 1973; Study No. 6.

60. ‘lorel, George. Results of Fisheries Investigation and Recommeﬁdation

for Re-establishment of a Sport Fishery in the Caloosahatchee River.

Vero Beach, Florida: Florida Game and Fresh Wat Z}i}fh Commission;

1960 August.




61.

62.

(g%

63.

64.

65.

66.

67.

68.

69. .

70.

Horvath, George J. Geochemistry and Transport of Manganese, Iron, Cobalt,
Copper, Zinc, Cadmium, and Lead in the Fresh Water and Estuarire
Environments of the Big Cypress-Everglades Region of Florida.
Tallahassee, Florida: Florida State University; 1973. Dissertation.

Horvath, G. J.; Harriss, R. C.; Mattraw, H. C. Land Development and
Heavy Metal Distribution in the Florida Everglades., Mar. Pollut.
= Bull. 3 (12): 182-184; 1972 December.

Horvath, George J. The Influence of Big Cypress Land Development on the
Distribution of Heavy Metals in the Everglades Estuaries.
Atlanta, Georgia: Department of the Interior, Mational Parks
Service; 1973 March; South Florida Environmental Project No. DI-
SFEP-74-11.

Howard, Needles, Tammen, Bergendoff; and Johnson Engineering. Six Mile
Cypress Watershed Basin, Surface Water Management Plan,
Ft. Myers, Fla: 1977.

.

Hutton, R. F. Notes on the Causes of Discolored Water Along the South-
?Sgﬁern Coast of Florida. Q. J. Fla. Acad. Sci. 23 (2): 163-
; 1960,

H. W. Lochner, Inc., Consulting Engineers. Environmental Section 4 (f)
Statement. Interstate Route 75, S. R..82, Near Ft. Myers in
Lee County to U. S. 27 at Andytown in Broward County, Florida.
Tallahassee, Florida: Department of Transportation, 1972 August.

Joyner, Boyd F. Chemical and Biological Conditions of Lake Okeechobee,
Florida. Tallahassee, Florida: U. S. Geological Survey,
Florida Bureau of Geology; 1974; Open File Report No. 71006.

Joyner, Boyd F. Nitrogen, Phosphorus, and Trace Elements in F]orida‘
Surface Waters, 197G-71. Tallahassee, Florida: U. S. Geological
Survey; 1973; Open File_Report 73028

Joyner, B.F.; Sutcliffe, H., Jr. Water Resources of the Myakka River '
Basin Area, Southwest Florida. Tallahassee, Florida: U. S. -
Geological Survey; 1976; Water Resources Investigations 76-58

* Kenner, William E., Brown, Eugene. Surface Water Resources and Quality of Waters
in Lee County, Florida, 1956. Tallahassee, Florida: Florida
Geological Survey; 1956; Inf. Cir. No. 7.

MR




.

72.

73.

74.

75.

76,

77.

718,

79.

80

8

—

Klein, Howard; Armbruster, Jeffrey; McPhersen, Benjamin F.; Freiberger,
Herbert J. Water and the South Florida Environment. Tallahassee,
Florida: U. S, Geological Survey; 1974; South Florida Environmental
Project: Ecological Report No. DI-SFEP-74-75.

Klein, Howard; Armbruster, J. T.; McPherson, B. F.; Freiberger, ﬁ. J.
Water and the South Florida Environment. Tallahassee, F10r1@a: ]
Y. 5. Geological Survey; 1975 August; Water-Resources Investigation 24-75.

Klein, Howard; Schneider, W. J.; McPherson, B. F. Some Hydrologic and
Biological Aspects of the Big Cypress Swamp Drainage Area,
Southern Florida. Tallahassee, Florida: 1970 May; USGS Open
File Report 70003.

Kolipinski, Milton C.; Higer, Aaron L. Some Aspects of the Effects
of the Quantity and Quality of Water on Biological Communities
in Everglades National Park. Tallahassee, Florida: U.S.

Geological Survey; 1968 October and 1969 September; Open
File Report.

Kolipinski, M.C.; Higer, A. L.; Yates, M. L. Organochlorine Insecticide
Residues in Everglades National Park and Loxahatchee National

Wildlife Refuge, Florida. Pestic. Monit. J. 5 (3): 281-288; 1971
December.

Kushlan, James A. Effects of a Natural Fish ki1l on the Water Quatity,
Plankton, and Fish Populations of a Pond in Big Cypress Swamp,
Florida. Report from Trans. Am. Fish. Soc. 103 (2): 1974 April.

Lackey, dames B.; Morgan, George B. Chemical Microbiotic Relationships
in Certain Florida Surface Water Supplies of Flowing Waters in
Florida. Florida Scientist. 23 (4): 289, 1960.

Leach, 5. D. Water Use Inventory in Florida, 1975. Tallahassee, |

Florida. U. S. Geological Survey; 1977 June; Open File Report
NO- TI"S?.

Leach, S. D. Source, Use, and Disposition of Water in Florida.
. Tallahassee, Florida: U. S. Geological Survey; 1978 April:
Water Resources Investigation 78-17.

-lee County Planning Department. Hydrology and Water Resources of Lee
County. Ft. Myers, Florida: 1978 July; Draft.

. Lindbgrg, S. E.; Harriss, R. C. Mercury Organic Matter Associations
in Estuarine Sediments and Interstitial Water. Environ. Sci.

Technol. 8 (5): 459-462; 1974 May. _
e ’ (s
HEAET
!l !-‘_'}' “,J"_gif’ ’




82.  Little, John A.; Schneider, Robert F.; Carroll, Bobby J. A Synoptic
Survey of Limnological Characteristics of the Big Cypress

Swamp, Florida. Athens, Georgia: Federal Water Quality
Administration; 1970 May.

83. 'Loage; Thdmas E. A Report on Findings of a Limnological Investigation
of Deep Lake {Collier County, Florida) on April 1, 1967. Miami,
Florida: University of Miami, Coral Gables, Florida; 1967 May 24.

84.. Maloney, Frank E. Report on Water Resources Problems of Western

Collier County, Florida, as affected by the GAC Corporation's
Canal System in its Golden Gate Development Project. Gainesville,
Florida: University of Florida: 1975 June; IN: Golden Gate
Estates Redevelopment Study, Phase 1.

85.. Martin, Dean F.; Doig, Marion T., III; Pierce, Richard H., Jr. Distribution
of Naturally Occurring Chelators (Humic Acids) and Selected
Trace Metals in Some West Coast Florida Streams, 1968-69.
St. Petersburg, Florida: Florida Department of Natural Resources,

Marine Research Laboratory; 1971 April; Professional Papers Series
No. 12.

86. Martin, D. F.; Doig, M. T., 11I; Pierce, R. H., Jr. Variation of
Selected Trace Metals in Some West Florida Streams. Am. Chem.
Soc. Div. Water, Air, Waste, Chem. Gen. Pap. 9 (2): 124-8; 1969.

87. Martin, D. F.; Kim, Y. S. Long Term Peace River Characteristics

as a Measure of a Phosphate $1im Spill Impact. Water Res. 1}
963-970; 1977.

88. Mathis, Jane M. Mangrove Decomposition - A Pathway for Heavy Metal
Enrichment in Everglades Estuaries. Atlanta, Georgia.
Department of the Interior, National Parks Service; 1973;
South Florida Environmental Project No. DI-SFEP-74-13.

89. Matthiessin, P. Last Great Strand; Corkscrew Swamp Sanctuary,
Audubon 69: 64-71; 1967 March.

gp. Maettraw, Harold C. Cation Exchange Capacity and Exchangable Metals
in Soils and Sediments of South Florida Waters. Atlanta, Georgia:
Department of the Interior, National Parks Service; 1973; South
Florida Environmental Project No. DI-SFEP-74-12.

-

91. McCluney, William Ross., editor. The Environmental Destruction of
South Florida., Coral Gables, Florida: University of Miami Pr

IAET




92.

93.

9.

95.

9.

97.

98.

99.

100.

101.

102,

McCoy, Jack H. Summary of Hydrologic Conditions in_Co]lier County,
Florida. Tallahassee, Florida: U.S. Geological Survey; 1974;
Open File Report FL-75007.

McPherson, Benjamin F. Water Quality of the Dade-Collier Training and
Transition Airport, MI Airport and Cottonmouth Camp-ENP,
November, 1969. Tallahassee, Florida: 1971; U. S. Geologicat

- Survey Open File Report 70011;

Michel, John F.; Work, Robert C.; Rose, Frank W.: Rehrer, Raoul G. b
A Study of the Effect of Freshwater Withdrawal on the Lower _
Peace River, Desoto County, Florida. Miami, Florida: University

of Miami, Rosenstiel School of Marine and Atmospheric Science;
1975 January.

Miller, W. L. Nutrient Concentrations of Surface Waters in Southern
Florida, September 1970 to April 1975. Tallahassee, Florida:
U. S. Geological Survey; 1975; Open File Report No. F175010.

Mitchell, J. G. Big Cypress: Tomorrow has Arrived. Audubon 79: 20-31
1977 September.

’

Mitsch, William J. System Analysis of Nutrient Disposal in Cypress
Wetlands and Lake Ecosystems in Florida. Gainesville, Florida:
University of Florida. Dissertation.

Moore, Stanley A. Impact of Pesticides on Phytoplankton in Everglades
Estuaries. Atlanta, Georgia: Department of the Interior,

National Parks Service; 1973; South Florida Environmental
Project No. DI-SFEP-74-15.

Nitrogen Loads and Concentrations in Florida Streams. Larry J. Slack
and Donald A. Goolsby. Tallahassee, Florida: Florida Department

of Natural Resources, Bureau of Geology; 1976; U. S. Geological
Survey Map Series No. 75.

Odum, Howard T. Dissolved Phosphorus in Florida Waters. Tallahassee,

Florida: Florida State Board of Conservation, Florida Geological
Survey; 1953, Report of Investigations No. 9.

Odum, Howard T.; Littlejohn, Charles; Huber, Wayne C. An Environmental
Evaluation of the Gordon River Area of Naples, Florida, and the
Impact of Developmental Plans. Gainesville, Florida; University
of Florida: 1972 September. ' )

(}'Donnell, T. H. Progress Report of liater Resource Investigations in
Hendry County, Florida. 1975.

_ Tallahassee, Florida: U. S. . :
Geological Survey; 1976. . D‘\[}iﬁj:%§cxz
_ \ B ); i



103.

104.

105.

106.

107.

108.

109.

10.

111.

112.

113.

114.

Palm Beach-Broward Soil and Water Conservation Djétrict; Hendry Soil
and Water Conservation District; Scuth Florida Conservancy
District. Work Plan, S. Florida Conservancy District Watershed,
Palm Beach and Hendry Counties. West Palm Beach, Florida:

1969 Jan.

Parker, Garald; Ferguson, G. E., Love, S.K.; and others. Water Resources
of Southeastern Florida. Washington, D.C.: United States Department
of the Interior, Geological Survey; 1955; Water Supply Paper 1255.

Patton, V. D.; Lee, D. B. Future of Pollution Contrel in Florida.
J. Water Pallut. Control Fed. 36: 1129-32; 1964 September.

Pool, Douglas J.; Searl, Linda; Kemp, W. M.; Odum, Howard T. Forested
Wetland Ecosystems of the Southern United States. Gainesville,
Florida: University of Florida; 1972 November.

Post, Buck]ey, Schuh, and Jernigan, Inc. Water Master Plan for lLee
County Utilities. Ft. Myers, Florida: 1976 April.

Prewitt and Noll, Engineers. Water Control Problems, Hendry County,
Florida. West Palm Beach, Florida: 1954 March.

Ryckman, Edgerley, Tomlinson and Assoc., Inc. Environmental Report.
Marco Island, Florida. Jacksonville, Florida: U. S. Army
Corps of Engineers: 1975 April; Draft Environmental Impact ]
Statement, Deltona Permit. ‘

Schneider, Douglas L. The Limology of a Meromictic, Sinkhole Lake

jq 3outh Florida. Coral Gables, Florida: University of Miami
Dissertation; 1973 June.

Schneider, W. J. Water and the Everglades. Nat. Hist. 75: 32-41; 1966
November.

Simons, John J. Hydrology and Water Resources of Lee County. Ft. Myers,
Florida: Lee County Planning Commission; 1978 July.

Smith, David B. A Study of the Hydrological Characteristics of the
Caloosahatchee River Basin. West Palm Beach, Florida: Central
and Southern Florida Flood Control District; 1955 September.

South Florida Water Management District, Department of Water Resources,
Division of Water Chemistry. Supplemental Data on the Water Quality
in the Lower West Coast, Florida. West Paim Beach, Florida:

Unpublished data, 1976-1978.
X::)KEii[::&K}F: ii



115, South Florida Water Management District Staff Report. Application

No. 09167-C for Conceptual Approval and a Surface Water Management
Permit, East County Water Control District, Ltehigh Acres- Lee
County. West Palm Beach, Florida: 1978.

116.  Specific Conductance of Water in Florida Streams and Canals. Larry J.
Stack and Matthew I. Kaufman. Tallahassee, Florida: Florida
Oepartment of Natural Resources, Bureau of Geology; 1973; U. S.
Geological Survey Map Series No. 58.

117.  Stewart, John T., Drainage Engineer. Report on Everglades Drainage
Project for Lee and Dade Counties, Florida. Washington, D. C.:

U. S. Department of Agriculture, Office of Experiment Stations;
1907 May.

118.  Straight, M. Water Picture in Everglades National Park; Report of Study
by S. Raushenbush for National Parks Association with Editorial
Comment. Nat. Parks Mag. 39: 2 + 4-9; 1965 August,

119. Sutcliffe, H. Appraisal of Water Resources of Charlotte County, Florida.
Tallahassee, Florida: U. S. Department of Interior, Geological
Survey; 1973; Open File Report No. 73010.

120, Sutcliffe, H. Appraisal of Water Resources of Charlotte County, Florida.
Tallahassee, Florida: U. §. Geological Survey, Florida
Bureau of Geology; 1975; Report of Investigations No. 78.

121, Swazye, Leo J.; McPherson, Benjamin F. The Effect of the Faka
Union Canal System on Water Levels in the Fakahatchee Strand,
Collier County, Florida. Tallahassee, Florida: 4. S. Department

of the Interior, Geological Survey; 1976 July; Water Resource
Investigations 77-61.

122. 5. W. Florida Pegional Planning Council. Development of a Regional
Impact Assessment for ACS-Hendry, Hendry County, 12-7475-2.
Ft. Myers, Florida: 1975 May.

123. Tabb, D. C. A Summary of Existing Information on the Freshwater
Brackish Water, and Marine Ecology of the Fla. Everglades Region
in Relation to Freshwater Needs of Everglades National Park
Miami, Florida: Institute of Marine Sciences, University of
Miami: 1963; Mimeo Unpublished. '

124. Tabb, Durbin C.; Heald, Eric J.; Alexander, Taylor R.; Rehrer, Raoul G.

Ecological Inventory of Coastal Waters and Adjacent Uplands of
N. W. Collier County, Florida, in the Vicinity of Wiggins Pass.
Miami, Florida: University of Miami, Rosenstiel School of

Marine and Atmospheric Science; 1572 March. {imw
D&@



126.

127.

128.

129.

130.

131.

132.

133.

135.

Tabb, Durbin C.; Heald, Eric J.; Alexander, Taylor R.; Roessler, Martin A.;
Beardsley, Gary L. An Ecological and Hydrological Assessment
of the Golden Gate Estates Drainage Basin, with Recommendations
Tor Future Land Use and Water Management Strategies. Tropical
Bioindustries Development Company, Miami, Florida: 1976 June.
In: Phase 1 Golden Gate Estates Redeve}opment Study Collfer
County, Florida.

Taylor, John L. The Charlotte Harbor Estuarine System. Florida
Scientist 37 (4): 205; 1974.

The Chemical Type of Water in Florida Streams. M. I. Kaufman.
Tallahassee, Florida: Florida Department of Natural Resources,
Bureau of Geology; 1972; U. S. Geological Survey Map Series No. 51.

The ngggrvation Foundation. Rookery Bay Area Project. Washington, 0.C.:

The pH of Water in Florida Streams and Canals. Matthew I. Kaufman.
Tallahassee, Florida: Florida Department of Natural Resources,
Bureau of Geology; 1970; U. S. Geological Survey Map Series No. 37.

Toler, L. G. Floride in Water in the Alafia and Peace River Basins,
Florida. Tallahassee, Florida: Florida Geological Survey;
1967; Report of Investigations No. 46.

Tri-Countg Engineering, Inc., William M. Adkins Environmeﬁtal Studies
Sectyon. Ecological Study. Clam Pass Properties, Naples,
F10r1da. Naples, Florida: 1972 November; TCE Project No. 1516.

Universi?y_of Fiorida Center for Wetlands and Florida Department of
Administration, Division of State Planning, Bureau of Comprehensive
Planning. The South Florida Study: Collier County. Growth
Pressure in a Wetlands Wilderness. Gainesville, Florida: 1976.

University of Florida, Center for Wetland Studies and Florida Department

of Adminis;ration, Division of State Planning, Bureau of
Comprehensive Planning. The South Florida Study: Hendry County.

An Agricultural District in a Wetland Region. Gainesville,
Florida: 1976.

U. S. Department of the Army Corps of Engineers. Environmental Impact
Statement, Hendry County, Central and Southern Florida Flood

Control District Project (Draft). Jacksonville, Florida: 1978
January.

U. S. Department of the Interior, Geological Survey. The National

Atlas of the United States of America. Washington, D. C.: 1970,

124-125.
)RR
JUN LAY

=Sy
|



136. -

137.

138.

139.

140.

141.

142,

143.

144,

145.

146.

147,

U. S. Department of the Interior,
Data for Florida. Part 2.

Geological Survey. Water Resources
Water Quality Records. Tallahassee,

Florida; 1965-1977. 12 vol. (Title varies).

U. S. Department of the Interior,

National Park Service. Proposal to

Establish Big Cypress National Fresh Water Reserve, Florida.

Atlanta, Georgia: 1975; Fi

-

Van de Krekke, J.; Roessler, M. A.
Oxygen Minima in Artificial

nal Environmental Statement FES75-39.

A Statistical Comparison of Daily
and Natural Waterways, Marco Island,

Florida. Miami, Florida: University of Miami, Rosenstiel Schaol

of Marine and Atmospheric Sciences; 1975 April; Report No. 75020.

Wakefield, J. W. Water Resources
J. Am. Water Works Assoc. 52:

Waller, B. G. Analysis of Selected Benthic Communities in the Florida
Everglades with Reference to their Physical and Chemical
Environment. Tallahassee, Florida: U. S. Geological Survey;

1976; Water Resource Investigations 76-28. _ ;

and Conservation in Florida.
970-8; 1960 August.

)

ccc::p]

Wanless, Harold R. Sediments in Natural and Artificial Waterways,
Marco Island Area, Florida. Miami, Florida: University of
Miami, Rosenstiel School of Marine and Atmospheric Sciences;
1974 October and 1975 February; Report No. 74032.

Wimberly, E. T. Reconnaissance of Water Qualtity in the Vicinity of Sunniland

Field, Collier County, Flori

da. Tallahassee, Florida: Department

of the Interior, U. S. Geological Survey; 1973 August; Water

Resources Investigations No.

Wimberly, E. T. Quality of Surface
Exploration Sites, Big Cypre
Florida: U. S. Geological S

Heinstein, Michael P.; Courtney, Ch

Marco Island Estuary; A Summar
Parameters. Florida Scientist

Wycoff, R. L.; Pyne, R. D. G. {Blac

35-73.

Water in the Vicinity of 0il
ss Area, South Florida. Tallahassee,
urvey; 1974; Open File Report 74012,

arles M.; Kihch, James C. The
y of Physiochemical and Biological
. 40 (2): 97; 1977.

k, Crow, and Eidsness, Inc., Gainesville,

Florida). Urban Water Management and Coastal Wetland Protection
in Collier County, Florida. Water Resour. Bull. 11 (3): 455-468,

1975 June.

LY

Yokel, Bernard J. Estuarine Water Quality. Conservation Foundation,

Inc. Rookery Bay Land Use S

tudies; Environmental Planning Strategy

for the Development of a Mangrove Shoreline. Washington, D. C.

1975; Study No. 3.

Yokel, Bernard J. Estuarine Water
Conservation Foundation; 1975.

Quality. Washington, D. C.:
U. S. NTIS. PB Rep. PB-2501 (20).



	Table of Contents
	List of Tables
	List of Figures
	Part I: Introduction
	Program Description
	Description and Hydrology of the Caloosahatchee River
	Materials and Methods
	Sampling Locations and Frequency
	Sampling and Analytical Methods
	Results and Discussion: Nutrients
	Nitrogen
	Conservative Parameters
	Chloride
	1979 Program Design
	Problems Encountered
	Materials and Methods
	Part II: Water Quality Standards
	Bibliography
	Appendix A
	Introduction
	Methods
	Results and Evaluation
	State Standards
	Chloride
	Specific Conductivity
	Copper
	Turbidity
	pH
	Dissolved Oxygen
	Area Analyses
	Loading Analyses
	Summary
	Recommendations
	A Literature Summary
	Table of Contents
	List of Tables
	Introduction
	Wetlands
	Lakes
	Canals, Rivers, and Streams
	Bibliography

