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Honorable Farris Bryant, Chairman
Florida State Board of Conservation
Tallahassee, Florida

Dear Governor Bryant:

The Florida Geological Survey is publishing as Report of
Investigations No. 24, Part I, a report on the hydrologic conditions
in the vicinity of Levee 30, northern Dade County, which was
prepared by Howard Klein and C. B. Sherwood of the U. S.
Geological Survey. This report was prepared in cooperation with
the Central and Southern Florida Flood Control District, and this
department is publishing the report in its regular series of water
resources papers.

The formations that underlie Levee 30 are a part of the very
permeable sediments that underlie the southern tip of Florida.
The opportunity to make this study has provided important data
relative to the transmissibility of the sediments and will assist
in design of control structures and in-the development of the water
resources of southern Florida.

Respectfully yours,

Robert O. Vernon, Director
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HYDROLOGIC CONDITIONS IN THE VICINITY OF LEVEE 30,
NORTHERN DADE COUNTY, FLORIDA

By
Howard Klein and C. B. Sherwood

ABSTRACT

Thin layers of dense limestone of low permeability that occur
near the top of the Biscayne aquifer in the vicinity of the north
end of Levee 30 in Dade County, Florida are of hydrologic im-
portance because they retard the downward infiltration of ponded
water in Conservation Area No. 3. This retarding effect frequently
results in high head differentials across the levee. Tests made in
a small area adjacent to Levee 30 indicate that the coefficient of
transmissibility 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 350 mgd (million gallons per
day), or 540 cfs (cubic feet per second), per mile length of levee
when the head difference across the levee is 10 feet.

INTRODUCTION

GENERAL STATEMENT AND PURPOSE

One of the major responsibilities of the Central and Southern
Florida Flood Control District is to minimize flood damage in urban
and agricultural areas west of the coastal ridge in southeastern
Florida. A second function is to protect areas of potential urban
development. A large area of anticipated growth in Dade County
(shown as Area B in fig. 1). is west of Miami and extends about
10 miles eastward from Levees 30 and 31.

The initial project of the Central and Southern Florida Flood
Control District was the construction of an east-coast protective-
levee system west of the Atlantic Coastal Ridge, extending from
Lake Okeechobee southward into Dade County. Levees 33, 30, and
31 form the southern terminus of this levee system and are shown
in figure 1. Its primary purpose was to alleviate flooding in urban
and agricultural land, along and adjacent to the ridge, by retarding
the overland eastward flow of floodwaters from the Everglades.
When the flood-control system is completed, part of these excess
floodwaters will be impounded in conservation areas west of the

1
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Figure 1. Map of northern Dade County showing the area of investigation.

levee. Regulated releases of water will be conveyed by canals from
conservation areas to coastal areas to replenish ground-water
reservoirs during periods of drought.

This report is one of a series prepared in cooperation with the
Central and Southern Florida Flood Control District. The general
purposes of these investigations are (1) to define the hydrology of
certain areas within the Flood Control District, (2) to determine the
effectiveness of existing flood-control and water-control measures,
and (3) to furnish hydrologic data that will be used in the design
and operation of proposed and existing structures and works.
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The purpose of this investigation is to define the hydrologic
characteristics of the water-bearing materials in the vicinity of
Levee 30 in northern Dade County, in order to determine the
feasibility of controlling water levels in Area B for maximum flood
protection. Included is an analysis of the relation between the im-
pounded water west of Levee 30 and the ground water in the area.
From this relationship estimates of ground-water underflow along
Levee 30 can be computed under existing conditions and under
anticipated water-level conditions. Midway in the data-gathering
stage of the investigation, major road construction altered the
canal system in the immediate area and caused changes in water
levels and discharge of canals. This resulted in curtailing of the
field work; therefore the results of this investigation should be
considered preliminary.

The work was done under the general supervision of P. E.
LaMoreaux, chief, Ground Water Branch, Washington, D. C., and
under the immediate supervision of M. I. Rorabaugh, district
engineer, Tallahassee, Florida.

PREVIOUS INVESTIGATIONS

A comprehensive report by Parker and others (1955) presented
fairly complete information on the geology and hydrology of south-
eastern Florida, and Parker (1951) gave estimates of the
availability and adequacy of the ground-water supplies of the
Biscayne aquifer which underlies southeastern Florida. Schroeder
and others (1958) summarized additional data on the Biscayne
aquifer collected since 1950. Stallman (1956) made theoretical
computations on the effect of drainage in the area west of Miami
and gave estimates of the amount of seepage that might occur
beneath Levee 30 under certain assumed conditions. A
mimeographed report by the U. S. Army Corps of Engineers
(1953) described the results of permeability tests along different
levees within the Flood Control District.

ACKNOWLEDGMENTS

The writers are indebted to personnel of the Surface Water
Branch, U.S. Geological Survey, Miami, Florida, for making dis-
charge measurements in the Levee 30 Canal and furnishing water-
level information along the Miami Canal. Gratitude is expressed
also to the Public Works Department of metropolitan Dade County
for the record of water-level stages for several observation stations
in the area. The office of the Central and Southern Florida Flood
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Control District furnished complete information on the location,
the construction details, and the layout of the Corps of Engineers
test sites near Levee 30. The writers benefited from technical
discussions with F. A. Kohout of the Miami office, and H. H. Cooper,
Jr, and N. D. Hoy of the Tallahassee office, U. S. Geological Survey.

DESCRIPTION OF AREA

The area described in this report comprises 60 square miles
chiefly in northern Dade County, Florida (fig. 1). Figure 2, which
is a large-scale map of the report area, delineates the test site
within the area, locates certain water-level observation stations,
and shows the drainage features. The western part of the area is
traversed by Levees 30 and 33. These levees separate Conservation
Area No. 3, which normally contains ponded water, from Area B
which is swampy during much of the year. The altitude of the
land surface is about 5 feet above msl (mean sea level).
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Figure 2. Map of area of investigation showing the location of the test area
and the location of selected observation stations.
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Figure 2. Map of area of investigation showing the location of the test area
and the location of selected observation stations.
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GEOLOGY

The area of investigation is underlain to a depth of 55 feet by
the Biscayne aquifer, a body of highly permeable limestone. The
Biscayne aquifer is underlain by relatively impermeable silt, marl,
and fine sand which retard downward seepage from the aquifer
or upward seepage from deeper materials.

The cross section in figure 3 gives details of the near-surface
geology near the north end of Levee 30 in Dade County, as
determined from shallow test holes drilled at site A-A' (fig. 4).
The area is blanketed by 3 to 5 feet of muck and marl that is
underlain by a layer of solution-riddled Miami oolite, a part of the
Biscayne aquifer, 1 to 2 feet thick. Figure 3 shows two thin layers
of very hard, dense limestone at depths ranging from 0.5 foot
above msl to 3.0 feet below msl. In contrast to the high permeability
of the underlying limestones, these thin layers appear to be
relatively impermeable; and the vertical flow of water through
them is many times less than the horizontal flow of water through
the deeper, more permeable rocks. By effectively retarding the
downward infiltration of water, the thin layers act as a confining

A DISTANCE IN FEET A
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Figure 3. Cross section A-A' showing details of the near-surface geology near
the north end of Levee 30.
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unit that separates the ponded water in Conservation Area No. 3
from the water contained in the permeable limestone.

Geologic information from test wells and shallow borings, and
reported information obtained in connection with canal excavations,
indicate that the hard layers of dense limestone occur throughout
most of Area B and in southern Dade County, and that they occur
at about the same altitude. Each of the wells (prefixed by letter
G) shown in figure 2 penetrated the impermeable layers approxi-
mately at sea level. Similar layers were noted in wells near the
southern terminus of Levee 31 (fig. 1), and in wells south of the
Tamiami Canal and west of Levee 31. It is reasonable to assume
that the relatively impermeable zones underlie much of Conser-
vation Area No. 3 and that their confining characteristics are
widespread. In places, the dense limestones probably contain
openings through which rainfall can infiltrate rapidly; however,
the overall continuity and the blanketing effect of these layers
in general tend to retard infiltration. In the Miami area to the
east, the Biscayne aquifer thickens and contains much sand. The
thin, dense limestones either thin and disappear or they occur
deeper in the aquifer near the coast.

DRAINAGE FEATURES

During the past 10 years the improved canal system that pro-
vides gravity drainage to Biscayne Bay, as shown in figure 1, has
effectively reduced flooding in Area A, the urbanized part of eastern
Dade County. The system, as designed, can remove large quantities
of excess runoff during rainy seasons and can lower ground-water
levels in order to furnish storage in the aquifer to accommodate
anticipated heavy recharge by rainfall. The controlled discharge of
the canals has furnished good flood protection in Area A and at
the same time has maintained adequate water levels in most coastal
areas to retard the inland movement of salt water.

Area A must be at least partially drained before any depletion
in storage can be effected in Area B; consequently, Area B normally
remains inundated or swampy during long periods. Also, the
eastward seepage beneath Levee 30 tends to maintain high water
levels in the western part of Area B. Area B is drained chiefly by
the Miami and Tamiami canals and to a lesser extent by the Snake
Creek and Snapper Creek canals. Their capacities are not adequate
to drain Area B by gravity during the rainy seasons.

Figure 2 shows the drainage features of the report area and
indicates the normal directions of flow in the major canals. The
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discharge of the Miami Canal is regulated by a control located at
36th Street, Miami, 6 miles inland from Biscayne Bay (fig. 1). The
control normally is opened a few weeks before the rainy season and
remains open throughout the rainy season to facilitate the discharge
of excess water. During open periods the effect of tides extends
upstream to a point beyond the Pennsuco Canal (fig. 2). After the
rainy season the control is closed in order to conserve water for
heavy municipal and irrigation use during the following dry months
and to maintain high water levels along the coast as a protective
measure against salt-water encroachment.

The main tributaries of the Miami Canal in northern Dade
County are the Levee 30 and 33 canals, the Pennsuco Canal, and
the Russian Colony Canal. Flow in some canals is controlled by
use of earth dams or manually operated sluice gates as located
in figure 2. The Levee 30 Canal is controlled at the Dade-Broward
Levee and its flow to the Miami Canal is maintained by seepage to
the northeast around the control and by ground-water inflow
between the control and the Miami Canal. The control in the
Levee 30 Canal usually remains closed. The flow in the reach of
the Levee 30 Canal upstream from the control is so small that

-X rXL, TiON R 939E R40E
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Figure 5. Contour map of the area investigated showing the altitude and
configuration of the water level on January 21, 1960.
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ordinarily it cannot be measured. Probably there is a very low water
divide along the north-south reach of the canal from which there
is a slight southward gradient toward the Tamiami Canal and
northward gradient toward the Miami Canal.

The southward flow in the Levee 33 Canal is controlled at the
Miami Canal. Operation of this control depends upon the ability
to maintain water stages of 3.0 to 3.5 feet above msl at station
M3, in the Miami Canal where it is joined by the Pennsuco Canal.
When the stage is below this level, the control is opened and water
is released into the Miami Canal to replenish supplies in the down-
stream reaches.

The southern part of the area is drained by the Pennsuco
Canal, which extends westward to the Dade-Broward Levee, and by
the Russian Colony Canal; however, effective drainage by the
Russian Colony Canal extends only about 31/½ miles west of its
confluence with the Miami Canal. The westward extension of this
canal is shallow and unimproved and therefore is effective only
during flood periods. Partly effective drainage probably takes place
along the shallow diagonal canal north of the Pennsuco Canal.

HYDROLOGY

WATER LEVELS AND MOVEMENT

Widespread fluctuations of water levels in Dade County are due
to recharge by rainfall, to discharge into drainage canals and Bis-
cayne Bay, and to evapotranspiration. Water levels in this part
of northern Dade County are regulated also by the operation of
the control in the Miami Canal at 36th Street, Miami, and by
operation of controls in the Levee 30 and Levee 33 canals.

Figure 5 is a contour map of water levels in the area on January
21, 1960. The contours are based on water-level measurements
obtained from observation points in canals that cut through the
dense limestones and from observation wells. Water levels in the
area were relatively high at that time and the control at 36th
Street was open. The configuration shows that the drainage effect
extended along the entire uncontrolled reach of the Miami Canal
and its main tributaries and along the short reach of the Levee 30
Canal downstream from the Dade-Broward Levee. The pattern
of the contours indicates the effectiveness of drainage by deep
canals (Miami, Levee 30, and Pennsuco canals, and the lower
reach of the Russian Colony Canal) and the lack of effective drain-
age by the shallow canals. High heads are maintained above the



10 FLORIDA GEOLOGICAL SURVEY

control in the Levee 33 Canal and the control in the Levee 30
Canal; however, the close spacing of the contours at these controls
indicates that there is considerable seepage through the aquifer
around the controls.

It is important to compare the pattern of the contours east
of the Dade-Broward Levee with that adjacent to Levee 30 be-
tween the Dade-Broward Levee and the Miami Canal. The
distribution of the heads east of the Dade-Broward Levee indicates
that the shallow diagonal canal and the Dade-Broward Levee
borrow canals do not have an appreciable drainage effect. In
contrast, the steep gradient on the northwest side of Levee 30 and
the low gradient on the southeast side indicate that the Levee 30
Canal is intercepting nearly all the underflow along Levee 30.

High water levels prevailed throughout this part of northern
Dade County during 1958-59 and the early part of 1960. On May
8, 1958, the 36th Street control was opened and drainage of the
area proceeded until January 5, 1959, when the control was closed.
The control again was opened on June 23, 1959, and remained opened
throughout the first half of 1960. During the entire period the
eastern part of Conservation Area No. 3 was inundated to depths
ranging from 1 foot to more than 4 feet. The area between Levee
30 and the Dade-Broward Levee also was flooded during the period,
but the depth of the water was less than that in Conservation Area
No. 3. Flooding east of the Dade-Broward Levee probably was
intermittent and corresponded with periods of heavy rainfall.

Figure 6 shows hydrographs of groups of observation stations
in the area for 1959 and the early part of 1960. The locations of
these stations are shown in figures 2 and 4. The hydrographs show
the relation between canal stages and ponded-water stages in the
area adjacent to the Levee 30 and 33 canals and the Miami Canal.

The hydrographs of stations 30TW and 30TE show the variation
in head differential between the pool in Conservation Area No. 3
(30TW) and the stage in the Levee 30 Canal south of the Dade-
Broward Levee. During dry periods, such as March-May 1959,
the head differential across Levee 30 at this point was very small
and a temporary reversal of gradient (east to west) occurred at
the end of April and in early May. During the dry months, the
eastward underflow of water from Conservation Area No. 3 probably
was negligible as compared to that during periods of high water
stages (July 1959-January 1960).

The persistent high head differential represented by the hydro-
graphs of stations 30W and 30E show the effectiveness of the
control in the Levee 30 Canal at the Dade-Broward Levee. This



REPORT OF INVESTIGATIONS NO. 24 11

1959 1"960
S APR. MAY JUNE JULY AUG. SEPT. OCT NOV. DEC. FEB.102 I b IN l p0 10 020 I02 0 109 0 0 $ 8 I 16 0 020

S33 WPONDE - 9 (PONDED

II
l -- prI I 1 __lo r o-te3e...C.

0 0

w- -8----
w ' ..- -i i I i '"--^ -
Lid

•,6 -------- --- J---?oE  I i - "---- ---

Figure 6. Hydrographs of groups of observation stations for 19e9 and theS 30 early part of 1960.

a(Leveea:30 Caa!)d ptis differentialan4ge from 2.2feet during

ja reltivelydry peod to more than45 feet during high water

8 - __- __I _ _____ ____

Figure 6. Hydrographs of groups of observation stations for 1959 and the
early part of 1960.

differential in head suggests continuous leakage by underflow
around the control which tends to maintain, in part, the flow in the
lower reach of the Levee 30 Canal.

An outstanding feature of the hydrographs in figure -6 is the
high head differential between stations M9 (ponded) and M8
(Levee 30 Canal); this, differential -ranged from 2.2 feet during
a relatively dry period to more, than 4.5 feet during high water
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stages. Also shown in figure 6 are the heads maintained behind the
control in the Levee 33 Canal (station 33) and the control in the
Miami Canal at the Dade-Broward Levee (station Mil). A
comparison of the hydrographs of stations 30E and M8 shows the
low gradient through the downstream reach of the Levee 30 Canal.

A continuous record of water-level fluctuations has been obtained
from station G72 since 1940. A hydrograph of this station and
the annual rainfall at the Miami Airport are shown in figure 7.
The highest water level of record at station G72 was 9.4 feet above
msl in October 1947, and the lowest of record was 1.1 feet above
msl in June 1945. The hydrograph for the long period of record
gives a comparison between water levels before the levee system
and water-control practices were in effect (before 1952), and water
levels after the water-control measures were in operation (1952-
59). It can be seen that water levels during the drought period of
1955-56 did not decline as much as they did during the comparable
drought periods of 1944-45 and 1950-52. Also, it is apparent that
the unusually heavy rainfall of 1957-59 did not produce water levels
as high as those during the wet years 1947-48. These facts demon-
strate that the proper placement and operation of the existing
controls in canals can decrease flood damage during rainy seasons
and can maintain relatively high water levels during droughts.

RELATION BETWEEN PONDED WATER AND GROUND WATER

Three test sites were established adjacent to the Levee 30 Canal
downstream from the Dade-Broward Levee (fig. 4). The purpose

19391940.1941.1942 1943 1944194519461947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957.1958 I1

z MIAMI AIRPORT

10 G PRIOR TO WATER CONTROL ' WAT ER CONTROL-
S G72. IN EFFECT

z-

US
0

- SEA LEVEL

19391940 941 1421943 194441945 1946 1947 1948 1949 19501951 1952195319541955 19561957 1958 195

Figure 7. Hydrograph of station G72 for the period 1940-59 and the annual
rainfall at the Miami Airport.
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of studies at these sites was to determine the relation between
the impounded water in Conservation Area No. 3 and ground water
in the area. When this relationship is known, the amount of
underflow occurring beneath Levee 30 can be calculated for the
existing water-level conditions, and estimates of underflow can be
made for various assumed water-level conditions.

Each of the test sites consists of a line or lines of. test wells
perpendicular to Levee 30; these sites are shown in the profile
sections in figures 8, 9, and 10. The wells at site A-A' (fig. 8) are
the shallowest, but they penetrate the entire thickness of the dense
limestones and terminate in the upper section of the highly
permeable part of the aquifer. Site B-B' (fig. 9) was drilled by
the Corps of Engineers and consists of a line of nine wells extending
northwestward from Levee 30 and one well on the berm between
Levee 30 and the Levee 30 Canal. These wells range in depth from
17 to 40 feet.

The wells at site C-C' (fig. 10) also were drilled by the Corps
of Engineers and were used as observation wells during a pumping
test to determine the permeability of the aquifer. The site consists
of groups of multiple-depth wells extending northwestward into
Conservation Area No. 3. Figure 10 shows the layout of the lines
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Figure 8. Profile showing the relation between the ponded water and the
piezometric surface at site A-A', January 21 and February 8, 1960.
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piezometric surface at site B-B', January 21 and February 8, 1960.

of wells with reference to Levee 30 and the Levee 30 Canal and
indicates the altitude of the bottom of each well.

Water-level measurements were made at A-A' and B-B' on
January 21 and February 8, 1960. Figures 8 and 9 show the water-
level profiles at the two sites on the dates the measurements were
made. At site A-A' (fig. 8) the gradient of the piezometric surface
on the northwest side of the levee toward the Levee 30 Canal
was 1.1 feet in 270 feet, or 0.0041 foot per foot. Within the 270-
foot distance the head differential between the ponded water and
the piezometric surface increased toward the levee and ranged
from 3.1 feet at the end well of the profile to 3.6 feet at the levee'
The gradient of the piezometric surface along the profile in figure 9
was 3.17 feet in 650 feet, or 0.049 foot per foot. The head
differential between the ponded level and the piezometric surface
ranged from 1.2 feet at the end well of the profile to 3.5 feet at
the levee. The average gradient of the piezometric surface during
the 3-week test period was 0.0045 foot per foot toward -the Levee
30 Caial. The aquifer was being replenished by the downward
leakage of ponded water, at a rate dependent upon the head
differential, and no depletion of aquifer storage was occurring
northwest of Levee 30.

Water-level measurements made during the drilling at site A-A'
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showed that there was no head difference between the ponded
level and the water level of wells bottomed in the Miami oolite.
This indicates that the confining characteristics of the marl and
muck blanket are of much less significance than those of the dense
limestones.

No appreciable ponding occurred in the area immediately south-
east of the Levee 30 Canal. Figure 8 shows also that the north-
westward gradient of the piezometric surface on the southeast side
toward the Levee 30 Canal was 0.40 foot in 250 feet, or 0.0016
foot per foot. Therefore, the quantity of inflow from the southeast
was equivalent to approximately 40 percent of the inflow occurring
from the northwest at the A-A' site during the period January 21-
February 8, 1960. The profile in figure 8 indicates a slight de-
pletion of ground-water storage immediately southeast of the Levee
30 Canal. It is important to recognize that the contribution of
water from the area southeast of the Levee 30 Canal to the canal
was diminishing as shown on the contour map (fig. 5) by the
decrease in ground-water gradient along the lower reach of the
canal. It is estimated that the average gradient of the piezometric
surface on the southeast side along the uncontrolled reach of the
canal was 0.0010 foot per foot. Therefore, the total inflow to the
Levee 30 Canal from the southeast was equivalent to approximately
20 to 25 percent of the total from the northwest.

UNDERFLOW ALONG LEVEE 30

During periods when the control in the Levee 30 Canal is closed,
discharge along the downstream reach of the Levee 30 Canal
represents a composite of the following: (1) leakage by underflow
around the control, (2) ground-water inflow from the thick
permeable section of the aquifer, and (3) seepage of ponded water
through the levee fill and through the thin layer of permeable
Miami oolite that occurs between the fill and the dense limestone
layers. At high water stages, such as those which prevailed from
July through November 1959, the water level of the downstream
reach of the canal was above the canal bank and sheet flow
occurred toward the Miami Canal. Most of the discharge of the
Levee 30 Canal was maintained by ground-water inflow from the
northwest.

By January 21, 1960, water stages had lowered and discharge
measurements were made at points 1 mile apart in the Levee 30
Canal (Q, and Q2 in fig. 4), downstream from the control. Following
is a tabulation of the discharge and water-level data obtained
during the January 21 test:
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A. Discharge measurements in Levee 30 Canal
At Q1 __- .. __ -__...--- __ - _____ --- _ 76 cfs (49 mgd)
At Q2 -..-----.----- --------------- --------- 252 cfs (163 mgd)

Q2-Q ----, ---------- ---------- - 176 cfs (114 mgd)
Estimated seepage (visible) through the levee

fill, across the berm to the canal (Qs) -- 10 cfs (7 mgd)
Net pickup by ground-water inflow (Qg)

Qg=Q2-Q-Qs ------------------------------ 166 cfs (107 mgd)

B. Gradients (I) of piezometric surface toward
Levee 30 Canal (fig. 8, 9).

Northwest of canal
A-A' site ------------- ------- 0.0041 foot per foot
B-B' site---- ------ .0049 foot per foot

Southeast of canal
A-A' site----------- .0016 foot per foot
Estimated average for area

southeast of canal----- ------ .0010 foot per foot

By Darcy's law the rate of flow of a fluid through a porous
medium is directly proportional to the hydraulic gradient and can
be written as follows (Wenzel, 1942, p. 3-7):

Q=PIA

where Q is the discharge rate, P is the coefficient of permeability of
the material being tested, I is the hydraulic gradient, and A is the
area of the cross section through which the fluid moves. If it is
assumed that the permeable section of the aquifer beneath the
dense limestone layers is isotropic and that underflow through this
section is laminar, then the quantity of ground water discharging
into the Levee 30 Canal is directly proportional to the gradient of
the piezometric surface; therefore, about 80 percent of Qg or 86
mgd, represents underflow from the northwest along the 1-mile
reach of the canal. (See tabulation above.)

In order to make computations that involve the entire thickness
of an aquifer as a unit, Darcy's law may be written:

Q=TIL

in which Q is the quantity of water, in gpd (gallons per day), T
is the coefficient of transmissibility, in gallons per day, for each
vertical strip of the aquifer 1 foot wide; I is the hydraulic gradient,
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in feet per foot; and L is the length of section, in feet, through
which the quantity (Q) flows. By substituting in the above
equation the hydrologic data obtained during the January 21 test,
a determination of the coefficient of transmissibility of the aquifer
can be made as follows:

Q=TIL
Q (gpd)

T (gpd per foot)= (g
I (foot per foot) x L (feet)

T - 86,000,000
0.0045 x 5,280

T = 3,600,000 gpd per foot, or 5.6 square feet
per second

This computed coefficient of transmissibility compares very closely
with the value of 5.76 square feet per second determined by the
Corps of Engineers for the highly permeable part of the aquifer
adjacent to Levee 30 (U.S. Army Corps of Engineers, 1953, p. D-6).

Dry weather prevailed during the spring of 1960, and by the
middle of April the water stage in Conservation Area No. 3 had
declined so that the multiple-depth wells along site C-C' were
accessible. On April 19, 1960, water-level measurements were made
in all wells in this test site. The profile in figure 10 shows the
relation between the pool in Conservation Area No. 3 and the
piezometric surface on that day and shows also, by equipotential
lines, the approximate head distribution in the aquifer along the
profile. The gradient of the piezometric surface within 1,000 feet
of the Levee 30 Canal was 0.0017 foot per foot, but for the
remaining 800 feet of the section the gradient decreased to 0.0011
foot per foot. The head differential between the ponded water and
the piezometric surface ranged from 0.32 foot at the northwestern
end of the profile to 1.57 feet near the toe of the levee.

The equipotential lines, shown in figure 10, indicate that flow
through the highly permeable part of the aquifer (depths more
than 5.0 feet below msl) toward the Levee 30 Canal is virtually
horizontal, except for the section adjacent to and beneath the canal
where the flow direction has an upward component. The distribution
and pattern of the lines suggest that about 75 percent of the loss
in head occurs within 1,000 feet of the levee. The horizontality and
the close spacing of the lines at depths between 0.5 foot above and
3.0 feet below msl indicate a large vertical head loss caused by
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vertical flow through the dense limestone of low permeability at
that interval (fig. 3). The flow through the shallow materials
immediately beneath the levee is virtually horizontal and probably
occurs chiefly through a thin layer of the permeable Miami oolite
beneath the fill.

Detailed information on head distribution through a part of
the aquifer, as shown in figure 10, makes it possible to estimate
the amount of surface water that was seeping downward through
the confining layers to the thick permeable part of the aquifer.
The amount of ground water moving toward the canal in 1 day,
across a section of the aquifer 1 mile long at a distance of 800 feet
from the edge of the canal, may be computed as follows:

Q=-TIL

0.4 foot x 5,280 feet
Q=3,600,000 x40

400 feet

Q=19 mgd per mile, or 29 cfs per mile

A similar computation for a distance 400 feet from the canal is as
follows:

0.59 foot x 5,280 feet
Q=3,600,000 x

400 feet

Q=28 mgd per mile, or 43 cfs per mile.

The 9-mgd difference in flow represents approximately the amount
of surface water picked up by leakage through the confining beds
to the permeable flow section within the rectangular area 1 mile
long between 400 and 800 feet from the levee.

Inasmuch as the approximate amount of downward infiltration
in a given area has been determined, a computation of the coefficient
of vertical permeability of the confining layers can be made. The
coefficient of permeability is defined as the rate, of flow through
a cross section of 1 square foot, under a gradient of 1 foot per foot.
The computation of the coefficient of vertical permeability of the
dense limestone is as follows:

Rectangular area used in computation __-5,280 feet x 400 feet,
or 2.1 million square
feet

Downward leakage .__ ---- 9 nigd, or 4.3 gpd per
square foot
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Altitude of piezometric surface 600
feet from levee 5.93 feet above msl

Altitude of ponded level __6.91 feet above msl

Head differential 600 feet from levee
(assumed average for area 400 to
800 feet from levee) ___ 0.98 foot

Thickness of confining layers _3.0 feet

Gradient across confining layers ..-----. 0.33 foot per foot

QP=
IA

4.3 gpd

0.33 foot per foot x 1 square foot

P= 13 gpd square foot, or 2.0 x 10- 5 foot per second

A proposed method of flood control in Area B is to reduce
ground-water storage by means of a network of canals and a
series of large pumping stations. The pumps would be placed at
selected locations along Levees 30 and 31 and would pump water
from the interconnected canal system of Area B westward into
Conservation Area No. 3. Initially, it was proposed that the water
stage in Area B be maintained at mean sea level in order to give
maximum protection during all major storms. It is probable that
water levels along the levee side of Area B will be lowered tempo-
rarily below mean sea level in order to provide adequate gradients
toward the pumping stations.

Reducing the water stage in Area B would result in gradients
across Levee 30 that would greatly exceed those shown in the
profiles of figure 9. There might be times when the head differential
between the pool in Conservation Area No. 3 and the stage in the
Levee 30 Canal would be as much as 10 feet. It is extremely im-
portant, therefore, to determine the amount of water that would
move from Conservation Area No. 3 to the adjacent canals in order
that adequate pumping stations be provided.

To make a determination of the anticipated underseepage it is
necessary to determine the relation between the head across the
levee and the head differential at the toe of the levee at different
water stages. Figure 11 is a graph showing this relationship; and
the plotted points are based on the water-level profiles of figures
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HEAD DIFFERENCE,IN FEET, BETWEEN POOL AND LEVEE 30 CANAL
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Figure 11. Graph showing the relation between the head difference across
Levee 30 and the head difference between the pool and the piezometric surface

at the toe of the levee.

9 and 10 and on a series of measurements made on December 17,
1959. The projection of the graph indicates that, if a 10-foot head
were held across the levee, the head difference between the pool and
the piezometric surface at the toe of the levee would be 7.8 feet;
thus the gradient of the piezometric surface across the 150-foot
width of the levee would be 2.2 feet.

Following is a computation of the amount of underflow that
would be intercepted along a 1-mile reach of the canal (Q1 to Q2 in
fig. 4) when the head differential across the levee was 10 feet:

Q=TIL

Q=3,600,000 gpd per foot x 2.2 feet x 5,280 feet
150 feet

Q=279 mgd per mile, or 432 cfs per mile

In order to determine the total quantity of water that would be
intercepted :by the Levee 30 :Canal along the 1-mile reach,
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consideration must be given to the seepage that would occur
through the levee materials and through the thin permeable layer
of Miami oolite that underlies the levee fill. This approximate
determination is shown by the following tabulation:

Composite estimate of coefficient of
permeability of levee fill and
Miami oolite _20,000 gpd per square foot

Length of flow section 5,280 feet
Thickness of flow section

(10-foot head differential) _. 10 feet

Q=PIA

10 feet
Q=20,000 gpd per square foot x -150 x 5,280 feet x 10 feet

150 feet

Q=70 mgd per mile, or 108 cfs per mile

The estimated coefficient of permeability used in the above
computation probably is high and compares with a well sorted
gravel that contains only small quantities of fine material (Wenzel,
1942, p. 13). However, the estimate was made in consideration of
the probable high permeability of the layer of Miami oolite through
which much of the direct seepage may occur.

The total quantity of water that would be intercepted along the
1-mile reach of Levee 30 Canal when the head difference across
the levee was 10 feet is computed to be 349 mgd, or 540 cfs. These
results were obtained by assuming that water movement beneath
Levee 30 occurs by laminar flow. If there is turbulence through
the large openings in the aquifer beneath the levee, the underflow
would be less. For laminar flow the underflow to the canal would
be directly proportional to the head difference across the levee, and
for turbulent flow the underflow would be directly proportional to
the square root of the head difference; in the transitional zone
underflow would vary exponentially between the first and one-half
powers of the head difference.

CONCLUSIONS

Water-level measurements and geologic data obtained from test
wells indicate that the upper part of the Biscayne aquifer in the
vicinity of Levee 30 in northern Dade County contains dense layers
of limestone of relatively low permeability that retard downward
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infiltration to the thick permeable parts of the aquifer. The
coefficient of transmissibility of 3,600,000 gpd per foot, or 5.6 square
feet per second, as determined from water-level profiles taken

Snormal to Levee 30 and from discharge measurements made in
the Levee 30 Canal, compares closely with the coefficient determined
by the Corps of Engineers by pumping-test methods. The computed
coefficient of permeability of 13 gpd per square foot, or 2.0 x 10-5
foot per second, for the thin dense layers indicates that these layers
form a fairly effective confining unit which separates the ponded
water in Conservation Area No. 3 from the ground water. Geologic
information obtained from the surrounding areas suggests that
the thin, dense limestones probably are widespread, and therefore
that the blanketing effect occurs throughout a large area.

Conservation Area No. 3 generally is flooded for several months
-'of each year, the result being high head differentials across Levee

30. When the plan for the development of Area B is in effect,
there may be times when the differential of head across the levee
will be as much as 10 feet. When this condition occurs, it is
estimated that the inflow to the Levee 30 Canal from Conservation
Area No. 3 will be about 350 mgd per mile, or 540 cfs per mile.
This estimate was made by computing separately (1) the underflow
through the main permeable section at the aquifer and (2) the
seepage through the levee fill and the thin layer of permeable
limestone that immediately underlies the levee fill.

When the road construction is completed in the area it would be
desirable to obtain additional data to define more accurately the
relation between head difference across the levee and discharge in
the Levee 30 Canal.

The coefficient of transmissibility of the aquifer, the coefficient
of vertical permeability of the confining layers, and the estimated
rates of inflow from Conservation Area No. 3, as determined from
this study, may be valid only for the northend of Levee 30. It is
probable that hydrologic conditions vary along the entire length
of Levee 30, and therefore similar studies will be required for the
southern reaches in order to' determine total leakage along the
levee system.
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