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CONVERSION FACTOQRS

For use of readers who prefer to use metric units, conversion factors

for terms used in this report are listed below:

Multiply By
foot (ft) 0,3048
inch (in) 25,40
mile (mi) 1.609
square mile (mi2) 2.590
acre 0.4047
acre-foor (acre—ft) 1,233
acre-footr (acre—ft) 0.001233
cubic foot per second (ft3/s) 0.02832
ton () 0.9072
micromhe (umho) 1.00

To aobtain

meter (m)

millimeter (mm)

kilometer (km)

square kilometer (kmZ)
hectare (ha)

cubic meter (md)

cubic hectometer (hm?)

cubic meter per second (m>/m)
megagram {Mg)

microaiemens (uf)

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius

(°C) as follows:

°F = 1,8°C + 32

VI



CHEMICAL AND HYDROLOGIC ASSESSMENT OF THE CALOOSAHATCHEE
RIVER BASIN, LAKE OKEECHOBEE TO FRANKLIN LOCK, FLORIDA

By Henry R, La Rose and Benjamin F. McPherson

ARSTRACT

Annual discharge (1970-79 water years) from Lake Okeechobes to
the Caloosahatchee River averaged 31 percent of the total river dis-
charge at Franklin Lock and ranged from 10 to 71 percent of toral
discharge. Excluding rainfall on the river surface and upstream
seepage, surface and subsurface runoff from the baesin accounted for
the remaining toral river diacharpge at Franklin Lock.

Concentrations of dissolved oxygen in the river (1976-79)
ranged from less than 1 to 13 milligrams per liter. Concentrations
fluctuated zeasonally; they are lower In late summer and early au—
tumn than during other seasons. Concentrations were lower at the
headwaters site at Moore Haven than at downstream sites.

Specific conductance and ionile composition in the headwaters
of the river have changed over the last 35 years. In the early
1940)'s, specific conductance ranged from about 200 to 500 micromho
per centimeter, compared with an average of about 660 micromho per
centimeter in 1975-79, Also over this span, sodium, chloride, mag-
negium, and sulfate inereased in relative abundance compared with
calcium and bicarbonate.

Nitregen and phosphorus were in suffieient supply most of the
time to suppert algal growth in the river, Nitrite plus nitrate
nitrogen was the predominant form of inorganic nitrogen. During
algal blooms, however, nitrite plus nitrate nitrogen was depleted
and probably became the limiting constikuents to algal growth.
Average concentrationas of nitrite plus nitrate were lower in most
tributaries than in the river. Average concentrations of total
phosphorus in many of the tributaries fell within the same range
as that in the river (0.08 to 0.15 milligrams per liter), but some
tributaries had lower average concentrations, and others in the
eastern subbazins had higher average concentrations than the river.

Contributions of nitrite plus nitrate, orthophosphate, and
total phosphorus from the basin and the river substantially ex—
ceaded the contributions from Lake Okeechobee, while contributions
of ammonia nitrogen from the basin and river were gquite amall com
pared with those from the lake. Oxidation of organic material and
ammonia in the river probably accounts for some of the downstream
increase of nitrite plus nitrate and for the relatively small io~
croase of ammonia nitrogen.



INTRODUCTION

The Caloosahatchee River basin in southwest Florida (£ig. 1)
1# an important resource upon which growth and developments are
lmposing inereasing demands. The river is used for navigation and
recreation and as a source of freshwater for agricultural and mu—
nicipal needs. Large quantities of water are withdrawn from the
river system primarlly for irrigating citrus and other crops, The
river is the source of water for the Lee County water system and
for the city of Fort Myers, which collectively serve an estimated
population of 70,000, The river supplies about 50 percent of the
municipal water for Lee County. In 1978, thisz amounted to 3,907
Mgal (million gallons) compared with 3,740 Mgal pumped from ground
water. Use of the river as a source of water for public supply is
presently under consideration by the city of La Belle in Hendry
County. The river is also a source of freshwater for its estuary.
As the demand for water increases, the Caloosahatchee River will
become an increasingly important source of water for all types of
uses,

The fresghwater reach of the Caloassahatehee River extends 47
river miles from Lake Okeechobee to Franklin Lock, and drains a
basin of 830 square miles of relatively flat topography (fig. 2).
This drainage basin does not correspend with the U.S5. Geological
Survey Caloosahatchee River basin shown on the Hydrologic Unit Map
prepared by the U.5. Geological Survey (1974). The basin on the
Hydrologie Unit Map is 1,378 square miles and includes land that
drains into both the river and its estuary, whereas the basin shown
In figures 1 and 2 and referred to in this report drains only into
the freshwater reach of the Caloosaharchee River. The boundaries
of the basing also differ slightly in the freshwater reach bhecause
the delineation of boundaries was based on different data. The
basin map in figures 1 and 2 was based on 1979 aerial photography
and field surveys plus land-altitude data on 1:24,000 U.S. Geologl-
cal Survey topographic maps. The topographic maps were used solely
for the Hydrolegic Unit Map delineation,

Higtoric Alteratione to the River

Since the late 1800's, the Caloosahatchee River and its basin
have been so altered by man that they no longer have a natural flow
regime, The river is controlled by locks and dams, and the basin
18 a maze of canals and ditches. Parts of some tributaries have
been channeled, and in some places the direction and seasonal pat~
tern in natural runoff have been altered by interconnecting canals
and pumping activities,
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The Calocosahatchee River criginally flowed as a shallow, mean-
dering stream from its headwaters in the vicinity of Lake Hicpochee
to the Gulf of Mexico (Hellprin, 1887)., The river was navigable by
a shallow-drafet schooner from the Gulf to the rapids at Fort Thomp—
son, 1 3/4 miles east of present-day La Belle, Upstream of the
rapids, small boats could ascend several miles before the channel
disappeared into marshes (Heilprin, 1887), In 1881, Hamilton Dis-
gton of Philadelphia initriated a dredging project Iin the river that
was lntended to drain parts of the Everglades and lower the water
level In Lake Okeechobee, The project Included clearing and dredg-
ing the lower river, removing the rapids at Fort Thompsonm, and
constructing a shallew canal from Fort Thompson to Lake Okeechobee
(Will, 1964, p. 111). Hellprin traverced the newly dug canals in
1886 and reported water depths of 4 to 6 feet and currents flowing
west at 2 to 3 miles an hour or more. This part of the tiver sys-
tem is the Caloosahatchee Canal, which extends from just east of La
Belle to Lake Okeechobee. In this report the term, "Caloosahatchee
Biver,” includes both the canal and the river,

The most extenalve modifications to the Caloosahatchee River
were made in the 1930's, The Rivers and Harbor Act of 1930 au-
thorized the Federal Government to support drainage and navigation
projects, In this year, rhe U.S., Army Corps of Engineers began to
straighten, widen, and deepen the river. The character of the
river was further altered by lock and dam structures that con—
trolled discharge and tidal effects, The Moore Haven Lock (5-77)
ar Lake Qkeechobee and Ortona Lock {5-78) 15 mileg downstream of
the lake were completed by the Corps of Engilneers in 1935 (Fritez,
1963, p. 1l61),

In cthe 1960's, the Corps of Engineers carried out extensive
dredging in the Calooszahatechee River and installed the largest lock
and dam structute on the river, the Franklin Lock, 5-79. The river
from the Franklin Loek to Lake Okeechobee waz deepened during the
dredging to about 18 to 27 feet and widened to about 150 to 290
feet (U.5. Army Corps of Engineers, 1960).

Environmental Problems

In recent years, the environmental condition of the Caloosa-
hatchee River has become a subject of concern to ecitizens and
government agencies. The concern has centered on three conditions
that impair or threaten to impair water quality in the freshwater
reach of the river: (1) growth of algae and other aquatic plants,
(2) intruzion of saline water, and (3) natural variations and the
lmpacts of man influencing the chemical quality of the water,

Severe algal blooms occur perlodically in the Caloosahatchee
Biver and pose a partlcular threat because the river is used di-
rectly as a source of drinking water, Algal blooms create problems
in the treatment and preparation of drinking water. Blooms are
also epthetically unpleasing and can damage fish and other aquatic
life by depletion of oxygen and release of toxins.



In addition to algae, water lettuce (Fistia stratiotes) and
water hyacinth (Eichhornia ecrassipes) occasionally form dense
floating mats in the river and tributaries and degrade river qual-
ity. Large masses of these floating plants reduce light penetra-
tion and can lower dissolved-oxygen concentrations in the water to
near anaerobic levela. The rooted plant hydrilla (Hydrilla
verticillata) grows in dense stands and can also impair quality.
Unlike the floating plants, hydrilla cannot be easilly flushed
downstream,

Algal blooms and lush growth of other aquatic plants occur
where favorable envircnmental conditionsz, inecluding adequakte nu-
trients, sunlight, and temperature, prevail. 0f these conditions,
nutrients are often singled out as heing a major controlling or
limiting factor. This is because growth of algae and other plants
frequently increases when nutrient inputs increase. Agriculture
and urban runoff and sewage effluent are common sources of nutri-
ents to water hodies.

Salinity also degrades the quality of water. The river for-
merly was tidal to upstream of the city of La Belle., The dam at
5-79 acts as a saltwater barrier, but the navigation lock at 5-79
allowa some saline water to be locked upatream into the freshwater
reach. With the accompanying saltwater, seepage of shallow zaline
ground water and saline inflow from artesian wellz also are sources
of saline water to the river above 5-79. Saline water 1sg common

near the bottom of the river channel for several miles upstream of
=79 (Boggesas, 1972},

Another potential problem is associated with natural varia-
tione and the Impacte of man that are introduced into the river and
that degrade water quality., To determine if this is a serious
problem, it 1s necezsary to esatablizh background warer-quality con—
ditions in the river and in its tributaries and other sources. To
accomplish this objective, this report portrays chemical-gquality
characteristics in the river and river water sources, including its
major tributaries and the water released from Lake Okeechobee to
the river. In addition, some selected information on rainfall and
ground-water sources are Included in the report,

Purpose and Scope

The U.S5. Geological Survey, in cooperation with Lee County,
conducted an investigation of the river in 1976-79. This investi-
gation was planned to provide a broader base of information than
heretofore available on the freshwater resources of the Caloosahat-
chee River basin, and in particular to provide information on water-=
quality conditions with emphasis on nutrients and algal growth. Tn
addition to data collected during 1976-79, some earlier data collec—
ted hy the U.5. Geological Survey were included to evaluate annual
variation and trends,



This report is a final product of the Investigation and pro-
vides detailed and updated information on water quantity and quality
in the Caloosahatchee River basin, The objectives of the teport are
to provide background information on water quality in the river and
tributaries and to evaluate the movement of water and chemical qual-
ity of water. The report provides information on concentrations of
dissolved oxygen, specifie conductance, major lons, trace elements,
and pesticides and characterizes zeagonal changes and areal differ-
ences In nutrient concentrations. Emphasis 1s placed on the nutri-
ents, nitrogen and phosphorus, because these are often implicated
in algal bloom problems. Information on algal conditions in the
river that was also collected as part of the U.5. Geological Survey
inveatigarion iz presented in a companion report {(McPherson and La
Rose, 1981).

DATA COLLECTION AND METHODS

A program for the collection of data on water quality and water
flow of the Caloosahatchee River and its tributaries was initiated
by the 1.5, Geological Survey in October 1976. The program was ex—
panded and modified in 1977 and 1978. Generally, water level and
field quality-of-water parameters including specific conductance,
water temperature, and di=selved oxygen were measured monthiy.
Samples were collected monthly at many sites for nutrient analyses,
Total organic carbon (TOC), common ilons, trace elements, and pesti-
cides were determined periodically. 1In the river, samples were
depth-integrated except at 579, Samples were collected just up—
stream of the loeking structures at $-78 and S-79, At 5-79, only
the upper few feet were sampled routinely to avoid deeper, saline
water (Boggess, 1972). At 5-77, samples were collected aboutr 1/2
mile downstream of the locking structure, In most tributaries,
sampling was at the most downstream bridge.

Water—quality data were collected for rainfall plus dustfall
(bulk precipitation) and for shallow ground water at a few sites.
Precipitation samples were collected approximately monthly begin-
ning in 1978 from refrigerated rain gages at S-77 and 5-78. Shal-
low ground water was sampled intermittently from two different
zones In the surficial aquifer, Some sample sites were holes dug
to the water table to sample the top of the surfielal aquifer at
the caplllary fringe (s0il water samples). The remaining sites
were wells drilled and caszed into the surficial aquifer at various
depths,

Additional data that were collected as part of other U,S., Geo—
logical Survey programs include water quality and discharge data at
5-77, 5-78, and 5-79 as part of a long-term monitoring effort, Ad-
dirional samples were collected at 5-78 {in 1975-76 and 1979 as part
of a National Stream Quality Accounting Network (NASQAN),



Nutrient transport into and out of the river was caleculated as
follows: Nutrients concentrations from whole water samples were
converted to nutrient loads based on daily discharge, MNutrient
loads were plotted against daily discharge, and a nutrient transport
rating curve developed. A flow—duration curve of water discharge
was prepared for the period of consideration. Water discharges for
various time intervala were taken from the flow—duration curve, and
the correaponding inetantaneous nutrient discharge rare was taken
from the nutrTient transport rating curve. Average nutrient dis-
charge for each time interval was then computed and multiplied by
the length of the time interval. These products were to give aver-—
ape nutrient transport in tons per day.

The data-collection sites are shown in figure 2 and listed in
table 1 by site (map identification) numbers, station numbers, and
brief descriprionsg,

HYDROLOGIC CONDITIONS IN THE BASIN
Rainfall

The amount of rainfall increases from ecast to west over the
Caloosahatchee River basin (fig. 3). The average annual rainfall
over a 20-year apan (1960-79) was 48.82 inches at Moore Haven com—
pared with 54,35 inches ar Fort Myers. Average rainfall at Moore
Haven ranged from 37.37 inches (1965 water year, October 1 through
September 30) to 70,23 inches (1960 water year).

During the study period, 1976-79, annual rainfall in the basin
wags below the 20-year average in 1976 and 1977 and above the aver-
age In 1978 and 1979 (fipg. 3).

The seasonal ralnfall pattern at Moore Haven 1s shown In fig-
ure 4, Average monthly rainfall (1960-79) was less than 3 inches
from November through April and more than 5 ineches from May through
September. In October, average rainfall was just under 4 inches.
Monthly rainfall ranged from less than 1 inch to more than 18 in-
chea (fig. 4).

Subbasins and Tributaries

The Caloosahatchee River basin is subdivided into 16 subbasins
based on hydrologic and land—-altitude information {(La Rose and
Me¢Phergon, 1980), Nine subbasins are south and seven are north of
the river (fig. 2). The subbasins range in size from abkout 1,520
to 79,200 acres, Lake Hicpochee, which lies in the basin, occuples
an additional 4,970 acres.
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Table 1.,—U.8. Geological Survey sites in the Caleoesahatchee River basin

Site
(map
1.D.) Station number Description
number
1 02292900 Caloosahatchee River at Franklin Lock (5-79).
2 264253081402200 Hickey Creek at SR-80.
3 264230081355800 Bedman Creek at SR=80.
& 02292780 Townsend Canal at SR-80.
5 264315081310600 Banana Branch at SBE—78A.
6 264346081301700 Roberts Canal at SR-80.
7 263828031261200 Roberts Canal at SE-29.
B 264417081281700 Crawford Canal at SR=80.
9 264445081274400 Messer Canal act SR=80.
10 264546081240100 ODkaloacoochee Branch at SR-80,
11 264715081181700 Goodno Canal at Ortona,
12 264605081181400 Goodno Canal at SR-80.
13 263607081204700 Goodno Canal at SR-B832,
14 264605081161900 Long Hammock Canal at SR-80,
15 263616081155200 Long Hammock Canal at SR-832,
16 264604081140000 Forty-Two Foot Canal at 5B-50.
17 263618081133300 Forty-Two Foot Canal at SR-832.
18 264604081121300 Beautiful Hammock Tributary at SR-80.
19 264602081102000 Grazsy Marsh East Canal at SR-80,
20 264508081074800 Lake Hicpochee Canal at SR—-80.
21 264509081064800 Whidden Corner Canal at 5R—80.
22 265029081051100 Lake Qkeechobee at Rim Canal,
23 265029081051101 Rain Gage at Lake Okeechobee Rim Canal.
24 02292000 Caloosahatchee Canal at Moore Haven (5-77).
25 265000081082200 Canal 19 at SR-27.
26 264844081122200 Meander Line Ditch at SR-78,
27 264718081181504 Rain Gage at Ortona,
28 02292480 Caloosahatchee Canal at Ortona (5-78).
29 2648460B81201000 Cypress Branch at SR-78,
30 264529081284000 Bee Branch at SR-78.
i1 2645110B1285700 Bee Canal at SR-78,
a2 264938081292000 Bee Branch at SR-720,
33 265137081293600 Bee Branch at Silver Lake Grade.
34 . 265100081295500 West Bee Branch, 1.5 miles north of SR-720.
35 02292700 Caloozahatchee River at Denaud.

11



Table 1.--U.8, Geolegical Survey sites in the Caloosahatchee River basin——Continued

8ite

(map

I.D.) Station number Description

number

36 264510081313100 Jack Branch at Norris Road.

37 264939081330000 Jack Branch ac 5R=720.

38 264332081373800 Cypresa Creek at SR-78.

39 264411081132900 Forty-Two Foot Canal near Ortona.

40 264235081310602 He=558; water table well at 14 feet at S5SR-73A.

41 264413081132701 He-%06; water table in pineland near Hendry
Isles Boulevard.

42 264535081130701 He-857; water table well at 17 feet at Hendry
Isles Boulevard,

43 264535081130702 He=905; water table in pasture at Hendry Isles
Boulevard.

44 264542081303901 He-903; water table in pineland near Denaud,

45 264938081325801 GL=311; water table In cypress stand at SR-720,.

4é 264939081331501 GL-312; water table in pineland at SR-720.

47 265047081290301 GL=313; deep well near Bee Branch near SR-720.

48 264539081303900 Jack Branch Tributary near Denaud.

49 2643290813540402 1-2202; water table well at 17 feet at SR-78.

50 264313081405900 Caloosahatehee River at oxbow at Lee County
Water Plant.

51 264319081405100 Caloosahatchee River oxbow at Lee County
Water Plant.

52 264255081370900 Caloosahatchee River at first oxbow west of Alva,

53 264259081370800 Caloosahatchee River oxbow at first oxbow
west of Alva,

54 02292795 Caloosahatchee River at Alva Bridge.

25 264254081332300 Caloogahatchee Rlver at first oxbow east of
Townsend Canal.

56 264245081332700 Caloosahatchee River oxbow at first oxbow east
of Townszend Canal.

57 264720081085900 Caloosahatchee Canal just west of Lake Hicpochee.

58 264734081073000 Lake Hicpochee at center of lake.

59 264757081185901 GL-314; water table well st 14 feet near Ortona.

&0 264327081310401 He=904; watet table in pine land at SR-78A.
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The subbasins south of the Caloosahatchee River have been ex-
tensively modified. Tributaries have been converted to canals in
which warer can flow either toward or away from the river or be di-
verted into other canals, For this reason, discharge from a canal
may represent pumpage from the river plus natural drainage. The
major southern canals that discharge into the river are Crawford
Canal, Goodno Canal, Forty-Two Foot Canal, and Bedman Creek. Major
southern canals that may either discharge to the river or convey
water away from the river are Townsend Canal, Beautiful Hammock
Tributary, Grassy Marsh East Canal, Lake Hicpochee Canal, and Whid-
den Corner Canal.

The subbasinas north of rhe Caloosahatehee River are legs al-
tered than those south of the river, and tributary flow 1s predom—
inantly toward the river. The major tributaries are Bee Canal,
Jack Branch, and Cypress Creek, each with a mean daily discharge of
about 20 ftﬁfs. Canal 19 in subbasin B is an overflow conveyance
for Lake Okeechobee, and at times of high lake levels can contrib-
ute significant discharge to the river,

Water Flow to and from the River

Water enters the Caloosahatchee River by diacharge from Lake
Okeechobee at Moore Haven (5-77), by runoff from basin tributaries,
by direct surface and subsurface inflow, by upstream seepage and
lockage from the estuary, and by direct rainfall on the river sur-—
face. Rainfall ditectly on the river and upstream seepage account
for only a small amount of the total water budget. Rainfall on the
3.4 square miles of river surface averages about 8,730 acre-feet
annually, compared with an average annual discharge of 952,870
acre~feet at 5-79. Extensive tidal intrusion ig bloecked by the
lock and dam at 5=79.

Annual discharge (1970-79 water yearsa) from Lake Okeechobee
to the Caloosahatchee River averaged 51 percent of the total river
discharge at 5-79 (Franklin Lock) and ranged from 10 to 71 percent.
Excluding rainfall on the river surface and tidal intrusiom, sur-
tace and subsurface runoff from the basin account for the rewmaining
river discharge at 5-79.

During the study, 1976-79, discharge from Lake Okeechobee and

from the basin was below average in 1976-73 and above average in
1979 (table 2).

Monthly discharges from the basin te the estuary at 5-79, from
Lake Okeechobee to the river at 5-77, and from §-=79 minus 5-77 are
given in table 3, Relatively high monthly discharges from the lake
to the river occurred 1in August 1978 and January through March 1979.
Relatively high monthly discharges from the basin to the estuary
occurred in August 1978, January through March 1979, and September
1979. Annually more water was discharged from 5-77 than 5-79 during
April,

13
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Table 2.—4nnual discharge, rainfall, and runoff for the Caloosahatchee River basin, 1970-79 water years

[Discharge showm in acre-feet]

DMacharge at

Water Discharge at Moore Franklin Lock ' Bagin discharge Mearr basin rainfall Basin runoff
year Haven Lock (5-77) {5-79) {net difference) {inches} {inchesg}
1970 172,690,000 143,767,000 111,077,000 65.21 172376
1971 77,480 338,100 260,620 44.78 5.75
1972 98,510 2/279,500 2/180,990 47.11 2/3.99
1973 2/53,280 563,200 509,920 51.70 11,25
1974 732,800 1,611,000 878,200 53.01 19.37
1975 118,500 396,000 277,500 43,02 6.12
1976 111,700 381,600 269,900 44,98 5.95
1977 136,500 381,000 244, 500 45.98 5.39
1978 243,200 682,500 439,300 51.73 9.69
1979 581,100 1,129,000 547,900 58.25 12.09
Average 4B4 307 952,290 468,583 50.58 10.34

lf Maximm zmounts for period shown.
2/ Minimum amounts for period shown.
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Table 3.--Monthly discharge for the Calcosahatchee River at Moore Haven (5-77}, Franklin Lock (5-79),

and 5-79 minus 5-77, 1976—79 water vears

|Discharge and storage shown in acre-feet]

Water
year Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept
Monthly discharge at Moore Haven [S-77)}

1976 307 1,220 11,600 11,290 17,630 16,000 34,830 12,950 4,990 307 oy 298

1977 4,190 3,320 3,240 07 926 8,220 38,080 32,950 28,000 156,660 307 298

1978 7,730 6,060 307 879 758 3,440 14,490 3,350 298 307 180,500 25,090

1575 07 1,630 543 168,300 202,300 1V3,100 17,320 307 7,650 1,230 3,070 298
Monthly discharge at Franklin Lock {(5=79}

1976 57,930 3,670 1,270 3,560 26,430 14,510 11,450 21,040 37,300 42,320 100,600 51,800

1977 11,540 8,000 2,390 32,390 7,410 5,630 82,010 48,090 45,970 47,140 72,150 92,240

1978 6,430 5,340 45,940 18,940 11,350 43,980 3,660 29,850 48,590 114,000 24%,800 104,600

15¥9 39,560 14,010 27,990 251,400 231,700 186,500 5,020 56,230 11,440 22,310 20,890 262,300
Monthly discharge at 5-79 minus S—??}j

1976 57,623 2,450 -10,330 -7,B3D 8,800 -1,4%0 -23,380 8,090 32,310 42,013 100,293 61,302

1977 7,350 4 RBO -850 32,083 6,484  -2,590 -30,0¥0 15,140 17,970 30,480 71,843 91,942

19¥8 -1,300 =720 45,633 13,061 10,592 40,540 -10,B830 26,500 48,292 113,693 69,300 79,510

1979 39,253 12,380 27,447 83,100 29,400 8,400 -12,300 55,923 3,750 21,080 1,820 262,002

1/ Nepative values represent more discharge at 8-77 than at 5-79.



The volume of the water Im the river is abourt 30,000 acre—feet
which represents a net discharge of 15,000 ft3/a for 1 day. TUnder
high-flow conditions, this volume of water would be discharged in
less than a day (maximum discharge at $-79 was 21,400 £td/a,

March 27, 1970), and under average conditions it would be discharged
each 11 days (average discharge at 5-7% for 1966-79 water years 1s
1,400 £t3/s).

WATER CHEMISTEY

Dissolved Oxygen

Concentrations of dissolved oxygen and the percent saturation
are shown in figures 5 and 6 for the sites on the Caloosahatchee
River. Concentrations ranged from about 2 to 13 mg/L (milligrams
per liter) (20 to 160 percent saturation) near the surface, and
from less than 1 to 9 mg/L (10 to 90 percent saturation) near the
bottom. Concentrations were 1 to 2 mg/L lower near the bottom than
near the surface, but in some cases differences exceeded & mg/L.

Concentrations of dissclved oxygen fluctuated seasonally,
being higher during winter and spring and lower in late summer and
early autumn, Differences between surface and bottom waters were
also more pronounced during summer and autumn, and most low con—
centrations were recorded during this period, Concentratiens were
belew 4 mg/L in July, August, or September 1978 and 1979 at all
the river sites. Generally, seasonal fluctuations were lesa and
concentrations of dissolved oxygen were lower at 5-77 than at the
downstream sites (figes. 5 and 6).

Seasonal fluctuations in the concentration of dissolved oxy-
gen in the river were related te a number of factors. Cool temper-
atures during winter snd spring increase oxygen solubility in wa-
ter. Warm temperatures in summer increase biolegical respiration
and oxygen consumption., Algal populations, which inecrease in the
river in late spring and early summer (McPherson and La Rose, 1951)
become a signifiecant source of oxygen consumption, particularly as
the algal cells sink into deeper water or die, Flushing of organic
material into the river with summer rains also contributes to the
seasonal depletion of oxygen. Warm temperatures during summer fa-
vor vertical stratification in the water column, Teducing mixing of
the water. Deeper water in the river becomes isclated from its
gource of oxygen, and concentrations decrease,

Major Constituents and Specific Conductance

The major constituents dissolved in water are the inorganic
ions. These include cations: calcium, magnesium, sodium, and po-
tassium; and aniona: bicarbonate, sulfate, chloride, and fluoride.
Calcium and bicarbonate are deminant in the freshwatersz of south
Florida. The source of these two ions is the calcium carbonate
rock and soils of the area. Sodium and chloride become dominant
in brackish and marine waters.
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The concentration of 1ons in the Calaosahatchee River is de-
termined by input of ions from the river's sources and by physical,
chemical, and biological processzes in the river, A summary of the
concentrations of major lons In the river and tributaries 1Is given
in table 4. The relative composition of s5ix major lona 1s portrayed
with 5tiff diagrams (Seciff, 1951) at selected smites (Flgs. 7 and 8),

The mean specific conductance, a measure of the concentration
of dissolved constituents in the Caloosahatehee River 1s shown in
table 5. On the average (1975-79%), specific conductance was highest
at the headwaters site at $-77, Moore Haven (660 umho [micromhos per
centimeter at 25%°Celsgius]); and at the discharge site at 5-79,
Franklin Lock (704 umho near the surface, but sometimes exceeded
10,000 umho near the bottom), In the central reach of the river,
specific conductance values were lower, averaging 566 and 579 umho
at Ortona Lock (5-78) and Denaud, respectively,

The lower values for specific conductance in the central reach
of the river were atttibuted te a diluting effect of the tributar-
ies, most of which discharged water of lower specific conductance
than that in the river. The increase in speclfic conductance
downstream of 5~78 and the relatively high values at 5-79 indicate
effects of brackish water inflow from the estuary and from ground-
water sources. The lock at 5-79 prevents extenzive saltwater 1n-
trusion from the estuary, but some saltwater moves up2iream during
boat lockage (Boggeszs, 1972), Another source of saline water 1s
ground water from deep artesian wells used for irrigation, Ground
water may enter the river directly or indirectly in tributary in-
tlow.

SGpecific conductance and ionlc composition in the headwaters
of the Caloosahatchee River have changed over the laat 35 years.
In the early 1940's, most specific conductaace valuas at 5=77
ranged from 200 to 500 umho. By the late 1970's, most values were
above 500 umho. During that interval, sodium, chloride, magnesium,
and sulfate increased in relactive abundance compared with calcium
and bicarbonate {fig. 7). These changes In the upper reach of the
river are probably due to changes that have raken place in Lake
Okeechohee over the years, Parker and others (1955) noted thakr
diggolved solids in the lake In 1940-41 were about three times as
great as those In ite major tributavries. Joyner (1974) found that
dissolved solids in the lake had increased in 1969-70 over those
reported in 1940-41,

Specific econductkance In the tributarles was affected by sea-
gonal tunoff, location in the basin, and saline ground water (fig.
9). Generally, specific conductance Iincreased several hundred mi-
cromho durlng the dry season, Average values in tributaries were
higher near the river than at sites more distant from the river
(fig. 10). For example, Jack Branch at Norris Road (site 36),
which is less than 1 mile from the river, had an average specific
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Figure 7.—Selected 3tiff diagrams from the Caloosahatchee Canal
at Moore Haven and from Goodno Canal at Ortona.
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Figure 8.—3elected 5ti1ff diagrams from Jack Branch at WNorris Road and Bee Branch at State Boad 78.
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Table 4.-—-Concentrations of major ions {dissplved} in the Caloozahatchee
River and tributaries, 1976-79 water vears

[Values shown 1n milligrams per liter, excepr for
etrontium which 1% shown in micrograms per liter]

Numnber
of Concentrations
_ analyszes Minimum Maximum _ Mean

Site 1, Caloosabatchee River at Franklin Lock (5-79)

Calcium 41 40 272 72
Magnesium 41 7.9 25 14
Patagzium 41 2,7 8.0 4.7
5ilieca 41 1.7 10 7.1
Sodlum 41 4.6 140 54
Strontium 41 100 2,100 892
Chloride 43 46 270 96
Fluoride 41 W1 B 3
S0lids residue at 180°C, 41 313 BO6 457
Sulfate 41 27 90} 49
Bicarbonate 42 130 253 195
5ite 3, Bedman Creek at State Road 80
Calcium 4 85 110 95
Magnesium & 8.3 14 12
Potassium 4 1.5 2.4 1.8
Silica 4 5.1 8,2 7.2
Sodium 4 21 50 35
Strontium 4 550 1,300 932
Chloride 26 40 130 70
Fluaride 4 .1 .2 W2
Sollde residue at 180°C, 4 405 517 467
Sulfate &4 55 60 58
Bicarhonate 4 240 300 262
Site 4, Townsend Canal at State Road 80
Calcium 6 47 78 63
Magnesium & 7.0 13 11
Potassium 6 4.2 7.5 5.0
S1ilica 6 4.9 11 7.7
Sodium 6 24 50 36
Strontium 6 A4H0 870 654
Chloride 28 20 100 65
Fluoride 6 .1 ol .3
Solids residue at 180°C. 6 294 449 388
Sulfate 6 20 48 37
Blcarbonate 6 150 , 230 187
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Table 4,-~—Concentrations of major ione (dissolved) in the Caloosahatchee
River and tributaries, 1976-79 water years-—Continued

[Values shown in milligrams per liter, except for
strontium which 1s shown in micrograms per liter]

Number
of Concentrations
analyses Minimum Max{mum Mean

Site 6, Roberts Canal at State Road B0

Calcium 5 38 a7 64
Magnesium 3 8,0 13 11
Potassium 5 3.4 B.0 4,5
Silica 5 3.0 11 7.8
Sod{ium 5 24 41 33
Strontium 5 320 740 550
Chloride 33 40 25 67
Fluoride 5 o2 ! o2
Solids residue at 180°C. 5 267 491 387
Sulfate 5 11 72 42
Bicarbonate 5 128 220 184
Site 11, Goodno Canal at Ortona
Caletum 3 &4 a1 66
Magneaium 3 4,5 10 7.5
Potassium 3 2.5 4,2 3.1
51lica 3 2.0 6,7 4.2
Sodium 3 14 a5 27
Strontium 3 190 580 437
Chloride 24 15 115 49
Fluoride 3 .1 W1 .1
S0lids residue ar 180°C. 3 228 3495 321
Sulfate 3 7.4 21 15
Bicarbonate 3 130 270 210
§ite 16, Forty-Two Foot Canal at State Road 80
Cal.cium 3 73 92 80
Magnesium 3 7.0 10 B.3
Potassium 3 1.8 2.7 2.4
511ica 3 1.3 B.,0 4.9
Sodium 3 30 35 32
Strontivm 3 380 570 453
Chloride 23 20 75 46
Fluoride 3 .1 .2 .2
Solids residue at 1B0°C. 3 66 426 390
Sulfare 3 18 a1 23
Bicarbonate 3 230 280 250
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Table 4,--Concentrations of major ions (dissolved) in the Caloosahatchee
River and tributaries, 1976-79 watetr years——Continued

[Values shown in milligrams per liter, except for
etrontium which 1s shown In micrograms per liter]

Number
of Concentrations
analyses Minimum Maximum Mean

Site 19, Grassy Marsh Eaat Canal at State Road 80

Calcium 2 64 BO 72
Magnealium 2 6.4 13 10
Potassium 2 2.4 5.9 4,2
81l11ca 2 4.4 .1 6.2
Sodium 2 31 51 41
Strontium 2 400 625 912
Chloride 30 34 95 65
Fluoride 2 o .5 WA
501lids resildue at 130°C. 2 383 429 406
Sulfate 2 1k 37 26
Blcarbonate 2 200 255 228
Site 20, Lake Hicpochee Canal at 5State Road 80
Calcium & 50 68 59
Magnealum 4 4.4 7.6 6.1
Potassium 4 2.3 4.8 3.1
Silica 3 6.6 9.3 7.9
Sodium 4 17 a0 24
Strontium 4 200 490 350
Chloride 29 20 115 63
Fluoride 4 .2 4 .2
So0lids tresidue at 180°C. 4 264 353 314
Sulfate 4 10 22 15
Bicarbonate 4 140 213 131
Site 23, Raln Gage at Lake Qkeechobee Rim Canal
Calelum 2 .6 1.0 .B
Magnegium 2 2 <3 .2
Potassium 2 e 2 1.0 ]
S1lica 2 0 N 2
Sodium 2 .9 1.9 1.4
Strontium 2 4 60 32
Chloride 8 W 15 5
Fluoride 2 .0 0 .0
Solids residue ar 1B0°C, 2 10 12 11
Sulfate 2 -3 1.5 .9
Bicarhonate 2 4 11 7
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Table 4.-—-Concentrations of major ions (dissolved) in the Caloosahatchee
River and cributaries, 1976-79 water years-—Continued

[Values shown in milligrams per liter, except for
strontium which is shown in micrograms per liter]

Number
of Concentrations
analyses Minimum Maximum Mean

Site 24, Caloosaharchee Canal at Moore Haven {5-77)

Calecium 15 29 100 60
Magnesium 15 9.0 27 16
Potassium 15 3.5 9.2 5.6
S511ica 15 2.5 13 8.9
Sodium 15 27 76 53
Strontium 15 700 1,500 1,000
Chloride 31 50 125 88
Fluoride 15 .1 i ol
Solids residue at 180°C, 15 249 703 437
Sulfate 15 32 100 56

Bicarbonate 16 73 310 179

Site 26, Meander Line Ditch at State Road 78

Calcium 4 18 67 39
Magnesium 4 2.9 9.2 5.8
Potazzium 4 1.8 4.7 2.6
Silica 4 4.0 6,0 4.9
Sodium 4 11 33 21
Strontium 4 110 550 290
Chloride 26 10 80 46
Fluoride 4 .1 .1 1
Solids residue at 180°C, 4 147 377 242
Sulfate 4 6.5 34 14
Bicarbonate 4 51 220 120
Site 27, Rain Gage at Drtona
Calcium 5 .9 1.5 1.0
Magnesium 5 .2 y .2
Potassium 5 .3 1.2 o7
S1ldca 5 .1 .2 1
Sodium 5 1.1 1.5 1.3
Strontium 5 8.0 50 25
Chloride 13 oA 5.0 2.2
Fluoride 3 .0 .0 0
Solide residue at 180°C, 5 6.0 15 12
Sulfate 5 o2 1.5 .8
Bicarbonate 3 2.0 9.0 6.7
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Table 4.-—Concentrations of major ions (dissolﬁed) in the Caloosahatchee

River and tributaries, 1976—/9 water years——Continued

[Values shown in milligrams per liter, except for
errontium which is shown in micrograms per liter]

Number
of Concentrationg
analyses Minimum Maximum Mean
S8ite 28, Caloogahatchee Canal at Ortona (5-78)
Calcium 51 35 84 56
Magnasium hl h.4h 21 13
Potassium 51 2.2 8.5 4,8
Silica 52 1.3 13 7.9
Sadium 51 21 69 42
Strontium 27 380 1,200 797
Chloride &0 36 120 69
Fluoride 52 .1 .9 .3
S0lide residue at 1B0°C. 52 245 500 371
Sulfate 52 15 59 37
Bicarbonate 49 110 246 178
Site 35, Caloogahatchee River at Tenaund
Calcium 16 16 73 59
Magnesium 16 6.8 18 11
Potassium 16 2.6 5.3 4,2
Silica 16 3,5 10 7.7
Sodium 16 27 52 39
Strontium 16 450 1,100 726
Chloride 3z 30 100 68
Fluoride 16 .1 -3 2
Solidg residue at 180°C. 16 247 456 376
Sulfate 16 27 63 39
Bicarbonate 18 110 274 183
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Table 4,~—Concentrations of major ions (dissolved) in the Caloosahatchee
River and tributaries, 1976-79 water years--Continued

[Values shown in milligrams per liter, except for
strontium which is shown in micrograme per liter]

Number
of Concentrations
analyses Minimum Mazimum Mean

Sice 36, Jack Branch at Norris Road

Calelom 4 17 120 55
Magneaium &4 1.8 9,2 4.6
Potasgium 4 ) 2.3 1,2
5ilica & 2.7 5.5 3.7
Sodium 4 7.5 27 16
Strontium 4 70 600 262
Chloride 24 10 50 38
Flunride 4 .09 .1 .09
Solids residue at 180°C. 4 126 437 247
Sulfate 4 4.8 29 13
Bicarbonate 4 46 360 161
Site 38, Cypress Creek at Scate Road 78

Calcium, 3 50 99 69
Magnesium 3 7.0 12 9.4
Potasgiym -3 1.1 2.1 1.6
Silica 3 4,0 5.6 4.9
Sodium 3 26 40 32
Strontium 3 480 820 680
Chloride 30 20 120 34
Fluoride 3 .1 .1 .1
Solids residue at 180°C, 3 297 474 376
S5ulfate 3 9.7 20 15
Bicarbonate 3 150 290 207




Table 5.—5pecific conductance in the Caloosahatchee River

and selected tributaries, 1975-79 water years

[Values shown in microwmhos per centimeter at 25°C]

Number of

Site number analyses Minimum Maximum Mean
River
1 (s-79)1/ 45 330 1,300 704
24 (5-77) 36 330 1,080 660
28 (5-78) 57 350 820 566
35 (Denaud) 36 382 760 579
Tributaries

2 35 480 910 778
3 26 560 240 743
3] 39 350 770 588
7 24 141 760 527
8 24 590 760 678
9 24 375 780 645
10 24 390 930 596
11 27 291 685 479
13 25 130 610 415
14 24 232 RO5 523
15 20 124 680 474
16 25 300 710 568
17 25 95 910 528
13 24 305 835 5913
19 36 365 770 608
20 25 270 830 554
21 23 440 785 602
23 9 17 105 39
25 22 235 590 460
26 24 103 695 397
27 10 13 32 15
29 23 6b 400 113
30 21 104 1,550 1,125
31 19 108 2,600 890
36 25 106 775 475
37 3 82 218 143
38 35 178 980 648

1/ Values are only for surface samples.
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conductance of 475 umho. Jack Branch at State Road 720 (=ite 37),
which is several miles upstrecam, had an average of 143 umho. Spe-
cific codductances In Bee Canal (site 31) and Bee Branch (site 30)
were higher than at any of the other tributaries as a result of an
input of saline ground water used to irrigate citrus trees. During
the 1975-79 water years, values in Bee Branch ranged from 104 to
1,550 umho and averaged 1,125 umhe (table 5), A sample of irriga-
tion water (site 47) collected near Bee Branch (December 13, 1978)
had a specific conductance of 2,000 umho.

The ionic composition of water from the tributaries was domina-
ted by calcium and bicarbonate, unless it was altered by saline
ground water or river water. The relative amounts of calcium and
bicarbonate tended to increase during the dry season with iIncreasing
ionic concentrations as shown In figure 8 for Jack Branch. Sodium,
chloride, magnesium, and sulfate were relarively less abundant in
the tributaries than in the river (fig. 7). Sodium and chloride,
however, become dominant in water greatly affected by saline ground
water as shown in figure 8 for Bee Branch,

Specific conductance of water in the surficlal aquifer In the
basin ranges from 137 to 3,200 umho (table 6). Sites with the higher
values were probably affected by upward movement of deeper, saline
artesian waters either in irrigation wells or through the rocks over—
lying the deeper saline aquifers.

Rainfall and dustfall were sampled for ionic composition (table
4) and for specifie conductance (table 5) at 5-77 and 5-78 in 1978-
79. Calcium, magonesium, sodium, bicarbonate, sulfate, and chloride
had very low concentrations, but in ptoportions similar to those
shown for the river at 5-77 in figure 7.

Macronutrients

Nutrients are among those elements and compounds eszential for
life processes, Macronutrients are those required in relatively
large amounts and are generally considered to be nitrogen, phos-
phorus, and carbon. The inorganic forms of these elements are
readily available for hiological uptake and can contrel the rate of
biclogical productivity. The organic forms transform more slowly
but are alsc a source for life processges.

In the Caloosahatchee River, the concentrations of ingrganic
nitrogen (nitrate, nitrite, ammonia) fluctuated from month to month
in response to input, flushing, oxidation, and biologlecal proceeses.
Generally, concentrations decreased during spring and summer (fig,
11). Low values, particularly for nitrite plus nitrate (N02 + NOj
as N), coincided with algal blooms {McPherson and T.a Rose, 1981).
Concentrations of ammonia (NH3 as N} did not show a pronounced sea-—
sonal fluctuation but generally were higher at 5-77, averaging 0.14
mg/L, than at downstream sites, where concentrations averaged 0.07
to 0.09 mg/L (table 7).
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CONCENTRATION OF INORGANIC MITROGEN,IN MILLIGRAMS PER LITER
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Figure 1l.-~Concentrations of inorganic nitrogen at four sites on
the Caloosahatchee River.
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Table 6.,——Specific conductance of water in the surficial aquifer

in the Caloosahatchee River basin, 1979

[Values shown in micromhos per centimeter at 25°C)

Approximate depth,

fite Date in feet, of sample Land Specifie
number (1979) below land surface cover _ conductance
40 Jan. 3 14.0 Pine 3,200
_ifﬁl Feb. 13 3.2 do. 195
June 19 3.5 dao. 750
42 Feb, 14 17.0 Pasture 530
June 19 17.0 do. 480
Sept. 17 17.0 do., 495
leS Feb. 13 1.9 don. 290
1/44 Jan, 3 2,1 Pine 230
Febh., 14 1.7 do. 137
Apr, 25 3.2 do. 258
Sept. 17 .0 do., 260
1/45 Jan. 4 1.5 Cypress 445
Febh. 13 .7 do, 415
Apr. 25 2.7 do. 363
Sept, 17 .0 do. 385
1/46 Feh., 13 1.5 Pine 1,630
49 Apr. 25 17.0 Pagture 750
June 19 17.0 do. 780
Sept. 17 17.0 da, 720
59 June 19 14.0 Developed 560
Sept. 17 14.0 do, 385

1/ Samples collected at the water table.
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Table 7.--Minimum, maximum, and mean for concentrations of
nitrogen, phosphorus, and total organic carbon at four
gites on the Caloosahatchee River, 1975-79 water years

[Values ehown in willigrame per liter)

Nunber of Concentrations
analyses Minimum Maximgm Mean

Site 1, Caloosahatchee Rivar at Franklin Lock (5-79)

Nitrite plus nitrate

a5 Newmomm e - 46 0.01 0.56 0.21
Ammonia ag N-—-me=m——m—a—— 4% 01 .95 .08
Organic as Ne——=mmommmam 46 10 3.0 1.33
Orthophosphate ag P=-—— 46 .02 .32 .09
Total phosphoruz ag P——- 46 D4 .88 .12
Tatal organic carbon—-—— 37 10 43 21

Bite 24, Caloosahatehee Canal at Moore Haven ($5-77)

Nlerite plus nitrate

ag N=-—r~m=== ————————— 35 .01 2.0 .20
Ammonia ag N====-=—w——e as .02 .65 14
Organic ag N-——-~r==—=m-- 35 .13 3.80 1.54
Orthophosphate ag P--—~—— 35 .01 .46 .05
Total phosphorus as P—- a5 012 46 .08
Total organiec cathon--—— 22 14 50 24

Bite 28, Caloosahatchee Canal at Ortona {5-78)

Nitrite plus nltcate

A6 N=m= vt e e e 59 .00 /% .18
Ammonia ag N=—-———s---==—m 29 L02 .30 .09
Organic as N=—--rmm—m——m 58 B9 4.00 1.44
Orthophosphate ag P===—-= 50 .02 A1 .12
Total phosphorus as P=-- 50 04 1) .15
Total organic carbon=-—- 29 3.9 37 22

Site 35, Calooszahatchee River at Denaud

Nirrite plus nitrate

g Nemmoomommmommee 38 .01 49 20
Ammonia ag N-—m=m=-mwme— 38 .02 41 +07
Organic ag N——=—--ms—vm- 38 61 1.90 1.16
Orthophosphate ag P-——— 38 .02 .19 .09
Total phosphorus as P--~ 38 04 23 A1
Total organie¢ cathon----— 21 13 34 21
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In most tributaries, concentrations of inorganic nitrogen were
lower than those in the river., The predominant form of inorganic
nitrogen was nitrite plus nitrate, but in a few tributaries, such
as Lake Hicpochee Canal and Meander Line Ditch, ammonia wasz domi-
nant (fig, 12). Average concentrations of nitrite plus nitrate
wera lower in all tributaries, except Messer and Crawford Canals,
than in the river (fig. 13). The relatively higher average values
at Messer and Crawford Canals were due to one high value each in
the slx or seven samples collected per canal.

Conecentrations of inorganic nitrogen were higher in rainfall
and dustfall samples than in surface waters. Average concentra—
tions at the two rainfall sites, 5-77 (site 23) and 5-78 (site 27),
were 0,45 mg/L and 0.23 mg/T. for nitrite plus nitrate and 0,90 mg/L
and 0.05 mg/L for ammonia, respectively.

Concentrations of phosphorus in the Caloosahatchee River are
shown in figure 14 and in table 7. Orthophosphate and total phos—
phorus concentrations were lower at 5—77 than at the downstream
sites. At §-77, 61 percent of the samples had concentrtations of
orthophosphate less than 0.05 mg/L, and 78 percent had less than
0.1 mg/L total phosphorus. For comparison at the three other river
sltes, 14 percent of the samples has less than 0.05 mg/L orthophos-
phate (as P), and 39 percent of the samples had less than 0.1 mg/L
total phosphorus. Average concentrations of total phosphorus in
the river ranged from (}.08 to 0.15 mg/L (table 7).

Average concentrations of orthophosphate and total phosphorus
were lower in most tributaries than concentrations in the river
(fig., 15). The few tributaries thst had higher average concentra-
tions included lake Hicpochee Canal, Meander Line Diteh, and Long
Hammock Canal. Monthly concentratrions in these and other selected
tributaries are shown in figure 16. Highest values generally oc-
curred in late summer or autumn, Tributaries in the northwcst part
of the bhasin, such as Jack Branch, Bee Branch, and Cypreas Creek
had consistently low {less than 0.1 mg/L total phosphatus) concen—
trations.

Concentrations of orthophosphate and total phosphorus in rain-
. fall and dustfall samples were comparable with those in the river.
Average conecentrations of rainfall were 0,13 mg/L orthophosphate
and 0.21 mg/L total phosphorus at 5-77 {site 23), and 0.09 mg/L
orthophosphate and 0.10 mg/L total phosphorus at 5-78 (aite 27).

Total organic carbon (TOC) is an indicator of the total
amount of organic material in water. Figures 17 and 18 show the
concentration of TOC at selected river and tributary sites. No
seasonal pattern waz evident,

Dissolved organic cathon and suspended organic carbon (DOC and
S0C) were measured at several sites In the river, tributaries, and
in water in the surfilcial aquifer (table 8), DOC accounted for
virtually all the carbon In the surface water and ground water,
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CONCENTRATION OF INORGANIC NITROGEN,

IN MILLIGRAMS PER LITER
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CONCENTRATION OF ORTHOPHOSPHATE AND TOTAL PHOSPHORUS,

IN MILLIGRAMS PER LITER
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CONCENTRATION OF ORTHOPHOSPHATE AND TOTAL PHOSPHORUS,IN MILLIGRAMS PER LITER
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CONCENTRATION OF TOTAL QRGANIC CARBON,iN MILLIGRAMS PER LITER
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Table 8.--Specific conductance and dissolved (DOC), suspended (SOC), and total (TOC) organic carbom in

the Caloosahatchee River and tributaries and in the surficizl agquifer, 1979

[¥alues shown in milligrams per liter, except for specific conductancse
which is shown iIn micromhos per centimeter at 25°C]

S8ite Date Specific
number {197%) Description conductance BogC 50C TOC
Caloosahatchee River and tributaries

11 Mar, 3 Goodno Canal at Ortona 495 26 0.0 26

1o Feb. 14 Forty-Two Foot Canal at State Road 80 652 7 .2 17

37 Fab., 14 Jack Branch at State Road 720 140 14 .1 14
Sept. 17 do. 82 - - —

30 Mar. 7 River at Lee County Water Plant a0 56 .0 56

51 Mar. 7 Ox bow at Lee County Water Plant B0 40 .0 40

57 Mar. 7 Biver fust wesat of Lake Hicpochee 580 27 .1 27

Water table

41 Feb. 13 Pineland, 3.2 feet below land surface 395 28 1.5 30

43 Feb., 13 Pasture, 1.9 feet below land surface 290 48 1.5 i H

&4 Jan. 3 Pineland, 2.1 feet below land surface 230 62 3.7 Bh
Feb, 14 Pineland, 1.7 feet below land surface 137 39 ! 39
Sept. 17 Pineland, 0.0 fest below land surface 260 - —-- -

45 Feb, 13 Cypress stand, 0.7 feet below land surface 415 43 4 43
Sept. 17 Cypress stand, 0.5 feet zbove land surface 385 - - —_—

4h Febh. 13 Pineland, 1.5 feet below land surface 1,630 96 .6 97

Surficial aquifer wells

40 Jan. 3 Well depth, 14 feet below land surface 3,200 26 .1 26

42 Feb. 14 Well depth, 17 feet below land surface 530 16 .2 16
Sept. 17 do. 495 - — -

49 Sept. 17 Well depth, 17 feet below land surface 720 — -— -

59 Sept. 17 Well depth, 14 feet below land surface 510 -




Trace Elements

Trace elements are derived from rock and goil and frowm man's
activities. Apricultural activity, for example, introducas trace
elemonts into the atmosphere and aquatic environment through aerial
and land spreading applications of fungicides and fertilizers. Com-
mon trace clements from agriculture include arsenic, copper, mer—
cury, and zinc, Agriculture is the predomimant land use in the
Caloosahatchee River basin and iz a likely source of trace clements
in the river,

Some trace elements are essential for life; others are non-—
essential. Both essential and noneszential clements can be toxic,
depending on eoncontrations and environmental conditions.

Concentrations of selected trace elemeuts in the Calonsahat-—
chee River and tributaries are given in tables 9-11. Concentra—
Lions were generally below levels considered toxic to aquatic life
(U.8. Environmental Protection Agency, 1977a; Gough and others,
1979). With the exception of iron, concentrations did not exceed
the MCT. (maximum contaminant level) for drinking water established
by the U.S8. Environmental Protection Agency (1975a, 1975h, and
1977b). The MCL for iron is a proposed secondary drinking water
regulation and is not federally enforceable, Concentrations of
iron in south Florida water often exceed the 11,8, Environmental
Protection Agency MCIL.

Concentratlions of copper were sliphtly higher at the upstream
river sites than at the downstream sites (table 2)., The higher
concentrations may be due to application of copper sulfate In the
eastarn part of the basin for rcontrol of aquatic woeds. Water
lettuce is especially botherszome at §-77, where sometimes the firstk
lockage of the day has a densc cover of this plant. At times, the
river at Moore Haven has become s0 choked with water lettuce tchat
boat traffic has been impossible.

Rainfall and dustfall samples, collected over a period of
about 1 month at sites 23 and 27, were analvzed for selected trace
elements (tahle 12). Coucentrations of most of these elements from
rainfall and duztfall samples were similar to those in the river,
except for boron and manganese which were higher in the river.

Pestici@s&

Samples of water and bottom sediment were collected at four
river asltes for pesticide analyses. The insecticides: chlordane,
DOT, DDD, DDE, and dieldrin: and the industrial organic compouynd
polychlorinated biphenyls (PCB) were detected in bottom sediment
{table 13),
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Table 9.-—Concentrations of trace elements (total) at four sites on the
Caloosahatchee River, 1977-79 water vears

iConcentrations shown in micrograms per liter]

Alumi- Arse- Cop— Mznga- Mer- Sele-
Iium nie  Borom Cobalt per Iron Lead  nese cury Mickel nium Silicon Zine

Site 1, Caloosahatchee River at Franklin Lock (5-79)

Number of

samplegs———=— & 6 ] - 5 3] 2 & 6.0 & — - 3]
Minimmm—-———- 40 1 30 — )] 120 ] 10 .5 2 — — 0
Maximum—-—--=-- 160 5 130 - 4 370 1 20 e 3 11 — - 50
Mean—-——-—---—— &0 2 90 - 2 230 1 20 5 5 — —_— 20
Standard

deviation—— 23 1 35 — 1 I13 1 5 — 4 - - 21

Site 24, Calogsahatchee at Moore Haven {(5-77)

Number of

sampleg——--- & ] & - 6 b 2 6 6 6 - — 3]
Moimm--—-~-—— 102 1 80 — 1 110 1 10 3 o —_— _ 0
Maximum—-—--— 70 4 150 - 13 350 7 30 .3 ) - — 40
Mean————=——~——= 50 Z 120 -— 4 200 4 20 5 4 -~ - 20
Standard

deviation-—— 22 1 28 — g 3% 6 g —_ 3 - - 15



Table 9.--Concentrations of trace elements {total} at four sites on the
Calcosahatches Riwver, 1977-79 water years——Continued

[Concentrations shown in micrograms per liter]

Alumi- Arse- Cop— Manga- Mer— Sele-
um nie Boron Cobalt per Iron Lead nese cur¥ Nickel njum Silicen Zinc
Site 28, Caloosahatchee Canal at Ocrtona [S-793)

Humber of

sampleg——--- 5 17 3 12 i7 17 & 17 17 6 12 f 17
Minimmm-----— 50 1 80 .0 3 110 ] 15 .5 o .0 0 a
Maximum——----- 140 4 200 8.0 17 750 8 an .7 10 .0 0 40
Mzan--—---—-— 90 2 120 .9 3 330 3 20 .5 5 .0 .0 20
Standard '

deviation—- 35 1 50 2,3 4 161 3 8 — i — - i3

Site 35, Caloosahatchee River at MNenaud

Number of

gamples———-- & 6 ) - ] B 3 ] & A - - 5
Miaimum-—--—— 30 1 20 - 1] 110 L 10 -5 1 - — 0
Maximum=-=——--= 100 4 130 - 4 320 i a0 +D 10 - — 50
Mean-—=—== === 60 2 90 - 2 300 2 20 .5 4 - — 20
Standard

deviation—— 24 1 41 _— 1 153 1 3 — 3 -- - 19
Primary}f

regulatinn—-— -—— 50 - -— —= -~ 50 — 2.9 - 10 — --
Secondaryzf

regulation—— -- -- -- -- 1,000 00 - 59 - - -- - 5,000

1/ ©.S. Environmental Protection Agency, 1975a and 1975b, Wational Interim Primary Driaking
Water Regulations; was effective June 24, 1977,

2/ U.S. Environmental Protectinn Agency, 1977, Proposed Secondary Drinking Water Regulations.
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Tahle 10.——Concentrations of trace elements {total) in tributaries of the

Caloosahatchee River, 1977-¥9 water vears

[Concentrations shown in micrograms per liter]

Site
No, Tributaries Arsenic Aluminum Copper Iron Lead Manganese Mercury HNickel Zinc
3 Bedman Creek 2 40 2 450 3 0 0.5 3.0 10
] Roberts Canal 3 40 3 580 )] 20 W3 .0 ]
11 Goodno Canal {at Ortona) 2 40 & 490 4] 20 3 0 0
13 Goodno Canal f{at SR-832) 1 40 3 630 2 10 ! .10 0
15 Forty-Two Foot Canal 2 50 5 1,400 1 20 a5 .0 10
20 Lake Hicpechee Canal 2 6l 5 990 3 a0 .5 .0 20
26 Meander Line Ditch 2 110 2 1,800 1 20 .5 .0 0
31 Bee Canal 1 160 2 5890 2 10 ) N 10
36 Jack Branch 1 110 4 430 1 10 o3 1.0 20
38 Cypress Creek 1 30 3 240 1 10 . 0 10
Mean 2 68 3 765 1 20 .5 .1 B




Table 1l1,-=-Concentrations of trace elements in bottom sediment at
four sites on the Caloosahatchee River, 1978

[Concentrations shown in micregrams per gram]

- Site 1, at  §ite 24, at  Site 28, Site 35,
Franklin Lock Meore Haven at Ortona at
. (s-79)l/  (5-71D) (s-78)1/  Denaud
Arsenic 1 -2 J 1 -6 1
Copper 10 - 10 10 10 - 10 10
Iron 2,300 — 5,300 1,900 3,200 - 3,500 1,500
T.ead 40 = 40 600 10 - 20 a0
Manganese 30 - 70 60 20 - 30 30
Mercury 0 - .14 0 D -0 0
Zine 20 - 30 130 10 - 100 10

l/ Two samples.
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Table 12.-—Concentrations of trace elements {total) in rainfall and dustfall
at Lake Okeechobee and Ortona, 1972 water year

(Values shown in micrograms per liter, except for total rainfall which is shown in inches]

Period of Total
collecticgn rainfall Alumlinum Arsenic Boron Copper Iron Lead Manganese Mercury Wickel Zinc

Site 23, Rain Gage at Lake Okeechobee Rim Canal

12/12/78 to 5.86 30 1 i 1 8o — a 0.5 4 10
1/16/79
5/21/7% to 1.96 50 1 - - a0 — 10 .3 11 20
6/13/79
8/13/79 to 13.93 20 a 0 2 30 1 0 3 0 2
9/19/79

Site 27, Hain Gage at Ortona

12/13/78 to 4 .66 20 i 20 1 B — 0 -3 3 30
1/16/79
5/21/79 to 2.47 20 G 7 2 100 5 0 .3 10 30
BIL12/79
B/13/79 to 3.86 20 i 0 2 30 3 0 .5 0 10

9/19/79




Table 13.-—Concentrations of pesticides in bottom sediment at four
gites on the Caloosahatchea Rlver 1978

[Concentrations shown in micrograms per kliloagram]

Gite 1, at  Site 24,
Franklin At Vmure Site 28,

Lock Haven At Drtona Site 35,
(=Y (5-71)2/  (5-78)3/  at Denaudt/

Aldrin, total-----~— 0.0 0.0 0,0 0.0
Lindane, totgle=—--- .0 .0 .0 0
Chlordana==-=----—--— .0 = 2.0 .0 L = 7.0 .0
DD, total—-==—w-=eaa 7 — R .7 1.0 01 - 2.8 3,1
DDE, tnral-————-—--== 0 =20 .1 B~ hBLG 4.4
DDT, total=———--=-m=~ .0 1.1 N o7
Dieldrin, total----- 1.1 = 7.1 .3 0 W)
Endrin, total-——---- 0 .0 N .0}
Ethion, total--==-— .0 0 0 0
Toxaphene, totgl———- 0 .0 0 .0
Heptachlor, total--- .0 0 .0 0
Heptachlor epoxide,

Lobal——wrrm e e 0 .0 N o0
PCR, total----=--=== 180 — 540 1.0 O = 3.0 .0
Malathion, total-—-- 0 ] 0 .0
Parathion, total---—— -0 .0 .0 .0
Diazinon, total———-- .0 o o) .0
Methyl parathion,

total-~=----~-=->m .0 0 .0 .0
2,4=D, toral===——=== 0 .0 .0 .0
244,57, total-——--~ .0 .0 .0 .0
Silvex, total-=---— .0 0 .0 .0
Trithion, totgl=—=-- 0 0 0 0
Methyl trithion,

LoEal——mmmm—— e 0 .0 .0 .0

1/ Three samples.
2/ One sampla.
3/ Three samples.

4/ One sample,
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The same suite of pestlcides and related organies listed in
table 1% was also analyzed in Etwo water samples at each of the four
river sites, Of these, only the herbicides, 2,4-D and silvex, were
detected in the water. Concentrations of 2,4-D were 0,0l and 0.22
ug/L (micrograms per liter) (5~77), 0.08 and 0.31 ug/L (5-78), 0.04
and 0.06 ug/L (Denaud), and 0.00 and 0.01 ug/L (8-79). Silvex was
detected once at Denaud (0.01 ug/L).

NUTRIENT TRANSFORT

Nutrients are transported to the Caloosahatchee River by dis-
charge from Lake Okeechobee at S-77, by surface aud subsurface rum-—
of F from Che basin, by rainfall and dustfall on the river surface,
and by saltwater intrusionm from seepage and hoat lockage at §-79.
Rainfall and dustfall on the tiver surface and scepage from the
estuary account for only a small part of the total inpur of nutri-
ents because of the relatively small amount of water involved (see
section on rainfall), Most of the nutrients transported to the
river come from the lake and basin and include nutrients In rain-
fall and dustfall on these surfaces., The river discharges nutri-
ents to the eatuary at 5-79,

The annual transport of nitrogen, phosphorus, and chlotride in-
to and out of the Caloosahatchee River during 1977-79 is presented
in table 14. Chloride was included because it 1s a biologically
conservative element and provides a standard by which to evaluate
biological Flux of nutrient values. The input loads from Lake
Okcechobee and the output loads were based on monthly measurements
of conceantrations. Errors Involved in annual loading estimates,
based on a monthly chemical sampling frequency, may be as high as
13 percent (Steele, 1971).

The differences between nutrient input from Lake Okeechobee and
output to the estuary (table 14) are attributed to contributions
from the basin and to blological processes in the rtiver. The dif-
ferences in chloride input and output are attributed to contribution
From the basin and to upstream seepage from the estuary.

Contributions of nltrite plus nitrate, orthophosphate, and to-
tal phosphorus from the basiu and the river substantlally exceeded
the input from Lake Okeechobee, while contributions of ammonia from
the hasin and rilver were quite small compared with input from the
lake. Oxidation of organic material and ammonia in the rtiver prob-
ably accounts [or some of the downstream increase of nitrite plus
nitrate and for the relatively small increase of ammonia (table 14).
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Table 1l4.——Transport of nitrogen, phosphorus, and chloride in
the Caloosahatchee River annually

[Constituents shown in total tons]

Input Erom Difference
Lake (arrributed Output to
Constituent and Dkeechobee to hasin estuary
water year _ at §-77 concentrations) at 8=79

Chloride

1977 17,0010 12,000 36,000

1973 , 27,000 37,000 64,000

1979 59,000 41,000 100,000
Nitrite plus nitrate

1977 16 74 90

1978 32 132 164

19795 g1 204 285
Ammeonia

1977 27 ] 33

1978 42 21 6

1979 32 18 110
Total nitrogen

1977 377 423 300

1978 494 986 1,480

1979 1,410 1,130 2,540
Orthophosphate

1977 9 33 42

19738 14 61 75

1979 32 91 123
Total phosphotus

1977 15 44 59

1978 25 80 105

1979 57 116 173




Table 15.--Basin input to the Caloosahatchee River from

Jack Branch and Goodno Canal, 1979 water year

Tons per year

Tons per acre—ft

Site 36, Jack Branch at Norrils Road

Chloride

Nitrite plus nitrate
Ammonia

Total nitrogen
Orthophosphate

Total phosphorus

8ite 11, Goodno Canal at Ortona

Chloride

Nitrite plus nitrate
Ammonia

Total nitrogen
Orthophosphate

Total phosphorus

546
.85
+60

43.3
.28
.57

1,440

1.9
1,2
47.6
1.9
2.0

0

41

o
I N
. . . ‘

52
81
+36

.9

27
54

~ DD Do

A ]

I T

w01
1n~4
104
1074
104
1074

10-1
104
10—4
04
1n—4
1n~4

59



A calculation of individual subbasin input was not attempted
because the complex water—management systems prohibiced an accurate
determination of individual subbasin inflow. However, two sitege-
one on the north side of the river (Jack Bramch) and one on the
south side (Goodno Canal)--were gaged and sampled in 1979, and
loads were computed for comparison of inputs., The relative input
(tons per acre—feet) into the river for chloride, nitrite plus
nitrate, ammonia, orthophosphate, and total phosphorus was Lwo to
more than four times larger from Goodno Canal on the south side of
the river than from Jack Branch on the north side (table 15). Ral-
ative input of total nitrogen was ahout the same from both erihu=
taries, The larger relative input of most nutrients from Goodno
Canal is probably due to the greater agricultural development in
the land drained by the canal than that drained by Jack Rranch.

SUMMARY AND CONCLUSIONS

Results of this investigation are based principally upon data
collected between 1976-79; however, seleected historical dara col-
lected before 1976 are used to Indicate long—term trends. The fol-
lowing are the major conclusions drawn from these results:

1. On the average, about half the water that enters the Calonga-
hatchee River comes from Lake Okeechobec; the other half comes
from the river bazin. WHowever, this varies from year to year,
Over a 10-year span (1970-79 water years), input From the lake
ranged from 10 to 71 percent of the total annual input,

2. Concentrations of dissolved oxygen in the river ranged from
less than 1 mg/T. near the bottow to 13 mg/U near the surFace.
Concentrations fluctuated seasonally, being higher in winter
and spring and lower in late summer and early autumn, Values
were below 4 mg/L at the four river sites in late summer of
1978 and 1979. Concentrations were generally 1 to 2 mg/L lower
near the river bottom than near the surface, but occasionally
the difference exceeded 6 mg/L,

3. Specifie c¢anductance 1in the river was highest near the bottaom
at 8-79 where it sometimes oxceeded 10,000 umho/em. This high
speclfic conductance resulted from seepage and hoat lockagoe of
estuarine water. Average (1976-79) specific conductance from
vertical river profiles was highest at $-77 (660 umho/cm) and
lowest at $-78 (566 umho/cm),

4. Specific conductance increased and ionic composition changed in
the headwaters of the river over the last 35 veara. Sodium,
chloride, magnesium, and sulfate increasod in relative abundauce
compared with caleium and bicarhonate.
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Specific conductance in the tributaries genmerally increased
with nearness to the river and during the dry season. Bee
Branch and Bee Canal were the most =aline of the tributaries
as a result of input from saline ground water from irrigation
wells, Average specific conductance at Bee Branch was 1,045
umho/ cm.

The gpecific conductance of Ehallow‘grOund water was qulte
variable, ranging from 137 to 3,200 umho/cm.

Concentrations of nitrogen and phosphorus compounds in the
river fluctuated from month to month in response to input,
flushing, oxidation, and biological processes, Conecentrations
of nitrite plus nitrate nitrogen were virtually depleted during
algal blooms. Concentrations of ammonia were higher, and
orthophosphate and total phosphorus were lower, at 5=77 than
dovnstrean.

In most tributaries, concentrations of nitrogen and phosphorus
compounds were lower than those in the river. The predominant
form of inorganic nitregen in the tributaries was nitrice plus
nitrate, but in a few eastern tributaries ammonia predominated.
A few of these eastern tributaries also had higher average con—
centrations of orthophosphate and total phosphorus than in the
river. The tributaries with the relatively higher concentra-
tions of ammonia and phosphorus compounds were in subbasins
with extensive agricultural developnment,

In the limited sampling for trace elements and pesticides, no
gerious contamination was detected,

Contributions of nitrite plus nitrate, orthophosphate, and total
phogphorus from the basin and the river substantially exceeded
lnput from Lake Okeechobee, while contributions of ammonia from
the basin and river were dquite small compared with dnput from
the lake. Oxidation of organic material and ammonia in the
river probably accounts for some of the downstream increase of
nitrite plus nitrate and for the relatively small increase of
ammonia.
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