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GROUND-WATER RESOURCES IN THE 

RIVIERA BEACH AREA, PALM BEACH COUNTY, FLORIDA 

By 

L. F. Land 

ABSTRACT 

The principal source of freshwater that has been developed in the 
Riviera Beach area is the so-called shallow aquifer, which is composed 
of sand, shells, sandstone, limestone, marl, and occasionally clay 
strata. Often a stratum contains mixtures of two or more of these 
materials and occasionally they are cemented. The aquifer ranges in 
thickness from approximately 300 feet at Lake Worth to less than 175 
feet in the interior. The major water-bearing zone usually consists of 
cemented layers of sand and shells, about 100 feet thick, in the lower 
part of the aquifer. 

The quality of water in the shallow aquifer is generally suitable 
for municipal use except for an area along C-17 Canal where the dis-
solved solids concentration exceeds 500 milligrams per liter. 

The primary source of recharge to the shallow aquifer is rainfall. 
Discharge is mainly by evapotranspiration. Other discharges include 
seepage into drainage canals and Lake Worth, and pumpage. 

The configuration of the water table is greatly influenced by Lake 
Worth, C-17 Canal, West Palm Beach water catchment area, rainfall, and 
municipal pumpage. 

The major threat to development of water supplies, and possibly to 
the continuation of a current withdrawal rate of over 5 million gallons 
per day, is seawater intrusion. The municipal supply wells are almost 1 
mile inland from the source of the seawater (Lake Worth), but the com-
bined effects of increased pumpage, reduced recharge resulting from 
increased land development, and below normal rainfall, have caused 
seawater to advance inland in the aquifer. Additional supplies could be 
developed to the west, away from the threat of seawater intrusion. 

INTRODUCTION 

Riviera Beach is one of the many cities in the coastal area of 
south Florida that are experiencing rapid growth in population. The 
city and all other parts of the area, except West Palm Beach, use the 
so-called shallow aquifer as the sole source of freshwater. To assure 
an adequate freshwater supply in the future, hydrologic information is 
needed for planning and water-management decisions. To obtain this in-
formation the Riviera Beach City Council and the U.S. Geological Survey 
started a cooperative water-resources investigation of the area in April 
1972. 

1 



	

	

	

	

	

	

	

	

	

	

	

	

Purpose and Scope 

The purpose of this report is to furnish information that is needed 
for the planned development and protection of freshwater supplies in the 
Riviera Beach area. Information is provided on: 1) geologic and hy-
draulic characteristics of the shallow aquifer; 2) extent of seawater 
intrusion; 3) water movement and water-level fluctuations, 4) quality of 
water and 5) the impact of the increased municipal pumping and various 
climatic factors on the hydrologic conditions. The study area is a 4.5-
mi-wide strip centering on Riviera Beach and extending 7 mi inland. It 
covers approximately 30 mi2 (fig. 1). 

Previous Investigations 

General information on the hydrology and geology of the area has 
been published in a report by Parker and others (1955). Additional in-
formation on the area is included in reports by Schroeder and others 
(1954) and by Land and others (1973). This report is the first to sup-
ply detailed information on the water resources in the Riviera Beach 
area. 

Acknowledgments 

Special appreciation is expressed to Edward Dwyer, Director of 
Utilities for Riviera Beach; to George Johnson, former Superintendent of 
Water Works, to Jack Walden, Superintendent of Water Works, and to other 
employees of the city of Riviera Beach for their assistance, information 
and cooperation during this investigation. An expression of apprecia-
tion is also extended to residents of the area for furnishing informa-
tion on their wells and permission to sample them; and to the firm of 
Barker, Osha, and Anderson, Consulting Engineers, for permitting access 
to their files and other information on the city's water supply system. 

For use of those readers who may prefer to use metric units rather 
than English units, the conversion factors for the terms used in this 
report are listed below. 

Multiply English unit To obtain metric unit 

inch (in) 25.4 millimeter (mm) 
foot (ft) .3048 meter (m) 
mile (mi) 1.609 kilometer (km) 
square mile (mi2) 2.59 square kilometer (km2) 
gallon per minute (gal/min) .063 liter per second (L/s) 
million gallon per day (Mgal/d) .04381 cubic meter per second 

(m3/s) 
square foot (ft2) .093 square meter (m2) 
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Figure 1.--Location of the Riviera Beach study area. 



CLIMATE 

The climate of the Riviera Beach area is subtropical and is charac-
terized by long, warm, humid summers and mild winters. At the weather 
station at Palm Beach International Airport in West Palm Beach (fig. 1), 
7 mi south of Riviera Beach, the average monthly temperature in February 
is 67°F (19° C) and in August, 83° F (28°C). The average annual tempera-
ture was 76°F (24°C) during 1939-74. 

Rainfall averages about 62 in per year. The annual rainfall 
pattern is seasonal; slightly more than 70 percent falls during the wet 
season, May through October. Figure 2 illustrates this seasonal dis-
tribution. Monthly rainfall records from two stations maintained by 
Riviera Beach show that in 1972 and 1973, rainfall was above average, by 
4.1 in and 6.6 in, and in 1974, was below average by 9.3 in. Monthly 
rainfall and the accumulated departure from normal for this period are 
shown in figure 3. A deficit starting in February 1974, continued to 
increase until May 1975. Neglecting antecedent conditions, the ac-
cumulated departure from normal was about 17 in. For 1974-75 the 
departure is similar to the departure curve for 1970-71 rainfall at Palm 
Beach International Airport (Land and others, 1973, p. 22). The 1970-71 
drought is considered an extreme hydrologic event. 

TOPOGRAPHY AND DRAINAGE 

The Riviera Beach area is divided into two physiographic subdi-
visions, the Coastal Ridge and the Sandy Flatlands (fig. 4). The 
Coastal Ridge parallels the coast and extends inland 2 to 2.5 mi. The 
Coastal Ridge ranges in altitude froy- sea level to 48 ft. An altitude 
of 35 ft is common. The drainage is generally good. The Sandy 
Flatlands range in altitude from 9 ft near the Coastal Ridge to 13 ft 
in the interior. The Sandy Flatlands is virtually flat, particularly in 
the interior. Drainage is very poor except in the vicinity of canals, 
and water levels are near land surface all year. 

Lake Worth 

The mainland area of Riviera Beach is bound on the east by Lake 
Worth which is connected to the ocean by a large inlet and therefore is 
affected by ocean tides. The water is essentially seawater, only 
slightly diluted by ground-water inflow, canal discharge, and rainfall. 
The specific gravity of the water is 1.024, its chloride concentration 
is 18,000 mg/L, and its dissolved solids concentrations is 31,000 mg/L. 

Records from the gaging station on Lake Worth, near Blue Heron 
Blvd., in operation since April 1971, show that the mean high tide 
elevation is 1.93 ft; mean low tide is -1.14 ft; mean half tide is 
0.40 ft and tidal range is 3.07 ft. In addition to the daily tidal 

-cycle, an annual tidal cycle is also observed (fig. 5). 
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Figure 2.--Average monthly rainfall at the Palm Beach International 
Airport for 1939-74. 
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Drainage Canals 

Drainage canals are common throughout the study area. Some are 
shown on figure 4. C-17 Canal parallels the coast about 2.5 mi inland 
(fig. 4) and was constructed primarily for flood control. The canals 
east of C-17 Canal function chiefly to carry storm runoff away from 
developed areas. Those west of C-17 Canal are used to lower the 
water table, particularly during the wet season, and to convey flood 
runoff to points of discharge. 

Flow in the C-17 Canal is derived mostly from ground-water seep-
age during the dry season and from a combination of ground-water seep-
age and storm runoff during the wet season. Some sewage effluent is 
also discharged into the canal. Water levels, controlled by operation 
of the salinity control structure S-44, almost always are within 1 ft. 
of an altitude of 6.5 ft. 

Analyses of canal water at four sites in the area are listed in 
tables 1 and 2. Location of the sites are shown on figure 6. The 
water samples from sites 2 and 17, both on C-17 Canal, were markedly 
higher in concentrations of nutrients (table 2) than were the samples 
from sites 4 and 38. 

West Palm Beach Water Catchment Area 

The 19.2-mi2 West Palm Beach water catchment area (fig. 6) func-
tions as a rainfall catchment and water storage area for the West Palm 
Beach public water supply. This water, derived mostly from rainfall, is 
supplemented by diversions from Levee 8 Canal. The water level in the 
catchment area generally fluctuates within 1.5 ft of 17.0 ft altitude. 

The dissolved solids concentration (tables 1 and 2)of water flowing 
out of the area (sites 4 and 38, fig. 6) is less than 500 mg/L, the 
limit established for public drinking water. 

AQUIFERS 

Shallow Aquifer 

Information obtained from test wells drilled at the sites shown on 
figure 7 shows that the shallow aquifer is composed of sand, shells, 
sandstone, limestone, marl, and occasionally thin clay strata. Sand and 
shell are the most common. The sediments are sufficiently permeable to 
form an unconfined aquifer. Because of the high rainfall, rapid in-
filtration into surface sand and nearly flat low-lying land surface, the 
ground-water levels are near land surface. 

The shallow aquifer is divided into four units (fig. 8) in the 
Riviera Beach area. Unit 1, at the top, is generally 20 to 40 ft thick 
and consists of sand and occasional muck (organic material) and 

9 



	

 

 

 
 

 
 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 
  

 

 

Table 1.--Surface-water_ sampling sites: 

(Concentrations in milligrams per liter, except as noted) 
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Table 2.--Maximum and minimum observed nutrient concentrations at selected 
surface-water sampling sites. 

(Concentrations in milligrams per liter) 

Sampling 
site Inorganic 

no. nitrogen 

Minimum Maximum 

2 0.74 10. 
17 .50 .79 

4 .03 .32 
38 .09 .43 

Total ortho plus 
acid hydrolyzable 

phosphorus 

Minimum Maximum 

0.28 1.9 
.02 .04 
.00 .01 
.00 .02 
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Figure 8.--Geologic section of the shallow aquifer along line A—A' in 
figure 7 and bed identification numbers. 



layers of shell. West of Military Trail (fig. 4) a 2-to 5-ft sandy clay 
layer in the upper half of the unit retards the downward movement of 
water. Unit 2 is composed of unconsolidated sand and shell and contains 
scattered layers of sandstone. Unit 3 is composed of very fine sand and 
shell and is lowest in permeability. Units 2 and 3 thin toward the west 
and disappear in the vicinity of Military Trail. Unit 4 generally 
consists of firmly cemented calcareous sand and shell and an occasional 
stratum of marl. Most of the large supply wells tap Unit 4 because it 
is the thickest and usually the most permeable section in the aquifer. 
It is designated as the major water-bearing zone. Although this zone 
behaves hydraulically as a leaky confined aquifer, it is considered a 
component of the shallow ground-water system. West of Military Trail 
the top of this unit generally is less than 50 ft below land surface but 
dips eastward to a depth of about 200 ft at U.S. Highway 1. It ranges 
in thickness from 100 ft at U.S. Highway 1 to 150 ft beneath the West 
Palm Beach water catchment area. Between the Military Trail and the 
water catchment area part of this unit is cavity-riddled and is highly 
permeable. 

Floridan Aquifer 

The materials underlying Unit 4, consisting of numerous layers of 
clay, marl, interbedded sand and shells and limestone, are of low 
permeability and hydraulically separate the Floridan aquifer from the 
shallow aquifer. The Floridan aquifer underlies all of Florida and 
parts of adjoining states. In the Riviera Beach area the top of this 
aquifer is about 1,000 ft below land surface. Here, as elsewhere in the 
southern part of the State, the Floridan aquifer is artesian and yields 
water that is brackish or saline. 

GROUND WATER 

Shallow Aquifer 

The so-called shallow aquifer is a relatively thick unconfined to 
semi-confined aquifer whose hydraulic conductivity varies areally and 
with depth. Along the Coastal Ridge the hydraulic conductivity of the 
sediments is estimated to range between 1 and 50 ft/d. West of Military 
Trail the hydraulic conductivity of various layers is estimated to range 
between 0.1 and 500 ft/d. 

Data from test wells and from tests of specific capacity on muni-
cipal wells indicate that variation in transmissivity is greatest in an 
east-west direction. Additional estimated values of transmissivity were 
obtained from a simulation of pumping data in Riviera Beach (fig. 12) 
with a digital model developed by Trescott (1973) for aquifer evalua-
tion. Along the Coastal Ridge, the transmissivity of the shallow aquifer 
as a whole is estimated to be 7,000 ft2/d. The transmissivity of the 
major water-bearing zone is estimated to be about 4,000 ft2/d. Unit 4 
comprises about 40 percent of the total thickness of the shallow aquifer 
and about 60 percent of the aquifer transmissivity. In the vicinity of 
C-17 Canal these values reduce to about half. In the area between 
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Military Trail and the east levee of the West Palm Beach water catchment 
area, the transmissivity of Unit 4 is estimated to range from 15,000 to 

30,000 ft2/d. 

The storage coefficient of Unit 4 is estimated to be in the range 
of lx10-4 to lx10-5, reflecting the semi-confined nature of the unit. 
By correlation of water-table fluctuations with rainfall during selected 
storms it is estimated that the storage coefficient of Unit 1 ranges 
from 0.15 to 0.25. 

Recharge and Discharge 

Recharge to the shallow aquifer is primarily from rainfall. The 
infiltration rate is generally high so that much of the rainfall on the 
area enters ground-water storage, and a rapid response in water levels 
occurs. The aquifer is also recharged by seepage from controlled 
reaches of canals when the canal level is higher than the water table in 
the adjacent areas. Only during extreme dry periods does this condition 
occur along the C-17 Canal. The aquifer may also receive some recharge 
from applications of irrigation water. 

Discharge from the shallow aquifer occurs by evapotranspiration, 
seepage into drainage canals, seepage into Lake Worth, and pumping. 
Evapotranspiration is the main form of discharge and it is highest where 
the water table is near land surface in heavily vegetated areas. Ground 
water lost by seepage into Lake Worth retards seawater intrusion into 
the shallow aquifer. 

Water-Level Fluctuations 

Unit 1 

Water-level fluctuations in Unit 1 (fig. 8) are caused primarily by 
infiltration from rainfall and evapotranspiration. Other changes are 
due to downward leakage replacing water that has been (1) removed by 
pumping from Unit 4 and (2) lost by seepage to drainage canals and Lake 
Worth. 

Hydrographs of observation wells PB 612, PB 619, PB 633 and PB 646 
are shown in figure 9. Figure 10 shows well locations; well PB 646 is 
located about 6,000 ft southwest of the municipal well field. The 
greatest range in fluctuation is for well PB 612. During the three dry 
seasons of 1973-75 the water level in well PB 612 fell below sea level. 
The water level in PB 646, southwest of the pumping wells, is influenced 
slightly by pumping and moderately by a shallow canal in the vicinity. 
Below normal rainfall for 1974, and possibly higher pumpage, kept the 
water levels from making a normal wet season recovery during 1974. 

Units 2 and 3 

Units 2 and 3 of the shallow aquifer form a semi-confining layer in 
the eastern part of the study area. Together they are about 150 ft 
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thick at U.S. Highway 1, diminishing in thickness toward the west and 
pinching out just west of Military Trail. Units 2 and 3 are not used 
for high-capacity production wells because the relatively fine material 
of which they are composed limits the amount of water available to 
wells. However, numerous low-capacity wells are open in Unit 2. There-
fore, these units were not monitored by observation wells during this 
investigation. 

Unit 4 

The largest water-level fluctuations in Unit 4 are caused by wells 
pumping from the zone. 

Two-day hydrographs for observation wells PB 632, 795 and 796 are 
shown in figure 11. (Locations are shown on fig. 10). Well PB 632 is 
near the coast, well PB 795 is near the well field and well PB 796 is 
midway between the coast and the well field. The water levels in well 
PB 795 are almost continuously depressed as a result of pumping in the 
well field. Water-level recovery is rapid when pumping is stopped. The 
water-level fluctuations in well PB 632 show influences of tide and the 
pumping of distant wells. 

To aid in estimating the aquifer's hydraulic properties a field 
test was conducted to determine the water-level fluctuations in well 
PB 795 for (1) normal well operations, (2) recovery when all pumping 
ceased, and (3) drawdown for one well pumping at 500 gal/min and (4) 
drawdown at full pumping capacity, 5,600 gal/min. The resulting hydro-
graphs and well field operations are shown in figure 12. PB 795 is 
located about 600 ft from the municipal supply well used in the single 
well pait of the field test. A second observation well, PB 618, located 
adjacent to PB 795 but penetrating only Unit 1 of the shallow aquifer, 
showed no response to the 16-hour field test. This was due to the semi-
confining layers of the aquifer (Units 2 and 3) which retarded the 
effect which a reduction in head caused by pumping from Unit 4 must 
eventually have on Unit 1. Water-level fluctuations in Unit 1, reflected 
in PB 618, would be expected to occur over the course of a longer test. 

Water-Table Configuration and Water Movement 

Maps showing lines of equal water-level altitude are used to de-
scribe water-table configuration. These maps help to indicate the areas 
of recharge and discharge, the water in storage, and the direction of 
water movement. The movement is perpendicular to the contour lines and 
its rate is directly proportional to the hydraulic gradient (slope of 
the water surface) for a given transmissivity. 

The water-table maps for October 10, 1973 (fig. 13), generally the 
highest since June 1972, and for May 2, 1975 (fig. 14), the lowest, show 
variations of as much as 10 ft in the extreme conditions. Changes are 
greatest in the area of the well field, and are least along C-17 Canal 
and the coast. The water-table map for March 1, 1973 (fig. 15) reflects 
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MAP BASE CORRESPONDS TO FIGURE 4 

Figure 13.--Water-table contours for October 10, 1973, highest levels 
on record since June 1972. 
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Figure 14.--Water-table contours for May 2, 1975, lowest on record 
since June 1972. 
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Figure 15.--Water-table contours for average (March 1, 1973) hydrologic 
conditions. 



average conditions in the aquifer. The water-table maps (figs. 13, 14, 
15) indicate that water infiltrates to the shallow aquifer from C-17 
Canal only during very dry conditions. Most of the water that is pumped 
from the aquifer east of C-17 Canal is derived from local rainfall. 

Quality of Water 

The quality of ground water in the Riviera Beach area is best along 
the Coastal Ridge, except in the immediate vicinity of the coast where 
seawater intrusion exists. Poor quality water exists at deeper depths 
in the aquifer along C-17 Canal. To define the quality of water through-
out the shallow aquifer, selected wells (fig. 16) in the area were 
sampled. The analyses are listed in tables 3 and 4. 

Figure 17 shows areal variation in dissolved solids concentrations 
in Unit 4, centering through Riviera Beach. Along the coast, saltwater 
extends about 1,000 ft inland in the deep part of the aquifer. Except 
for the C-17 Canal area and the coastal area where seawater intrusion 
has occurred, water in the shallow aquifer has less than 500 mg/L of 
dissolved solids, the recommended limit for public drinking water. Al-
though some water contains excessive iron and color, and generally is 
hard, conventional treatment can make it potable. 

Variation in the quality of water with depth is slight and incon-
sistent except along the coast where there is seawater intrusion, along 
C-17 Canal, and west of the levee along the east side of the West Palm 
Beach water catchment area. In these areas the dissolved solids con-
centration in water from deep wells usually exceeds 500 mg/L. 

Seawater Intrusion 

Seawater intrusion in idealized coastal aquifers takes the general 
form of a wedge as shown in figure 18 (Kohout, 1960; Cooper and 
others, 1964). Since the seawater is slightly heavier than freshwater, 
it moves into the aquifer and displaces the freshwater. Only the sea-
ward sweep of fresh ground water over the wedge retards its advancement 
inland. If the fresh ground-water outflow is reduced, seawater in-
trusion accelerates. This has been the case in Riviera Beach in recent 
years because the natural flow has been reduced by ground-water pumpage 
and a reduction in recharge from local rainfall. Recharge from rainfall 
has been reduced chiefly by storm drainage systems and by an increase in 
the amount of impervious cover over parts of the area. 

Profiles of the water table for Unit 1 and the potentiometric sur-
face of Unit 4 were constructed using measurements of water levels in 
observation wells along a line south of Blue Heron Boulevard (figs. 19 
and 20). From these types of profiles the relative rate and direction 
of ground-water flow in aquifers can be estimated. In this case, the 
water-table profile indicates a ground-water divide between the well 
field and the coast. From the divide, the profile of the potentiometric 
surface of Unit 4 slopes inland to the well field indicating a movement 
of seawater in that direction. 
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Figure 16.--Location of selected wells from which water samples were collected 
for chemical analysis. (Numbers refer to analyses listed in table 3.) 



	

	

	

	

	

	

	

	

	

	

	

	

		
		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

  

 

		 	
		 					 				

			 	

	

		
	

	

					 		
	 		

		 	 		
						 		
			 					

	

		 	

	

		 		 	  

 

 
 

 

 
 

 
 

 
 

 
 

 

 

	
	

	
	

	

	

	

Table 3.--Chemical analyses of water from selected wells that tap the 
shallow a uifer or the Floridan aquifer. 

(Concentrations in milligrams per liter) 
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Table 4.--Analyses of trace metals, nutrients, and carbon in water 
from the shallow aquifer. 

(Concentrations of metals in micrograms per liter; concentrations of nutrients and carbon in milligrams per liter) 
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Figure 17.--Dissolved solids concentrations of ground water from 
Unit 4 of the shallow aquifer. 
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Figure 18.--Ground-water movement along the coast and cyclic flow 
pattern in the zone of diffusion which separates 
freshwater and seawater (Kohout, 1960). 
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B-B' in figure 20 for three selected two-day periods. 
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Because seawater is more dense than freshwater, in drawing the 
curves of figure 19 it was necessary to adjust the head values obtained 
from wells in which seawater is present. Also maximum and minimum 
ranges were used for potentiometric values of Unit 4 because of the 
large daily fluctuations of head in the observation wells (see fig. 11). 
Head values at the coast were estimated using tide elevations. The 
unusual configuration of the curves in the coastal area is caused by 
cyclic flows of ground water as shown in figure 18. 

Seawater intrusion into the shallow aquifer is being monitored in 
observation well PB 632 (fig. 20), which is open to the aquifer at 
249 ft below mean sea level and located approximately 900 ft from the 
coast. 

Chloride analyses of water from the well indicate that seawater has 
been moving into the aquifer at least since the later part of 1972 
(fig. 21). During the 1973 dry season the inland advancement was slight 
and it retreated slightly during the 1973 wet season. It has advanced 
since the 1973 wet season. Between October 1972 and July 1975 the 
advancement was estimated to be 50 to 100 ft. Higher than average 
rainfall during the wet season (fig. 3) resulted in high-water condi-
tions in 1972 and 1973 that prevented any appreciable seawater intru-
sion. In 1974, the rainfall from January to October was about 13 in 
deficient. The 1974 calendar year ended with a 9.3-in deficiency and 
water levels considerably lower than 1 year earlier. 

Floridan Aquifer 

Water in the Floridan aquifer varies in chemical quality from 
brackish at the top of the aquifer at a depth of 1,000 ft to seawater at 
depths below 2,200 ft. In the upper part, the chloride concentration 
ranges from 1,000 mg/L to 4,000 mg/L. A water sample from 1,000-ft well 
24 (fig. 16), on Peanut Island, contained 1,600 mg/L of chloride and 
3,360 mg/L of dissolved solids (table 3). The lower part of the aquifer 
is more than 2,200 ft below land surface. Water in this unit is similar 
to seawater in chemical characteristics. A water sample from 3,540-ft 
well 25 (fig. 16) shows a chloride concentration of 20,000 mg/L and a 
dissolved solids concentration of 37,700 mg/L (table 3). 

WATER USE AND SUPPLY 

Water for municipal, industrial, and irrigation uses is derived 
from the shallow aquifer. The largest use of ground water is for 
municipal purposes. Industrial withdrawals are very small. 

The Riviera Beach water supply is obtained from 19 wells (fig. 10). 
The old wells are open to Unit 2 of the aquifer and are about 60 to 
100 ft deep and yield 200-400 gal/min. The newer wells are open to 
Unit 4 and are 200-250 ft deep and yield as much as 650 gal/min. The 
operating capacity of the well field is approximately 8 Mgal/d. The 
total estimated 1974 municipal pumpage is equivalent to 25 in of water 
over the area estimated to be influenced by the supply wells. This is 
approximately 40 percent of the average annual rainfall. 
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Figure 21.--Chloride concentrations of water in observation well PB 632 
for 1972-75. 



The average municipal withdrawal rate has increased from 3.0 Mgal/d 
in 1969 to 5.2 Mgal/d in 1974, an increase of 73 percent (fig. 22). 
Seasonal pumping loads are generally highest in late winter and early 
spring (fig. 23) when the tourist population and irrigation needs are 
the greatest. Demands are lowest in late summer, at the height of the 
rainy season. These monthly peaks and troughs in the pumpage graph vary 
about 20 percent from the annual average. 

Large quantities of freshwater are available in the shallow aquifer 
for future needs, but it will require good planning and management to 
minimize damage from seawater intrusion. 

Changing the distribution and spacing of municipal supply wells 
would help in obtaining the maximum amount of ground water from the 
aquifer under the Coastal Ridge. The rate of municipal pumping from the 
closely-spaced network of supply wells in the vicinity of the water 
treatment plant is causing water-level declines in Unit 4 that extend 
seaward off the coast most of the time. Spacing wells more widely and 
placing them at greater distances from the coast would reduce this 
decline in water levels. The effect of lowering would then be spread 
over a larger inland area which would result in less decline at the 
center of the well field. As a result, it might be possible to develop 
a hydraulic gradient in Unit 4 that would slope toward the coast most of 
the year. 

Additional quantities of freshwater can be developed west of 
Military Trail and east of the West Palm Beach water catchment area, 
although the quality of water is less desirable than that along the 
Coastal Ridge. Wells with capacities of about 1,000 gal/min can be 
developed in that area. 

Another means of increasing the city's freshwater supply is to 
divert surplus freshwater to the drainage canals near the well field to 
provide increased infiltration to the aquifer. 
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Figure 22.--Average annual pumpage from the Riviera Beach municipal 
supply wells for 1969-74. 
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Figure 23.--Total monthly pumpage from Riviera Beach municipal supply 
wells for 1972-75. 
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SUMMARY 

The so-called shallow aquifer is the sole source of fresh ground 
water used in the Riviera Beach area. It extends from the land surface 
to a depth of 175 ft beneath the West Palm Beach water catchment area 
and to 300 ft near the coast. The aquifer is divided into four units. 
The uppermost, Unit 1, consists of 20 to 40 ft of sand. Units 2 and 3 
occur almost entirely east of Military Trail. Unit 2 is composed mostly 
of sand, shells, and occasional layers of cemented sand. Unit 3 con-
sists of very fine sand and shells and has the lowest permeability of 
the four units. Unit 4 is composed primarily of cemented sand and 
shells. It is the deepest and most permeable of the four units. 
Transmissivities range from 2,000 ft2/d along C-17 Canal to 30,000 ft2/d 
in the cavity-riddled section west of Military Trail. Most of the large 
supply wells in the area pump from Unit 4. 

Recharge to the shallow aquifer is chiefly from rainfall although 
recharge from this source is gradually being reduced by an increase in 
the amount of impervious cover and expansion of storm sewer systems. 
Discharge is chiefly by evapotranspiration. Other important discharges 
include seepage into C-17 Canal, drainage canals, and Lake Worth, and 
pumping from municipal and domestic wells. Municipal withdrawals are 
increasing at the greatest rate: the 1974 municipal pumpage is esti-
mated to have been equivalent to 40 percent of the average annual rain-
fall over the area estimated to be influenced by the municipal pumping. 

The increase in pumping has reduced the flow of fresh ground water 
into Lake Worth. This flow has acted as a barrier to seawater en-
croachment. Between the fall of 1972 and the summer of 1975, the inland 
advancement of seawater is estimated to have been 50 to 100 ft. 

Fluctuations of water levels in the shallow aquifer are influenced 
mainly by rainfall, by regulation of flow in C-17 Canal and by pumping 
of wells. Water fluctuations are greatest in the vicinity of the muni-
cipal well field. Ground water generally moves eastward; part is inter-
cepted by the C-17 Canal and part is diverted by the well field. Be-
cause of the high annual rainfall and low relief, water levels generally 
are within a few feet of land surface. 

The quality of water in the shallow aquifer is generally satis-
factory for the municipal use except along C-17 Canal where the dis-
solved solids concentration often exceeds 500 mg/L. The quality of 
water in the deep Floridan aquifer is generally poor. The chloride 
concentration ranges from 1,000 to 4,000 mg/L in the upper part whereas 
water in the lower part is similar to seawater in chemical character-
istics. 

Additional quantities of freshwater are available in the interior 
of the area although the quality of the water is less desirable than 
that under the Coastal Ridge. 
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