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Water-Quality Assessment within a Drainage
Control District in Southeastern Florida

The U.S. Geological Survey (USGS)
began an extensive ground- and surface-
water quality study in July 1989 to define
the baseline water quality within a south-
eastern Florida drainage district and to
develop adata base for future water-
resource planning and management.
Results were published in a USGS report
(Lietz, 1996), comparing ground- and sur-
face-water quality data (1989-94) to the
Florida Department of Environmental
Regulation Class | drinking-water stan-
dards. This Fact Sheet presents an addi-
tional 4 years of water-quality data and
summarizes water-quality trends over the
entire 10-year sampling period (1989-98)
for selected sites and constituents.

Development of the
Southeastern Florida
Drainage District

The focus of this Fact Sheet isthe
South Indian River Water Control Dis-
trict, which islocated within the northern
Midlands area of Palm Beach County in
southeastern Florida (fig. 1). Develop-
ment of this District, originally known as
the South Indian River Drainage Didtrict,
began during the 1920's with the con-
struction of drainage canals used for
agricultural production. Development
continued through the 1960's and 1970's
with the sale of land for residentia sites
and with the construction of access roads.
In 1983, surface-water improvements to
the District’sdrainage basin (fig. 2, east
of the C-18 canal) were implemented.
Today (2000), agriculture has been dis-
placed by very low to low density resi-
dential housing as the dominant land use
in the northern Midlands area.

The South Indian River Water Control
District isdivided physically and hydrau-
licaly into an east basin and awest basin
by the C-18 canal (fig. 2). West of this
canal, seven parallel canals (C-1to C-7),
spaced at 0.5-mileintervalsfrom north to
south, convey water east to the C-14
canal, which flows northward to the
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Figure 1. Location of the South Indian River Water Control District within the Midlands

area of Palm Beach County, southeastern

Northwest Fork of the Loxahatchee
River. The Lainhart Dam acts as a con-
trol structure for water flowing in the
C-14 canal. Stagesin the C-18 canal gen-
erally are maintained higher than thosein
the C-14 canal, and water flows by way
of gravity through control structure G-92
to the C-14 canal. East of the C-18 candl,
seven canals (A-G) convey water in an
easterly direction to the Header Canal,
which transports water to the Turnpike
Borrow Canal. Both the Header Canal
and the Turnpike Borrow Canal extend in
anorthwest direction parallel to Florida's
Turnpike. Water traversesweirsin canals
A, C, D, and E before entering the
Header Canal. Two other canals (J and

Florida.

H) east of the C-18 canal convey water
west to the Turnpike Borrow Canal.
Water in the Turnpike Borrow Canal
flows in a north-northwest direction and
then parallels the C-18 canal in a north-
northeast direction and enters the South-
west Fork of the L oxahatchee River
downstream of control structure S-46.

Concern for Potable
Water Supply

The population of the northern
Midlands area has grown in recent years
with thistrend expected to continue,
resulting in increased demand for potable

U.S. Geologica Survey
U.S. Department of the Interior

USGS Fact Sheet FS-149-00
January 2001



80°07"30”

55 = West | Jupiter

1_g

Z~, TURNPIKE
BORROW

PB-1652 ¥\

o
SW-4 »

|l CANALD e =
.“ PB-1520 PB_1651\
CANAL E

EXPLANATION
§G-92 CONTROLSTRUCTURE AND NUMBER
@ PB-875 WELLLOCATION AND NUMBER
A SW-4 SURFACE-WATER STATION AND NUMBER

C-18

BOUNDARY OF THE SOUTH INDIAN RIVER WATER CONTROL DISTRICT

26°52'30”

C-18 CANAL

0 1 MILE

w 0 1 KILOMETER
!

Figure 2. Location of wells, surface-water sites, major roads, canals, and control
structures within the South Indian River Water Control District.

water and increased need for waste dis-
posal. No public-water supplies presently
exist inthe area; therefore, many residents
must rely on private wells for domestic
water supplies and on septic tanks for
waste disposal. Additionally, pockets of
residual seawater that have been incom-
pletely flushed from the surficial aquifer
system (the principal source of fresh-
water for southeastern Florida) exist in
the western part of the northern Midlands
(Miller, 1991, p. 12), possibly rendering
the water unsuitable for domestic use.
The availability of a potable water sup-
ply isof utmost concern to water officials
and concerned citizens.

Methods and Analytical
Procedures

In theinitia study between July 1989
and August 1994 (Lietz, 1996), water
samples were collected both monthly and
quarterly from 11 wells and 14 surface-
water stationsin the study area. An analy-
siswas made to determine concentrations
of major inorganic constituents and other
related physical characteristics, trace met-
als, nitrogen and phosphorus species, and
synthetic organic compounds. These
water-quality datawere used to determine
which constituents exceeded the State of
Florida drinking-water standards (Flor-
ida Department of Environmental Protec-
tion, 1993). Water-quality sampling
continued from October 1994 to Septem-
ber 1998, providing atotal of 10 years of
continuous water-quality datafor al
11 wells and 4 of the surface-water
stations. No surface-water stationsin the
east basin contained data of sufficient
length of time for trend analysis.

A series of boxplots (figs. 3-6) have
been generated to illustrate the maxi-
mum, minimum, 1st quartile (25th per-
centile), median (50th percentile), 3rd
quartile (75th percentile), and outliersfor
dissolved solids, total nitrogen, and total
phosphorus at selected sites. The ends of
the box represent the 25th and 75th per-
centiles (a'so known as the interquartile
range). The median (or 50th percentile)
is represented by a horizontal white line
in the box. Horizontal lines, connected
by dashed vertical lines extending from
the ends of the box, represent outer
fencesthat indicate the extent of data

2,000

beyond the quartiles. Horizontal lines
extending beyond the fences represent
outliers.

The ESTREND computer program
(Schertz and others, 1991) was the prin-
cipal statistical tool employed for the
determination of water-quality trends
over the 10-year period. To ascertain the
anthropogenic (manmade) effects on
water quality over time, extraneous vari-
ation in water-quality data must be com-
pensated for; this variation may be the
result of seasonality, discharge, or water-
level changes. To compensate for
seasonal effects, atest called the Sea-
sonal Kendall trend test was employed.
This test makes pairwise comparisons of
data values from the same seasons and
then combines the results into the Sea-
sonal Kendall test statistic. Extraneous
variations caused by discharge or water-
level changes may be negated by per-
forming a procedure called linear regres-
sion analysis on the data. This procedure
compensates for the effects of discharge
and water-level changes on water-quality
data by devel oping relations between the
specific constituent concentrationsin
guestion and the discharge or water-level
data. Thistest resultsin flow-adjusted or
water-level adjusted concentrations,
commonly referred to asresiduals. The
Seasonal Kendall trend test is then
applied to these residuals as well asto
the unadjusted concentrations to deter-
mine the best trend. The Seasonal Ken-
dall slope estimator, which presents the
rate of change in original units (milli-
grams per liter) per year and percent per
year, isthe median of all the pairwise
comparisons from al the seasons.
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Figure 3. Dissolved-solids concentrations from wells in the east-west basin of the
South Indian River Water Control District, 1989-98.



Water-Quality Data and
Trends

A trend analysis of selected water-
quality constituents collected from
11 wellsand 4 surface-water stationswas
made for the South Indian River Water
Control District from 1989 to 1998. The
east basin of the Didtrict is represented
by wells PB-711, PB-928, PB-1520,
PB-1651, and PB-1652; the west basinis
represented by wells PB-875, PB-880,
PB-1522, PB-1524, PB-1552, PB-1653
and surface-water stations SW-1, SW-2,
SW-4, and SW-6 (fig. 2).

Comparisons of dissolved-solids, total
nitrogen, and total phosphorus concentra-
tions were made between ground-water
wells and surface-water stationsin the
study area during 1989-98. There was,
however, insufficient datafor nitrogen and
phosphorous species at the ground-water
wellsfor any trends or statistical compari-
sons. Median concentrations of dissolved
solidswere higher inthewest basin thanin
the east basin (fig. 3). Among thesix wells
inthewest basin (fig. 3), PB-1552 had the
highest median dissolved-solids concen-
tration of 1,730 mg/L (milligrams per
liter); thisis because highly mineraized
residual seawater existsin western Palm
Beach County (Miller, 1991, p. 12). Inthe
west basin, the lowest median dissolved-
solids concentration of 307 mg/L was
detected inwell PB-875. Among thewells
in the east basin (fig. 3), the highest
median dissolved-solids concentration of
364 mg/L was detected in well PB-1520,
and the lowest (256 mg/L) wasdetected in
well PB-711.

A comparison of dissolved-solids con-
centrations among the four surface-water
stations (SW-1, SW-2, SW-4, and SW-6)
inthewest basinisshowninfigure4. The
highest median concentration (350 mg/L)
was detected at SW-4, and the lowest
(264 mg/L) was detected at SW-6.

A comparison of tota nitrogen concen-
trations among the surface-water stations
isshown in figure 5. The highest median
concentration (0.99 mg/L) was detected
a SW-6; thisvalue was bel ow the median
total nitrogen concentration of 1.2 mg/L
for Florida streams as determined during
1970-87 (Friedeman and Hand, 1989).
The lowest median concentration
(0.76 mg/L) was detected at SW-2.

A comparison of total phosphorus
concentrations among the four surface-
water stations is shown in figure 6.

The highest median concentration

(0.03 mg/L) was detected at stations
SW-1, SW-2, and SW-4; thisvalue was
below the median total phosphorus con-
centration of 0.13 mg/L for rivers across
the Nation (Smith and others, 1987) as
well as below the median concentration
of 0.11 mg/L for Florida streams
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Figure 4. Dissolved-solids concentrations from surface-water sites
in the South Indian River Water Control District 1989-98.
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Figure 5. Total nitrogen concentrations from surface-water sites in
the South Indian River Water Control District 1989-98.
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Figure 6. Total phosphorus concentrations from surface-water sites
in the South Indian River Water Control District 1989-98.



determined during 1970-87 (Friedeman
and Hand, 1989). The lowest median
concentration (0.02 mg/L) was detected
at SW-6. Station SW-6 exhibited the
greatest variation in total phosphorus
concentrations for all of the surface-
water stations.

Those sampling sites and constitu-
ents that showed statistically signifi-
cant trends (p-values less than 0.10),
based on division into the east and west
basins, are summarized in table 1. In
1989-98, 9 of the 15 statistically signifi-
cant trends were detected for dissolved
solids. In ground water, four upward
(increasing) trends in dissolved solids
were detected in the east basin, three
upward trends in the west basin, and
one downward (decreasing) trend in the
west basin (table 1). One downward
trend for dissolved solids in surface
water was detected in the west basin.
Additionally, two downward trends for
ammonia plus organic nitrogen, two
upward trends for nitrite plus nitrate
nitrogen, one upward trend for total
phosphorus, and one downward trend
for total organic nitrogen in surface
water were detected in the west basin.

Increases in constituent concentra-
tions may result from urbanization or
agricultural activities. Generally, down-
ward trends for specific constituents,
especially dissolved solids and nitrogen
and phosphorus species, indicate an
improvement in water quality with time;
whereas upward trends for these same
congtituents indicate a general deteriora-
tion in water quality with time (table 1).

Extent of Water-Quality
Changes and Future
Monitoring Plans

Trend resultsindicate that deteriora-
tion in water quality has occurred in the
east basin as evidenced by the four
upward trends in dissolved solids.
Because no water samples were analyzed
for nitrogen or phosphorus speciesin the
east basin, no conclusions concerning
changesin water quality based on these
constituents can be made. In the west
basin, 6 of 11 trends were determined to
be upward trends. These upward trends
included three for dissolved solids and
threefor nitrogen species. However, there
were aso two downward trends for dis-
solved solids and three downward trends
for nitrogen speciesin the west basin.
Obviously, some deterioration in water
quality has occurred in the west basin
based on results of overall dissolved-
solids trends. However, the three upward
trends (nitrite plus nitrate and total phos-
phorus) in nitrogen and phosphorus

Table 1. Statistically significant (p-value less than 0.10) trends for selected constitu-
ents and their effect on water quality, 1989-98

[N, number of observations used for trend determination; NH4+Org, anmonia plus organic
nitrogen; W, water-level adjusted concentration; U, unadjusted concentration; F, flow-

adjusted concentration]
Increase or
decrease (-) per o
Well or , year in constituent Significance Typeof  Effect on
station Constituent concentration level trend  water quality
number . (p-value)
Milligrams
. Percent
per liter
East Basin
PB-711 Dissolved solids 31 10.09 3.98 0.004 W Deterioration
PB-928 Dissolved solids 31 2.04 .52 .044 W Deterioration
PB-1520 Dissolved solids 36 20.61 5.09 .076 w Deterioration
PB-1652 Dissolved solids 34 5.58 161 .063 U Deterioration
West Basin
PB-880 Dissolved solids 33 11.67 184 .036 U Deterioration
PB-1522 Dissolved solids 36 5.33 1.68 .000 U Deterioration
PB-1524 Dissolved solids 35 80.00 5.83 .000 U Deterioration
PB-1653 Dissolved solids 36 -10.00 -1.83 .000 U Improvement
SW-1 NH4+0rg 31 -.02 -2.08 .055 F Improvement
Nitrite plus nitrate 34 .01 12.07 .001 ] Deterioration
SW-2 Nitrite plus nitrate 37 .01 8.90 .067 U Deterioration
SW-4 Total phosphorus 35 .00 6.70 .065 ] Deterioration
Dissolved solids 31 -3.45 -1.00 .032 U Improvement
SW-6 NH4+0rg 32 -.03 -2.99 .076 F Improvement
Total organic nitrogen 27 -.03 -3.67 .021 F Improvement

species would indicate deterioration in
water quality, and the three downward
trends (ammonia plus organic nitrogen
and total organic nitrogen) would indicate
improvement in water quality.

Based on the water-quality trend
results from this study, future monitoring
plans may need to include a more con-
centrated sampling effort directed toward
analysis of constituents for which
upward trends exist and aless intensive
effort toward sampling for all constitu-
ents. An annual sampling of major inor-
ganic constituents and physical
characteristics, total nitrogen species,
and total phosphorus species could be
performed with more frequent (possibly
monthly or quarterly) sampling of
selected constituents that show upward
trends at specific sites.
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By A.C. Lietz

This Fact Sheet supplements a USGS
publication titled “Assessment of Water
Quality in the South Indian River Water
Control District, Palm Beach County,
Florida, 1989-94” (USGS Open-File
Report 96-495). For information, contact:

Clint Lietz
U.S. Geological Survey
9100 N.W. 36th Street,

Suite. 107

Miami FL 33178
phone: (305) 717-5800
fax: (305) 717-5801

e-mail: alietz@usgs.gov

Additional copies of this report can be
obtained from:

U.S. Geological Survey
Branch of Information Services
Box 25286
Denver, CO 80225-0286
888-ASK-USGS

Information about water resources in Florida
is available on the World Wide Web at
http://fl.water.usgs.gov
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