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GEOLOGY AND GROUND WATER 

of the 

FORT LAUDERDALE AREA, FLORIDA_!/ 

B y 

ROBERT C. VORHIS 

INTRODUCTION 

The City of F ort Lauderdale, being faced with the prob-
lem of a greatly increased demand for water, has had need 
for geologic and ground- water data on which to base engi -
neering decisions concerning the adequacy of the present 
well field and possi.ble location s for an additiona l well field. 
In order that the data might be collected, the City of Fort 
Lauderdale, in October 1946, requested an investigation by 
the U. S. Geological Survey and the study was started im-
mediately. Some of the work has been done as a part of the 
southern Florida water-resources investigations that are 
being made by the U . S. Geological Survey in cooperation 
with the Florida Geological Survey, but most of the cost has 
been borne by the City of Fort L auderdale. 

Little detailed work relating to ground- water conditions 
had been done previously in the Fort Lauderdale area. An 
annotated bibliography of articles with material relating 
specifically to geology and ground water of this area is in-
cluded at the end of this r e port. 

The investigation w a s directed toward as s embling, or-
ganizing, and interpreting geologic and hydrologic data con-
cerning the following : 

( l) Areal extent and vertical distribution of water-
bearing formations (aquifers) . 

. l/ Published with the permission of the Directors of the 
U. S. and Florida Geological Surveys. 
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(2) Hydrologic and lithologic characteristics of 
thes e aqu ifers. 

(3) Quality of water at var ious d e pths in a quifers. 

( 4) Present extent of and probabl e futur e salt-
water encroachment. 

(5) El evation and s hap e of the water tabl e in the 
well -fi eld area at various times of the year. 

(6) Effect on the water table of pumping from 
we ll s, as shown by the mapped cone of depres-
sion around the well field. 

{7) Effect on the water table of drainage ditches 
a nd othe r developments. 

(8) Ave rage height of water table at various places 
in the area. 

The office a nd field work was done under the ge neral ad-
ministration and supervision of A. N. Sayre, Geologist in 
Char ge of the Ground Wate r Division, U.S. Geological Sur-
vey, Washington, D. C., and Herman Gunter, Director, 
Florida Geological Survey, Tallahas see, Florid a . Imm e diate 
supe rvision of the investigation and of the writing of this 
report was by Garald G. Parker, District G eologist , Miami, 
Florida. Additional help and advice was given by N evin D. 
Hoy, Geologist, M. A. Warren, Hydraulic Engineer, both of 
the Miami office, and H . H. Cooper, Jr., District Enginee r 
o f the T a llaha ssee office . Water a nalys es were made by 
Berton L aw, Chemist, in the Miami laboratory of the U.S. 
Geological Survey and by Mr s. Patricia Sherwood, w ho was 
then City Chemist of Fort Lauderdale. The l eve ling was 
done under the direction of Kenneth L. Jackson, Engine e ring 
Aid e. Illustrations were drafted by Ross A . Ellwood, Engi-
n ee ring Draftsman, and the typing was done by M. Marvine 
Melton and Laura G. Pollard. 

Mr. J. H. Philpott, former City Manager of Fort Lauder-
dale, Mr. Charles L. Fiveash, Superintendent of the Depart-
ment of Water and Sewers, Dr. A. P. Black, Consulting 
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Chemist, Gainesville, Florida, and Messrs. L. C. Coe and 

Guy Tanner, Miami, Florida, well-drilling contractors, have 

been especially helpful and deserve much credit for the 

prosecution of the studies. In addition, grateful acknowledge-

ment i.s made for cooperation and assistance given by offi-

cials and many citizens of the City of Fort Lauderdale. 

GEOGRAPHY 

LOCATION AND AREA 

Fort Lauderdale is on the Atlantic Coastal Ridge, 25 

miles north of Miami. This ridge lies between the muck 

lands of the Eve r glades on the west and the narrow man-

grov e  s wamps along  the Atlantic Ocean on the east. 

Most of the field work in connection with this report was 

done in the region to the west of Fort Lauderdale as shown 

on plate 1. The area of intensive f ield work is centered 

about the grounds of the Fort  L auderdale Golf and Country 

Club, in which the city well field is located (see pl. 12). 

TOPOGRAPHY AND DRAINAGE 

The Atlantic Coastal Ridge near Fort Lauderdale is 

approximately 5 miles wide and has very little relief, 

averaging only 8 fee t above mean sea leve l , the highest 

elevation rising to about 20 f eet. 

Oolitic limestone, sand, muck, and marl are the geologic 

materials outcropping in the Fort Lauderdale Area. The 

sand and oolitic sands are very permeable and permit rain 

water to penetrate downward rapidly. Drainage is largely 

underground, thus accounting for the scarcity of surficial 

drainage channels. The principal one is New River (see pl. 

12) a shallow forked stream which l eads about ~ miles in-

land and cuts through the coastal ridge to the Atlantic Ocean. 

North Fork of New River is relatively unimproved and 

uncontrolled. Its tidal portion extends upstream to a point 

approximately 2i miles northeast of the well field, and salt 
water is free to advance upstream as far as the tides and 
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the fresh-water flow in the fork permit. The bed of North 
Fork is rather heavily silted in its uppe r r eac h es and is 
therefore relatively impermeable; thus, the s a lt water that 
occasionally extends to these reaches does not greatly con-
taminate the surrounding ground water. 

South Fork of New River is m a intained as a navigable 
stream. Portions of the channel have b ee n dr e dged and 
numerous boat basins have been constructed, the largest of 
which is shown nea·r the bend in River land Road on plate 12. 

Middle River, a sluggish, shallow forked stream about 2 
miles long, empties about 3 miles north of the mouth of New 
River into a salt-water lag oon in which the Intra-coastal 
Waterway has been developed. 

Between 1907 and 1918 most of the major drainage 
canals of the Everglades were dredged. One of these, the 
North Ne w River Canal, e mpties into the South Fork of New 
River; and another, the South New River Canal, discharges 
both into the South Fork of New River and into the Dania cut-
off Canal. 

CLIMATE 

The climate of Fort Lauderdale is semitropical. The 
average annual rainfall during a 31-year period of record 
is 65.19 inches, and the heaviest rainfall occurs between 
May and November. The prevailing wind is from the south-
east and has an approximate average velocity of 13 miles 
per hour. Transpiration, e vaporation, and humidity are 
high the year around. 

The average annual temperature is 75 . 2 degrees Fahr-
enheit. The average monthly minimum and maximum tem-
peratures are 68.5 and 82.0 degrees F. and occur in January 
and August, respectively. The. temperature of most samples 
of ground water collected from depths below 30 or 40 feet 
is very close to the mean temperatur e, or 76 degrees. The 
temperature of samples from shallower depths varies with 
the seasons, ranging from about 70 to 82 degrees. 
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POPULATION AND DEVELOPMENT 

The population of Fort Lauderdale has increased mark-
edly in recent years. The census of 1920 listed 2,065 in-
habitants; in 1930 the population was 8,666; in 1940 it was 
17,996; and a census in the summer of 1945 placed the total 
permanent population at 26,185. The population is greatly 
increased each winter by the influx of tourists and by many 
home-owners who live there only during the winter months. 
The Fort Laud e rdale Chamber of Commerce estimates that 
the total of winter residents in 1946 was between 60,000 
and 65,000. 

The rapid g rowth in population that has already occurred 
has taxed the capacity of the present water treatment plant, 
and has made n ecessary the construction of an addition. 
This will more than double the original capacity of the plant 
and will permit greater consumption by present users as 
we ll as p ermitting wate r to be supplied to those parts of the 
city to which mains have not yet been extended. 

DEVELOPMENT OF MUNICIPAL WATER SUPPLIES 

AT FORT LAUDERDALE 

For many years the water supply for Fort Lauderdale 
was drawn from t wo wells, 6 inches in diameter and approxi-
mately 60 feet deep, located to the northwest of the inter-
sect ion of Andrews Avenue and 2nd Street S. W. Mr. 
Charles Fiveash, Superinte ndent of The Department of 
Water and Sewers, reports that these wells would yield 
considerably more at hig h tide than at low tide suggesting 
that river water might be able to enter the wells. Inasmuch 
as New River was polluted with considerable amounts of 
untreated sewage, it was decided to develop a new well 
field and locate it sufficiently far to the west to be free 
from the possibility of pollution. Accordingly, the two 
original wells were abandoned in June 1926. As an interim 
supply during the construction of the present water plant, 
two wells (S 894 and S 895 on plate 12), one 10 and the other 
12 inches in diameter, were drilled to depths of 90 and 104 
feet, respectively, at Broward Boulevard and 14th Avenue. 
These wells served as the source of supply from June 1926 
until December 1927, when the present well field and plant, 
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to the west of Fort Lauderdale, wer e put in operation. The 

12-inch well {S 895) is still maintained as a standby for 

emergency use. 

The present water plant was completed late in 1927 and 

has been treating all water since supplied to the city. Addi-

tional treatment facilities now under construction will raise 

the capacity of the plant from 6 to 14 million gallons a day. 

The city supply wells of Fort Lauderdale are in two dif-

ferent but adjacent groups and are therefore generally thought 

of as composing one well-field area. The first group con-

sists of nine wells on the grounds of the Fort Lauderdale gol 

course. The golf course is near the western shoulder of the 

Atlantic Coastal Ridge, approximately 7 miles from the ocea1 

and 1  1 / 4 miles north of the North New River Canal. The 

second group is composed of two wells at the municipal wateJ 

plant on the crest of the Atlantic Coastal Ridge, e ~ 

I mile southeast of the first group. Land-surface elevation: 

in the well-field area average about 9  feet above mean se< 

leve 1. 

The 11 wells are gravel-packed and are pumped at < 

total maximum rate of approximately 6,600 gallons pe1 

minute. This is by no means the maximum capacity of the 

wells, a figure that has never been determined, but the 

present pumpage certainly is only a fraction of what these 

wells would yield if pumped to capacity. The City Water 

Department has not deem e d it wise to pump these wells at 

greater rates for fear of causing salt-water encroachment. 

Eight wells, Nos. 1,2.,3,4,5, 6, 11, and 12, were drilled 

in 1927; Nos. 7 and 8 were drilled in 1940; and Nos.  9 and 10 

were drilled in 1945. Well 1 does not contribute to the City 

supply but is used exclusively for watering the golf course. 

It was drilled and developed in the same manner as the 

other wells. Wells 11 and 1 :J, are the two that are located a 

hundred feet east of the water plant {see pl. 12). 

All except No. 11 are 12-inch wells, and all except Nos. 

8, 11, and 12 were finished with casings set approximately 

80 feet below land surface. All had 10 feet of open hole 

{unscreened) below the bottom of the casing. Well 12 was 
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cased to a depth of 92 feet below land surface. Mr. Fiveash 
reports that at the time the wells were completed the water 
table averaged about 3 feet below land surface or 6 feet 
above sea level. 

In 1940, two new gravel-packed wells 12 inches in diame-
ter, (Nos. 7 and 8), were completed, the casing being seated 
80 feet below land surface in No. 7 and 62 feet below land 
surface in No. 8. A 6- inch diameter screen 35 feet long, 
was installed below the casing of each well. 

During 1940 the older wells (all other than 7 and 8) were 
deepened 45 feet, which allowed the insertion of 35 feet of 
screen with 10 feet of blank pipe below the screen. All the 
w e lls were then gravel-packed. 

The daily pumpage from these wells has ranged in the 
period from January 1930 to the present from a low of 
234,000 gallons per day to a maximum of 6,615,000 gallons 
per day. The averag e daily pumpage has gradually in-
creased over the years, as shown in plate 2, a graph of the 
average daily pumpage from the Fort Lauderdale municipal 
wells during the period 1930-1947. Records are not avail-
able for pumpage prior to 1930. 
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GEOLOGIC FORMATIONS AND THEIR 

WATER-BEARING CHARACTERISTICS 

ll 

The s urface 1nate rials of s outh e aste rn B ro w a rd C ounty 
in the vicinity of Fort Laud e rdal e a r e form e d largely by a 
mantle of sev e ral fee t of sa nd (Pamlico s and) of l ate Pleis-
toc e ne a g e . On th e \'."e s t e rn e d ge o f the Atlantic C oastal 
Rid g e muck i s found, e spec ially in the vicinity of natural 
drainag e channe l s. Th e ma ntling nature of thes e m a teria l s 
plus the low r e li ef a nd l a ck of a ny de e p cut s in the rock 
mak e it impo ss ib l e to de t e rmin e the ge olog ic n at ure of the 
r eg ion from rock e xpos ur e s . Examinat ion of s h a llow ex-
posures in the banks an.d spoil of the E ve r g lades drainage 
ca n als and study of we ll-log data are the only reliab l e 
sources of geo l ogic information. An east- west cross sec -
tion along the North N e w Rive r Canal from Fort Laud e rdal e 
to 20-Mil e B end i s s ho w n in plat e 3. 

In southeas t e rn F lo rida s tr a ta older than th e H awthorn 
form a tion ar e of no im po rt a nc e as a s ourc e of potable w ater 
b e c a us e the w a t e r in olde r st rat a is hi g hly mineralized. The 
,,·at e r is und e r artes i a n p r essur e but its quality is s uch 
that no u s e h as b ee n fo und for it, e xcept for limite d row-
irrigat ion of ga rd e n v ege t a bl e s a nd l a wn sprinkling . It co r-
rod es pi pe so r apidly th a t it h a s be e n found to b e not eco-
nomically profi table to m a k e use o f the a rtesian pr e ssure. 
All th e known pre-H awthorn strata have these same water -
bearing characte ristics . In a smuc h as their water i s unus-
able for pub li c supp ly thes e formations are not discussed in 
thi s paper. 

Tertiary System 

MIOCENE SERIES 

HAWTHORNE FORMATION 

In southern Florid a the Hawthorn form at ion is compos e d 
p r e dominantly of g r eenish-color e d sediments that were l a id 
down in a sha llow, wa rm transgressing sea which flood ed an 
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eroded land surface. Thus, the lower co ntact is unconfo rm-
ab l e. These marine deposit s may be blue - g r een clay, gray-
green m a rl, or varying s had es of greenish sand. The 
change to green i sh- colored sediments gives a s h arp con-
trast w ith the predominantly buff to g ray color of the ove r-
lying beds and mak es fo r e asy id entificat ion of the upper 
contact. 

In the coastal area the H awthorn form a tion is about 400 
to 600 f eet thick. Becaus e it is composed l a r ge ly of clay 
and marl, th e formation i s rel a tively imper m e able and 
ther e for e act s as an aquiclud e (non- w a ter - bearing bed) 
betwee n the hi g hly mine raliz e d a rtesian wate r o f th e und e r -
lying Eocene and r e late d limesto n es a nd the fr e sh wate r in 
the over lying formation s of Pliocen e and Pl e i s toc e ne age . 
Loc a lly, we ll s may be d eve lop e d in th e H av.: thorn but the 
water y i e ld ed is ge nera lly too hig hly mine rali ze d for most 
pur poses a nd occurs in rath e r limite d qu antiti es . 

The water from the H awtho rn form a tion i s s ig nific a ntly 
different from w a ter of th e overl y ing formation s . It h as 
more dis so lved solid s , espec i a ll y of magne s ium, s odium, 
potas sium, and su lfate . Th e water i s g e n e r a lly too hi g hly 
mine raliz e d to be pot a bl e but is su it a ble for oth e r purposes , 
such a s u se b y stock a nd for irrigation. 

PLIOCENE SERIES 

T AMI AMI FORMATION 

The T a 1nian1i form a tion is nam ed fo r d epos i ts "com-
pos e d princip a ll y o f w hite to c r c <nn-c o lorcd calcareous 
sandstone , s a ndy liin esto n e , a nd b e d s :. nd pockets o f qu <trt z 
sand" (P a rk e r 1944, p . 64). 

N ear Fort L a ud e rdale the Tami a mi form a ti on int e r-
fing e rs w i th th e cont e mpor a ne ou s C a loo s<.1 hatch ce marl (see 
de sc ription of C a loosahatchee 1narl b e low). Inasmuch as 
th e Tamiami has no fauna distinct fr om f a unas of t h e other 
Pliocene formation s of south e rn Florida, it i s impo ss ibl e to 
disting ui s h the Tami ami except by lithologic characte r:. 
i st i c s . For thi s re ason the cavernous s andy lime s t o nes and 
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calcareous s a ndstones of Plioc e ne age are considered to be 
T amiami . 

At Miami the T amiami formation averages about l 00 
feet thick. It has be e n found to be one of the most produc-
tive water-bea ring formations e ver investigated by the U .S. 
Geological Survey, ranking with coarse, clean, well- sorted 
gravel in its capacity of transmitting water (Parker and 
Cooke, 1944, p. 65). In Broward County thi s formation is 
cavernou s and permeable but the interfinger ing with the 
sand of the C a loosahatchee marl makes for a lowe r yield 
than in Dade County, where there i s littl e suc h inter finger-
ing . 

Water from this aquifer is generally very good in quality 
except in zones where salt- water contamination has occur -
red . 

CALOOSAHA TCHEE MARL 

The Caloosahatche e m a rl underlies most of the Ever-
glad es and is found in the subsurface eastward under the 
Atlantic Coastal Ridg e. According to Parker and Cooke 
( 1944, p. 59) "The Caloos ahatchee marl is a littoral (beach) 
a nd neritic (shallow, off- shore zone) deposit composed of 
sand, silt, clay, s hells, and often enough calcareous mate-
ri al to make it a true marl. It conta ins many local beds or 
le n ses of pure sand or clay, but the usual condition is just 
what one would expect of a deposit where constantly shifting 
currents a cted upon a shallow sea bottom and sho r es adja-
cent to a low land mass that contributed only fine sedi-
ments. " The large number of perfectly preserved shells i s 
an indication that the water was deep enough to prevent 
breakage due to v iolent agitation by waves (Cooke , 1945, p. 
214). 

In the Fort Laud e rdal e area the C aloosahatchee marl 
occu r s as gray to g reen marl, fine to medium-grained quartz 
sand, shelly sand, sandy marl, and a greenish clay. It inter -
fingers with the contemporan eous Tamiam i formation as 
s ho w n in plate 3. In the logs of the test we lls , the soft, r e la-
tively impe r meable sandy, shelly and marly sediments of 
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Plioc e ne age are considered to be the Caloo sahatchee, and 
the limy sandstones anct sandy limestones to b e the Tami-
ami. Separation by paleontological means is not possible, 
as the fauna s of both are so similar. 

The permeability of the Caloo sahatchee marl varies 
with the lithology but is, for the most part, rather low. At 
some horizons the formation wi ll yield no water. In the 
Fort Lauderd a l e area the r e are places w h e re the Caloosa-
hatchee marl is sufficiently pe rm e able to yield s mall quan-
tities of water s uit able for domestic purposes . 

Quaternary System 

PLEISTOCENE AND RECENT SERIES 

FORT THOMPSON FORMATION 

The Fort Thomp son formation consists of alternating 
fresh and br a ckish- wat e r a nd marine shell n1arls and lime-
stones . It underlies the Everglades s oils in western 
Broward County (s ee pl. 3) but i s not found in the v icinity of 
Fort Lauderdale. It lies unconformably upon the Tamiami 
formation and Caloosahatchee m a rl in the Everglad,es north 
of the latitud e of Fort Laude rdale and is overlain uncon-
formably b y the Lake Flirt marl. 

MIAMI OOLITE 

The Mi am i oolite is named for depo sits of permeable 
sandy, oolitic limestone in southern Florida. Weathering 
has perforated the oolit e w ith vertica l solution holes w hich 
have since been partially or completely filled with sand 
washed in from abov e . Thi s caus es the formation now to b e 
sandier than it was w hen originally deposited (see pl. 4A) . 

The thicknes s may range up to about 30 feet. The oolite 
rests on a gently undulating , wave-planed platform sloping 
eastward; this, along with surficial inequalities, m<>kes for 
variable thickness . The original d eposition was in the form 
of a broad, s lig htly curving marine s ho a l or bar just about 
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FORT LAUDERDALE. NOTE CROSS- BEDDING AND 
SOLUTION HOLES IN THE OOLITE. PAMLICO SAND IS 
SHOWN AS CONES AT THE BASE OF THE SOLUTION 
HOLES AND AS A MANTLING LAYER OVER THE 
OOLITE. THE 6- YEAR OLD BOY GIVES SCALE. 

B. WATER-STAGE RECORDER ON WELL G221 NEAR FORT 
LAUDERDALE WATER PLANT. 

PLATE 4 
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at sea level, thickest near the Atlantic shore line and thin-
ning to a teather edge toward the Everglades (Parker and 
Cooke, 1944, p. 7). It is on this bar, now called the Atlantic 
Coastal Ridge, that Fort Lauderdale and the other cities of 
southeastern Florida have been built. 

The Miami oolite probably was largely deposited during 
the Sangamon interglacial stage. The melting of the con-
tinental glaciers formed during the preceding Illinoian 
stage was so extensive that the ocean level rose 100 feet 
above its present level. Later, as the glaciers began to re-
form, the sea level dropped first to 70 feet and then to 42 
feet (above present sea level). At all three levels marine 
terraces were formed, and it was largely during these high 
stages of sea level that the Miami oolite and related forma-
tions were deposited. The end of deposition was brought 
about by a fall in ocean level caused by the advance of gla-
cial ice during the early part of the Wisconsin stage. 

The Miami oolite is a fair source of water but the for-
mation is sc thin and near the sa:;:face that comparatively 
few wells are developed in it. The large numbers of vert-
ical solution holes make for greater vertical than horizontal 
permeability, but even so the formation is generally so 
permeable that water can be pumped quite easily from it in 
most places . Water found in the oolite is hard--a typical 
calcium-bicarbonate water. Unless contaminated it usually 
contains from 6 to 20 parts p e r million of chloride; locally 
there may be considerable color of organic origin. 

PAMLICO SAND 

The Pamlico sand consists largely of quartz sand and is 
of late Pleistocene age. Over large areas in southeastern 
Florida it overlies the Miami oolite and fills natural channels 
and solution holes in it. In color the sand ranges from daz-
zling white through shades of yellow and br()wn to red or 
black. The yellowish to red colors are due to iron oxide 
but the gray to black color is generally due to organic mate-
rials that adhere to the surfaces of the sand grains or fill 
the interstices between them. 

The Pamlico sand was probably laid down at the time of 
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the latest Pleistocene high-level sea, when the shore line 
was 25 feet above the present one. The sand was derived 
from previous deposits farther north; and was washed 
southward by ocean currents and waves. Its principal origi-
nal source is probably from the rocks of the Piedmont in 
Georgia and Carolinas. 

The ocean level presumably stood very low during the 
several glacial stages that preceded the late Pleistocene 25-
foot rise, because the tr a nsverse glade valleys, having depths 
as great as 100 feet, were then formed by streams originat-
ing in the Lake Okeechobee- Everglades area . These stream 
valleys indicate considerable erosion. Pamlico sand now 
fills these valleys and mantles the surface of the oolite. 

The Pamlico sand in the transverse glades generally is 
a source of potable ground water. The sand is not perme-
able enough to yield as much water as can be obtained from 
the cavernous rocks of the Tamiami formation, but it is a 
source of adequate supplies where only small quantities are 
needed. The water i s fr e sh, where not contaminated by en-
croaching s a lty wate r, but it may have an objectionable 
color due to or g anic mate rials, and locally it may have the 
characteristics of 11 s w amp water, 11 with considerable color 
and a sm e ll of hydrog e n sulfide. 

Plate 4A shows Pamlico s and mantling the Miami oolite 
and filling solution hol e s. 

LAKE FLIRT MARL 

The Lake Flirt marl was deposited in the Everglades 
and parts of the coastal marshes of southern Florida in 
areas of shallow, open water. In places it overlies the 
Pamlico sand, the Fort Thompson formation, and the Miami 
oolite . It has a thickness of a bout 1 foot in western Broward 
County (see pl. 3). 

RECENT ORGANIC SOILS 

Peat and muck deposits accumulated in perennially 
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flooded areas of the Evergl ades in both late Pleistocene and 
Recent time. These deposits are comparatively thin in the 
Fort Lauderdale area of the Everglades, and overlap the 
western edge of the Atlantic Coastal Ridge. 

PRESENT INVESTIGATIONS 

The present investigations have continued and expanded 
the work previously done in the course of the southeastern 
Florida water- resources investigations, which were financed 
until 1944 by the U.S. Geological Survey in joint cooperation 
with Dade County and the cities of Miami ,Miami Beach, and 
Coral Gables. Since that time the U. S . Geological Survey 
and the Florida Geological Survey have continued observa-
tional and research work in Broward County as a part of the 
joint State-wide investigation of geology and ground water. 

The City of Fort Lauderdale has largely financed the 
additional work, which included ( 1) the drilling of five test 
wells averaging about 200feet indepth(G512- G516,incl.); 
(2) re-installation of the water-level recorder on wellS 329, 
located on the northeastern edge of the Fort Lauderdale golf 
course; (3) installation of another such recorder on well 
G 221, located on the east side of State Highw ay 7 about 400 
feet northwest of the municipal water plant; (4) drilling of 
52 shallow observation wells; (5) obtaining and recording 
data on 90 private wells; (6) periodic measurement of water 
levels; (7) collecting and analyzing for chloride content 
water samples from 116 wells; (8) establishment of a net of 
levels about 27 miles long based on the U. S. Coast and 
Geodetic Survey mean sea level datum plane; (9) tying in all 
measuring points to this datum; and (10) preparation of 
charts, diagrams, and maps to illustrate these data. The 
preparation of a base map was one of the earliest and most 
time-consuming jobs, for it was found that no accurate 
large- scale map of this area existed prior to this investiga-
tion. 

The above steps have been taken to obtain information 
about current ground-water conditions. In addition it is 
planned to continue, in cooperation with the City of Fort 
Lauderdale and the Florida Geological Survey, observations 
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to determine long-time trends. Thirty- six key wells located 
in or adjacent to zones of salt-water encroachment are to be 
sampled monthly for chloride content. It is also proposed that 
water-table maps of the well-field area be prepared at month-
ly intervals. Three such maps for selected times during late 
winter and spring of 1947 are included in this report (pls. 7-9). 

TEST-WELL STUDIES 

VALUE AND USES OF TEST WELLS 

Test-well drilling has been the chief source of informa-
tion on the geology and ground- water hydrology of the Fort 
Lauderdale area. The nature of the underlying rocks has been 
ascertained, and ground-water samples from numerous in-
tervals in depth have been collected and analyzed. The useful-
ness of the wells was not ended as soon as their drilling was 
completed; measurements of water level are made period-
ically and samples of water are collected at monthly intervals 
to determine whether salt- water encroachment is occurring. 

TEST-WELL DRILLING 

The five test wells (G 512 through G 516) drilled during 
the course of the current investigations were put down by 
the jet-percussion method. Plate 5A shows the rig used in 
drilling these wells. At the start of the drilling a 20-foot 
length of 2- inch casing was driven down. The material 
forced into the casing was then jetted out, using a l-inch jet-
ting line, and the jetting was continued to a depth approxi-
mately l 0 feet below the end of the casing. The jetting line 
was then removed, a pump was connected and, if possible, a 
water sample was obtained. Pumping continued for a long 
enough period to make certain that the sample would not be 
contaminated or diluted by water introduced into the bed 
during the jetting. After the sample had been collected, a 
section of casing 10 feet long was added and driven down to 
land surface; then jetting was resumed. Occasionally no 
water samples could be collected, owing either to low per-
meability or to very fine sand "heaving" in the casing and 
making pumping impossible. This type of "running sand," 
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A. DRILLING WELL G 513 

• e • • , ... 

~ ~ ... ' . ' . . . ,.&iw 
I . 

B. WATER-STAGE RECORDER ON WELL S329 NEAR CITY 
WELL 3 ON FORT LAUDERDALE GOLF COURSE. 

PLATE 5 
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more properly termed quicksand, is rather common in some 
parts of the area. In many instances it was necessary to 
drive a sand-point into the sandy materials below the bottom 
of the casing in order to obtain water samples. Every effort 
was made to obtain representative water samples at regular 
intervals as the test wells were deepened. 

Results and Interpretations 

Interpretations of the well logs show that during Plio-
cene time deposits of fine-grained quartz sand were laid 
dow n alternately with deposits of calcareous sediments 
ranging from sandy limestone to rather pure marl. The 
sand is typical of littoral (beach) and neritic (near- shore) 
deposits derived from a ne a rby low-lying land mass com-
posed largely of sandy materials. It is considered to be an 
eastward extension of the Caloosahatchee marl. The limy 
sediments are typical of shallow-water deposits of the open 
ocean, laid down far enough from land to have included little 
detrital material. These limestones are considered a 
northern and eastern extension of the Tamiami formation, 
which is typically developed in Dade and Collier counties. 
Using these lithologic characteristics as a basis of forma-
tion identification, it is apparent that there is considerable 
interfingering between the two formations. This interfinger-
ing is probably a product of alternating landward and sea-
ward migration of the shore line due to minor changes in 
sea level during the Pliocene. 

Until the five test wells were drilled it was believed 
that limestone of the Tamiami formation would be found to 
be the principal component of the aquifer in the area, and 
that the permeability would be somewhat lower than that 
found in Miami. However, results of test drilling and pump-
ing show that the sand and silt of the Caloosahatchee marl 
are abundant and, with minor quantities of admixed clay, 
markedly reduce the transmissibility and yield of the aqui-
fer as a whole. 

A bed of fine white quartz sand, possibly of Caloosahat-
chee age, is found to underlie the Miami oolite in nearly all 
the wells of the Fort Lauderdale area. It is uncertain 
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whether the individual beds or layers underlying this sand 
layer have any considerable horizontal continuity. The geo-
lo g ic section included herewith (pl. 3) shows the various 
beds correlated by means of lithology, but because of lack 
of sufficient test \.v e ils it may be s omewhat in error. Many 
of the beds were deposit ed a s shallow marine and littoral 
sediments in an e nvironment where currents and waves 
sharply limited the area in which any one type of sediment 
could be deposited; therefore, exact correlation of such beds 
is well- nigh impossible 
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WATER-LEVEL STUDIES 

WATER-STAGE RECORDERS 

Two continuous automatic water- stage recorders are 
installed on observation wells in the Fort Lauderdale area. 
These provide the basis for a record, called a hydrograph, 
which shows the rise and fall of water levels plotted against 
time. These two recorders are shown in plates 4B and 5B 
and a hydrograph for well S 329 is shown in plate 6. 

OBSERVATION WELL DRILLING PROGRAM 

In order to prepare a water-table map it is necessary to 
have a number of wells in which depth-to-water measure-
ments can be taken. At the start of the investigation only 15 
wells suitable for this purpose were available; therefore it 
was found necessary to drill an additional 52 shallow obser-
vation wells to furnish needed control. 

The locations were chosen in several ways. In order to 
determine the effect of the pumping of the city wells, obser-
vation wells were installed 10 feet from each city supply 
well, although in some places this distance ranged up to 100 
feet. Shallow wells were also drilled approximately 1,000 
feet from each two adjacent city supply wells, and additional 
shallow wells were drilled at approximately half-mile inter-
vals eastward into Fort Lauderdale, northward to Plantation 
Road, and westward to Peter 1 s Canal (see pl. 12). 

The observation wells range in depth from 11 to 28 feet 
and are nearly all equipped with sand points. After being 
drilled each well was pumped sufficiently to be certain that 
it would respond quickly to water-table fluctuations. 

In addition to the above wells, 10 observation points were 
established for water-level measurements on streams, 
canals, and drainage ditches. These give additional infor-
mation and control for preparing water-table maps. 

THE LEVELING PROGRAM 

The datum plane used by the U. S. Geological Survey in 
preparing water-table maps in southern Florida is U. S. 



IJ f-1 • _j - ~  I 
-·t. r -t-; I 
- ·I ..... 

I I ~ 

Li:: 11 1 i:;:: 
H- I . ::: I 
I+- ~  I :  : 
. . 

0 'I • ' I , •, 

~ ~  ~ 
I 19ACL 1 

!+ 

--j 

l. 

~l  ~ l-
' u-: ~  

L-. r:t:l ~ , ·- -+-· • • • • , 

t+r-::L: ~  : : ~ : : · ~ ~ : : : : : : L ·
1
-f-J : ::::j : : .  :  . · ~ · · 

• I · - • • • ._ • • • :  - :  - :  ; ~ ' • · : _ : :  ;  : ! : ~ i-:l ; . I ; ~ ! : ~ : .. : 
' ,...J_ I • t ( I 

: i. · · ~ ~ ~ ~ ~ ~~ ~~ ~ ~ :_:; ~  : ~ ~ ~
~ ~~~~ §* ~ ~~ ~ ~ ~ ~ ~~~~~ ~ ~ ~ ~~~~~ ~ 
t9.!U_ I t9A2._ I 19A3._ i 19-"--- I ~ I t9jl6_ I 19.n_ J 

HYDROGRAPH OF WELL S-329 

PLATE b 



REPORT OF INVESTIGATIONS NO. 6 25 

Coast and Geodetic Survey mean sea level ( 1929 adjustment). 
This datum plane is used by the Everglades Drainage Dis-
trict, by many municipalities, and is the most satisfactory 
datum plane for use in ground and surface-water studies. 

In order to determine accurately the water-table height 
with respect to mean sea level, it is necessary to know the 
elevation of the measuring point on each obser.vation well. 
This was obtained by running a net of levels from a second-
order level line established by the U . S. Coast and Geodetic 
Survey. The line runs along State Highway 7 through the 
area of this report.- The U. S. Geological Survey level net 
in the well-field area includes more than 27 miles of lines 
that were run and tied in to the above-mentioned U.S. Coast 
and Geodetic Survey line . 

The points from which m easurements are made and to 
which elevations are accurately es t a blished are usually the 
tops of the well casing. Inasmuch as the depth to water qm 
be determined to a hundredth of a foot (the limit of accuracy 
to which a wetted steel tape c a n be read easily), it was nec-
essary that the elevations be established to a correspond-
ing accuracy and 27 miles of closed l e vel lines were run to 
accord with such a standard. 

The well elevations are shown on plate 12 in italics . The 
measuring point in each case is the top of the well casing, 
the well cap being removed . 

RESULTS AND INTERPRETATIONS 

Three maps of the water table in the Fort Lauderdale 
area are included with this report. Plate 7 shows the water 
table as of March l, 1947, and is typical of the conditions 
found in late winter of 194 7. Plate 8 shows the water table 
on May 24, 1947, very close to the end of a dry spring period. 
Plate 9, depicts the water table as of June 13, 194 7, after a 
week in which there were a number of very heavy rains. 

The contours, which are drawn with an interval of 0.25 
of a foot, show that pumpage from the well-field area has 
only a slight effect on the water table. No deep cone of 
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depression is ever apparent, and the usual situation found 
is that the contours, instead of being smoothly curved lines 
on the map (as they would be if no pumpage occurred), are 
slightly deflected in the area of pumpage. Greatest effect 
of pumpage on the shape of the water table is shown on Plate 
8 where a closed contour ( l. 50 feet) occurs at the water 
plant with slight bending of adjacent contours, and a small 
area is similarly affected on the golf grounds. Note on this 
same plate the ground-water mound built up by irrigation 
at the west end of Peters Road. 

The contours indicate that ground-water flow is gener-
ally from northwest to southeast, on a very gentle gradient 
averaging approximately 1 foot to the mile. By drawing flow 
lines normal to the contour lines on the water table, the 
area contributing water to the well field can be delineated. 
The ground water contributing to the we lls originates from 
rainfall on the well field itself and immediately to the north-
west ; it is not derived from areas far out in the Everglades, 
as many people have b e lieved. 

The water table map s indicate that no over-development 
of ground- water supplies in the well-field area has taken 
place. 

TRANSMISSABILITY 

The capacity of a formation to transmit water may be 
expressed by the coefficient of transmissibility, which is 
the number of gallons of water that will move in 1 day under 
a unit hydraulic gradient ( 1 foot per rnile) through a vertical 
strip of the aquifer 1 mile wide and having the full depth 
(or thickness) of the aquifer. 

The coefficient of transmissibility for the aquifer in the 
Fort Lauderdale well-fi eld area is approximately 1 ,200,000. 
This means that 1,200,000 gallons of w ater will flow in 1 
day through a vertical strip of the aquife r 1 mile wide under 
a hydraulic gradient of l foot per mile. The graphical 
method (Cooper and Jacob) used in arriving at this value is 
s hown in plate 10. Drawdown and time data were taken from 
water- stage recorder charts; rate of pumping is the quantity 
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reported for city supply wells 11 and 12. The falling off of 
the last two points on the graph indicates a boundary effect, 
or reduced transmissibility as water levels decline, or both. 
The value given for the coefficient of transmissibility is 
tentative and indicates only the order of magnitude for the 
coefficient. In order to obtain a value on which important 
e ngineering decisions may be based, a carefully controlled 
pumping test would be necessar y . 

SALT-WATER ENCROACHMENT 

Samples of ground water we r e collected from all test 
wells at frequent intervals during the drilling. In addition 
to the test-well samples, a large number of wat e r samples 
were collected from we lls in areas of possible salt- water 
encroachment, and from most of the observatio n we lls. 

Samples from wells not equipped with pumps we re col-
lected by means of a portable power pump or a common 
pitcher pump. In collecting samples from we lls in w hich 
the wate r had been standing unpumped for a r e latively long 
period of time, sufficient pumping was done to clear the well 
and obtain a repres e nt a tive sample of water from the aqui-
fer. 

All analyses of these samples for chloride content were 
made in accordance with the standards of the U. S. Geolog-
ical Survey. The error is less than l perc e nt, r egardless 
of the salt concentration. 

In addition to using chemical analyses for chloride de-
termination, the electrical-resistivity method of geophysical 
prospecting was used to test for the presence of salt water 
at depth. The locations of the test sites are shown on plate 
12. The final results obtained from these tests are not 
available as yet. However, field computations indicate that 
the method is successful and that mine ralized water under-
lies the entire area at differing depths. A subsequent report 
will give the detailed results. 

Chloride encroachment in the Fort Lauderdale area may 
be from any of four sources : ( 1) from the ocean; (2) from 
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ocean- water tong u es in canals; (3) from Everglades Dra in -
age D istrict canals into which salty Everg l ades ground 
wate r has seeped; ( 4) from the sa lty connate or residua l 
water which und erlies the a rea at a d epth of from 150 to 300 
feet and mor e . 

In the Fort L auderdale area encroac hment from the 
ocean dir ectly into the aqui fer is believed to occu r only 
within a mile or so of the shore. Owing to a number of fac -
tors, the r ate and extent of oce a n-w ate r encroachment at 
Fort Laud erda l e has not been as fast nor as extens ive as in 
Dade C ounty near Miami. These factors includ e (1) lower 
transmissibility; (2) l ayers or b eds of sed im e nts that a r e 
r e latively imperrneable; (3) less pumpage; (4) hig h er wate r 
table. 

In part of the Miami area e ncroachment from the ocean 
at depth in the aquifer ha s been computed to b e as great as 
890 feet p e r yea r and to have ave rage d about 235 f eet per 
yea r (Parker , 1945 b, p . 539). The rate of e n croac hm e nt in 
the Fo rt L aude rd ale area has not been computed but it is 
probably much less, owing to the abov e -mentione d factors. 
Thi s typ e of e ncro ac hm ent i s not found in any of the area 
s ho wn on plate 12. 

The most seriou s threat of we ll-field contamination 
from oc ean water ex i sts in th e lat e r a l moveme nt of salt 
water from North Ne w Rive r C anal. Plate ll indicates the 
high c hlorid e content found from tirne to tim e in this canal 
as far inl and as the control lo ck and dam. T est we ll G 514, 
located a t 9th Street and 12th Avenu e Southwest in Fort 
Lauderd a le, s hows marked contami n nt ion from thi s source. 
At a depth of 116 feet below land s urface the chlo rid e con-
tent was 178 parts per million, but only l 0 feet deeper, at 
126 feet, it was 2,690 parts per million. This c hloride con-
tent i s far too larg e to h ave be e n derived from the connate 
salt water which und e rli es all of south Florida, for connate 
water at this elevation has been flushed out in a reas much 
farther to the west. Further, th e chloride concentration is 
too great to be explained by seepage of salty Everg lades 
water into the canal. The profiles of ocean- water e ncroach-
me n t p u blished by Brown and Parker (1945, fi gs . l l - 13) 
ind icate that, where the r e is dir ec t encroachment of ocean 
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water, the chloride content increases with depth more rap-
idly than is the case in well G 514. Thus, by a process of 
elimination, the source of the contamination is concluded to 
be ocean-water tongues that have intruded along the bed of 
North New River. 

Other wells along New River show contamination from 
this source. These include wells S 827 and 828 on the North 
Fork of New River and wells S 808 and S 820 on the left bank 
of the South Fork of New River. Pumping the above wells 
has drawn in salty water from the canal. On the right bank 
of the river (see pl. 12) wells S 862, S 866, S 864, S 868, S 870, 
S 872, and S 874 all show even greater contamination. This is 
due to slow, sustained movement of the ground water from 
northwest to southeast, carrying contaminated water with it 
- contamination that seeped both downward and laterally and 
was carried farthest in the most permeable parts of the 
aquifer. 

Chloride tests on water from test wells G 512 and G 513 
illustrate this type of encroachment. In well G 512 a zone 
of contamination in which the water contained 180 parts per 
million was found at 42 feet. This was the highest salt con-
tent for any horizon in the entire 175-foot depth of the well. 
In well G 513 zones of lateral intrusion were found 10 and 
52 feet below land surface. In these two zones the chloride 
content was 59 and 52 parts per million, respectively. The 
beds enclosing these zones contained water of only 28 parts 
per million or less. The encroachment was selective, 
occurring only in the more permeable zones. 

This selective type of encroachment occurs especially 
during dry periods when there is little or no seaward flow 
in the canals and rivers; instead, there is an inland flow of 
ocean water. In dry weather wells are pumped most heavily 
and this serves to accelerate the rate and amount of en-
croachment. This type of intrusion can be prevented only 
by ( 1) continuous fresh-water flow sufficient to keep the 
saltwater swept out of the canals; or (2) installation of locks 
at some downstream site. 

Another area in which lateral encroachment has occur-
red is in the vicinity of the Dania plant of the Florida Power 
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and Light Company. The water in wellS 330 at this plant 
contained 213 parts per million of chloride whe n first sam-
pled by the U. S. G eological Survey in November 1940 (see 
pl. 11). This indic ates salt-water intrusion because in this 
area the normal chloride content of ground water is only 
about 20 parts per million, and canal water from the Ever-
glades has not been observed to exceed 148 parts per million 
in the North New River Canal. In subsequent samplings the 
amount of chloride in well S 330 decre a sed gradually to 53 
parts per million, with but few slight variations. Then the 
effects of drought b ecame noticeable and the chloride con-
tent rose to 615 parts per million in Octob e r 1943. Fall 
rains of that year pushed the encroaching salty ground 
water oceanward and gradually reduced the concentration to 
458 parts per million by April 1944. Since then, reduced 
flow in the South New River Canal and a lowered water table 
have permitted severa l salt-water advances such as are 
shown for the North New River Canal in p l ate 9. A maxi-
mum chloride content of 2, 700 parts per million was reached 
in November 1945, and it has s ince declined to 640 parts 
p e r million (in July 1947). 

Contamination from mineralized canal water where the 
saltiness is picked up by inflow of salty ground wate r in the 
middle a nd upper Everg lad es operates in the same fashion 
as the typ e described imm ed iately above. The re sults, how-
eve r, are f a r l ess ser iou s . The chloride content of the 
North Ne w River Canal at the upstream side of the coastal 
lock and d a m during the period from February 1941 through 
April 194 7 has b ee n observed to vary from a low of 49 parts 
per million to a maximum of 148 parts per million (see pl. 
ll ) . 

These amounts are not s ufficient to r e nd er water unfit 
for drinking, but it is important to recognize this type of 
intrusion for what it is a nd not confuse it with intrusion by 
way of ocean- water tongues . Once this canal water seeps 
into the ground there is little likelihood that its chloride 
content will be further concentrated. Instead, its chloride 
content will be dilute d by mixing with fresh ground water. 

The chloride content of uncontaminated ground water 
may range from approximately 4 to 30 parts per million. 
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In areas adjacent to canals or rivers any content in excess 
of 30 parts per million but less than 150 parts per million, 
may represent encroachment by contaminated canal water 
from the Everglades. Any content higher than approximately 
150 parts per million is evidence that the contamination 
originated from ocean water. 

Salty water underlies all of southern Florida and is found 
in all areas if drilling is carried deep enough. The observed 
range in depths to salty water in the Fort Lauderdale well-
field area is 150 to 225feet. One test well in the area(G516, 
200 feet deep) failed to show salt water, but it is probable 
that salt water can be found even under this well, probably 
within the next 25 to 50 feet of depth. This salty ground 
water, especially at great d e pth, may be of c onnate origin 
(water deposited with the sediments in which it is found), but 
it is more likely that it is modified sea w ater that pene-
trated downward during the late Pleistocene when this area 
was submerged beneath the high-level seas of an inter-
glacial stage . Since then the ocean level has not declined 
enough or sufficient time has not elapsed for this water to 
be completely drained or flushed out a nd replaced by fresh 
water, but it has been altered by c a tion exchange and dilu-
tion. 

In well G 515, near the center of the Fort Lauderdale 
golf course, a chloride cuntent of 300 parts per million was 
found at a depth of 165 feet below land surface and this in-
creased to 600 parts per million at 183 feet. It is possible 
that heavy pumping would cause this salt. water to be drawn 
upward, thus acting as another source of contamination. In 
fact, this salty ground water probably is the source of the 
higher chloride contents now found in the raw water of the 
municipal supply. Records kept by Mr. Charles Fiveash, 
Superintendent of the Department of Water and Sewers, in-
dicate that the chloride content of raw water from the Fort 
Lauderdale well field has increased gradually since the well 
field was put in operation. These records show that the 
average chloride content of the water in the well field when 
pumping first started in 1927 was about 10 parts per million. 
Records are available for average chloride content during 
6-month periods from 1932 to the present. The average for 
the first 6 months in 1932 was 13 parts per million. During 
the last 6 months of 1932 the average was 12 parts per million. 
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The content has gradually increased, with some fluctua-
tions, and for the first 4-months of 1947 was 20 parts per 
million. The highest 6-month average was 24 parts per mil-
lion for January- June 1944. The lowest 6-month average 
was for the last half of 1933, only 10 parts per million. 

SUMMARY AND CONCLUSIONS 

The lithology of the well-field area has been determined 
from study of the cuttings obtained from six test wells, 
among which is G 515 in the grounds of the Fort Lauderdale 
golf course. A large part of the upper section of the aquifer 
has a low permeability, being composed of very fine- grained 
quartz sand mixed with clay and marl. The most permeable 
zone at well G 515 is found between 104 and 123 feet below 
the land surface, and it is in this zone that future wells can 
best be developed. This permeable zone is characterized 
by discontinuous layers of sandy limestone or calcareous 
sandstone up to 6 feet thick, associated with permeable 
shelly sands. The water from this horizon is in a semi-
confined state, owing to the relatively low permeability of 
the overlying beds . The water is under no artesian pres-
sure as such - that is, it does not rise in wells above the 
level at which it is struck - but when water is removed by 
pumping the inflowing water finds it easiest to travel in a 
more or less horizontal rather than a vertical direction. 

Lenses of permeable sand, which in some places have 
considerable horizontal extent, interfinger with the beds 
having relatively low permeability in the upper section of 
the aquifer, and it is in these permeable lenses that salty 
water moves out of the tidal canals most easily. 

Hydrologic studies indicate that ground-water flow is 
generally from northwest to southeast, and that the source 
of the ground water is not far distant, most of it being de-
rived from rain which has fallen on the Atlantic Coastal 
Ridge; not from far in the Everglades. The floor of the 
middle and northern Everglades is quite impermeable and 
the ground water is relatively highly mineralized even near 
the surface. If there were any considerable ground-water 
flow through the rocks underlying the Everglades, fresh 
water should long since have flushed out the salty water. 
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The water-table contours indicate that the present 
drainage canals and ditches in the well-field area do not 
draw off excessive quantities of ground water. In fact, there 
is evidence that during dry seasons Peters Canal helps con-
siderably to maintain higher water levels closer to the North 
New River Canal than would be found if Peters Canal were 
not in existence. Furthermore, irrigation with pumped 
ground water around the farm buildings of the Peters' ranch 
has created a ground-water mound to the west and south-
west of the Fort Lauderdale well field, and helps maintain 
the ground-water level of the well field during dry periods 
{see pls. 7 and 8). 

The quantity of water available for pumping is not known. 
No city supply well in the area has ever been pumped to its 
maximum capacity, nor has a pumping test been run to de-
termine the hydrologic coefficients of the aquifer. However, 
it is obvious that the present well field is not over devel-
oped. 

The average water levels seem to be adequate to pro-
tect the present wells from salt-water encroachment, pro-
vided present rates of withdrawal are not exceeded. During 
dry seasons the well-field water levels average about 2. 5 
feet above mean sea level, but rainfall raises the water level 
rapidly and the annual average water level of approximately 
4 feet is adequate to protect the wells from any further 
ocean-water encroachment to a depth of approximately 160 
feet. 

With the establishment of the Broward Conservation 
District's new water preserve it should be possible, during 
droughts, to divert water to the well-field area by means of 
ditches, dikes, and pumps. A higher water table, averaging 
5 or 6 feet above mean sea level, could then be maintained 
in the well-field area to give adequate safety against salt-
water encroachment. This highly colored surface water 
might cause a slight rise in the color of the City's raw-
water supply but it probably would not be excessive. 

The years 1940- 46 during which water-leve l measure-
ments have been recorded include only one year, 1940, in 
which the rainfall exceeded the average annual rainfall. 
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From 1941-44 it ranged from 10 to 24 inches below normal. 
Weather Bureau records for Fort L auderdale a re incom-
plete for the years 1944-46 but the years 1944 and 1945 are 
a mong the driest years on record for southe rn Florid a. 

A slight incr ease in the chloride content of the City 
water s u pply has occurred over the years, probab ly as a 
result of upward mov e m ent of the miner a lized water under-
lying the well fi e ld. The wate r from the city we lls during 
the first yea r of pumping averaged about l 0 or 11 parts per 
million of c hloride. Thi s h as risen g r ad u a lly , with slight 
fluctuations, to the present ave rage of 21 parts per million. 
The increase was probably caused to some extent by deep-
ening the we ll s in 1940. The r e i s no imm e diate danger from 
this source , but pumping rates should not be increas e d w ith-
out furthe r studies to determin e the probable e ff e cts . 

A s for private supp lies, m a ny we lls in the North N ew 
River B as in hav e b ee n factors in inducing chloride contami-
nation of the aquifer by drawing salty ocean wate r in from 
the canal s. These contaminated zo n es are irr eg ular in 
shape and areal distribution. The chloride has come from 
oc ean- wate r tongues which have intruded North N ew Rive r , 
its tributaries, and the lower reaches of its tributary canals. 
This s ourc e of contamination can be checked only in two 
ways : ( 1) by providing sufficient flo w in the canals to keep 
ocean-water tongues washed out of the rive rs and canals, 
and (2) by building a dam or control works as far down-
stream a s possible to pr event salt- water tongues frorn ad-
vancing into critical areas. 

On the basis of p r esent inforrn:o1tion a number of con-
clusions c a n b e drawn relative to the well fi e ld. The present 
wells probably are a dequate to supply the quantiti es needed 
but w ithout pumping test data the present pumping rates 
cannot be materi a lly increased w ithout the d a nger of induc-
ing chloride encroachment from the und er lying salt water. 
The pres e nt pumping doe s not inte rcept a very large portion 
of the natur a l ground-water flow, most of w hich i s wasted 
b y flo w to the North New River Canal and thus to the ocean. 
This wi ll a lways be the case to some extent, but much of 
this wasted flo w could be captured by extending the well 
field to the northwest and increasing the pumpage. 
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Sufficient work has not been done during the pr ese nt in-
vestigation to det e rmine accurately the hydrologic coeffi-
cients of the aquifer and to obtain this information it is 
recomm e nded that as soon as possible a pumping t e st be 
made in accordance with the methods used by the U.S. Geo-
logical Survey. During this test a we ll discharging at least 
1,000 gallons per minute should be used. Such a test can 
determine whether an increased rate of pumping will pro-
mote encroachment from the salty connate water underlying 
the well field. It can a l so furnish quantitative information 
as to the coefficients of storage and transmissibility of the 
aquifer and these d at a could then be used to d e termine the 
proper well spacing for maximum production of water w ith 
minimum drawdown of the water table. Drawdow ns in ob-
servation wells n ea r the present city supply wells indicate 
a coefficient of transmissibility of approximate ly 1 ,200,000 
gallons per day per foot but this should be verified by a 
comprehe nsive pumping test before b e ing us e d in w e ll-
spacing calculations or in predicting futur e dr awdown s a nd 
extent of con es of depression. 

On account of cont inua lly changing conditions of weathe r, 
drainag e, pumpag e , cultural developments, etc. , it i s be-
li e ved that the follow ing inv estigative g round- wate r prog ram 
should be carried out in the future : ( l) chloride determina-
tions should be mad e regul a rly until such time as d e finit e 
trends can be established; this can be accomplished if the 
sampling of the 36 wells no w b e ing done monthly is continued 
and analyses a r e made regularly for a period of several 
years; (2) monthly observations should b e made of th e wate r 
table in the well-field a rea; and (3) at l east two more water -
stage r ecord e r s should be installed, one to the northwest 
and the other to the north of the present well fi e ld, so that 
information may b e had for thes e source areas of the pres-
ent Fort Lauderdale water supply. 
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