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ANNOTATED BIBLIOGRAPHY OF THE GEOLOGY AND
HYDROLOGY OF THE SURFICILAL AQUITERS IN DADE,
BROWARD, AND PALM RRACH COUNTIES, FLORILIDA

13
By Carwen R. Cansaras

ABRSTRACT

Bibliographic citations and abstracts from 147 hydrologic and
seologie investigations of the surficial agquifers of southeast
Florida are listed in this annotated biblicgraphy. The citations
are listced alphabetically by the senior author's name.

INTRODUCTION

In 1979 the U.S. Geological Survey, in cocperation with the
South Florida Water Management Distriet, began a comprechensive
investigarion to assess the hydraulic, geologie, and water=guality
characteristics of the surficial aquifers of southeast Florida. As
part of this investipation, a literature search was made to iden—
tify previous studies that provide infermation and background
hydrologic and peologic data on the surficial aquifers in Dade,
Broward, and Palm Beach Counties.

' Cita=ions, annotations, and references for the reports are
arranged alphabetically by author {senior author's name in cases of
multiple autheorship). In desgipnatad instances, all or part of the
author's abstract or introduction is used in prefercnce Lo an anno-
tation written specifically for this summary. Geologic terminology
is as it appears in the original source, and its use herein does
not constitute acceptance by the U.S. Geological Survey.
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BIBLIOGRATHY

Appel, C. A., 1973, Electrical-analop model study of & hydrologic
system in southeast Florida: U.8. CGoological Swrvey open—
file report FL=73004. o

“The hydrologic system of scutheast Florida consists of the
Biscayne aquifer, a system of levees and canals, and related
water-control faeilities. Because the canals cut into the hichly
permeable aquifer, the agquifer and canals form a hydraulically
connected system. Thus, manipulation o water levels in o canal
influences levels in the aquifer and conversely, pumping from ths
aquifer affects conditions in nearby canals.

"An electricael analog model of the aquifer-cansl svstem was
built. This model wi?] be vseful to determine the effscts of
alttrnutivr water managenment plans that would be impractical to

say by field investigation. Electrical stresses are imposcd on
Lhe model approsximately analogous to real stresses observed in the
field for one month in 1962. Adjustments were made to the model,
particularly to the electrical components used to simslate the
hydraulle connection hetween the aguifer and canals so that the
relation between model results and observed conditioms was accept~
able. Criteria used for this comparisen are the net water=level
changes over the one-month perlod and changes in canal flow.

"The analog model is used to estimate future water needs for
southeast Dade County during the typically dry seasom, November
through May. The canal network modeled includes major existing and
planned canzls, The results provide an estimate of the water that
will be needed to satisfy anticipated demand for public supply, ir-
rigation, and evapotranspiration for 20 percent of the years, uqing
canal water levels specified zs optimum by manapemont agencies.’
(Quoted from author's abstract.)

Appel, C. A,, and Xlein, Howard, 1969, Hydrogeolegic data related
to establishment of a pumping station in the Everglades
Natienal Park, Florida: U.S5. Geological Survev open—f£ile
report FL-62010,

"In order to alleviate the cffects of prolonged drought on the
plant and animal life in the northeastern part of the Fverplades
National Park, Florida, the National Park Scrvice conzidered the
possibility of pumping pround water from a collectiom gallery to
replenish deficient water in the Shark River Slough area. Design
eriteria called for a sustained yield of 100 cfs (cubic feet per
second) from a 4,000-foot pallery for as long as 100 days, with a
resultant drawdown not to exceed 8 fect in the gallery.
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“Results of teskts along the northeastern boundary of the Park
showed that the proposed gallery would yield only about 10 percent
of the required rate. Results [rom an alternate site, from 10 to
14 miles to the scouth, indicated that a jallery there would have to
be at least 20,000 feet long to yield 100 cofs.” (Quoted from au-
thars' abstract.)

Bearden, H. W., 1973, Bydrolopic data for 1971, Broward County,
Florida: U.8. Geoclopgical Survey opan=fila report FL-73016.

“This report is the first of an annual series that will de—
scribe the hydrologie conditions in Broward Counly, Florida. The
general hydrologic conditions in froward County for the 1971 water
year (Octoler 1, 1970, to September 30, 1971) are porcraved by
graphically comparing long periods of rezord fron rajnfall, pround=
water, surface-water, and water—quality stations with records from
these stations for the 1971 water year. Major chanpes in hydro—
logic conditions in any year generally are a direct result of the
amount and distribution of rainfall during that year. Major areal
changes in conditions which may be permanent, recult from construc—
tion of canals for drainage, establishment of controls on ganals,
withdrawals, and other such actions.” (Quoted from author's intro-
duction.)

Bearden, H. W., 1974a, Hydrologic data for 1972, Broward County,
Florida: U.S. Geological Survey open-file report FL=74005.

"This report is the second of an arnual series presenting hy—

.drolegie data in Broward Ceunty, Florida. The hydrologic data in

Broward County for the 1972 water year are compared with long peri-
ods of records from rainfall, ground-water, surface-water, and
water-quality stations.” (Quoted from author's introduction.)

Bearden, H. W., 1974b, Ground—water resources of the Hollywood
area, Florida: Florlida Bureau of Geolony Report of Investi-
gations no. 77.

“Population in the Hollywood area increased more than 200 per-
cent From 1960 to 1970 (35,237 to 106,873) and the growth in popu-
lation is expected to continue. This explosion In population is
the source of most of the area's water problems.

"Fresh water for all purposes in Hollywood is derived fram the
highly permeable Biscayue aquifer, The aquifer is composed chiefly
of permeable beds of limestone, sandstone, and sand that extend
from land surface to a depth of about 200 feet.
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"Water levels in the aguifer {lustuate chiefly in rosponse to
rainfall, the major source of recharge. Thoe water tahle slopes
gently from the west and averages about 1.0 foot hicgher in the
western part of the civy th in the eastern parte  The confipura-
tion of the water table iz greatly inflaenced by Hollywood Canal
and the ocean. Becouse the permeabillitr of the aguifer is high,
the effect of pumping of wells is dispecsed over a large area and
drawdowns are about 0.1 foot.

"Salt-water intrusicn from Hollvwood Canal is the chief threat
to fthe pround=water supply in Hollywood. When discharge is low,
the chloride concentration of warer in rhe canal has reached levels
greater than 10,000 milligrams per liter. Salt water has been
detected in the aguifer at depth within 0.1 mile of tha municipal
walls.

"Results of test drilling and water gquality analyses indleate
that ground wator of good guality i1s available in the western part
of the Hollywood areca. Because the transmissivity of the Biscavne
aquifer is high, with proper planning additional quantitics of
water can be obtained without affecting water levels significantly
in existing wells.” (Quoted from author's abstract.)

Bearden, H. W., 1974c, Hydrologic data for 1973, Broward County,
Florida: U.S. Geological Survey open~{ile report FL-74028.

"This repovt, the third of an annual series presenting hvdro-
logie data in Broward County, Florida, includes hydrolopie data for
the 1973 water vear. In it these data are compared with long—term
records from rainfall, ground-water, surface-water, and water-gual=-
ity stations.” (Quoted from author's inuvroduction.)

Bearden, H. W., 1975, llvdrologic data for 1974, Broward County,
Florida: U.S5. Geological Survey open-file report FL-75006.

"This rveport, the fourth of an annual series presenting hydro-
logic data in Broward County, Florida, includes hydrolegic data for
the 1974 water year. In it these data cre comparcd with long—term
records from rainfall, ground-water, surface-water, and water-qual-
ity stations.” (Quoted from author's introduction.)

Beaven, T. R., 1979, Hvdrologile conditions in Broward County,
Florida, 1976: U.S. Geological Survey Open—~File Report
79-1258.

This report, the sixth of an annual serviecs presenting hydro-
logic data in Broward County, Florida, includes hydrologic data for
the 19706 water year. In it thesec data are compared with long—term
records from rainfall, ground-water, surface~waltev, and water-gqual=-

~dty statioas.




Beaven, T. Re, and MePherson, Be F.o, 1978, Quality of the water in
borrow ponds near a uaior interchange, Dade County,
redavember,

U: 5. Geological Survey

Florida, 0Oc 1
Open~rila Report 78-10129.

"Water, bottom sediment, and acuatic plants were sampled from
ponids near a major south Florida highwiy interchanze to document
concentrations of sclected coonstituents in an aqualie environment
near heavy vehicular traffic. CGenevally, concentrations of con-
stituents were withio the range expecltod in-an uncontaninated
environment in south Florida. However, concentrations did exceed
south Florida backpround levels or Environmentel Protection Apency
eriteria in a few cases. Two trace clemcnts—chromium (20 micro=
grams per liter) in ponded surface water and lead (500 micrograms
per gram) in bottom sediment-—exceeded hackground lavels.  Con—
centrations of dieldrin (22 miecrograms per kilogram) and polychlor=—
inated biphenyls (53 wicrograms per kilogram) also exceed back-
ground levels in bottom sediment. The concentration of phenol (23
micrograms per liter) in pround water excecded Environmental Pro-
tection Agency quality criteria by 22 wmicrograms per liter, but was
within the background range for south Flerida. Ten metals were
detected in the cattnil or algal samples, but only iron, manganese,
and zine were in higher concentrations than those in the bLottom
sediment.” (Quoted from authors' abstract.)

Benson, M. A., and Gardner, R. A., 1974, The 1971 drought in south
Florida and its effect on the hydrologic system: U.S. Geo-
logical Survey Water—Resources Investigations 12-74.

"The 1971 dry season rainfall in routh Florida was lew enough
that the public media and concerned pubtlie officials unanimously
characterized the event as a severe drought.

"Rainfall over all of south Florida during the 1970 wet season
and the 1970-71 dry =zeason was less than 85 percent of normal, as
was the 1971 wet season on the heavily populated southeast coast of
Florida. Rainfall during the dry season ranged from 20 to 63 per-
cent of normal and recurrence intervals for dry season rainfall of
thiz magnitude ranged from 100 years te several hundred years,
"Canal flow and ground-water levels reflected the drought con-
ditions but in most cases did not set record lows. No permanent
undesirable effects ocecurred as a result of the drought.” (Quoted
from authors’ abstract.)

Broward, R. H., and Parkevr, G. G., 1945, Saltwater encroachment in
limostone at Silver Bluff, Miami, Florida: Deonomic Geology,
ve 40, no. 4. :

This report discusses the saltwater encroachment problem in
the Silver Bluff area with relarion te the Ghyben-Herzboerg Theory.
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Buchanan, T. J., and Hartwell, J. H#., 1972, Analysis of water-
level data for Everglades Natiomal Park, Florida: U.S.
Geological Survey open~file report FL-72004.

"Stage-duration curves were developed for five gaging stations
in Everglades National Park, Florida. Four of the five curves show
similar characteristiecs with an increase in the slope when the
water level is below land surface. Monthly stage-duration curves,
developed for one of the stations, reflect the seasonal trends of
the water level.

"Recession curves were prepared for the same five stations.
These curves represent the average water—level decline during
periods of little or no rainfall. They show the decline in level
at the end of 10, 30, and 60 days for any given initial stage. A
family of curves was also prepared to give the recession from
various initial stages for any period up to 60 days.” (Quoted from
authors' abstract.)

Buchanan, T. J., and Klein, Howard, 1976, Effects of water manage—
ment on fresh-water discharge to Biscayne Bay: University of
Miami Sea Grant Special Report mno. 5; Biscayne Bay Symposium
I, Key Biscayne, Florida, 1976, Proceedings.

“Prior to development in southeast Florida, fresh water disg-
charge to Biscayne Bay consisted of flow through natural drainage=
ways, overland flow, and coastal undersecpage from the Biscayne
aquifer. Through the years, the characteristles of the fresh-water
flow have changed from natural, sporadic, short bursts of rainy-
season flow through the low drainageways and prolonged dry-season
coastal underseepage, to regulated discharge through drainage
canals and decreased periods of coastal underseepage.

" "The fresh-water flow to Biscayne FPay has been significantly
reduced in quantity and in time, due to extensive flood and water—
control measures and water-management practices instituted after
the extensive flooding of 1947. By the end of 1962, surface flows
could be fully controlled in the Everglades by a system of levees
and canals, water—conservation areas, pumps, and flow regulation
structures. Thus, since 1953 annual fresh-water flow to Biscayne
Bay has been reduced by about 20 percent and the duration of storm
water runoff has also been reduced. Flood control measures in
south Dade County have altered the pattern of fresh-water flow to
the Bay. Ground-water level recession rates in south Dade County
are twice as rapid as they were before the implementation of flood
control measures there. 7This means that the Bay receives fresh-
water runoff for only about half as long after a storm as it did
previously. )
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"Implementation of planned water-wanagement practices would
result in further reduction of fresh-wator runoff to the Bay. Fur-
ther changes in south RBiscayne Bay could be expected if urbaniza—
tion in south Dade County approaches the density of that of Miami
and vicinity.” (Quoted from authors' abstract.)

Cooke, C. W., 1945, Geology of Florida: Florida Geological Survey
Geological Bulletin no. 29.

Following publication of the original "Geology of Florida,”
by C. W. Cooke and Stuart Mossom, 1929, many deep boreholes were
drilled in search of petroleum. Consequently, subsurface forma-
tions rangingz in age from Recent to Triassic were penetrated. The
faunal studies conducted by various scientists, including C. W.
Cooke, brought new insight into the stratigraphic relationships of
the outcropping formations, and also recognition of several new
stratigraphic units.

A1l the data accumulated from the boreholes, and the newly
formed stratigraphic concepts were incorporated in this report
which discusses general aspects of the formations found in Florida.
The stratigraphic features discussed are: origin of the name,
general characteristiecs, thickness, areal distributien, and strati-
graphic relationships of the formatiens. Also ineluded are fauna
and flora typical of each formation fellowed by the location of the
wells that penetrate each formation.

Cordes, E. H., and Gardner, R. A., 1976, Analog model simulations
for secondary canal controls and forward pumping in water—
management schemes in southeast Florida: U.5. Geological
Survey Water-Resources Investigations 76-93.

“"The analog model of the Biscayne aguifer of southeast Florida
was usad to approximate the effects of two proposed water-manage-—
ment schemes. One involved adding a sacondary control structure
in a major canal which is controlled near the coast. In the model
the controls were operated in accordance with canal water level
both above and below the secondary control. Although the model
could not differentiate between control openings of 1 foot or 5
feet (0.3 metre or 1.5 metres), it showed that the secondary con-—
trol is a viable method of conserving ground water.

"The second scheme involved pumping ground water ('forward
pumping') from the Biscayne aquifer in inland areas during the dry
season to: (1) augment canal flows toward the coast to sustain
ground-water levels there, and (2) generate additional ground-water
storage space for recharge in the wel season. Several sites on the
model were programed for forward pumping wells and the storage
change was neted as a percentape of the ground-water withdrawal.”
(Quoted from authors' abstract.)



Cross, W. P., and Love, S. K., 1942, CGround water im southeastern
Florida: American Water Works Association Jourmal, v. 34,
no. 4.

The surficial materials in southeastern Florida consist of
oolitiec limestone and unconsolidated sand, muck, and marl. Highly
permeable beds of sandstone, sandy limestone, and sand are found
directly underneath these surficial materials.

" Very large quantities of ground wacer available for use were
found in the coastal area. Because of the uncontrolled canals:
however, the coastal area is threatened by salt-water encroach-
ment.

The composition of the uncontaminated ground water in the
coastal area is fairly uniform. The concentrations of total dis-
solved solids range from 250 to 300 mg/L (milligram per liter), and
the total hardness, expressed as calcium carbonate, ranges from 225
to 275 mg/L. Dissolved mineral matter consists largely of calcium
and bicarbonate.

Fischer, J. N., 1978, Evaluation of the high permeability zone of
the shallow aquifer, Palm Beach County, Florida, in hydro-
geology of south-central Florida: West Palm Beach, Florida,
22nd, Field Conference 1978: Southeastern Geological Society
Publication no. 20, '

The areal extent, thickness, lithology, and hydrologic charae-—
teristies of the high-permeability zone were determimed from analy-
ses of driller's logs, surface resistivity, and borehole geophysi-
cal data. An aquifer test was conducted, and the data were ana-
lyzed by using the modified Hantush methed for leaky aquifers.,

Freiberger, H. J., 1972, Nutrieant survey of surface waters in
southern Florida during a wet and dry season, September 1970
and March 1971: 1U.S. Geological Survey open-file report
FL-72008.

"A mass nutrient survey of southern Florida surface waters was
made in September 1970, during a period of generally high water,
and again in Mareh 1971, during a peried of low water. Water sam—
ples were analyzed by automated chemieal techniques for total ortho
plus aclid-hydrolyzable phosphorus (P=P0;), ammonia aitrogen (WH3-N),
nitrite nitrogen {(NO5-N), and nitrate nitrogen (ND3%N}.



“Phosphorus (P-PQ4) concentration averaped about 0.50 mg/1
(milligram per liter) during the wet scason; the average concens
tration was slightly hipgher during the dry season. At many sites
sampled during the wet and dry seasons, less than 0.01 mg/l of
phosphorus was found. At one site in Broward County near a point
of sewage outfall, the concentration was 45 mg/l during the dry
season. Ammonia was the most prevalent form of nitvrogen detected.
Concentrations of NH3~N ranged from less than 0.01 to 14 mg/l in
the wet season and from less than 0.01 to 25 mg/l in the dry sea-
gson. Ammonia nitrogen concentrations averaged about 0.55 mg/1l in
the wet season and about (.50 mg/l in the dry season. Throughout
the study area, nitrite and nitrate coucentrations were generally
low in both wet and dry seasons. HNitrite ranged from less than
0.01 to 0.70 mg/1 NOp=N during the wet season and slightly lower in
the dry season. Most nitrate concentrations were below 0.20 mg/1l
N0O3-N during the wet and dry seasons.” (Quoted from author's ab-
stract.)

Freiberger, H. J., 1973, Effects of backpumping from South New
River Canal at pump station 5-9 on quality of water in Water
Conservation Area 3, Broward County, Florida: U.S. Geological
Survey open-file report FL-73026.

"The quality of water in Water-Conservation Area 3 is affected
by backpumping from the South New River Canal at pump statlon 5=9,
as indicated by marked decreases in dissolved oxygen and increases
in ammonia nitrogen in the canals of the conservation area. De-
creases in dissolved oxvgen immediately above 5-9 of as much as 5.8
mg/1l (milligrams per liter) were recorded after backpumping, and
effects in the canals of the conservation area were detected as far
as 3 miles from S-9. Increases in ammnnia immediately above 5-9 of
as much as 0.26 mg/l were recorded after backpumping. The low dis-
solved oxygen, as low as 0.20 mg/l, acd the high ammonia, an aver—
age of 0.38 mg/1l (NH4=N), in South New River Canal below 5-9 result
from the large ground-water contribution that occurs with back-
pumping. The areal ewtent and period of degradation in Water Con-
servation Area 3 from backpumping is dependent mainly on the amount
of flow released from Water Conservation Area 2, which dilutes and
flushes backpumped water.

"Concentratlions of potential contaminants including toxic me-
tals, pesticides, and nutrients, especially phosphorus, are rela-
tively low in the area of South New River Canal affected by back—
pumping. Concentrations are higher in the eastern urban part of
the canal, but transport westward is prevented by the 5~13A water-
control structure. As a result, most of the water presently back-
pumped is uncontaminated with these pollutants.



"Salt-water intrusion from Hollywood Canal is the chief threat
to the ground=water supply in HNollywood. When discharge is low,
the chloride concentration of water in the canal has reached levels
greater than 10,000 milligrams per liter. Salt water has been
detected in the aquifer at depth within 0.1 mile of the municipal
wells.

"Results of test drilling and water quality analyses indicate
that ground water of good quality is available in the western part
of the Hollywood arza. Because the trausmissivity of the Biscayne
aquifer is high, with proper planning additional quantities of
water can be obtained without affecting water level significantly
in existing wells." (Quoted from author s abstract.)

Freiberger, H. J., and MePherson, B. F., 1972, Water quality at
Miami International Airport, Miami, Florida, 1971-72: U.S.
Geological Survey open—file report FL-72023.

"The quality of water, sediment, and biota was determined at
four sites in canals and drainage ditches at Miami International
Airport (MIA) during high- and low-water periods and during summer
and winter 1971-72. Concentrations of common ions, such as cal-
cium, sodium, chloride, and magnesium, tended to be above average
for fresh water because of periodic salt-water intrusion. Nitro-
gen, phosphorus, and pesticides were in higher concentrations than
typical for undisturbed areas of south Florida, but not higher than
usual for the urban ceastal area, so it is not known to what extent
these chemicals are attrributable to surrounding urbanization.

Heavy metals, oil and grease, and PCB's (polyehlorinated biphenyls)
were the best indicators of the effects of MIA on water quality.
Concentrations of the above were quite variable; high values for
each were rocorded and were probably asnecciated with recent dis-
charges from industrial sources. Arsenic, lead, iron, and chromium
all exceeded, in one or more samples, the U.5. Public Health Ser-—
vice's recommended upper limits for metals in water. Only iron
normally exceeds these standards in the natural waters of south
Florida. PCB's were detected In most samples and were in concen—
trations up to 1,000 micrograms per kilegram in fish. In addition
to pestlicides and PCB's, another group of persistent chlorinated
compounds, PCN's (polychlorinated naphthalenes) were detected in
water, sediment, and fish. This is the first known detection of
these compounds in the enviromment." (Quoted from authors' ab—
stract.)

Gallatin, M. H., and others, 1947, Soil survey, Dade County,
Florida: U.S. Department of Agriculture, Series 1947, no. 4.

The so0il types of Dade County, Florida are described along
with a discussion en "#%% how the so0il can be used, how it responds
to treatment, what care It needs, and what vields may be expected.”
(Quoted from authors' abstract.)
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Galliher, C. F., and Hull, J. E., 1969, Hydrologic conditions
during 1967 in Dade County, Florida: U.S. Geological Survey
open-file report FL=69001. :

"This report is the second in a series designed to deseribe
the annual hydrologic conditions in Dade County, Florida. A
quantitative picture of the ceneral hvdrologic conditions which
prevailed in Dade County for the 1967 wacer year (October 1, 1966
to September 30, 1967) is summarized by use of tables, graphs, and
maps.” (Qucted from authors' introduction.)

Goolsby, D. A., Mattraw, H. C., Lamonds, A. G., Maddy, D. V., and
Rollo, J. R., 1976, Analysis of historical water—quality data
and description of plan for sampling network in central and
southern Florida: U.S. Geological Survey Water—Resources
Investigations 76-52.

“This report presents the tesults of an analysis of historical
water—quality data collected by the U.S. Geological Survey (USGS)
from approximately 130 sites on streams, canals, and lakes in cen—
tral and southern Florida and suggests a plan for a revised water—
quality network in the area. The water—quality data analyzed were
separated into the following six broad eategories: (1) major inor=
ganic chemical constituents, (2} doily measurements of specific
conductance and temperature, (3) nutrients, (4) trace matals, (5)
insecticides and (6) organic carbon and BOD.” (Quoted from authors'
Summary.)

Grantham, i« G., and Sherwood, C. B., 1968, Chemical quality of
waters of Broward County, Florida: Florida Burpau of Geology
Report of Investigations no. 51,

“The chemical quality of the abundant surface and ground-water
resources of Broward County is generally good. However, natural
and man-made problems of water quality are aecented by the mush-
rooming need for water and changes in the hydrology of the area
caused by rapid urbanization.

"Water of good chemical quality for municipal and domestic
supplies in Broward County is obtained from the highly productive
Biscayne aquifer, which is part of an interconnected ground and
surface-water system. The water is calcium hicarbonate in type
and ranges from hard to very hard, and from neutral to slightly
alkaline. The prime objectionable constituents in the water are
iron in the southern part of the county, and rchloride near the
coast and in the lower part of the Biscayne aquifer in the inland
arcas.

11



"Large quantities of water are available in the artesian
Floridan aquifer at depths below %00 feet, but the water is salty
and of limited use. The Floridan aquifer is used for the disposal
of sewage effluent at one leocation.

"Surface water in the area is generally good but variable in
chemical quality. During the rainy season the mineral econtent of
the water in canals is diluted by surface runoif; however, during
the dry season the mineral content of tho canal water increases
because of the increase in the percentage of ground water in the
canals and the drainage from swampy inland arcas. Large quanti-
ties of suvface water are used for irrigation in inland areas and
for replenishment to coastal parts of the aquifer for municipal
supplies and to prevent salt-water intrusion.

"The water in parts of Broward County is contaminated by salt-
water intrusion and by various wastes such as sewage effluent.
The use of the controlled canal system for disposal of waste ma-
terials poses a potential problem during periods of little or no
flow. Chemical weed killers applied on the land, as well as deter—
gents, have been detected in the ground water indieating movement
of waste through the ground. As urbanization and industrial growth
continue, problems of waste disposal will become more acute and
will require stricter control.” (Quoted from authors" abstract.)

Hardec, Jack, Miller, R. A., and Mattraw, ll. C., Jr., 1978, Storm-
water runoff data for a highway area, Broward County, Florida:
U.5. Geological Survey Open-File Report 78-612.

"Rainfall, stormwater discharge, ard water-quality data for
both rainfall and rTunoff are summarized for a highway area near
Pompano Beach, Florida. Loads for 20 water—quality constituents
were computed for the runoff from 41 storms between April 1975, and
July 1977. The basin of 58.3 acres contains a 3,000-ft segment of
highway and is 36 percent impervious."” (Quoted from authors' ab=-
stract.)

Hardee, Jack, Miller, R. A., and Mattraw, H. C., Jr., 1979, Storm-
water runoff data for a multi-family residential area, Dade
County, Florida: U.S. Geological Survey Open-File Report
79-1295.

"Rainfall, stormwater discharge, and water—-quality data for a
multifamily residential area in Dade County, Florida, are summa-
rized in this report. Loads for 19 water—quality constituentcs were
computed for runoff from 16 storms from May 1977 through June 1978.
The 14.7 acre basin contains apartment buildisgs with adjacent
parking lots. The total surface arca consists of 70.7 percent
impervious material.” (Quated from authors' abstract.)

12



Hartwell, J. H., 1970, Some aspects of the avallability of water
from the Everglades to the Everglades National Park, Florida:
U.S. Geological Survey open—file report FL-70007.

"Much of the natural overland flow to the Everglades National
Park entered Shark River Slough. The Slough is at the lower end of
the Kissimmee-Lake Okccehobee-Everglades drainage basin whose upper
tributaries are to the north near Orlando, Florida. Under natural
conditions water from Lake Okeechohee generally overspilled to the
Everglades at a stage of about 17 to 18 feet mean sea level. Be-
ginning about 1882 the natural pattern of flow in the Everglades
was changed gradually by construction of drainage camals. Major
construction of levees, canals, pump stations and econtrol struc—
tures occurred in the period from about 1906 to 1963.

“Two 12-year periods, 1940-51 and 1952-63, were selected by
which to compare rainfall and runoff. [he first period was a time
of virtually no change in water control works. The second period
was a time of progressive construetion of control works. Rainfall
in the first period was generally less than in the second. Out-
flow from Lake Okeechobee to the Everglades in the first period
(5.4 million acre-feet) was more than in the second (1.5 million
acre-feet). Contrarily, flow to Shark River Slough inereased from
2.4 in the first period to 5.1 million acre-feet in the second.

"Runoff eastward to the sea from the major canals during the
first period was more than during the second period. This redue-
tion in runoff of fresh water to the sea was in part a result of
completion of the lavee system east of the three coanservation areas
in 1953. This levee system intercepts water that formerly flowed
eastward and routes it southward through the Everglades to Shark
River Slough. Also, other new drainage and water comtrol works
aleng the coastal tidge and better water management by the Central
and South Florida Flood Control District played a part in this re-
duction. '

"It is concluded that part of the inerease in flew to Shark
Eiver Slough was caused by the increased rainfall and the redue-
tion in flow to the sea through the coastal canals.”™ (Quoted from
author's abstract.)

Hartwell, J. H., Klein, Howard, and Joyner, B. F., 1964, Pre-
liminary evaluation of hydrologic situation In Everglades
National Park, Florida: U.S. Geological Survey open-file
report FL-64002.

"Historically, flow from the north replenished the Everglades
National Park's water supply during rainless pericds. The com—
pletion, in December 1962, of Levoe 29 and its appurtenant control
structures has obstructed overland flow to the Shark River Slough
—-= the major drainageway through the pari.
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"In May 1962, near the end of a prolonged drought, the water
levels in some arcas of the park were below sea level. These de-
pressed water levels were caused by the high rate of evapotrans=—
piration, which in the south was estimated to be 1,580 acre-feet
per day from an area of about 275 square miles. Extreme droupht
conditions were conducive to salt-water incursion from Florida Bay
and the Gulf of Mexico. They also caused an inerease in the cal-
clum carbonate concentration in fresh water areas.

"Discharge relations, from data obtained prior to completion
of effective control works, showed that releases from the Levee 29
control structures should range from 21 to 1,020 cfs to duplicare
average monthly water levels that occurred in the park during the
10~year period prior to December 1962, The average yearly release
should be 250,000 acre-feet.” (Quoted from authors' abstract.)

Healy, H. G., 1977, Public water supplies of selected municipali-
ties in Florida, 1975: U.S. Geological Survey Water-Resources
Investigations 77-53,

"This report summarizes the water—use information obtained
from 169 municipalities and five county water systems in Florida
and the data presented are current to December 1975." {(Quoted from
author's purpose and scope.)

Higer, A. L., and Kolipinski, M. C., 1267, Monthly analysis of
water conditions in Everglades National Park, January 1967:
U.S. Geological Survey unpublished data. Available for in=-
spection at the U.S. Geological Survey, Miami, Florida.

The results of the monthly chemical analysis of the estuaries
are given.

Hoffmeister, J. E., Stoeckman, XK. W., and Multer, H. G., 1967,
Miami Limestone of Florida and its recent Bahamian counter—
part: The Geological Society of America Bulletin, v. 78.

"The Miami Oolite, named by Sanford for the oolitie limestane
of Pleistocene age which covers a large part of the southern tip of
Florida, has been found to consist of two scparale units, an upper
unit, herein designated the oolitic facies and a lower unit, called
here the brvezoan facles. In this paper the two units are combined
as the Miami Limestone, a formation name which may seen more appro=
priate than the Miami Dolite. The bryozean facies, the dominant
constituents of which are massive compound colonies of the cheile-
stone bryozoan Schizoporella floridana Gsburn surrcunded by ocolids
and pellets, covers the greater part of Dade County and extends in
places into adjoining counties-—a total arvea of about 2,000 square
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miles. It averages 10 feet in thickness in southeastern Florida
and thins to 1L {oot or so westward to the Gulf of Mexico. It is
the surface rock of the southern Everglades and is ome of the most
extensive bryozoan limestones in the country. In southestern
Florida it is covered by an elongated mound of cross—bedded oonlitic
limestone, the uwpper unit or ocolitle facies. This is the rock of
the southern end of the Atlantic Coastal Ridpge, with a maximum
thickness of 15 feet under the Ridge summit thinning westward
toward the low—-lying Everglades as it encroaches over the bryozoan
facies.

"Interest in the origin of the two units has been heightened
recently by the recognition of similar deposits that are being
actively produced in a nearby area. Tmmediately east of Miami on
the western edge of the Great Bahama Bank, strung im a north=-south
line, are the islands of Bimini, Cat Cay, S5andy Cay, etc., the
region deseribed by Newell and others (1939). East of the Cays and
parallel to them, a large underwater mound of unstable oolite is
forming, and east of the mound in the shallow lapoonm, massive, tu—
bular bryozoans (Schizoporella floridana Oshurn) are growing. The
oolite from the mound is slowly encroachng over the bryozoan beds.
The bathymetriec and ecologic conditions now extant inm this area are
prohably similar to those which existed during the Pleistocene Lo
form the units of the Miami Limestone.

"The eastern slope of the unstable ocolite mound of the Cat Cay
and Sandy Cay area is cut by tidal channels which rum normal to the
direction of the mound itself. HNarrocw valleys, similar to these
channels, ean be found in the indurated rock of the eolitic facies
of the Atlantic Coastal Ridge. The valleys probably had their ori-
gin as channels produced by tidal currents at the time the oolitie
mound of the Ridge was in an unstable condition. Tt is also bhe-
lieved that the shape and orientation of the Lower Keys of Florida
originated in a similar fashion." (Quoted from authors' abstraet.)

Hoy, N. D., and Schroeder, M. C., 1952, Ape of subsurface "Tamiami”
Formation rear Miami, Florida: The Journal of Gaology,
v. 60, no. 3.

The Tamiami Formation of Parker and Cooke, 194%, was corre-
lated in ecore borings obtained from test wells west of Mianmi,
Florida. Fresh-water limestone was encountered in the rock as-
signed to the Tamiami Formation. The absence of fresh-water beds
in the Pliovecene of the Atlantic Coastal Plain and the Caloosa-
hatchee Marl, and the presence of these fresh—water beds suggests
that the major part of the rock herstofore assigned to the Tamiawmi
Formation is not Pliocene but is the Pleistocene eguivalent, in
part, to the Fort Thompson Formation. Tt alse supgests that the
Tamiami of Parker and Cooke should thus be restricted to the lower
basal portion of the hiphly permeable anuifer below the lowest
fresh-water bed, and that the major part of the aquifer is a highly
permealble and greatly thickened southward extension of the Fort
Thompson Formation.
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Hull, J. £., 1972, Hydrologic conditions during 1970 in Dade
County, Florida: U.S. Geological Survey open—file report
FL-72006.

"This report is the fifth in a series deseribing the annual
hydrologis conditions in Dade County, Florida. The general hydro—
logic conditions in Dade County for the 1970 water year {October 1,
1969 to September 30, 1970) are summarized in tables, graphs, and
maps.” (Quoted from author's introduction.)

Hull, J. E., 1975, Summary of hydrologic data collected during 1974
in Dade County, Florida: U.S. Geological Survey open-file
report FL-75012.

“This report is ninth in a series documenting the annual hy-
drologic conditions in Dade County, Florida. The hydrolegic condi-
tions in Dade County for the 1974 water year (October 1, 1973 to
September 30, 1974) except for rainfall are summarized in tables,
graphs, and maps.” (Quoted from author's introduction.)

Hull, J. E., 1978, Summary of hydrologic data collected during 1976
in Dade County, Florida: U.S. Geological Survey Cpen-File
Report 78-883,

"Puring 1976 rainfall was 1.58 inches below the long-term
average. Ground-water levels ranged from 0.4 foot above to 0.5
foot below average. The highest and lowest ground-water levels for
the year were both 1 foot below their long-term averages. In the
Hialeah-Miami Springs area, water levels in wells near the centers
of the heaviest pumping ranged from 8.0 to 9.5 feet bhelow msl {mean
sea level, 1929); and in the Southwest well-field area, ground-
water levels near the centers of pumping ranged from 2.0 feet above
to 3.0 feet below msl.” (Quoted from author's abstract.)

Hull, J. E., 1979, Summary of hydrologic data collected during 1977
in Dade County, Florida: U.S. Geological Survey Open-TFile
Report 79-514.

“During 1977 rainfall was 1.52 inches above the long-term
average. Ground-water levels ranged from 0.3 foot above to 0.1
foot below average. The highest and leowest ground-water levels for
the year were 1 foot below and 1 foot abeove their long-term aver-
age. In the Hialeah-Miami Springs area, water levels in wells near
the centers of the heaviest pumping ranged from 7.2 to 11.9 feet
below mean sea level, 1929; and in the Southwest well-field area,
ground—water levels necar the centers of pumping ranged from 1.0
foot above to 1.5 feet below mean sea level.
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"In 1977 the combined average daily discharge from nine major
streams and canals that flow eastward into tidal waters was 1,712
cubic feet per second, 46 cubic feet per second above the combined
average daily flow for 1974, The combined average daily flow
through the Tamiami Canal outlets was 582 cubic feet per second,
201 cubic f2et per seconc above that of 1976«

“The 1977 position of the salt front in the coastal part of
the Biscaynz aquifer was about the same zs in 1976, except south
from Homestead Air Force Base to g-18C where the salt front had
encroached farther inland.” (Quoted from author's abstract.)

Hull, J. E., and Beaven, T. R., 1977, Surmary of hydrologic data
collected during 1975 in Dade County, Florida: U.S5. Geo-
logical Survey Open-File Report 77-803.

. "This report is the tenth in a series documenting the annual
hydrologic conditions 1In Dade County, Florida. The hydrologie con-—
ditions for the 1975 water year (October 1, 1974 to September 30,
1975) are summarized in tables, graphs, and maps." (Quoted from
authors' introduction.)

Hull, J. E., and Galliher, C. F., 1569, Hydrologic conditions
during 1966 in Dade County, Florida: U.S. Geological Survey
open=-file report FL-69002.

“This report is the first in a series designed to describe the
annual hydiologie conditions in Dade County, Fla. A gquantitative
picture of the general hydrologic conditions which prevailed in
Dade County for the period under consideration is summarized by use
of tables, graphs, and maps.” (Quoted from authors' introduction.)

Hull, J. E., and Galliher, C. F., 1970, Hydrologile data during 1968
in Dade County, Florida: U.S. Geological Survey open—file
report FL-70002.

“This report is the third in a seriss describing the annual
hydrolcgic'cunditions in Dade County, Florida. The genaral hydro-
logic condlitions in Dade County for the 1968 water year (October 1,
1967 to September 30, 1968) are summarized in tables, graphs, and
maps.” (Quoted fron authors' introduction.)
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Hull, J. E., and McKRenzie, D. J., 1974, Summary of hydrologic data
collected during 1973 in Dade County, Florida: U.S. Geologi-
cal Survey open-file report FL=-74029.

"This report is eighth in a series documenting the annual
hydrologic conditions in Dade County, llorida. The general hydro-
logic data in Dade County for the 1973 water vear (October 1, 1972
to September 30, 1973) are summarized ia tables, graphs, and maps.”
(Quoted from authors' introduction.)

Hull, J. E., McKenzie, D. J., and Meyer, F. W., 1973, Summary of
hydrologic data collected during 1972 in Dade {ounty, Florida:
U.5. Geological Survey open—-file raport FL-73032,

"This report is seventh in a series documenting the annual
hydrologic conditions in Dade County, Florida. The general hydro-
logic data in Dade County for the 1972 water year (Oztober 1, 1971
to September 30, 1972) are summarized in tables, graphs, and maps.”
(Quoted from authors' introduction.)

Hull, J. E., and Mever, F. W., 1973, Salinity studies in East
Glades agricultural area, southeastern Dade Coumty, Florida:
Florida Bureau of Geology Report of Investigations no. 66.

“"Saline soils in the East Glades Agricultural arsa are caused
chiefly by brackish ground water moving upward from the water table
during dry periocds. Brackish ground water is caused by infiltra-
tion of salt water from nearby coast-normal canals and by inland
movement of salt water through the deep parts of the Biscayne
aquifer during droughts. The soils most prone to salt accumulation
generally oceur within the area affected by sea wabker intrusion.
The outlook for the East Glades is for no improvement in saline
soil problems unless land use changes signifiecantly, permitting
maintenance of higher water levels along the coast to halt the
inland movement of sea water.” (Quoted from authers® abstract.)

Hull, J. E., and Wimberly, E. T., 1972, Hydrologic eonditions in
Dade County, Florida; U.S. Geologleal Survey open-file re—
port FL-72024.

"This report is the sixth in a series describimg the annual
hydrologic conditions in Dade County, Florida. The general hydro-
logic econditions in Dade County for the 1971 water year (October 1,
1970 to September 30, 1971) are summarized in tables, graphs, and
maps.” (Quoted from authors' introduction.)
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Hunter, M. E., 1978, What is the Caloosahatchee Marl?: Coastal
Petroleum Company: Hydrology of scuth=-central Florida: West
Palm Beach, Florida, 22ud, Field Conference, 1978: South=
eastern Geological Society Publication no. 20, ’

This paper outlines the current stratigraphic terminclegy,
discusses the major houndary problems, and supgests for discussion

a stratigraphiec column that recognizes destruction or floeding of
surface outcrops.

Irwin, G. A., and Healy, H. G., 1978, Chemiecal and physical quality
of selected public water supplies in Flerida, August-September
1976: U.S. Geological Survey Water-~Resources Investigations
?8_214

"During August-September 1976 the U.S. Geological Survey, in
cooperation with the Florida Department of Envirommental Regula-
tion, made a water-guality sampling reconnaissance of 127 treated
and untreated public water supplies in Florida. The purpose of the
reconnaissance was to determine background concentrations of ni-
trate, fluoride, turbidity, selected trace elements, and pesticides
which have maximum contaminant levels established in the National
Interim Primary Drinking Water Regulations (Public Law 93-523).

“Results of this sampling reconnaissance indicated that, with
few exceptions, virtually all major publiec water supplies in
Florida are of high quality and meet the standards set forth in the
National Interim Primary Drinking Water Regulations. Occasionally
the concentrations of fluoride, turbidity, cadmium, ehromium, and
lead approximated, equaled, or exceeded maximem contaminant levels
with exceedences occurring very infrequently. The pesticides,
2,4=D and silvex, were detected in some public supplies throughout
the State and were particularly common in surface water. Although
pesticides were not detected in concentrations approaching the
maximum levels established in the regulations, their presence does
signal that the activities of man are beginning to affect some
public water supplies.” (Quoted from authors' abstract.)

Jackson, D. F., and Maurrasse, Florentin, 1976, Man-made lakes of
Dade County, friends or foes? an envirconmental asscasment:
Florida International University, Miami, Florida. '

“This report is a review of the two principal problems associ-

ated with man-made lakes, the effects they have on water quality
and on water quantity." (Quoted from authors' overview.)
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Klein, Howard, 1957, Interim report on saltwater encroachment in
Dade County, Florida: Florida Geological Survey Information
Circular no. 9.

"#%%one of the chief causes of the encroachment of salt water
in the underlying rocks in the Miami area is the system of uncon-
trolled sr inadequately controlled tidal drainage canals. It has
been shown that water—-control structures, proparly placed, have re-
tarded curoachment and, in some places, have caused the salt water
to retreat seaward. In some canals, however, the controls have
been placed too far upstream to be effective in retarding or pre=
venting cneroachment. The effects of uncontrolled tidal canals
between Biscayne Bay and the coastal ridge would be the same as if
arms of the Bay extended to the ridge; the salty ground water would
ocecur farther inland over a breoad front.” (Quoted from author's
SUmMMaTy.)

Klein, Howard, 1965, Probable effect of Canal 111 on salt-water
encroachment, southern Dade County, Florida: U.S. Geological
Survey open—-file report FL-65002.

"The effect of an uncontrolled sea-level canal such as Canal
TIT will be to accelerate runoff of fresh water and te lower adja-
cent water levels when water levels are high. When water levels
are low, the sea water that moves into the canal will recharge the
Biscayne aquifer into which the canal is ineised. TInland movement
of the salt front also may limit the development of water-supply
facilities in the vicinity.

"Spring and storm tides will inundate the area south of the
canal and may affeet the biota in that part of the Everglades
" National Park.

“A salinity—control structure on the canal near its mouth
would reoduce but not necessarily prevent wastage of fresh water to
the sea uand would reduce but net prevent salt warer from moving
inland.” (Quoted from author's summary.)

Klein, Howard, 1970, Preliminary evaluation of availability of
potable water on Elliot ¥ey, Dade County, Florida: U.S.
Geological Survey open—file report FL~70010.

"Facilitics available to the general public will include swim—
ming, boating, fishing, camping, hiking, and other recreational
activities. A supply of fresh water will be required. This report
describes the results of a reconnaissance on the availability of
potable ground water in Elliot Key." (Quoted from author's intro-
duction.)
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. Klein, Howard, 1976, Simulations of water—level drawdowns in pro-
posed well=field areas, Dade County, Florida: U.S. Geclogical
Survey Open=File Report 76=0651. ’

"Fleetrical analog model simulations of hydraulie conditions
in the Biscayne aquifer were made at proposed inland well-field
sites in Tade County. Simulated drawdowns of water levels after 7
months of continuous pumping at 50, 100, and 150 million gallons
per day (2.2, 4.4, and 6.6 cubic meters per second) were obtained
at each site. Simulataneous pumping of each of the sites at 50
million gallons per day (2.2 cubiec meters pev second) showed that
after 7 months pumping there would be interference between proposed
well fields.” (Quoted from author's abstract.)

Klein, Howard, Armbruster, J. T., McPherson, B. F., =md Freiberger,
H. J., 1975, Water and the south Florida enviromment: U.S5.
Geological Survey Water-Resources Investigations 24-75.

As part of the major investigation on the ecology, this re-
port describes "#%% the surface-water and ground-water resources of
gouth Florida that was assigned to the Geological Survey. The
quantity and quality of surface water and ground water and their
interrelation with estuarine and marine waters are here considered.
Also conaidered are the problems, present or future, related to the
hydrologic enviromment that involve human, animal, and plaut life.
Changes taking place, apparent trends, and projections for the fu-
ture are also considered, as well as alternatives for water manage=
ment."” (Quoted from authors’ introduction.)

Klein, Howard, Schneider, W. .J., McPherson, B. ¥., amd Buchanan,
T, J., 1970, Some hydrelogie and biologie aspects of the Big
Cypr:ss Swamp drainage area, southern Florida: U.5. Geo—
logical Survey open—file report FL=70003.

"Water, a prineipal resource of the Big Cypress, governs the
ecology and influences the patterns of land development. Abundant
but seasonal rainfall and flow natural drainage allow water to col-
lect in ponds each year over as much as 90 percent of the unde-
veloped arca for as long as 4 months. During the dry season, water
in ponds and sloughs covers about 10 percent of the land. A shal—
low aquifer presently supplies most water for municipal use and
irrigation. It extends from the land surface to a depth of about
130 fect in Naplas, to about 60 fest near Sunniland, and wedges out
near the east edge of the Big Cypress.” (Quoted from authors' sum-
mary.)
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Klein, Heward, and Sherwoed, C. B., 1961, Hydrologic conditions in
the vicinity of Levee 30, northern Dade County, Florida:
Florida Geological Survey Report of Investigations 24, Part 1.

"Thin layers of dense limestone of low permeability that occur
near the top of the Bisecayne aquifer in the vieinity of the north
end of Levee 30 in Dade County, Florida are of hydrolegic impor—
tance because they retard the downward Infiltration of ponded water
in Conservation Area no. 3. This retarding effect frequently re-
sults in high head differentials across the levee. Tests made In a
small area adjacent to Levee 30 indicate that the coefficient of
transmiscibility of the aquifer is 3,600,000 gpd (gallons per day)
per foot, and the coefficient of vertical permeability of the dense
limestones is 13 gpd per square foot. If ground-water flow beneath
the levee is laminar, the total inflow to the Levee 30 Canal from
Conservation Area No. 3 will be about 3530 mgd (million gallons per
day), or 540 cfs (cubic feet per second), per mile length of levee
when the head difference across the levee 1s 10 feet." (Quoted from
authors' abstract.)

Kohout, F. A., 1900a, Cyclic flow of salt water in the Biscayne
aquifer of southeastern Florida: Journal of Geophysical
Researci, v. 65, no. 7.

Cyclic flow is caused by progressive dilution of saltwater
flowing inland from the sea to where horizontal f[low ceases, after
which it moves upward and returns to the sea. The cycliec flow acts
as a deterrent to the invasion of saltwater because of return to
the sea of a part of the inland flow.

Kohout, F. A., 1960b, Flow pattern of fresh water and salt water in
the Biscavne aquifer of the Miami area, Florida: Interna-
tional Association of Seientific Hydrology Publication 52.

The movements of fresh and saltwater in the Biscayne aquifer
of the Miami area, Florida is shown by a flow net that was con-
structed from horizontal gradieats derived from a low-head equipo-
tential diagram.

¥ohout, F. A., 1961, The flow of fresh water and salt water in the
Biscayne aquifer of the Miami area, Florida: 1in Sea water in
coastal aquifers: U.S5. Geological Survey Water-Supply Paper
1613-C.

"Investigations in the coastal part of the Biscayne aquifer, a
highly productive aquifer of limestone and sand in the Miaml area,
Florida, show that the salt-water fronbt is dynamically stable as
much as & miles seaward of the position computed according to the
- Ghyben~Herzberg principle. This discrepancy results, at least in
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part, from the fact that the salt water in the Biscayne aquifer is
not statie, as explanations of the dynamle balance commonly as—
sume. Cross scctions showing lines of equal fresh-water potential
indicate that during perieds of heavy recharge, the fresh water
head is high enough to cause the fresh water, the salt water, and
the zone of diffusion between them to move seaward. When the
fresh-water head is low, salt water in the lower part of the agqui-
fer intrudes inland, but some of the diluted sea water in the zone
of diffusion continues to flow seaward. Thus, salt water clircu-
lates inland from the floor of the sea through the lower part of
the aguifar becoming progressively diluted with fresh water to a
line along which there is no horizontal component of flow, after
which it moves upward and returns to the sea.

"This eyelie flow is demonstrated by a flow net which is con-
structed by the use of horizontal gradients determined from the
low-head equipotential diagram. The flow net shows that about
sever—eighths of the total discharge at the shoreline originates as
fresh water in inland parts of the aquifer. The remaining one-
eigth represcnts a return of sea water entering the aquifer through
the floor of the sea.” (Quoted from author's abstraet.)

Kohout, F. A., and Hartwell, J. H., 1967, Hydrologic effects of
Area B flood control plan on urbanization of Dade County,
Florida: Florida Geological Survey Report of Investigations
47.

“Swampy low land (Area B) that fringes the Everglades west of
Metropolitan Miami, Florida (Area A) probably will be urbanized in
the futur=. Area B will be protected from flooding by huge pumps
that will pump water westward from Area B over a levee system into
Conservation Area 3B. The total capacity of the pumps will be
about 13,400 cubie feet per second whieh is sufficisnt to lower
water levels 2 inches per day in the 203 sguare miles of Area R.
As this capacity is about equal to the highest gravity-flow dis=
charge to the cecean through existing canals of the Miani area, a
great potential will exist, not only for control of floods, but
also beneficial control and management of a major segment of the
water rvesources in southeastern Florida.

"An evaluation of flow in the Miami River during a low-water
period indicates that Conservation Areca 3B contributes 33 percent
of the total discharge, Area B 26 percent, and Area A 41 percent.
After implementaticn of the Area B plan, contributions from Area A
will continue to flow scaward, whereas contributions from Area B
and Conservation Arca 3B, which now unavoidably are wasted to the
ocean in a high-water period will be pumped westward into storage
in the conservatlion area.

23



“A steady-state electric—analog study was made for the 1961
Area B plan. Maps of the results showed that the water—level pat-
tern would be radically changed if water—control dams were in=
stalled to isolate the levee borrow canal from the intakes of the
pump stations. Without the control dams, the lowest steady-state
water levels weould oceur at the western side of Area B and under—
seepage from Conservation Area 3B would be maximum. However, if
dams were installed, the highest water levels would oecur at the
western side of Area B and underseepage would be minimized. Par-
tial openings of the control dams probably would produce advanta-
geous conpromise solutions between the two-modeled extremes.

“Estimates of population growth indicate that water use in the
Miami area may amount to l.4 billion gallons per day in 1995. This
water use is eqguivalent to 2,170 cfs (cubic feet per second), al-
most twice the yearly mean discharge of 1,280 cfs that flowed into
the ocean from six major Miami area canals during the dry period
June 1962 to May 1963. A rate 1.4 bgd for a year's time is equiva-=
lent to the total surface runoff (about 10.5 inches of water) from
an area extending 28 miles westward from the coast and 100 miles
southward from Lake Okcochobese into Everglades National Park. As
other coastal cities and Everpglades National Park will require a
share of water from this same area, improved water-management tech-
niques are needed to insure a continuing supply of fresh water for
southeastern Florida. In consideration of continually growing
water needs, the Area B plan should be conceived as a water conser-
vation as well as a flood control plan.” (Quoted from authors' ab-
stract.)

Kohout, F. A., and Hoy, N. D., 1963, Some aspects of gampling salty
ground water in coastal aquifers: Ground Water, Journal of
the National Water Well Association, v. 1, no. 1.

"Investipations of the fluctuations of chloride content in
wells that tap the zone of diffusion between fresh and salt water
show that the salty well water behaves erratiecally when the well
is pumped. Frequently, a statie distribution of chloride content
that ranges from less than 1,000 ppm at the top to more than 10,000
ppn at the bottom is present in the open—hole part of a well. When
the well is pumped, the discharpge water tends to come from the up=
per part of the open hole because less energy is expended by re=
moval of low-density water from this region than by removal of
high—water density water from the lowes part of the open hole.
Where the permeability of strata in the deep part of the open hole
is greater than that in the shallow part, the tendency for natural
seleetion of the less dense, shallow water ls suppressed, and
pratically all the water in the blend comes from the deep part.
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“"As a result of this complex interrelation of hydraulies,
distribution and density of the salt water, and permeability, the
depth at which the pumped water enters the well bore is indetermi-
nate. This deficiency leads to the use of multiple-depth-bottle,
windshield-wiper, and electrical-conduetivity sampling technigues
for collection of data used in construeting maps and cross sections
that show the areal-depth relations of salt water in the Biscayne
aquifer of the Miami area, Florida.” (Quoted from authors' ab-
stract.)

Kohout, F. A., and Klein, Howard, 1967, Effect of pulse recharge on
the zone of diffusion in the Biscayne aquifer: International
Association of Scientifiec Hydrelogy, Publication mo. 72.

"In the Biscayne aguifer of the Miami area, Florida, two fac—
tors contribute to dynamic stabilization of the salt front at a
position as much as eight miles scaward of that computed according
to the Ghyben—-Herzberg principle.

"Equipotential lines in terms of equivalent fresh-water head
in wells show that when the fresh-water head is low, sea water
flows inland from the floor of the sea into the zone of diffusion
in the deep part of the aquifer and thence upward and back to the
sea through the upper part of the aguifer. This ecyelic flow limits
the extent to whieh sea water invades the aquifer because of the
steady return to the sea of part of the inland flow.

"Ducing periods of heavy rainfall large quantitles of fresh
water arc placed in storage below sea level as high salinity water
~in the deep part of the aquifer is driven seaward under steep sea-
ward hydraulie gradient. The distortion of the zone of diffusion
from such a heavy pulse of recharge, and the return to normal, is
demonstrated by biweckly mappings of the isochlor pattern subse-
quent to a l3=inch rainfall. Diagrams showing the pattern of flow
for both expulsion and intrusion are constructed from the gradients
for the horizontal component of flow determined from fresh-water
equipotential diagrams. The fiow diagrams indicate that the force-
ful expulsion of salt water after heavy rains results in more ef-
fieient recharge than discharpge because fresh water is injected
into storage by seaward flow throughout the full aquifer thickness,
whereas during the subsequent intrusion or cyclic~flow phase, fresh
water is discharged at the shoreline under comparatively small
hydraulic gradient through only about cne third of the aquifer
thickness." (Quoted from authors' abstract.)



Kohout, F. A., and Leach, 5. D., 1964, Salt-water movemant caused
by control=dam operatlion in the Snake Creek Canal, Miami,
florida: Florida Geological Survey, Report of Investigations
no. 24. - .

"Movement of salt water in the Biscayne aquifer and the Snake
Creek Caral was investigated to establish eriteria for operation of
the salinity-control dam in the canal. All four gates of the dam
were opened for 3 days during a special test in March 1961. Al-
though salt water oscillated landward and scaward a distance of 2
miles frem the control in response to tide, the salinity of the
ground w: ter near the canal did not change greatly during this
time. Salt water trapped in the canal by closing tha dam at high
tide moved landward as a density current at a rate of about 900
feet per hour and began to flow into a connected deep rock pit. A
flushing operation removed salt water from the canal bub the salt
water in the rock pit remained. During subscquent months, wind and
tide action caused upward dispersion of salt into the uppermost
water of the rock pit, and the trapped salt water was gradually
removed by seaward discharge through the canal.

"Some of the salt water trapped in the canal moved into the
agquifer. This salty water was traced by sampling fully cased wells
of different depths and distances from the canal. Scme of tha
salty water was retrieved by drainage [rom the aquifer when the
gates were partially opened 2 months aflter entrapment. Because of
ite relatively grezat density some of the salt water moved downward
in the aquifer and was not retrieved.

"The data show the negative effects of trapping salt water,
and also that the control can be closed gradually without trapping
salt water. If the total opening of the control is distributed

‘uniformly among the four parcially closed gates, the increased
velocity ef the fresh water as it flows uader the submerged sluice
gates, will iwmpede upstream movement of salt water at the bottom of
the control. Calculations indicate that salt water probably will
not move upstream in the ecanal if a head of 0.3 foot is maintained
between upstream and downstream sides of the control at the time of
minimum head differeniial, about 2 hours before high tide.” (Quoted
from authors' abstract.)

Kolipinski, M. C., and Higer, A. L., 1969, Some aspects of the
effects of the quantity and quality of water on bhlologleal
comnunllties In Everglades National Park: U.S. Geologileal
Survey open—-file report FL-6D007.

"Hydrobiological investigations in Everglades National Fark
are sunnarized under four wain topics: (1) vegetative changes, (2)
population dynamics of animals, (3) repopulation of small aquatic
animals after droughts, and (4) water—guality characteristics.
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“Changes of vegetation in Shark River Slough from 1940 to
1964, as determined from analysis of aerial photographs, showed a
decrease in acreage of wet prairie communities and an inerzase in
sawgrass marshes and woody vegetation. The apparent reasons for
the changes are shortened wet perieds, increase in fires, and loss
of soil.

"A long-range progranm of quantitative sampling of small fishes
and aquatic invertebrates in Shark River Slough began in 1963.
Preliminary findings Indicate that long wet periods result (1) in
an abundence of small aquatic animals, and (2) the successful
formation of wading bird rookeries.

“The recovery of aquatic populations after drought depends on
duration and extent to which the aquatic habitats dry. Animal bur-
rows were shown to serve as survival heoles for small fishes during
droughts of short duration.

"The chemical constituents of the surface waters in Everglades
National Park compare favorably with other naturally occcurring
waters in the United States that support a mixed fish fauna. Dis-
solved oxygen during periods of low water in alligater holes de-—
ereasos to below 2 wg/l (milligrams per liter) during most of each
24-hour period, causing a mortality of susceptible fishes, such as
the centrachids.

"An average of 0.02 ug/l (mierograms per liter) of DDRT+DDDHDDE
was found in the surface waters of the park. Several aquatic
plants ard animals exhibited biological magnification of insecti-
eides. ior example, mosguitofish contained 700 ug/kg (micrograms
per kilogram) of the DDT family which is 4 orders of magnitude
‘greater than that found in the waters." (Quoted from authors' ab-
stract.)

Land, L. F., 1975, Effects of lowering interior canal stages on
salt water intrusion into the shallow aquifer in southeast
Palm Beach County, Florida: U.S. Geological Survey Cpen-TFile
Report 75=74.

“Land in southeast Palm Beach County is undergoing a large-
seale chznpe in use, [rom agricultural to residential. To accommo—
date residential use, a proposal has been made by developers to the
Board of the Lake Worth Drainage District to lower the canal stages
in the interior part of the area undergoing change. This report
documents one of the poszible effects of such lowering. Of partic—
ular interest to the Poard was whether the lower canal stages would
cause an incresse in salt-water intrusion into the shallow aquifer
along the coast.” (Quoted from author's abstract.)
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Land, L. F., 1977, Ground-water resources of the Riviera Beach
area, Palm Beach County, Florida: U.S. Geological Survey
Water-Resources Investigations 77-47.

"The prineipal source of freshwater that has been developed in
the Riviera Beach area is the so-called shallow aguifer, which is
composed of sand, shells, sandstone, limestone, marl, and occa-
sionally clay strata. Often a stratum contains mixtures of two or
more of these materials and occecasionally 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 cemonted lavers 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 dissolved solids concentration exceeds 500 milligrams per
liturn

"The primary source of recharge to the shallow aquifer is
rainfall. Discharge is mainly by evapotranspiration. Other dis=-
eharges 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, rain=-
fall, and muniecipal punpage.

"The major threat to development of water supplies, and possi-
bly to the continuation of a ecurrent withdrawal rate of over 5 mil-
lion gallons per day, is seawater intrusion. The municipal supply
wells are almost 1 mile inland from the source of the scawater
(Lake Worth), but the combined effects of increcased pumpage, re-—
duced 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.” (Quoted from author's ab-
stract.)

Land, L. F., Rodis, H. G., and Schneider, J. J., 1973, Appraisal
of the water rescurces of eastern Palm Beach County, Florida:
Florida Burcau of Geology Report of Investigaticns no. 67.

"Ground water from the shallow aguifer, a hydroleogic unit com-
prised of the Biscayne, Pamlico and Anastasia Formations, underlies
the entire area and is the prinecipal source of water for most uses.
The top of the Floridan aguifer, a limestone under high artesian
pressure, underlies the area at depths ranging from 800 to 1,000
feet belowv land surface but the water is too brackish or salty for
most uses.
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"Specific capacities of municipal wells range from about 10 to
more than 350 gallons por minute per foot of drawdown. Municipal
putiping averaged about 75 million gallons per day during 1970.

West Palm Beach is the only community which uses surface water for
municipal supply.

"The differences between average annual rainfall and potential
evaporation in eastern Palm Beach County is & to 14 inches per
year. Thz annual ralny season extends from May to October when the
eastern part of the county receives more than 40 inches of annual
rainfall. Despite the pericdiec surpluses, several municipal well
fields are beset with problems of salt-water intrusion caused by
increasing pumpage during droughts.

"Total dissolved solids of the frosh water in the shallow
aquifer system ranges from 200 to 300 mg/l (milligram per liter)
in the coastal ridge to more than 500 mg/l in the western arcas.

"In the surface water system, the water containing the least
amount of dissolved solids, generally less than 200 mg/l, occurs in
Canal 18 and Canal M immediately downstream from the Loxahatchee
Slough. The inorganic nitrogen concentration of this water is less
than 0.15 mg/l. The most sericusly contaminated water is in Canal
17 where the coliform bacteria count often exceeds 30,000 colonies
per 100 ml (milliliters) and Inorganiec nitregen ceoncentration
usually exceeds 2 mg/l. The dissclved-solid content of the surface
water is less than that of ground water.

"Water in the shallow aquifer is slipghtly contaminated at
shallow depths in the immediate vicinity of the Cross State Solid
Waste Disposal Area. The contaminants probably stay near the water
‘table and are filtered out by the sand.” (Quoted from authors' ab-
stract.)

Leach, S. D., and Grantham, R. G., 1966, Salt-water study of the
Miami River and its tributaries, Dade County, Florida:
Florida Geological Survey Report of Investigations no. 45.

"The Miami River has the larpgest discharge of all rivers in
southeastern Florida, and serves as the outlet for the Miami and
the Tamizmni Canals. The widening and deepening of the Miami River
and the construction of the Miami and Tamiami Canals have been
beneficial in flood centrol but have Increased the threat of salt-
water encroachment. The primary purpose of the investigation is to
present a study of the salt-water movement in the Miami River and
Canal and its effect on the fresh-water supply of the area.”
(Quoted from authors' introduction.)
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Leach, S. D., Klein, Howard, and Hampton, H. R., 1972, Hydrologilc
effects of waste control and management of southeastern
Florida: Florida Burcau of Geology Report of Investigations
no. 60.

"Altheugh the results of several water—related investigations
have been nublished, the total hydrolopic effects of drainage and
reclamation have not been clearly portrayed. The purpose of this
report is to describe and evaluate from the mass of hydrologic in-
formation zhe effects that man's activities have had on the hydrol-
ogy of southeast Florida. Analysis of the data collected, together
with an evaluation of the effects of water management provide an-
swers to such questions as:

1. Wnat gross effects have the works of the C&SFFCD had on
the hyrologic regimen of southeast Florida?

2. Wnat are the climatic conditions in the southeast Florida
area today, and how do they compare with conditions in the
past?

3, Will the present and proposed flood=contral system be
adequate to prevent flooding and to halt sea-water intru-
cion into the Biscayne aquifer in coastal areas and to
provide water to meet the demands of the growing popula-
tion and other demands? '

"In the process of answering the above questions, the history
of the ecorstruction of C&SFFCD works was compiled, the seepage
beneath various levees was determined, a generalized water budget
was estimated for the conservation araas, and projection of water
needs by the year 2000 have been made.” (Quoted from authors' pur-
pose and scope.)

Leach, 5. D., and Sherwood, C. BE., 1963, Hydrologic studles in the
Snake Creek Canal arca, Dade County, Florida: Florida Geo-
logical Survey Report of Investigations mo. 24 Part 3.

meoake Creek Canal was constructed primarily to drain parts of
northern Dade County and southern Broward County, Florida. During
dry periods, however, it conveys water from the Everplades seaward
to replenish coastal sections of the Biscayne aquifer. A salin-
ity-control strusture at the mouth of the canal prevents the up=
stream movement of salt water and helps to maintaln upsiream water
levels high enough to prevent salt=water encroachment into the
aquifer. These hydraulic effects are made possible because of the
high permeahility of the aquiter and the excellent interconnection
between the ecanal and the aquifer.
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"Hydrologic tests made March 25-26, 1961, on the flow system
indiecate that an inflow of 36 cfs (cubic feet per second) from Arca
B was required in the canal to maintain a water level of 2.7 feet
above msl {mcan sca level) at the control scructure. This water is
used to yecharpge the aquifer in the coastal ridge.

"Future well fields of Metropolitan Dade County will withdraw
as much as 200 mgd (million gallons per day) from the Biscayne
aquifer in the western part of the Snake Creek Canal area. These
large quintities of water will be derived chiefly by infiltration
from the canal system and will greatly increase the amount of water
needed to maintain desired levels near the coast. During drought
periods this quantity could amount to more than four times the
natural losses from the system.” (Quoted from authors' abstract.)

Lee, C=ll., and Cheng, R. T-S., 1974, On seawater encroachment in
eoastal aquifers: Water Resources Research, v. 10, no. 5.

"The seawater cncroachment in a eoastal aquifer is studied by
means of a mathematical medel. In some aquifers the dispersion
amalgamates the encroaching scawater and the discharging freshwater
to produce an cxtensive zone of diffusion. The coupled nonlinear
conservation equations of mass and of salt are formulated and
solved by the Tinite element method with the aids of iteration and
underrelaxation. The numerical procedure is verified by comparing
solutions with knewn results in the literature. In this study the
seawater encroachment in the Blscayne aquifer at Cutler area,
Florida, is modeled; the numerical results are in good qualitative
~agreement with the field data obtained by Kohout.” (Quoted from
authors' abstract.)

Leighty, R. G., lenderson, J. R., and cothers, 1958, Soil survey
(detailed-reconnaissance) of Dade County, Florida: U.S.
Department of Agriculture, Soil Survey Series 1947, no. 4.

"This report is about the soils of Dade County, Florida. It
contains a description of each kind of soil and tells how the soll
ecan be uscd, how it responds to treatment, what care it needs, and
what yields you can expect. Maps accompanying the report show the
location and extent of each soil. 1f you want to know how the
goils were formed and how they are classified, some information on
these subjects is given in a technical section, Morpholopy, Gene-
sis, and Classification of Soils.” (Quoted from authors' abstract.)
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Love, 5. K., 1944, Cation exchange in ground water contamination
with sea water near Miami, PFlorida: American Geophysical
Union Transactions of 1944, Part VI. ‘ )

"In connection with studies of the chemical character of
sround-water in areas along the coast in and near Miami where the
ground-water is contaminated with sea-water, it was found that the
composition of the contaminated water differed considerably from
the composition of simple mixtures of ground-water and sea-water.
Differences in the composition of salty ground-water in southern
Florida have also been obsarved by SANFORD [gee 1 of "References”
at end of paper]| and STRINGFIELD {2]. It appears that the observed
differences in the Miami Area can be explained as the result of
cation-exchange.” (Quoted from author's text.)

Mattraw, H. C., Hull, J. E., and Klein, Howard, 1978, CGround-water
quality mear the Northwest 58th Street solid-waste disposal
facility, Dade County, Florida: U.S5. Geological Survey Water-
Resources ILnvestigations 78-45.

“The Northwest 58th Street solid-waste disposal faeility, 3
miles (4.8 kilometers) weost of a major Dade County municipal water-—
supply well field, overlays the Biscayne aquifer, a permecable,
solution—riddled limestone which transmits leachates eastward at a
calculated rate of 2.9 feet per day (0.9 meter per day). The dis=
posal facility has operated sinee 1952. A multi-depth ground-water
sampling program between August 1973 and July 1975 identified the
leachate characteristics and the conservative components which most
readily have migrated downgradient.

"A discrete, identifiable leachate plume has been recognized
under and downgradient from the waste disposal faciliiy. FProdue-
tion of leachate from the disposal area depends on seasonal rain-
fall patt:rns. This causes some variability in concentration
strength and location of the observed plume. Concentrations of
sodium, chloride, ammonia, and dissolvd solids decreased with depth
beneath the disposal area and downgradient in response to an advee-
tive and convective dispersion. Downgradient, leachates were also
diluted by the infiltration of rainfall into the aquifer. At a
distance of ahout one—half mile (0.8 kilometer) downgradient, the
rate of contribution of leachate from the source to the leading
edge of the plume was about equal to the rate of loss of leachate
from the leading edge of the plume by diffusion and dilution during
the period covered by the nine samplings. leavy metals, pesti-
cides, and most other water—quality constituents are [iltered, ad-
sorbed by aquifer materials, or are precipitated near the disposal
area.” (Quoted from authors' abstract.)
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McCoy, H. J., 1973, Effects of the Feeder Canal on the water
resources of the Ft. Lauderdale prospect well field: U.S.
Geological Survey open—file report FL-7301%9.

"Ever=increasing water demands of the rapidly growing Fort
Lauderdale, Florida, area have required water managers Lo use
expedient means for not only increcasing the amount of fresh water
available for use but also for protscting the fresh-water source
itself from salt=water contamination. A Feeder Canal was dredged
to inereasc recharge to the Biscayne aguifer in the vicinity of the
Prospect well field. Fresh water is conveyed into the Feeder Canal
from the perimeter canals of an inland water-conmservation area by
way of Middle River Canal (C-13). The Feeder Canal runs from the
controlled reach of the Middle River Canal, along the south part of
the Prospect well field, then back into the tidal reach of the Mid-
dle River Canal. Flow in the lower reach of the Feeder Canal is
regulatei by a control structure near Powerline Road.

"Comparison of water-level contour maps of the well-field area
before and after dredging of the Feeder Canal indicates that the
ecanal has raised water levels in the southwest part of the well-
field area. During the latter part of the 1870-71 drought, the
canal probably caontributed about 3 million gallons of water a day
to the Biscayne aquifer.

A

“Channel improvements in the Feeder Canal, between Middle
River Canal and the conservation area's perimeter canal, and raised
stages in the Middle River Canal will doubtless increase flow in
the Feeder Canal. Data collected after thesec modifications have
been made will indicate how much water will be required to overcome
losses by evaporation and scepage to the tidal reach of Middle

‘River Canal and still recharge the aquifer along the entire reach
of the Feeder Canal.” (Quoted from author's abstract.)

McCoy, H. J., and Hardee, Jack, 1970, Ground water resources of the
lower Hillsboro Canal area, southeastern Florida: Florida
Bureau of Geology Report of Ianvestigations no. 55.

"The lower Hillshore Canal area of this report occupies about
60 square miles of Palm Beach and Broward counties in southeastern
Florida. All potable ground water in the lower Hillsboro Canal
area is cobtained from the Biscayne aguifer. he aquifer extends
from the land surface to a depth of about 400 feet and is composed
of sand, sandy limestone, shells, and indurated calcarcous sand.
Municipal well fields of Deerfield Beach and Boca Raton and most of
the domestic, irrigation, and industrial wells obtain adequate
water supplies from permeable limestone 90 to 130 feet below land
surface. %ainfall in the area and induced infiltration from con-
trolled canals provide the recharge to the aquifer.
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"Sea~water intrusion, although a constant threat, has not
advanced inland enoupgh to contaminate either municipal well field.
Intrusion from the ELl Rie Canal toward the Boca Raton well field
appears to be stablilized, though further intrusion is a distinet
possibility if fresh water levels are further lowered in the area.
Data collection stations are maintained to monitor changes of the
salt=water front in the aquifer.

"Large quantities of water can be withdrawn from the interior
part of the area without the attendant threat of salt—water in—
trusion. lHydraulice characteristics of the aguifer are similar
throughout the area and high vear-round water levels in the inte-
rior afford a potential source of immediate and long-term recharge
to the aquifer underlying the coastal ridge.

“"The lower Hillsboro Canal area is still experiencing rapid
growth with resultant demands for larger gquantities of potable
water. Although potable water is abundant, continuous observation
and evaluation of changes In the hvdrology of the area should be
maintained to protect and efficiently manage the water resources of
the area.” (Quoted from authors' abstract.)

McCoy, H. J., and Sherwood, C. B., 1968, Water in Broward County,
Florida: Florida Bureau of Geology Map Series 29, Scale is
approximately 3 1/2 miles to an inch.

"The purpose of this report is to present a general piecrture of
the water resources of Broward County, the regional and local water
managemer £ facilities designated to alleviate present and future
-water problems, and the methods uwsed for obtaining large municipal
walter supplies. Selected data are shown to ald in understanding
the hydrologic system and the natural and man-made factors that af—
feet the gquantity, quality, and movement of water within the sys—
tem." (Quoted from authors' introduction.)

MePherson, B. F., 1969, Preliminary determinations of hydrobio=
logical and chemical conditions in the vicinity of the pro-
posed jetport and other airports in south Florida, July 1969:
U.S. Geological Survey open—-file report FL-70004.

Surface water samples were collected at 21 stations during

April, July, and Octoher to Neovember, 1969. This report gives the
results of the first set of sampling done in April, 1969.
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MePherson, B. F., 1970, Water quality at the Dade=~Collier Tralning
and Transition Airport, Miami International Airport, and Cot-
tonmouth Camp - Everplades National Park, In November, 1969:
U.S. Geological Survey open—file report F1~70011.

"Water quality was determined at three areas in south Florida
in November 1969 to portray conditicns at a commercial jetport
(Miami International Airport), and in a natural environment {(Cot-—
tonmouth Camp in Everplades siational Park) and a transitional envi-
ronment (Dade-Collier Training and Transition Airport). Water in
canals near Miami International Airport jencrally contained higher
concentrations of nitrogen, phosphorus, organic carbon, trace
elements and heavy metals, and lower concentrations of dissolved
oxygen than waters at the Training and Transition Airport and at
Cottomnmouth Camp. Concentrations of chromium, lead, and oil in
surface water at Miami International Airport exceeded the limits
eatablished in 1669 by the Federal Water Quality Administration for
interstate waters of Florida; concentrations were below these
1imits in the othaer areas. Sediment at Miami International Airport
was heavily coated with oil and grease (23 percent) at station 3,
and contained a relatively high concentration of 85.2 ug/kg (micro-
grams per kilogram) of the DDT family (DDT, DDE, DDD) at station l.
Sediment at other stations in the three areas contained less than
3.0 percent oil and grease and less than 4.2 mug/kg of the DOT fami=
ly. Nutrient concentrations in sediment were highest at a natural
pond near Cottonmouth Camp (station 11) and lowest in a newly exca-
vated borrow pit (station 9) at the Training and Transition Alr=
port.” (Quoted from author's abstract.)

MePherson, B. F., 1973a, Water quality in the conservation areas of
the Central and Southern Florida Flood Contrel District,
1970-72: U.S. Geological Survey open-file report FL-73014.

"celected chemical indicators of water quality in and near the
conservation arcas in southern FLorida in 1970-72 varied with loca-
tion and season. Dissolved solids generally were highest In the
north and northeast where averapes ranped from 471 to 641 mp/l
(milligrams per liter), and loweslt in the south and west where
averages ranged from 172 to 387 mg/l. Pesticides showed a similar
distribution trend. The DDT family (the most commonly detectad
pesticide) averaged, 192 ag/kg (microprams per kilograms) in bottom
cadiments in the north of the arcas compared with 13.8 ng/ky in the
couth. DOT averaged 723 ag/ky in centrarchid fish (bass and sun=-
fish) at the north end of Area 1, 264 ug/kg at the south end of
Area 1, 230 wg/kg in Area 2, and 56 nz/ks in Area 3. Dieldrin (5.7
to 130 mg/kg) and toxaphene (2,200 to 5,000 ag/ky) were also in
high concentrations in flsh at the north end of Area 1 and in Areca
2. Concentrations of polychlorinated biphenyls (PCE"s) were high=
est (1,300 and 1,900 ag/kg) in bottom sediment at twe statlons in
Area 2. Concentrations of nitrogen and phosphorus varied more with
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season or water level than with location. They were highest in
June 1971, at the end of a drought; average values were 2.6 mg/l
inorganie N (compared with 0.13 to 0.48 mg/l at other times), 4.0
mg/l orgenic N (compared with 0.8 to 2.5 mg/1 at other times), and
0.05 mg/1 as P (compared with 0.01 to 0.04 mg/l at other times).”
(Quoted trom avthor's abstract.)

McPherson, B. F., 1973b, Vegetation in relation to water depth in
Conservation Area 3, Florida: U.5. Geological Survey open=—
"file report FL-73025.

"Five vegetative bench mark stations that represent different
water depths and periods of Inundation were established in Conser-
vation Area 3A, and vegetative models, transccts, and biomass esti-
mates were made. The vegetative models include trees and brush,
dense emergent vegetation, and sparse emergent vegetation. In the
southeastern part of the Conservation Area, where the water is
deep, areas of sparse emergent vegetation are predominantly slough
with periphyton, spike rush (Elcocharis cellulosa), bladderwort
(Utricularia sp.), water hyssop (Bacopa caroliniana), white water
1ily (Nymphaea odorata) and BEleocharis elongata. At the shallower
northern stations, areas of wet prairie increase and maidencane
(Panicum hermitomon) and beak rush (Rhynchospora tracyi) are common
in the slough and prairies.

"Biomass of slough vegetation genecrally decreased with lower
water level both at a given station and between stations; it ranged
from 16,240 grams (wet weight) per square meter at a water depth of
0.8 meter to less than 200 grams at 0.1 meter.” (Quoted from au-
thor's abstract.)

MePherson, B. F., Hendrix, G. Y., Klein, Howard, and Tyus, H. M.,
1976, The envirooment of south Florida, a summary report:
U.8. Geological Survey Professional Paper 1011.

"The South Florida Enviromiental Study identified and de=-
seribed the natural ecosystems of south Flerida as they functioned
before man began to have major impacts on these systems. Where
remnants of natural systems still function as before, they were
measured and described.

"The study alsc encompassed the agricultural and urban de-
velopnents of south Florida and their impacts on Lhe ecosystems.
Man is a natural component of the system and, like all living
components, seeks to attain some degree of balance or equilibrium
with the rest cf the system.” {(Quoted frem authors' preface.)
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Meyer, F. W., 1972, Preliminary cvaluation of infiltration from the
Miami Canal to well fields in Miami Springs-Hialeah area, Dade
County, Florida: U.5. Geological Survey open-£file report
FL=72027.

"Infiltration from controlled canals minimizes the depth and
extent of the cone of depression abour the well fields in the Miami
Springs—Fialeah area and prevents sca-watetr intrusion. In the
1940's tle controlled canals contributed 78 to 100 parcent of the
dry=seascn pumpage. Average pumpage has increased from 67 to 92
million gallens per day during 1901-71 without significantly af-
fecting the quality of well-field water. Water demands since 1961
have caused the cone of depression to expand beyond the limits of
the recharging canals; thorefere, the percentage of dry-season con=—
tribution from the canals has decereased. In April 1971, the cone
of depression expanded southward and caused deep salty ground water
in the vicinity of the Tamiami Canal to move northward beneath the
airport toward the well fields, forecing a reduction in pumpage. A
temporary dam was installed in the Tamiami Canal din September 1971
as a stopgap measure to minimize the threat of sea-water intru—
sion.” (Quoted from author's abstract.)

Meyer, ¥. W., 1574, Availability of ground water for the U.5. Navy
well field near Florida City, Dade County, TFlorida: U.S.
Geolopgical Survey open-flle report FL-74014.

"The purpose of this report is to indicate the effects that a
12 mpgd increase in Navy well-field pumpage will have on local water
levels and on the zone of sea-water intrusion in southeast Dade
County."” (Quoted from author's purpose and scope.)

Meyer, Fo Wa, and Huwll, J. E., 1967a, Hydrologic conditions in the
Canal 111 area, Florida, April 17, 1967: U.S. Geological
Survey open—file report FL=67005.

“"This report is a summary of data collected on July 11, 1967

and is the first in a series of monthly reports that began April 17,

1967. The data are presented in the form of graphs and maps de-

gigned to present a 'birds eye' view of the water level and salinity

conditions observed on a particular date.” (Quoted from authors'
introduction.)

Meyer, F. W., and Mull, J. E., 1967bh, Hydrolopic conditions in the
Canal 111 arca, Mavy 8, 1967: U.S, Ceoclogical Survey open—-file
report FL-67006.

“"This report is a summary of data eollected on May 8, 1967 and
is the second in a serics of monthly reports that becan April 17,
1967. The data arc presented in the forms of graphs and maps de—
signed to present a 'hirds cye' view of the water level and salilnity
conditions ohserved on a particular date.” (Quoted from authors!
intraduction.)
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Meyer, F. W., and Hull, J. E., 1967¢, llydrologic conditions ia the
Canal 111 area, June 5, 1967: U.S. Geologieal Survey open—
file report FL-67007.

"This report is a summary of hydrologic data collected in the
Canal 111 arca on June 5, 1967 and is the third in a scries of
‘monthly rrports that began April 17, 1957. The data are presented
in the form of praphs and maps designed to present a 'birds eye'
view of the water—level and salinity conditions observed on a par=
ticular dete.” (Quoted from authors' introductiuu-)

Meyer, F. W., and Hull, J. E., 1967d, Hydrologic conditions in the
Canal 111 area, July 11, 1967: U.5. Geological Survey open—
file report FL-67003.

“"This report is a summary of data collected on July 11, 1967
and is the fourth in a series of monthly reports that began April 17,
1967. The data are prescnted in the forms of graphs and maps de-
signed to present a 'birds eye' vicw of the water level and salinity
conditions observed on a particular date.” (Quoted from authors'
introduction.)

Mever, F. W., and Hull, J. E., 1367e, lydrologic conditions in the
Canal 111 area, Aupgust 8, 1967: U.S5. Geological Survey open~
file report FL-67009,

"This report is a summary of data =ollected on August 8, 1967,
and is the Ffifth in a series of monthly reports that began April 17,
1967. The data are presented in the form of graphs and maps de-
signed to present a 'birds eye' view of the water level and salinity
conditions observed on a particular date.” (Quoted {rom authors'
introduction.) ‘

Meyer, F. W., and Hull, J. E., 1967f, Hydrologic conditions in the
Canal 111 area, October 10, 1967: U.S. Geological Survey
open~file report FL-67010.

"The report is a summary of data collected on August 8 and
Detober 11, 1967 and is the sixth in a series of reports that began
April 17, 1967. The data, in the form of graphs and maps, present
a 'birds eye' view of the water level and salinity conditions on a
particular date.” (Quoted from authors' introduction.)
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Mever, F. W., and Hull, J. E., 1967z, Hydrologie conditions in the
Canal 111 area, December 5, 1967: 1.5. Geological Survey
open—-file report FL-6701L.

"The report is a summary of data collected on October 10 and
December 5, 1967 and is the seventh in a series of reports that
began April 17, 1967. The data, in the form of graphs and maps,
present a 'birds eye' view of the water level and salinity condi-
tions." (Quoted from authors’ introduction.)

Meyer, F. W., and Hull, J. E., 1968a, Hydrologic conditions in the
Canal 111 area, December 6, 1567 — February i, 1968: TU.S5.
Geolozical Survey open-file report FL=68011.

“This report summarizes the hydrologic dala gollected in the
Canal 111 area between December 5, 1967 and February 1, 1968 and is
the eighth in a series of reports that began April 17, 1967. The
data, in the form of graphs and maps, present a comprohensive
picture of water level and chlorinity conditions.” (Quoted from
authors' introduction.)

Meyer, F. W., and Hull, J. E., 1968b, Hydrologic conditions in the
Canal 111 area, Februery 2, 1968 = April 15, 1968: U.5. Geo-
logical Survey open—flle report F1.-68012,

“This report summarizes the hydrolcgic data collected in the
Canal 111 area between February 2, 1968 and April 15, 1968 and is
the ninth in a series of reports that began April 17, 1967. The
data, in the form of graphs and maps, prescnt a comprehensive
picture of water level and chlorinity conditions.” (Quoted fronm
authors' introduction.)

Meyer, F. W., and Hull, J. Eo, 1968¢, Hydrologic conditions in the
Canal 111 area, April 16 = June 11, 1968: U.S. Geolopieal
Survey open—file report F1-68013.

“This report summarizes the hydrolopic data collected in the
Canal 111 area between April 15, 1968 ard Junec 11, 1968 and is the
tenth in a series of reports that began April 17, 1967. The data
in the form of graphs and maps present a cemprehensive picture of
water level and of chloride concentrations in the waters." (Quoted
from authors' intreduction.)
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Meyer, F. W., and Hull, J. E., 19684, Hydrologic conditions in the
Canal 111 area, June 12 - August 21, 1968: U.5. Geological
Survey open—file report FL=0B8014, '

"This report summarizes the hydrologic data collected in the
Canal 111 arca between June 12, 1968 and August 21, 1968 and is the
eleventh in a series of reports that began April 17, 1967. The
data in the form of graphs and maps present a’ conprehensive picture
of water levels and of chloride concentrations in the waters.”
(Quoted from authors' introduction.)

Meyer, F. W., and Hull, J. E., 1968e, Hydrologic conditions in the
Canal 111 area, August 22 = October 15, 1968: U.S5. Geolopical
Survey open-file report FL-68015.

“This report summarizes the hydrologic data collected in the
Canal 111 arca between August 22, 1968 ard October 15, 1964, and is
the twelfth in a series of reports that began April 17, 1967. The
data in the form ol graphs and maps present a comprehensive picture
of water levels and of chloride concentrations in the waters.”
(Quoted from authors' abstract.)

Meyer, F. W., and Hull, J. E., 1968f, Hydrelogic conditions in the
Canal 111 area, October 16 = Decembor 19, 1968: U.5. Geo=
logiecal Survey open-file report FL-68016.

"This report summarizes the hydrologic data collected in the
Capal 111 arca between October 16, 1968 and December 19, 1968, and
is the thitteenth in a series of recports that began April 17, 1967.
The data in the form of graphs and maps present a comprehensive
picture of water levels and of chloride concentrations in the
waters." (Quoted from authors' introduction.)

Meyer, F. W., and Hull, J. E., 1969, Hydrologie conditions in the
Canal 111 area, December 20, 1968 = February 13, 1969: U.5.
Geological Survey open—file report FL-69012.

“This report summarizes the hydrologie data collected in the
Canal 111 area betwcen December 20, 1968 and Fehruary 13, 1969 and
is the fourteenth in a series of reports that began April 17, 1967.
The data in the form of praphs and maps present a comprehensive
picture of water levels and of chloride concentrations in the
waters.” (Quoted from authors' introduction.)

40



Miller, R. A., 19279, Charactevistics of four urbanized hasins in
south Florida: U.5. Geological Survey Open=File Report
79-694.

"Physical characteristics of four urbanized basins in south
Florida arc presented. Land use of the four basins are low-density
residential, highway, commerclal, and high-density residential.
Maps of each basin include a photomosaile, a scwerage map, a drain-—
‘age map, ond an impervious—area map. Tabular data include pervious
and impervious arecas; sewer data, such as pibc diameter, length,
and slope; and inlet elevations. General descriptions of the soil
cover and type, vegetation, streets, pucters, and curbs are also
provided.” (Quoted from author's abstract.)

Miller, R. A., Mattraw, H. C., and Hardee, Jazk, 1979, Stormwater
runoff data for a commercial area, Broward County, Florida:
U.S. Geological Survey Open-File Report 79-982.

"Rainfall, stormwater discharge, and water—quality data for
rainfall and runecff are summarized for a commerical area in Fort
Lauderdale, Florida. Loads for 20 water—gquality constituents were
computed for runoff from 31 storms between May 1975 and June 1977,
The basin of 20.4 acres contains a shopping center wlth adjacent
parking, and is 97.9% percent impervious."” (Quoted from authors'
abstract.)

Miller, W. L., 1975, Nutrient concentrations of surface waters for
southern Florida, September 19270 to April 1975: U.5. Geo-
logical Survey open—file report FL-75010.

"Inciganic nitropen and phosphorus in the surface waters of
southern Florida were measured synoptically by the U.S. Geolopical
Survey during wet (June — October) and dry {November = May) scasons
nine times between September 1970 and Asril 1975. The number of
sites sampled ranged between 175 in 1970 and 500 in 1975, with a
total of 2,367 samples collected and analyzed since the inception
of the program. Samples were collected from canals, rivers, lakes,
coastal bays, marshes, and swamps. The data are shown on a series
of maps which indicate the locations of sampling sites and the nu-
trient concentrations. Each nutrient species is shown scparately
on maps prepared using data collected during the surveys. The
analytical data are presented with no discussion of variation in
concentration of the scveral pavameters in either space or timoe.

No statistical analysis has been given the data, nor has the sig-
nificance of given nutrient concentration been cited. The accumu-
lated data of nine nutrient surveys are presented to facilitate
storage of and reference to the data.” (Quoted from author's ab-
stract.)
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Miller, W. L., 1978, Effects of bottom sediments on Infiltration
from the Miami aud tributary canale to the Biscayne aquifer,
Dade County, Florida: U.S. Geological Survey Water—Resources
Investigations 78-36. - -

"Infiltration from the Miami Canal and its tributaries is a
major solrce of recharpe to the Biscayne aquifer in the Miami
Springs—Hialeah well-field area. In the late 1240's when average
pumpage was less than 50 million gallens per day, canal Infiltra-
tion contributed an estimated 80 to 100 percent of the dry secason
pumpage. Between 1970 and 1973, average daily pumpage increascd 18
percent tut the canal infiltration capacity decreased & percent.

In May 1973, about 50 percent of the well field's peak pumpage of
120 million gallons per day was attributed to canal infiltration.
Steadily increasing withdrawals have caused deepening and broad-
ening of the well field's cone of depression thereby increasing the
threat of saltwater intrusicn during dry, peak demand periods.

"Canal water levels were consistently higher than the water
table in 1973. Canal-bottom sediments impede downward infiltratien
from the canals. Filtration through bottom sediments reduces con—
centrations of eoliform bacteria, pesticidas, PCB's, metals, and
suspended materials. Filtration by the saudy upper part of the
aquifer further reduces concentrations of these conntituents &8s
infiltrating water moves toward the pumping zone. The quantitative
effects on ground-water quality resulting from the removal of the
canal=bottom sediments cannct be adequatecly predicted from present
data.” (Quoted from author's abstract.)

Orth, P. G., 1975, Nutrient fluctuations in groundwater under
an agriecultural area, Dade County, Florida: Soil and Crop
Science Socilety of Flnrlda Procecedings, v. 35.

An investigation was initiated to determine the concentrations
of plant autrients in the ground water and the effect that agricul-
ture might have on thesc concentrations.

The results indicate that agriculture is not responsible for
any permanent build=up of nutrlents in the ground water of south-
west Dade County, and temporary inercases are not a threatening
problem. '

Parker, G. G., 1945, Saltwater cneroachment in southern Florida:
Journal of the American Water Works Association, v. 37, no. 6.

This report discusses the occurrence and principles of salt-
water encroaschmant in the Miami ccastal area. Although the local
geology is somewhat different, these nrinclples are believed to be
applicable to othar coastal arsas of Florida.
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Parker, G. G., 1951, Geologic and hydrologic factors in the peren=
nial yield of the Biscayne aquifer: Journal Awmerican Water
Works Associntion, v. 43, no. 10.

This report presents a general overall view of the geolopy and
hydrology basic to understanding the water supply development in
the Miami arca. The factors of perennial yield thal are applicable
to the local aquifer are also discussed in this presentation.

Parker, G. G., and Cooka, C. W., 1944, Late Cenozole geolopy of
southern Florida, with a discussion of ground water: Florida
Geological Survey Bulletin 27.

This report discusses the formations of southern Florida and
their geologic and hydrologic characteristics in the order of depo-
sition by the transgressive and regressive sea.

Parker, G. G., Ferguson, G. E., and Love, S. K., 1944, Interim
report on the investigation of water resources in scutheasern
Florida with special reforence to the Miami area in Dade
County:; Florida Geeclogical Survey Report of lavestigations
no. 4.

Geologic, hvdrologic, and chomical data were obtained in ovder
to determine: “#*F*the areal extent of the water-bearing forma-
tions; the capacity of these formations to transamit and yield wa-—
ter; the area and rate of recharpe and discharge; the quantity and
quality of water in the different parts of the water=beaving rocks)
the source and appreximate rate of movement of saltwater at all
depths in the water—bearing rocks; factors contreolling salt-waler
encroachment; the height of the water table and the direction of
flow of ground water at different times of the vear; the stage and
discharge of the canals throughout the years; and bthe perlod when
canals drained the nearby land areas and when they fed water to
these areas; and the approximate quantitics of waler involved.”
(Quotaed from auchors' introduction.)

Parker, G. G., Ferguson, G. E., Love, S. K., and others, 1935,
Water resources of southeastern Florida: U.S5. Geological
Survey Water=Supply Papor 1255,

A comprehensive study of the water resources of southeastern
Florida was made by the eollection and interpretation of geolopie,
hydrolegiz, and climatic data. GSpecial emphasis was placed on the
geology and gecmorphology of southern Florida because of their im
portance in the occurrence and movement of both surface and ground-
water.

Lithologic logs, geoleogic cross—sections, water—quality data,
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and various types of contour maps are published in this report.
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Parker, G. G., and Stringfield, V. T., 1950, Effects of earth-
quakes, trains, tides, winds, and atmospherle pressure changes
on water in the geolopic formations of southern Florida: Eco=
nomiec Geology, v. 45, mo. 3.

Water=level measurements in wells are essential in determining
basic hydrologic factors. These water—level readings may be mis—
leading because in addition to changes in recharge and discharge
they respond to changes in tides, atmospherie pressure, winds,
carthquakes, and passing trains. Usually, both artesian and non-
artesian aquifers are known to react differently to these forces,
but in some areas the local geoloziec coxditions in non-artesian
aquifers may cause water-level fluctuations normally found only In
artesian wells.

Perkins, R. D., 1977, Depositional framework of Pleistocene rocks
in south Florida, Part IT; In Quaternary Sedimentation In
South Florids: The Geological Socicty of America, Memoir 147.

"Detailed stratipraphic analysis of the Pleistocenc of south
Florida, based on 56 measured sections, indicates that these de=
posits are divisible into five marine units separated by regional
discontinuity surfaces. Marine units are correlated with eustatie
high sea=level stands and discontinuity surfaces with subacrial
exposure during low stands. Discontinuity surfaces are often found
to be intraformational when related to format stratigraphic deslig-
nations presently in use. The Fort Thompson and Anastasia Forma-
tions contain four such surfaces, the Key Largo Limestone contains
two, and the Miami Limestone contains ecne. When considerad In
detail, discontinuity surfaces in south Florida are found to vary
jn the amount of time they represent and the depree to which thay
are developed and preserved.

“k%%Fach stratigraphic unit is analyzed from the following
viewpoints: (1) role of pre-unit tepography, (2) isopach patterns,
(3) lithofacics patterns, (4) ecologiec facies patterns, and (5)
interpretation of depositional environments.” (Quoted from author's
abstract.)

Pitt, W. A. J., Mattraw, H. C., and Klein, Howard, 1975, Ground-
water quality in selected areas serviced by septic tanks,
Dade County, Florida: U.S. Geological Survey Open-File Report
75~607. '

“An investipation of ground water in five salected areas
serviced by septic tanks in Dade County, Florida was conducted.
Analyses of ground water from base-line water=quality wells in in-
land areas remote from urban development indicated thar the g round
water is naturally high in organic nitrogen, ammonia, organie car—
_bon and chemiecal oxygen demand. Some enrichment of ground water
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with scdium provided a possible key to differentiating septic-tank
effluent from other urban ground-water contaminant sources. High
ammonia nitrogen, phosphorus, and the repetitive detection of feaenl
coliform bacteria weare characteristic of twa 10-~foot monitor wells
that consistently indicated the prescnce of septic—tank effluent in
ground water. Dispersion, dilution, and various chemical processes
have presumably preventod accumulation of septic—tank effluent at
depths greater than 20 ft, as indicated by the 65 types of water
analyses used in the investipation. Fecal coliform bacteria were
present on one or Cwo oeeasions in many monitor wells but the high-
est concentration, 1,600 colonies/ 100 ml, was related to storm-
water infiltration rather than septic—tank discharge.

"Areal variations in the compositiorn and the hydraulic conduc-
tivity of the sand and limestone aquifer had the most noticcable
influenece on the overall ground-water quality. The pround water in
the more permeable limestone in south Dade County near lomestead
contained low concentrations of septie—tank related constituents,
but higher concentrations of dissolved sulfate and nitrate. The
ground water in north Dade County, where the aguifer iz less per-—
meable, contained the highest dissolved iron, manganese, COD, and
organie carbon.” (Quoted from authors' ahbstract).

pitt, We A. Jo, Jr., and Meyer, F. W., 1976, Ground-water gquality
at the site of a proposed deep-well injection system for
treated wastewater, West Palm Beach, Florida: U.5. Geological
Survey Open—-File Report 76-31.

“The U.8. Geological Survey collected seientifie and technical
informatlon before, during, and after construction of a deep test
well at the leocation of a future regional waste-water trestment
plant to be built for the city of West Palm Beach, Florida. Data
from the test well will be used by the city in the design obf a pro-
posed deep-well injection system for disposal of effluent from the
treatment plant. Shallow wells in the vieinity of the drilling
site were inventoried and sampled to provide a data base for de=
tecting changes in ground water guality during construation and
later operation of the deep wells., 1In addition, 16 small-diameter
monitor wells, ranging in depth from 10 to 162 feet, were drilled
at the test site. During the drilling of the deep test well, water
samples were collected weekly from the 16 monitor wells for deter=-
mination of ehloride content and specific conductance. Tyidenze of
small spills of salt water warc found in monitor wells ranging in
depth from 10 to 40 feet. Lfforts to remove the salt water [rom
the shallow unconfined aquifer by pumplng were undertaken by the
drilling contractor at the requast of the city of West Palm Eeach.
The affected area is small and there has been o reduction of chlor=
ide concentration.” (Quoted from authors' abstract.)
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Rodis, H. G., 1973, Encroaching saltwater in northeast Palm Beach
County, Florida: Flerida Bureau of Geology Map Series 59.
Scales varvy.

This report consists of diagrams describing the causes of
saltwater intruslon and possible solutions to the problem.

Resendahl, P. C., and Rose, P. W., 1979, Profile water quality
standards: Everglades Nationmal Park: U.5. National Park
Service.

"Water quality criteria were developed for delivery waters to
Everglades National Park. The park receives a minimum of 12.34
m3/$ﬂd (315,000 acre~fr/yr) of water from controlled sources
external to its boundary. Theso waters often originate from areas
that are or potentially are Impacted from urban and agricultural
developments. When, in 1970, the U.S. Congress guaranteed minimum
water deliveries to Everglades Nationmal Park, it also required that
these waters be of good quality.” (Quoted from authors' abstract.)

Rosenstiel, D. H., and Lewis, 1971, An ecological study of south
Biscayne Bay and Card Scund, Florida appendix-chemistry:
University of Miami School of Marine and Atmospheric Sciences.

Four chemical appendixes are presented in this paper. Appen
dix 1 consists of tabulated chemical data from the ecological study
of south PRiscavne PBay and Card Sound. Appendix LI consists of
ghemical and hydrologic data obtained from the area of thermal
discharge adjacent to the Florida Power and Light's Turkey Polnt
Cenerating Plant in Lower Biscayne Day. Appendix ITI discusses the
use of the Perkin Flmer HGA-70 heated praphite atomizer for use in
salectad volatalization. Appendix 1V discusses the cbsarvations
and relationship to observations made of the water temperatures of
the thermal plume.

Russell, G. M., Hanson, C. E., and Pitt, W. A. J., Jr., 1978,
Water quality in the 0ld Plantation Water Contrel Distriet,
Broward County, Florida = Progress Report, July 1976 - June
1977: U.S. Geological Survey Open—File Report 78-411.

"Water quality in the 01d Plantatien Wataer Control Distrier in
RBroward County, Florida has been affected by effluent {rom scwage—
treatment plants, apriculture, and storm—water runcff. Effect of
the elfluent from sewageo—treatment plants on water quality was evi-
dent at 3 sites where concentrations of nutrients and bhacteria in
the Broward County canals exceeded state standards of 2,400 colo-
nies per 100 milliliters for total coliform bacteria, and where at
2 of the 3 sites the fecal coliform/fecal streptoceccus ratios in-
dicated possible human contamination. The effect of agriculture on
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water quality was evident where relatively high levels of chlorina-
ted hydrocarbon insecticides had councentrated in the bottom sadi-
ments of the canals. For example, DDD reached levels of 330 micro-
grams per kilogram at site 3. The cffects of storm-water Tunofl on
water quality were detected during the wet season when concentra-
tions of several trace elements increascd. For example, zine aver-
aged 30 wicrograans per milliliter in the wet season compared with
20 microzrams per milliliter during the dry season.” (Quoted from
authors' abstrace.)

Russo, T. N., 1974, Indicators of organic contamination in Planta-
tion canal, Broward County, Florida, 1971-72: Florida Bureau
of Geology Report of Investigations 70.

This report documents "¥%¥% {he water—quality characteristics
of a contaminated controlled canal. The repert demonstrates the
value of the physical, chemical and biological properties of the
bottom sediments in providing an overall picture of the long=term
effects of contamination.” (Quoted from author's purposs and
sCOpe.)

Russo, T. N., and McQuivey, R. 8., 1975, Simulation of DO and ROD,
Plantation Canal, Broward County, Florida with an evaluation
of a stream—quality routing model for use in south Flovida:
U.S. Geological Survey Water—Rescurces Investigations 59-75.

"A nathematical model; QUAL—I, developod by the Texas Water
Developmant Board, was evaluated as a management tool in pradicting
the spatial and temporal distribution of dissolved oxygen and bio-
chemical oxygen demand in Plantation Canal. Predictions based on
the QUAL-T model, which was verified only against midday summer—
flow conditions, showed that improvement of guality of inflows from
sewape treatment plants and use of at least 130 ecubie feet per
second (3.7 cubic metres por second) of dilution water would im-
prove water guality in the canal signifleantly.

"The model was not fully amenable te use on Plantation Canal
because: (1) it did not consider photosynthetic production, nitri-
fieation, and benthic oxygen demand as sources and sinks of oxypen;
(2) the model assumption of complete mixing, transport, and steady
state were not met; and (3) the data base was inadequate because it
consisted of only one set of data for ecach casc. However, it was
felt that meaningful results could be obtained for some sets of
conditions.” (Quoted from auvthors' abstract.)
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Schneider, Jo J.o, 1969, Tidal relations in the south Biscayne Bay
area, Dade County, Florida: U.5. Geological Survey open=file
report FL-69008. X
"Development of the waterfront lands of southeast Dade County

depends vpon the construction of sea walls (bulkheads) and filling

of the lowlying land. To assist Dade County oflicials in planning
the developmnent of the area, an investigation was made to determine
the elevstion of mean hizh water and tidal patterns in the south

Biscayne Bay area. The results of the investization are bascd on

records collected from ten tide gages during the peried July 1,

1967 through June 30, 1968. Prior records from most of the gages

were available for correlation. The elevation of mean high water

was 1.5 feet In central Biscayne Bay and 0.9 foot in the lower
bays. The mean tidal range was 2.0 feet in central Biscayne Bay
and 0.5 foot in the lower bays. The difference between mean half
tide and mean water levels was found to be negligible at all sta-
tions. The time lag for hipgh and low tides, referred to Miami
Beach, was approximately one hour in Biscayne Bay and 6 hours at
Manatee Bay." (Quoted from author's abstract.)

Sehneider, J. J., 1970, Tidal relations along the intracoastal
waterway, Broward County, Florida: TU.S5. Geologieal Survey
open—file report FL-70006.

“One of the most intensely develepsd urban areas in the Nation
borders the Intracoastal Waterway in Broward County. An investipa=-
tion was made to assist County officials in establishing the eleva—
tion of mean high water and tidal patterns alonp the waterway. The
results of the investigation are based on recovds collected from
five tide gates, during the period Mareh 1, 1968 through lebruary 28
1969. Along the waterway, mean high water was approximately 1.5
feet above mean sea level. The mean tidal range in the waterway at
Hollywood was 0.6 foot less than the tidal range of the cecean at
Miami Beach. The differcnce between mean half tide and mean water
level was negligible at all stations. The average time difference
for high and low tides, referred to Miami Beach, ranged [rom zero
at Port Everglades to plus one hoor and 40 minutes at Hollywood.”
(Quoted from author's abstract.)

Sehneider, J. J., 1973, Tidal relations along the intracoastal
waterway, Palm Beach County, Florida: U.S5. Geological Survey
open—-file report FL-73021.

"From September 1, 1971 through August 31, 1972, mcan high
water along the Intracoastal Waterway in Palm Beach Counly ranged
from 1.71 to 1.87 fecr above mean sea level, datum of 1929, he
mean tidal range varied from 2.33 to 2.69 feet. Tho difference
between half tide and mean sea level varied between ~0.01 foot at
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Delray Beach Lo +0.05 foot at Juno Boeach with a zero variation at
Southern Blvd. and Blue Heron Blvd.  The averace time difference
for high tides referred to Miami Beach, ranged from plus 20 minutes
at Riviera Feach to plus 1 hour and 50 minutes at Delray Beach.”
(Quoted irom author's abstract.) '

Schneider, J. J., 1976, Geologie data from test drilling in Palm
Beach County, Florida, since 1970: U.5. Ceological Survey
Open=File Report 76-713.

"Test hole data that may be used to determine the type and
character of the subsurface materials and the thickness and areal
extent of the shallow aquifer are presented. Lithologic logs from
66 test wells and geophysical logs from 54 test wells are contained
in this report.” (Quoted from author's abstract.)

Sehroeder, M. C., 1953, Stratigraphy of the outcropping formations
in southern Florida; in carbonate deposits in south Florida:
8th field trip guidebook: Southeastern Geological Society.

A generalived degeription of the geologic characteristics and
stratigraphic relationship of the cuteropping formations of south
Florida is discussed and supplemented by generalized geologic
cross-secetions showing the Jlitholopy of the Lake Flint Marl, Fort
Thompson Tormation, Caloosahatcheo Maril, and the Anastasia Forma-
tion.

Sehroeder, M. C., Klein, Howard, and Hoy, N. D., 1958, Biscayne
aquifer of Dade and Broward counties, Florida: Florida Ceo—
logieal Survey Report of Investigations no. 17.

"The Biscayne aquifer is the only scures of fresh ground water
in Dade and Braoward counties, Florida. Composaed of highly perme-
able limestone and sand mainly of Pleistocene age, the aguifer
supplies large quantitiecs of water, of excellent quality oxcept for
hardness, for munieipal, industrial, and irrigational use. The
aguifer attains its maximum thickness in the Atlantie ccastal areas
and wedges out in western Dade and Broward Counties.

"Water—table conditions prevail in the Biscaynz aguiier, and
the water table fluctuates with variations in rainfall, evapotrans-
piration, and pumping. High ground-waicr levels occur during the
fall months and low levels during spring and carly summer. The
highest watoer levels of record occcurred in Getober 1947, when in-
tense rainfall accompanying a hurricane flooded lLarge areas through-
out the twe covntics. Major discharge from the aquiler occurs by
natural outflow and evapotranspiration. The average daily pumpape
from the Biscayne aguifer in 1950 is estimated to have been 130
million gallons.
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"Permeability tests show that the limestone of the Biscayne
aquifer rank among the most productive aguifers ever investigated
by the U.S5. Geolopical Survey.

“Galt-water encroachment in the aqulfer has taken place in
coastal areas of southeastern Florida. The greatest inland advance
of salt-water intrusion has occurred as Zongues along tidal drain-
age canals and rivers.” (Quoted from authiors'. abstract.)

Schroeder, M. C., Milliken, D. L., and Love, S. K., 1954, Water
resources of Palm Beach County, Florida: TFlorida Bureau of
Geolopy Report of Investigations no. 13.

"The principal source of ground water in Palm Beach County is
the water—table aguifer, which ranges in thickness from 60 to 300
feet and is composed ol the surface sands and the permeable lime-
atone and shell beds underlving them. About 8,000 million gallons
was withdrawn from this aquifer by wells in 1951, The capability
of the water—table formations to transmit water to wells differs
greatly from place to place in the county, but large quantities of
shallow ground water are available in most parts of the county.
The aquifer discharges large quantities of water Into canals that
annually discharge aboul five times as pueh water into the ocean as
they receive {rom Lake Ckeoechobee. Principal recharge of the agui-
fer is by loecal rainfall which averapes about 60 inches a year.”
(Quoted from authors' abstract.)

Seott, W. B., 1976, Hydraulic conductivity and water quality of
the shallow aquifer, Palm Bzach County, Florida: U.5. Geo—
logical Survey Water—Resources investigations 76-119.

"Subsurface geophysical and lithologic logs were correlated
with aquifer tests and laboratory test data to estimate the hy-—
draulic conductivity of selected =zones of the shallow aguifer.
These zomes are, in order of decrecasing hydraulie conductivity,
7-1, Z-2, and Z~3. The hydraulic conductivity of the shallow aqui-
fer is estimated to range from 1 to 130 feet per day (0.3 to 40
meters per day), based on litholeg and physical properties. The
yield of wells penetrating this aquifer ranges from 100 to wore
than 1,000 gallons per minute (6 to 60 liters per second).

“7ane Z-4 represents the upper part of the numerous conlining
layers which scparate Lhe underlying Floridan artesian aquifer from
the non-artesian shallow aquifer. 1Cs hydraulie conductivily
generally is less than 1 fr/day (0.3 meter per day). The yield of

]

wells penetrating this zons 1s lenss than 100 gal/min (6 liters per
second).” (Quoted from author's abstract.)



Secott, W. B., Land, L. F., and Rodis, H. G., 1977, Saltwater
Intrusion in the shallow aquifer in Palm Beach and Martlin
Counties, Florida: 1U.5. Ceological Survey Water—Resources
Investigation 76-135,

"The withdrawal of large quantities of fresh ground watecr in
the vicinity of the coast has redueced or locally reversed the
natural seaward hydraulie gradient and, in places, allowed salt-
water to advance landward in the aquifer, displacing freshwater.
This landward advance is termed saltwater intrusion. The purpose
of this report is to shew the pesition of the saltwater front In
elght urban areas adjacent to the coast. The saltwater front, as
shown on the profiles, is based on a chloride concentration of 250
mg/L which is recommended as a limit for water that is considered
potable (NAS and NAR, 1973). The chloride concentratioen of native
freshwater almeost always is less  than 30 mg/L in the coastal
aquifer.” (Quoted from authors' introduction.)

Sherwood, C. B., 1959, Ground-water resources of the Oakland Park
area of eastern Broward County, Florida: TFlorida Geological
Survey FReport of Investigations no. 20,

"The Biscavne aquifer is bthe source of all [resh ground water
in the Oaldand Park ares of eastern Broward County, Florida. This
aquifer extends from the land surface rto more than 215 feet below
mean sca level and is composced chicfly of sandy marivne limestone,
calcarcous sandstone, and beds of fine to medium quartz sand. The
aquifer differs from place to place, but, in general, most of the
layers of limestone and sandstons occur at depths below 60 feet.
The permeability of Lhe aguifer inereases with depth.®%% ‘

“Chemical analyses of ground-water samples indicate a hard
limestone water that is suitable, naturally or with treatment, for
most ordinary uses. Periodie determinations of chloride content of
the ground water show that some salt—-water encroachment has oc-—
curred in areas near the ecoast and in the Midile River basin.”
{(Quoted from author's abstractl.)

Sherwood, C. B., and Klein, Howard, 1963, Surface and pround water
relation In a highly permeable envirenment: U.5., Ceological
Survey, extract of Report of Investigations €3, 1963, Inter-
national Association of Selentif{ic Hydrologv.

"Ma jor problems of floedinn, drought, and salt—water encroach-—
ment occur in the mushreooming urbanized area of southeastoern
Florida because of the uncqual distrvibution of rainfall and the
highly integrated nature of the surface and ground-waler {low
system., lowever, hyvdrolopie studics in the vielnity of levees and
controlled canals of the massive regional flood-control system and
in municipal well fields, show that (he excellent interconnection
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between canals and the aquifer facilitate effective management of
the water resources. The regulation of stapes and flows in the
network of controlled canals, which connect larpe inland conserva-
tion areas to the coast, provides gravilty drainage of flood waters
to the sea and fresh water for recharge by infiltration to the
highly permeable Biscayne aquifer for municipal supplies and the
control of salt-water encroachment during droughts.

"Levee underseepage is appreciable at the south end of the
system where limestone is near the surface; however, it is retarded
somewhat by thin beds of marl and dense limestone of low vertical
permeability. Seaward losses of [resh water, incurred in the pre-~
vention of salt-watcr encroachment, constitute a relatively minor
part of the overall freshwater potential of the ares. The losses
wlll be greatly exceeded by municipal well-ficld withdrawals when
maximum urbanization oceura. Careful momitoring of drawdowns in
well=-field areas and of the inland extent of the salt [ront as well
as predictions of the effects of proposad changes in the flow sys-
tem are essential to the complete management of this regional water
resource.  (Quoted from authors' abstract.)

Sherwood, C. B., and Leach, S. D., 1962, Hyvdrologic =studies of the
Snapper Creek Canal area, Dade County, Flerida: Florida Geo-
logical Survey Report of Investigations no. 24.

“The Snapper Creek Canal drains the gouthernmost part of the
Greater Miami area and a part of the lower Everglades in Dade
County, Florida. The canal and a control strueture near Biscayne
Bay are part of a water—control system designed to provide maximum
drainapge durving flood periods and to maintain water levels hizh
enough to retard salt-water encroachment during dry perleds.

"The area is underlain by highly permeable limestene and sand
of the Biscayne aguifer. Beecause of the high permeability, there
is excellent hydraulie interconnecticn betwsen the canal and the
aquifer, and inflow to or losses from the canal oceur rapidly in
response to changes in ecanal levels. When the controi structure Is
closed, canal levels along the lower reach are generally higher
than ground-water levels and appreciable losses frow the canal oo
eur by underflow teoward the bay. BExecept under very low water con=
ditions, these losses are balaneced by ground-water inflow from the
western part of the coasral ridge. When extreme drought conditions
provail, it is estimated that about 30 cfs {(cubie ieet per second)
will be needed in the canal to balance the losses that will occur
if a water level of 2.75 feet above msl {mean sea level) is main-
tained in the eanal at the control strusture. During proloaged
droughis a large part of the watar withdrawn by the nearby city of
Miami well fields will be derived from inflliracicon from the canal.
This loss could amount to more than twice as much as the natural
losses from the system.” (Quoted frem authors' abstract.)

52



s

Sherwood, C. B., McCov, H. 5., and Galliher, C. F., 1973, Water
resources of Broward County, Floridar Florida Bureau of
Geology Report of Investigations no. 65.

"The purposce of this report is to deseribe the water resources
and water problems of Broward County and to evaluate the presont
and future potential of the resources. The water resources are
portrayed by description of greound and surface-water flow syslems)
hydrologzic characteristics of the principal agquifers, primary ca=
nals, and water conscrvation dreas; and a suamary of warter—quality
and water—use data.” (Quoted from authors' purpose and scope.)

Swayze, L. J., 1979, Water-level contour map of the Alexander Orr
and Southwest well-{ield areas, Pade County, Florida, October
12, 1978: U.S. Geological Survey Open=Filc Report 79-1264,
scale 1:24,000.

Map showing water—level contours of Alexander Orr and South-
west well-field arcas in Dade County, Florida.

Tarver, G. R., 1964, Bydrology of the Biseayne aquifer in the
Pompanoe Beach arca, Broward County, Florida: Florida Bureau
of Geology Report of Investigation no. 36.

The ground-water investipation of the Biscavne aguifer in Pom-
pano Beach area consisted of the following: "(1) an inventory of
wells, (2) installatdion of two automatic water—-level recording
gages, (3) installation of shallow wells {or water-level obscrva-
tions, (4) drilling of four deep test wells to determine the char—
acter of the sediments and the quality of the water in the Biscayne
aquifer, (5) leveling to refer measuring points te mean sea level
altitudes, (6) periodic water—level measurements, (7) periocdic de-—
termination of the chloride content of water from wells and bodies
of surface water, and (8) pumping tosts to determine the water
transmitting and storing properties of the aguifer.” (Quoted from
author's purpose and scope.)

U.S. Army Corps of Engineers, 1959, Survey-review report on South
Dade County — Central and Scuthern Florida Project; south Dade
County.

“This roport reviews the Comprehensive Report on Central and
Scuthern Florida For Flood Control and Other Purposes *%% with re-
spect to flood- and water-control problems in the portion of South
Dade County described in chapter IT1. Field investipations for this
report included meteorologie, geolopic, hydrographie, and economic
surveys of the ares. Available data developed in connection with



design memorandum studics on the Gentral and Southern Florida Pro-—
ject were reviewed and brought up to date, and material submitted
by local intercsts was given careful consideration. General in-
spections were made to determine thie area subjeet to [looding.”
(Quoted from author's purpose and scope.)

U.5. Army CJorps of Englneers, 1960, Survey-review report on Central
and Sourhern Florida Project; Part 1 agriculture and conscrva-
tion areas supplement 33 -- seneral design memorandum, Conser—
vation Area No. 3.

"This report presents hydrelogic and hydraulic data and deter—
mines a plan of improvement for Conservation Area No. 3. The
principal factors affecting the plan of improvement are the amount
of storage required in the pool for low-water regulation; control
of scepage through porous rock under some levecs; location and
capacity of structures needed to control water levels in the pool
and on adjacent areas; and the alinement and prade of the levees
neceded to protect adjacent areas from flooding or to retain water
for use during dry periods.” (Quoted from anthor's purpose and
scope.)

U.S. Army Corps of Engincers, 196la, Survey-review report on Cen-—
tral and Southern Florida Project; Cutler drain arca project.

"This report reviews the Comprehensive Report on Central and
gputhern “lorida for Flood Control and Other Purposes *%% with
respect tu flood- and water—control problems in the area**%. Field
investigations for this report included meteorologie, geologie,
hydrographic, and economic surveys of the area. Available data
developed in connsction with design menorandun studies on the Cen-
tral and Gouthern Florida Project woere reviewed and brought up Lo
date, and material submitted by local interests was given careful
congideratrion. General inspections were made Lo dotermine the area
subject to flooding.” (Quoted from author's purpose and scope.)

U.§. Army Corps of Fngineers, 1961b, Survey-review report on Cen=
tral and Southern Florida Project; Greater Miami area (area
B).

"This report reviews the Comprehensive Repart for Central and
Southern Florida with respeet to the sparsely develeped portion of
the Creater Miami area (Area B) lying between the developed arca
(Area A) and Conservation Arca no. 3, all in Dade County, Pla.
(Those area designations woere arhitrarily chesen for convenience of
reference in lieu of better deseriptive regional names). *%% Field
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investigstions for this current report included meteorologic, hy-=
drographic, and coonomic surveys of the arca. Available [ield data
on subsurface cxplorations and topography developed in coonection
with design memorandum studies on Lthe Central and Southern Florida
Project were also used. General inspections were made to determine
the area subject to flooding.” (Quoted from author's purpose and
SCOpE. )

Ue8s Army Corps of Engincers, 1963, Survey-review report on Central
and Southern Florida Project, southwest Dade County (mimec—
_graphed report).

"This report reviews the Comprehensive Report on Central and
Southern Florida with respect to the sparsely developed portion of
central Dide County, Fia., lying between the alinement of Lovee
J1(N) of the project under review and the boundaries of Fverglades
National Park, all lying south of Tamiami Canal.

"Field investigations for this current report include meteor—
ologie, hydrologic, and cconomic surveys of the area. Available
field data on subsurface cxplorations, topography, and underground
gseepage characteristics developed in connection with design momo—
randum studies on the Central and Southern Florida Project were al-
g0 used. General inspections weve made to determine the area sube-
ject to flooding and the suitability of the land for agricultural
and other types of development.” {Quoted from author's purpose and
SCOpPE.) '

U.S. Army Corps of Engineers, 19068a, Survey-review report on Cen-
tral and Southern Florida Project: water resources for central
and southern Florida, appendix I.

“This report reviews the Comprehensive Report on Central and
Southern Florida for Flood Control and Ather Purposes #*%% with re—
spect to flood- and water—control problams in the areca #*#%%. Field
investigations for this report included metcorologic, geologie,
hydrographie, and economic surveys of the area. Available data
developed in counection with desipgn memorandun studies on the Con-
tral and Southern Florida Project were reviewad and brought up to
date, and material submitted by local interests was given careful
consideration. General inspections warae made to determine the area
subject to flooding.” (Quoted from authsr's purpose and scope.)

U.5. Army Corps of Pnpincers, L1568h, Survey-review report on Cens=
tral and Southern Florida Project; water rescurces for central
and southern Florida, main report.

This report reviews the water resources [or central and soubh-
ern Florida. IU iveludes geclogic, hydrelegic, and soil data.
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U.S. Federal Water Quality Administration, 1970, Pellution of the
waters of Dade County, Florida.

"This report discusses the effects on water quality of the
numerous waste sources discharging inte the canals, coastal waters
and ocean in and adjacent to Dade County. The necessary actions
required to alleviate the problem are zlso discusazed. Data for
this report were furnished by the Florida State Alr and Waler
Pollution Control Board, and additional data were collected by the

Federal Water Quality Administration, Lower Florida Estuary Study.”

(Quoted from author's introduction.)

U.5. Geological Survey, 1973, Land use and land cover, 1973, West
Palm Beach, Florida: U.S. Geological Survey Land Use Seriles
Map 7.=~85, scale 1:250,000.

A map portraying the land use of Palm Feach Counties, in-
cluding the following sections: Urban or built up land, agricul-
tural land, rangeland, forest land, water, wetland, barren land,
tundra, and perennial snow or ice.

U.5. Geological Survey, 1976, Water resources data for Florida,
water vear 1975 == wvolume 2: Southern Florida: U.S5. Geo—
lopical Survey Water Data Report FL-/5-2.

"Water resources data for the 1975 water year for south
Florida consist of records of stage, discharge, and water quality
of streams; elevation and water quality of lakes and reservoirs;
water-levels and water guality of welle; and discharpge and water
gquality of springs. Additional waler data were collected at vari-
ous sites, not part of the systematic data collection program, and
are published as miscellancous measurcments. These data reprosent
that part of the National Water bata Systen operated by the U.S5.
Geolopical Survey and cooperating state and fedoral apencies In
Florida." (Quoted from author's introdvetion.)

U.S. Geological Survey, 1977, Water resources data for Florida,
water year 1976 == volume 2: U.S. Geological Survey Water=
Data Report FIL-76-2. ’

"Water resources data for the 1976 water year for south
Florida consist of records of stage, discharge, and water quality
of streams; elevation and water guality of lakes and reservolrs;
water—=levels and water quality of wells; and discharge and water
quality of springs. Additional water data were collected at vari-
ous sites, not part of the systematic data cclleaticn propram, and
are published as miscellaneous measurements. These daln represcnt
that part of the National Water Data System operated by the U.S5.
Geologieal Survey and ecooporating state and federal agencics Lo
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Florida." (Quoted from author's introduction.)
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U.S. Geolopical Survey, 1978, Water resources data for Florvida,
water year 1977 == volume 28: southern Florida: U.5. Ceo-
logical Survey Water—Data Report FL=77=2H.

"Water resources data for the 1977 water year for south
Florida consist of records of staga, dissharge, and water quality
of streams, elevation and water quality of lakes and reservolirs;
water—levels and water quality of wells; and discharpe and walter
quality of springs. Additional water data were collected at vari-
ous sites, mot part of the systematic data collection program, and
are published as miscellaneous measurementas. LThose data reprasent
that part of the National Water Data System operated by the U.S5.
Geological Survey and cooperating state aud foderal agencies in

Florida." (Quoted from author's introduction.)

Vorhis, R. C., 1948, geology and pround water of the Fort Lauder=
dale arca: Florida Geologlcal Survey Report of Investigations
no. 6.

The geolopy and ground water of Fort Lauderdale was inter—
preted from the foilowing zeolozie and hydrologic data: (1) Areal
extent and vertical distrvibuticn of warter—hearing formations
(aquifers); (2) Hydrologic and litholopic characteristics of those
aguifors; {(3) Quality of water at various dapths in aguifers; (4
Present extent of and probable future salt=wator enroachment; (5)
Elevation and shape of the water table In the well—field arca at
various times of the year; {6) Effect on the water table of pumping
from wells, as shown by the mapped cone of depression sround the
well field: (7) Effect on the water table or drainage ditcehes and
other developments; and (8) Average height of water table at vari-
ous places in the area.’ (Quoted from author's intrroduction.)

Waller, B. G., 1976, Analysis of selected benthic communities in
the Florida Everglades with relercnce to their physical and
chemieal environment: U.S. Goolopical Survey Water—Resources
Investigatlions 76=28.

"Species diversity and numbers of benthic meeroinvertebrates
were determined at 12 sites, both cannly and msrshes, in the BEvers
glades of south Florida. The values caleulated are used to indi-
cate long—term trends in water guality and variations between study
areas.

"Species diversity at all sites was generally in a range in-
dicative of depraded water quality. The numbor of organisms per

square metre of bottom surface was highly variable ranging from 42
to 8,200 organisma.
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