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APPRAISAL OF HYDROGEOLOGIC CONDITIONS
REGIONAL POLLUTION CONTROL FACILITY
CITY OF WEST PALM BEACH, FLORIDA

INTRODUCTION

The results of a year-long study completed in the Spring
of 1975 showed that a deep, highly permeable horizon saturated
with salt water occurred at the site of the new waste-water
treatment plant, along with the required sequence of confining
beds and monitor zone. Subsequently, work was initiated in
January 1976 on the construction of the first three permanent
disposal wells to handle the effluent from the 20-mgd {(million
gallons per day) treatment plant under construction. The last
of these was completed in October 1977. In June 1977, a con-
tract was let for the construction of two additional wells to
accommodate the load from an expanded treatment plant, giving
a total capacity of 44 mgd. Work on these wells is still in
progress,

During the time that the permanent wells have been under
construction, much additional information on subsurface condi-
tions has been accumulated and personnel involved in the

project have changed. Accordingly, this report has been
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prepared to provide an updated description of subsurface condi-
tions, based on the "new and old" data to show why the wells
have been and are being constructed the way they are and to aid
in informing those individuals who were not involved in the
project at its inception.

Much of the information used in this report can be found
in previous reports and logs submitted to Robert and Company
Associates by Geraghty & Miller, Inc., and subsequently dis-

tributed by them to the various involved government agencies.

CONCLUSIONS

1. The 1974-75 test program demonstrated that a suitable
injection horizon, confining bed segquence, and monitor
zone exist at the West Palm Beach Regional Pollution

Control Facility.

2. Results from the drilling and testing of the permanent
disposal wells support the findings of the original
investigation; certain differences in subsurface condi-

tions exist.

3. According to the data, fractured delomite beds are

present at the sites of Wells 4 and 5 in depth intervals
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which at the sites of the other wells contain beds of

competent limestone.

4. The differences appear to be the result of selective

dolomitization of the limestone.

5. The confining bed sequence is present at each well
site, according to the data, and overlies those zones

where the fractured dolomite was found.

6. The disposal wells have been and should be constructed
to penetrate well into the confining bed sequence to
provide envircnmental protection and to minimize the

potential for collapse and subsequent plugging.

7. Because each disposal well is a critical part of the
treatment system, each must be constructed to provide
a long, trouble-free life to avoid costly rehabilitation

as well as environmental problems.

PHILOSOPHY

In order for an injection well system to function, a
number of conditions must be present. Naturally, a suitable

injection zone must exist and it must be very permeable to
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permit the injection of large quantities of treated effluent
at high rates and acceptable pumping cost. It should be
cavernous, so that the threat of plugging and increased
costs for operation and maintenance will be minimized to the
greatest degree possible. Also, the horizon selected for
injection must contain salty water.

The injection zone must be overlain by rocks having
little or no vertical permeability so they will, for all
practical purposes, prevent the upward migration of injected
fluids. A monitor zone containing salty water must be present
in or above the confining sequence.

The purpose of the 1974-75 test program was to determine
whether or not these natural conditions were present which
would permit the construction and operation of a disposal
well system. As noted, suitable conditions were found. Once
these were established, it was then necessary to develop
design criteria and construction procedures for permanent
wells.

In developing these criteria, and during the construction
of all the wells, two objectives were kept in mind, both of
which are equally important. The wells were desigﬁed and

constructed to take advantage of naturally~occurring conditions
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to afford environmental protection'and protect quality of
water as required by sound practice and statute. Also, they
were designed and constructed to provide as long and useful
a trouble-free life as possible, utilizing state of the art
construction techniques. As a consequence, the various strings
of well casings and their depth settings were selected keeping
these objectives in mind. All casings were cemented entirely
in place; no open annular spaces were left in the first three
wells. Additionally, the inner or long string of casing was
set (in all wells) deep within the confining sequence to take
advantage of these properties and to provide protection from
collapse, bridging, and plugging above the injection zone
where hole conditions indicated this potential hazard existed.
To aid in achieving a long life with minimum troubles
from plugging due to solids contained in the effluent, maxi-
mum penetration of the injection zone was required. Data
from the test well showed a thickness of about 370 feet; the
specifications called for completing each well with 350 feet
of open hole in the injection zone. This was achieved in
every well except Well 3, where caving conditions in the upper
portion of the injection zone made it impossible to maintain

an open hole. Subseguent testing has demonstrated that the
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well is capable of accepting the design quantities of effluent,
but that there is a possibility of collapse and plugging which
would necessitate reworking. These conditions have been docu-
mented in previous reports and presentations by Geraghty &

Miller, Inc.

NATURE OF THE INJECTION ZONE

A principal goal of the test injection well program was
to establish the presence of a highly permeable zone capable
of accepting the design quantities of treated effluent. 1Its
presence was established by means of collection and evaluation
of formation samples, cores, geophysical logs, and an evalua-
tion of the drilling records. 1Its nature was determined by a
series of pumping and injection tests performed in the test-
injection well. The same procedures were used when the perman-
ent disposal wells were constructed.

The injection zone consists of a massive dolomite which
has been apparently fractured and acted on by solution activ-
ity. Evidence of the fracturing is demonstrated by the presence
of large angular fragments of rock which can collapse into the
bore holes. Some of these have been recovered, and examination

shows their angular nature. In addition, some of the flat
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surfaces are coated with deposits of small dolomite crystals,
showing that the rock surface is a pre-existing condition
and was not the result of breaking during the drilling process.

In general, the dolomite is brown in color, although it
can be tinged with gray. It tends to be massive, except, of
éourse, where it has been fractured or acted on by solution
activity.

Solution features range from small, individual, isolated
vugs to fairly large cavities. Examination of the caliper
logs for the various wells shows no distinct pattern of
occurrence within the zone. The cavitieé seem to be more or
less randomly distributed. For example, examination of the
caliper log and drilling records for Wells 3 and 5 shows
rather large cavities occurring at the top of the zone. 1In
Well 5, two cavities, one above the other, were found in the
depth interval between 3371 and 3387, but just below 3400 feet.
At Well 3, a fairly large cavity was found close to the top of
the zone. On the other hand, in Well 1R, cavities were not
found in the top of the zone, but are present in the deeper
portions penetrated by the drill, as shown by the caliper
logs and drilling records. 1In Well 2, a series of small cavi-

ties appears to be present scattered throughout the bore hole,
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along with numerous smaller cavities occurring at greater
depths.

The system of cavities is interconnected, giving rise
to the extremely high transmissivity of the zone. Because
of the size of the cavities and their interconnected nature,
the injection zone possesses an extraordinarily high trans-
missivity, and therefore it satisfies one of the criteria for
injection. Values of transmissivity were estimated based on
the data from the pumping and injection tests performed on
the test well in 1975 (Geraghty & Miller, 1975). These were

6
based on the Jacob method and values of 1.7 x 10 and 1.3 x
6 : .

10 gpd (gallons per day per foot) were determined from the
injection and pumping tests, respectively. These values are
considered to be minimum ones, as it was recognized that the
data were affected by outside influences such as barometric,
tidal, and temperature changes. 1In all probability, the actual
transmissivity of the zone is much greater, and similar to the
values presented by Meyer in 1974 and based on a sophisticated
analysis of tidal and barometric fluctuations for a well tap-
ping a highly cavernous zone in the Miami area. Depending on

. 6 7
porosity, these values ranged from 4.8 x 10 to 4.3 x 10

gpd/ft. 1In spite of the distance between the West Palm Beach
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well site and the Miami well, the values from that study are
probably about the same that one might expect to see at the
West Palm Beach area because of the similar nature of the
zones.

Additional evidence of the high transmissivity of the
injection zone has been demonstrated by the pumping-injection
tests performed on each well and by the performance of the
wells themselves since they were placed in operation. During
each of the pumping-injection tests performed after each well
was completed, vacuums were registered at the well being
injected into (Geraghty & Miller, 1978) éven though injection
rates of up to 10,000 gpm (gallons per minute) were recorded.
As an example, after 1310 minutes of injection into Well 3 at
10,000 gpm, a vacuum equal to 8.7 feet at the well head was
recorded.

An excellent idea of the zone's capability to accept
treated waste at high rates can be gained from the examination
of the monthly operator's reports for the wells since start of
injection in December 1977. For example, on November 8, 1978,
10.2 mgd was disposed of with an average injection pressure
of 39 psi (éounds per square inch). Most of this pressure

is composed of that required to overcome the density difference
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between fresh, treated effluent and salty water in the
injection zone. During the latter part of the month, when

the well was not in use, the shut-in pressure was 30 psi.

The difference between the two readings is an approximate
measure of the injection pressure and is the sum of the
friction loss in more than 3000 feet of casing and the bottom-
hole driving pressure. A similar relationship is shown by

the data from the other wells.

In the test well, the top of the injection zone was found
at approximately 3150 feet. The well was completed at a depth
of 3579 feet; the last 59 feet of the hole penetrated massive,
dense, brown dolomite. Because of caving conditions, the hole
could not be kept open below approximately 3330 feet; conse-
quently, no geophysical logs were obtained below this depth.

Based on the results of the test program, the permanent
wells were designed to be approximately 3500 feet deep in
anticipation of encountering the injection zone at +3150 feet
at the other wells sites located to the west. Field conditions
were found to be different and the injection zone was encoun-
tered at depths greater than anticipated. At Well 1 it was
found at +3260 feet (pad datum). Shortly before this discovery

was made, correlation of the logs from the Well 1 pilot hole,
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which terminated at 2968 feet (drillers datum), and the test
well indicated that the various strata had an apparent dip to
the west. Based on this discovery, the top of the zone was
predicted to occur at a greater depth than anticipated.

Correlation of logs from the other pilot holes refined
the initial discovery and made it possible to predict, rather
accurately, the depths to the top of the zone at the other
well locations. For example at Wells 2 and 3, which lie
roughly on the strike of the beds, it was found at approxi-—
mately 3350 feet. At Well 5 a rather significant cavity was
encountered at 3371 feet, and at Well 4 fhe top of this zone
has yet to be penetrated.

The dip of the various beds and their nature are discus-
sed in a subseguent section of this report, as well as their

relationship to the various wells and the disposal well system.

CONFINING BEDS

The presence of confining beds and their properties was
determined by a variety of methods. Information was collected
from each well as it was drilled and tested and a continuing
process of evaluation evolved based on new data as if became

available. This has made it possible to take into account
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site-specific conditions for well construction and has made
it possible to develop much valuable knowledge of subsurface
conditions in the area.

Information from all of the wells has made it possible
to draw a number of important conclusions. For example, the
confining bed is not a single bed, but a sequence of beds
whose overall vertical permeability is extremely low, according
to the data. Permeable beds may also be found in this section.
In general, confining properties "improve" with depth. Exam-
ination of the samples indicates this may be related to the
amount of cementing material (micrite) present. Within the
area drilled to date, beds may be correlated quite easily on
the basis of the electric, induction, and lateral logs, and
the logs indicate the "beds" are dipping in a general south-
westerly direction. Also, correlation between "marker" beds
indicates a thickening of beds in this direction. Finally,
lateral changes in the nature of the rocks occur in the deeper
parts of the confining sequence.

Findings about the nature of the confining beds are des-—
cribed in the following paragraphs. These are based on the

results of each type of analysis emploved.
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Core Data

Cores were collected only from the test well. These
were taken from the Hawthorn Formation overlying the Floridan
aquifer and from limestone beds in the interval between 2500
and 3000 feet. These were sent to an approved laboratory
where a variety of tests were performed. Copies of the labora-
tory reports describing tests performed and the results are
given in Appendix A.

Of significance to the investigation are the sample des-
criptions, and the porosity and permeability values. Results
of the analysis of the cores taken from fhe Hawthorn Formation
are included so they can be compared with those from the lime-
stone cores.

Permeability of the Hawthorn cores ranged from 3.15 x
1007 to 1.175 x 10-6 cm/sec (centimeters per second); one value
of 3.113 x 10_8 cm/sec was reported. These materials are des-—
cribed (in the reports) as silty clays and fine sand. By com-
parison, the limestone cores had permeabilities ranging from
1.18 x 10_6 to 8.66 x 10—6 cm/sec. Porosity values ranged
from 13.4 to 40.3 percent; the nature of the limestone cores

tested varied from mildly porous to tightly cemented, weathered

to fine-grained chalky rock. These tests were performed with
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the cores oriented so that vertical permeability values were
obtained.

It is interesting to note that permeability values from
the limestone cores are, for all practical purposes, the same
as those from the Hawthorn cores. Furthermore, the Hawthorn
Formation's properties as a confining bed are well known
since it is a clay and confines the Floridan aguifer, which

contains water under pressure.

Pumping-Injection Tests

Additional evidence of the nature of the confining sequence
is demonstrated by the results of the various test performed
on the wells and from examination of natural water-level
fluctuations. Water levels in the injection zone and in the
shallower monitor zone respond differently to tidal effects.
In the annulus monitor zone (depth interval between 2100 and
2200 feet in the test well) water levels fluctuate about 0.1
foot (Geraghty & Miller, 1975, Figure 4) and about 0.5 foot in
the injection zone (Geraghty & Miller, 1975, Figure 3). Copies
of these illustrations are given in Appendix B. A copy of
a water-level recorder chart from the test well injection zone

for the period 12/10-11/77 also is included in Appendix B, as
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Figure B, to illustrate these fluctuations. Similar water-
level fluctuations have been noted in the monitor tubes at

the other wells. This difference in response to tidal 1oading
indicates that the injection zone functions as an independent
system hydraulically separated from shallower zones containing
brackish water, and is evidencé of the competency of the con-

fining sequence.

Test Results

Injection-pumping test results give additional evidence
of the effectiveness of the confining seguence. During all
tests, observations were made of the water levels in the
monitor tube. During the test on the injection test well,
anomalous water-level behaviour was noted. Subsequently,
this was found to be due to density changes caused by changes
of temperature of fluids in the bore hole and monitor tube
(Geraghty & Miller, 1975, p 28) based on temperature logs per-
formed by the U. S. Geological Survey.

Comparison of pre- and post-injection test water tempera-
tures in one of the monitor tubes showed that average tempera-
ture over the length of the monitor tube changed from 20.450C

o} . o
to 23.78 C, for an average increase of 3.33 C. As temperature
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increased, the density decreased, causing the length of the
column of fluid to expand, which was reflected as a rise in
water level. Comparison of the observed water-level change
with what should have occurred based on density change showed
remarkably close agreement--1.76 feet observed versus 1.79
feet calculated. Similar results have been obtained from
other tests.

Based on these results, it was concluded that density
changes were the cause of the build up of water level in the
monitor tube and were not due to any hydraulic connection
between the injection and monitor zones.

Additional evidence also supports this conclusion.
Comparison of water-level changes in the test injection well
monitoring tube during the 1975 pumping and injection tests
shows an anomaly that cannot be caused by hydraulic connection
between the monitoring and injection zones. After nine hours
of pumping at 1000 gpm, the water level in the monitoring tube
declined 0.73 foot, whereas during the 850-gpm injection test,
it rose 1.74 feet after the same interval of time. If a
hydraulic connection were to exist between the two zones, any
observed water level change would have had to have been pro-

portional to the pumping or injection rates. 1In other words,
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if 0.73 foot of decline occurred while pumping 1000 gpm, the
water level rise at 850 gpm should have been 85% of 0.73 foot,
or 0.62 foot, instead of the 1.74 feet actually observed.
Thus, some other cause, not hydraulic interconnection--namely
the temperature change and the accompanying density change--
must account for the actual change.

Further proof of the competency of the confining sequence
can be seen from the results of the injection test of Well 1R
in October 1977 (Geraghty & Miller, 1978, Figure 4). A copy
of that illustration is contained in Appendix C. Examination
of the graph of the water level in the monitor tube for Well
1R shows that the water level declined almost five feet during
the test. Well 1R was used for injection, and if there was
any "hydraulic" connection across the confining sequence be-
tween the monitor and injection zones, a rise in water level,
not a decline, would have been observed. The decline was due
to the change in density which occurred as a result of cooling
of the water in the monitor tube. An explanation of the effect
of temperature is contained in the Geraghty & Miller 1975

report.
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Television Surveys

After each permanent disposal well was completed, a tele-
vision survey was performed of the entire casing and bore hole.
The purpose of the surveys was to obtain a permanent record of
each well in its original condition prior to use so that com~
parisons can be made with future surveys. Copies of these
tapes are on file with the City of West Palm Beach Department
of Utilities. Examination of the various tapes reveals some
interesting facts about the nature of the limestone beds in
the interval between the bottom of the c;sings and the top of
the injection zone. The tapes clearly show the "massive"
nature of the rock, and while visual observations cannot be
used to determine whether or not they are permeable, correlation
between visual data, sample examination, and core analysis
supports conclusions reached about their competence. Further-
more, the television pictures attest to their extensive,
vertical distribution. The geophysical logs attest to their
horizontal distribution. Examination of the tapes also reveals

the absence of vertical fractures.

Pressure Test on Well 1

A striking example of the competency of the confining

sequence 1is given by the results of the pressure test on Well 1.
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At the time the test was performed, it was assumed that the
integrity of the 24-inch casing and 22-inch linef were being
evaluated as called for in the specifications. The test was
successful; it showed a pressure loss which was well within
the limits set by the DER in the construction permit for the
well. A copy of the pressure test results is contained in
Appendix D. Because of the subcontractor's inability to
prove to the satisfaction of the Engineer and Consultant that
the well had been successfully completed, a television survey
was performed. This showed that the pressure test had been
performed on an "open hole" and not on the casing and liner.
The tested section extended from +2450 feet to a few feet
above 3000 feet, or across about 550 feet of the confining
sequence. The test results provide dramatic evidence of the

competency of these beds.

Extent of the Confining Seqguence

A description of subsurface conditions is contained in
the Geraghty & Miller 1978 report (pages 51 through 62). 1In
general, the carbonate seguence becomes tighter below a depth
of approximately 1500 feet in all wells. According to the

various geophysical logs, resistivity increases, as does
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density, while porosity decreases, according to the neutron
logs. These latter two logs cannot be used reliably for
guantitative purposes because of the influence of variations
in bore hole size which are beyond the capabilities of the
compensating device in the tools. However, on an overall
basis they do indicate trends.

Correlation of the induction and lateral logs from Wells
1R, 2, and 3 show that the dip of eight distinct marker beds
ranges between s68°w and SBSOW. A ninth horizon at 1142 feet
dips N77OW. In general, the dip direction shifts to the south
with increasing depth. Also, the dip angle increases with
depth, indicating a thickening of the beds.

A copy of a table contained on page 60 of the Geraghty &

Miller 1978 report is reproduced below as Table 1.

TABLE 1l: Depths to various marker beds in Disposal Wells
1R, 2, and 3, and calculated values for dip and
strike (Source: Geraghty & Miller, 1978)

(1)

Marker Depth (Ft.)

Bed Well 1R Well 2  Well 3 Dip (©) Strike Dip
A 2785 2878 2882 10.6 szow s68°w
B 2658 2747 2748 10.1 N23°w  s67°wW
C 2547 2635 2637 10.0 N23°w  s67°W
D 2231 2301 2312 8.6 N17%  s73%w
E 1714 1783 1794 8.5 N16°w  s74°%W
F 1646 1734 1720 9.4 N14%%  s76%W
G 1609 1672 1683 7.9 N15°w  s75°W
H 1245 1275 1287 4.4 N 5°w  s85°W
I 1130 1151 1174 4.7 N13°E  N77%W
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NOTE: (1) Depths are referenced to the drilling pad at
elevation +19 feet MSL. Dip calculations are
based on all measurements referenced to the
drilling pad datum.

Examination of the table clearly shows this relationship.

It is interesting to note the low dip angles calculated for

Marker Beds H and I. These two horizons are limestone beds,

whereas the remainder are formed by dolomite, a "secondary"

rock (remnants or ghost fossils have been seen i some of the
samples of the dolomite). Thus, the observed values of dip
are based on secondary features'(Amy, 1978) and may not rep-
resent true values for regional dip. Further, detailed fossil
and stratigraphic study would be required to resolve this
matter. Nevertheless these features do exist, and can be
easily seen on the induction and lateral logs contained in

Appendices A, B, and C of the Geraghty & Miller 1978 report.

Further proof of the existence of this relationship is shown

by the fact that the injection zone was found at successively

greater depths proceeding in a westerly direction from the
test well. For example, it was found at +3260 in Well 1R and
+3350 at Wells 2 and 3. At Well 5, a large cavity was found

at 3371 feet, while the top of the zone has yet to be penetra-

ted at Well 4.
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A similar correlation has been made with the induction-
lateral logs for Wells 4 and 5, and the same reiationship has
been found to exist. Each marker horizon was found at greater
depths in Wells 4 and 5 than at the sites of the other wells,
and some bed thickening was found to be present. The distance
between the top and bottom marker beds at Well 5 is greater
than at Well 3. Depths to these various horizons are listed
in Table 2. Copies of the induction-lateral logs are contained
in Appendices E and F. Each marker bed has been identified
on the logs so a comparison can be made with the logs contained

in the Geraghty & Miller 1978 report (Appendices A, B, and C).

TABLE 2: Depths, in feet, to various marker beds based on
log correlation, West Palm Beach, Florida

(1)

Marker Depth

Bed Well 1R Well 2 Well 3 Well 4 Well 5
A 2785 2878 2882 - 2949
B 2658 2747 2748 2809 -
C 2547 2635 2637 2713 2715
D 2231 2301 2312 2373 2387
E 1714 1783 1794 1865 1877
F 1646 1734 1720 1771 1785
G 1609 1672 1683 1733 1747
H 1245 1275 1287 1316 1337
I 1130 1151 1174 1209 1223

NOTE: (1) Depths are referenced to the drilling pads at
elevation +19 feet MSL.
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It should be noted that marker bed A could not be corre-
lated at Well 4, and marker bed B at Well 5. Both these units
occur below 2800 feet; below this depth there is a marked
difference in lithology in both wells compared to Wells 1R,

2, and 3.

In Well 4, dark brown, dense dolomite is present in the
section beginning at approximately 2800 feet. Between 2700
and 2800 feet it is present also, along with a cream to buff
and tan soft limestone. A cavity was found at 2783 feet. The
dolomite was found to be present in the interval between 2800
and 3100 feet. Occasionally, the cream limestone is noted as
being present, but in very minor amounts. This section or
interval caused considerable problems. Dredging was required
to penetrate beyond the cavity, probably because the rock is
fractured and persisted in caving into the bore hole, thus
enlarging the cavity. Also, during the fishing operations
between January and April 1978, considerable difficulty was
experienced with material caving into the hole. Recently, when
an attempt was made to reach the top of the fish at +3075 feet,
fill was found at a depth of +3047 feet after the hole had

been undisturbed for some months.
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At 3100 feet (in Well 4) the bore hole reenters the cream,
soft limestone along with dark tan, medium hardvcrystalline
limestone. This material is present to 3278 feet, the deepest
point reached in the well.

In Well 5, a similar situation was found to exist. Dolo-
mite was encountered at a depth of +2800 feet; between 2700
and 2800 feet it is present along with limestone. No cavity
was found at 2783 feet. The dolomite is present beyond 3100
feet, no limestone was found at that depth. Between 3200 and
3387 feet no samples could be taken. Because of continued
collapsing of the bore hole throughout much of this interval,
the driller could only "make hole" by direct drilling. 1In
order to accomplish this, heavy, fresh drilling mud had to be
"spotted” in this interval and penetration was achieved by
direct or normal circulation. No returns were obtained at
the surface as the cuttings were left in suspension in the
column of mud in the lower part of the hole. This operation
had to be conducted in order to drill the pilot hole and to
ream it out with the 34-inch bit.

By way of contrast, the rock present in the same depth
interval at Wells 1R, 2, and 3 are much different. For example,

in Well 3 the 2800 to 3350 foot interval is composed almost
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exclusively of limestone, Only traces of dolomite are present.
Also, between 2900 and 3350 feet chert was found; in some
places, such as at +2900 feet, chert constituted 40 percent

of the sample. The chert beds or nodules can be seen quite
easily on the television tapes. In Wells 1R and 2 the same
sequence of limestone and chert, with extremely minor amounts
of dolomite is present between 2800 and 3350 feet. Copies of
the geologic logs (field notes) for each of the wells are given
in Appendices G through K for the depth intervals beginning

at approximately 2500 feet and extending_to the bottoms of

the wells so that these differences can be seen.

The difference in lithologies is not a structural pheno-
mena, according to the data. Correlation of the various logs
demonstrates this, and nothing appears which would indicate
significant displacement by faulting whereby such a change
in lithology over such a short distance would have occurred.
Marker beds below 2800 can be correlated. The difference
appears to be related to dolomitization. Simply stated, dolo-
mitization of the limestone (in Wells 4 and 5) in the 2800 to
3100 foot interval has occur;ed whereas in the corresponding
intervals at Wells 1R, 2, and 3, it has not, although in these

latter wells, chert, a secondary mineral, is present.
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In any event, the presence of the dolomite beds in the
confining sequence should not affect operations of Wells 4
and 5 and the system, but it will influence construction.
This will be discussed subsequently. The data show the exten-
sive nature of the beds and their presence at Wells 4 and 5,
above say 2750 feet, and for the reasons discussed previously,
they have been demonstrated to function as confining beds.
Geologic and geophsyical logs attest to their similarities and
extent, and the core data, as well as the pressure test, show
their properties.

A mixture of what appears to be effluent and salty water
has been detected in the bore hole at Well 4. According to
flowmeter logs performed by Schlumberger, the fluid was enter-
ing the hole at about 3052 feet and leaving at 2872 feet.
Details of this investigation were presented to the Florida
Department of Environmental Regulation, the U.S. Environmental
Protection Agency, the South Florida Water Management District,
and the U. S. Geological Survey on November 21, 1978. At that
time copies of the various logs from the survey were distrib-
uted to agency representatives.

It is believed the mixture has migrated laterally into the

bore hole in Well 4, rather than moving upward through the
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pilot hole and reamed portion. it is possible for the fluid
to enter the hole in the vicinity of 3052 feet, or at some
point lower, but probably not below 3100 feet, where the
limestone is encountered again. The limestone appears to be
tight, according to examination of the samples, and correlates
with material known to overlie the injection zone at the other
wells where the television surveys show its nature. It is
more likely that the mixture has migrated laterally (horizon-
tally and upward) through fractured dolomite. In any event,
its occurrence points out the need to collect site-specific
data from each well as it is drilled, raﬁher than rely solely

on information from a "first" well.

COMPLETION OF WELLS

The disposal wells at the West Palm Beach Regional Pollu-
tion Control Facility are designed and constructed with two
principal objectives in mind. First, to provide as much
assurance as possible that injected fluids will be confined
and not migrate upward. Second, to provide a long and useful
trouble-free life. Considering the total operation of the
facility and the area and population served, such objectives

have to be kept in mind and must not be compromised.
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The completion of Well 5 required large quantities of
material in order to cement the 24-inch casing. That casing
was set deep through fractured dolomite. As previously noted,
considerable difficulty was experienced in drilling through
the dolomite below 2800 feet; direct drilling had to be
employed because of severe caving conditions. The casing was
set to seal this material off and prevent it from caving in
and plugging the well, which would adversely affect its opera-
tion--a situation which should be avoided.

While it is conceivable the dolomite beginning at 2800
feet is highly permeable, it should be ﬁoted that it does not
occur in the wells to the east. It is not known whether or
not it exists to the west. Thus, at least one hydrologic
boundary exists, possibly more.

Considering both the above factors, the only logical
course of action for completing the well was to set the casing
deep--deeper than called for originally--in order to assure
that the two objectives were met.

The same rationale will apply for the completion of
Disposal Well 4. Originally the 24-inch casing was to have
been set at 3175 feet in a bed of compeﬁent limestone, 75 feet

below the contact between limestone and dolomite.
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In January 1978, a 24-inch-diameter, lead-filled drill
collar and a 34-inch-diameter flat-bottomed bit were lost in
the bore hole at approximately 3100 feet. This drilling
assembly was being used to aid in straightening the hole.
Efforts to "fish" the collar and bit were unsuccessful, and
in April 1978 fishing operations were stopped. A principal
cause of the failure of the fishing was caving and collapse
of the dolomite. Subsequently, the contractor proposed to
complete the well by setting a casing and attempting to bypass
the fish with a liner which would be set at the prescribed
depth of 3175 feet.

Because of the caving problem in the 2800 to 3100 foot
zone, this interval should be cased off to provide protection
from collapse and plugging. Also the casing should be set to
the 3175 foot depth to take as much advantage as possible of
the confining sequence, and assure as much protection as
possible.

One very important fact should be noted relative to con-
structing wells to avoid the potential for plugging. The West
Palm Beach Regional Pollution Control Facility will handle the
waste treétment requirements of a large and increasingly

populous area for years to come. The plant is located inland,



Geraghty & Miller, Inc.
' - 30 -~

not adjacent to the coast'where an emergency discharge point

for treated effluent is readily available. Consequently, the

disposal wells must be constructed to provide a long, trouble-

free life. Even though standby capacity is designed into the

system, the loss, even temporarily, of a well should be avoided.
If rehabilitation because of plugging proves to be neces-

sary, these measures could be time consuming and costly.

Simply back-flowing a well will not carry rock fragments out

of a bore hole; a drilling rig will be required. This undoubt-

edly will be very costly, because of the.difficult conditions

under which it will have to be done. Effluent under pressure

will be present in the bore hole and the operations will have

to be handled with extreme care if they are to be successful.

Thus, every step should be taken now to avoid, as much as pos-

sible, such a problem in the future.

Respectfully submitted,
GERAGHTY & MILLER, INC.

Vincent P. Amy

4 February 1979
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APPENDIX A

FLORIDA TESTING LABORATORY REPORTS
ON ANALYSIS OF CORES
FROM THE TEST WELL
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November 26, 1974

Geraghty & Miller, Inc.
324 Royal Palm Way

Suite 205 .
Palm Beach, Florida 33480

ATTENTION: Mr. Vincent P. Amy

RE: Soil Tests
Deep Test Well
City of West Palm Beach
Lab No. 25230

Gentlemen:

Attached herewith are the resuits of tests performed by this
laboratory from samples submitted by Geraghty & Miller, Inc. from the deep
well test project. Subject samples were received at this office on November
7, 1974. Tests were conducted from November 11 thru 25, 1974.

Tests performed were in accordance with pervious written corre-
spondence and telephone conversations with Mr. Amy.

PERMEABILITY TESTS

Variable head permeability tests were performed on samples from
each sample submitted. Tests on all samples were conducted in the consolidation
apparatus with the water introduced from bottom to top of sample as noted on
samples received. In each case the tested section appeared to be the most
impermeable portion.

As an exception to this, the sample received in the four (4) inch
diameter tube (363' to 365') was not completely extruded. The seal at top
and bottom of this sample was removed for visual classification. The soil
appeared. the same at both the top and bottom, consequently a section of tube
and soil 0.25 feet long was cut from the bottom of the tube for obtaining
test specimen. ' .
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Permeameter samples were subjected to total surcharge load of five

(5) kips per square foot and allowed to stabilize under compression before

testing. Soil sample dimensions before consolidation were as follows:

i Sample# Diameter-Inches Length-Inches
363'-365" 2.5 0.9474
485'-488' 2.5 0.9218

| 623" 2.5 0.9448

1 715'-719! 2.0 0.9378
860'-861" 1.4 1.0000

Hyrdrometer analysis (sand, silt, clay) and gradation were performed
in accordance with AASHO Designation T88-70. Specific gravities were performed
in accordance with ASTM Designation D854-58. Unit weights were determined

from laboratory measurements of permeameter samples.

The remaining portions of all samples submitted are currently

- stored in a moist room in sealed tubes, for any additional testing you may

! desire before returning to your office.

If there are any questions regarding the enclosed test results,

3 please feel free to contact this office at your convenience. Thank you
| for the opportunity to provide this service to you.

Very truly yours,

FLORIDA TESTING :;2%%ATORIES; INC.
Z%Z/£471J72i21\' |

Robert T. Smith
S.E.T.

TTTS—— FLORIDA TESTING LABORATORIES. INC
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PROJECT: WEST PALM BEACH DEEP TEST WELL Robert T. Smith LAB ﬁO. $$232/74
CLIENT: GEHERITY & MILLER, INC. - DATE: /
] Permea-
oring | Sample-Top ' Permeability|Dry Unit| g Porosity| bility .
pth-ft., to Bottom Soil Description Rate Wt. S % Surchargse Remarks
. nef
363 0.00' to Gray silty, clayey fine Sand . ~ [2.54 x 10°%| 96.6 2.648 41.5 5 ksf |1. Sample received
2.26' with very small soft shell cm/sec. . in 4" I.D. tube
to fragments-calcareous ' 2. Test specimens
‘ sampled at 1.90'
365 to 2.15'
i 3. Dry unit weight
| is as received in
: Lab.
485 . | 0.00' to | Grayish Tan silty clay-mottled No Tests
1.07° with very soft to medium firm . .
to: areas; ca]careous, appears , =
' disturbed _ !
88 | | By i
1.07" to Dark green very s11ty, c]ayey 1.87 x 10'6 92.9 2.648 43.7 5 ksf |1. Sample received
1.60° fine Sand; ca]careous cm/sec. o - ; - in shelby tube
oo | - 2. Test specimen
N K S R S sampled at 1.35'
1.60' to | Damaged Shelby tube = . | - ° to 1.60' ,
2.50" f ; 3. Dry unit weight
A ; ; is as received in
Lo ! Lab.
23" 0.00' to Green slightly sandy c]ayey 1.175 1076t 71.4 2.524 54.6 '| 5 ksf |1. Sample received
0.83' Silt; calcareous cnl/sec. in shelby tube.
, ;. . 2. Test specimens
\ ; sampled at 0.60"
! to 0.83' :
. : 3. Dry -Unit weight
. ; ; is as réceijved in
j L Lab.
t
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PROJECT: WEST PALM BEACH DEEP TEST WELL LAB NO: 25230 a
CLIENT: GEHMERITY & MILLER, INC. Robert T. Smith DATE:  11/26/74 5
I Permea- g
Boring | Sample-Top ‘ ermeability|Dry Unit| G Porosity| bility i
epth-ft. to Bottom Soil Description Rate Wt. S : % Surcharge Remarks i
pcf. ]
T 5
715" 0.00' to Light tan to white cemented 3.151 x 107 104.0 | 2.691 38.0 5 ksf {1.Sample received | m
1.00 very silty, clayey fine Sand - as .2"+ core wrap-§
to - with traces of small shell ped in plastic 5
fragments and fine phosphate- 2.Core contained ||
719! ca]careous . horizontal fractures
. at each 0.2' Tength
B throughout sample {!
| length i
”l 3.Test specimens 5
g sampled at 0.00 to|
: 0.15' and 0.75' to|
1.00" |
. 4.Dry unit we1ght '
: is as received in
Lab.
- — . 5
860" '0.00" to Greenish gray s11ght1y sandy, 3.113x70"8 60.8 2.653 63.2 5 ksf [1.Sample received (|
1.00' silty clay-slightly calcareous . ‘ as 1.5"+ core
to : with random small’ phosphate ;_ ; wrapped in plastig
pellets v I 2.Core contained
861" ; horizontal fractures

at approximately
0.2' intervals
3.Test specimens
sampled at 0.00'tg
0.20'and 0.80' to
1.00'

4.Dry unit weight
is as received in
Lab.
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FLORIDA TESTING LABORATORIES, INC.

St. Petersburg, Florida

U. S Standard Sieve Openings in Inches U. S Standard Sieve Numbers Hydrometer
160 3 2 L ! i 3 4 6 14_16 0 30 40 S0 70 i00 140 200 - o
T t T ] ] T I T T 24 | L = ] T

%0 N 10

80 Zi 20

70 30
O Gradakion A -
e ®
S 6o} \ s0 2
= A Hydrometer Analysis o z
‘n . A
50 N\ 50 §
£ n 8
g B 3
g 40 N 60 &
E; O E;

B

304 W 0

20 o S 80

10 —A 90

0 100

100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND SILT or CLAY
Coarse I Fine
Natural -
iINumber Dcpfh Moisture L L P. L P. I Classification PRO\J ECT: west Pa ']m BeaCh Deep TeSt we-] ]
CLIENT: Geherity & Miller, Inc
i 623" 47.0| - |- - |Sand: . 69 >, :
8.6% SOIL DESCRIPTION: Green slightly sandy
Silt: 71.9% clayey Silt; calcareous
|Clay: 19.5%

FTL-31 . REV, 82

DATE: 11/26/74

w2t Dl

LAB.NO. 25230




FLORIDA TESTING LABORATORIES, INC.
‘ St. Petersburg, Florida

U. S. Standard Sieve Open!ings in Inches U. S Standard Sieve Numbers ) Hydrometer
100 2 2 '} ! d - ? ! tls f‘ ts 20 30 _é(l)\so . ‘1?0 Mo__200 0
N
90 10
80 % 20
70 \\ 30
w e ,l 08
z % B Gradation T Z
g A Hydrometdr Analysis \ mg
g 40 \\ 60 g
30 \\-{ - 70
Aa. -
20 > 80
4 N
AL
10 ~ Q___f&\\ _ 90
0 ] 100
100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0001
" Grain Size in Millimeters
GRAVEL SAND SILT or CLAY
Coarse I Mne
Natural - )
INumber Depth Moisture LL | PL}PL Classification PROJECT: West Palm Beach Deep Test Well
. 363' to ] N } 9 : CLIENT: Geherity & Miller, Inc.
24.4 pand: 81.0% SOIL DESCRIPTION: Gray silty, clayey
365' Silt: 11.0% Sand with very small soft shell fragmentst
Clay: 8.0% calcareous

FTL-3} . REV, 62

FLORIDA TESTING LABORATORILES, INC.

DATE: 11/26/74 : - ////// LAB NO. 25230




FLORIDA TESTING LABORATORIES, INC.
: St. Petersburg, Florida

U. S Standard Sieve Openings in Inches U. $ Standard Sieve Numbers Hydrometer '
100 ? f [} 1[ ?’ % » -i 4 3 10’ 1‘4 1'6 2]0 310 -tlo 50 T7{0 Iu')o 1?0 ?clxa o
41 e — i
5 ~ ™~
%0 i : \E\\ 10
: N
&0 : : L\ 20
o B Gradation \!? : _ i
=l A Hydrometer Analysis \ | - w
z q =
& 50 \ 50 g
£ \ 3
g" 40 E - 60 .g:
e Z’S\El E
AQ\
30 : Qﬁ 70
i ~A
20 '~ 80
NA
\
10 HH - N %0
E\\ A
=y
0 : 100
100 50 . 10 5 1 0.5 0.1 0.05 - 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND SILT or CLAY
Coarse I Fine °
Natural e e
INumber Depfh MgiSI;UVE L L P.L P. I Classification PROJ ECT: west Pa]m Beach Deep Test we'l 'I
» ' CLIENT:  Geherity & Miller, Inc.
I . [o] ’
— 15" to 22.2 pand: 65.0% SOIL DESCRIPTION: Light tan to white
719' Silt: 22.59% | cemented very silty clayey Sand with
. 9 traces of sma]l shell fragments and fine
i C]ay. 12'5/’ Inhncphai'ca- ra:lrarmu: g *

FTL-31 . REV. A>

DATE: 11/26/74 LAB.NO. 25230




FLORIDA TESTING LABORATORIES, INC.
St. Petersburg, Florida

U. § Standard Sieve Openings in Inches U. S Standard Sieve Numbers Hydrometer
100 -ttt e et e 0
90 \\ 10
80 f-+-4- % . 20
70' i 30
. +: £
s ] o Grigdatian o2
z : ) z
> | q =
B A Aydvameter Analysis \ %
T 50 . 50 ¢
2 Ei 5
§ o
£ &
10 AA\ 70
20 \73\\ 80
19\
10 ZS 90
0 : 100
100 50 10 5 1 05 0.1 0.05 0.01 0.005 0.001
k Grain Size in Millimeters
GRAVEL SAND SILT or CLAY
Coarse l Fine
Naturai : -
INumber Depth Moisture LL | PL|PL Classification PROJECT: West Palm Beach Deep Test Well
i 1485' to 28.4 | - | - | - ISand: 51.2% CLIENT: Geherity & Miller, Inc.
' . ' SOIL DESCRIPTION: a i
488 Silt: 39.3% C E?T ON: Dark green very silty
clayey Sand; calcareous
Clay: 9.5%

FTL-31 . REV. 82

FLORIDA mwxm:;y;ﬁom INC., ' |
DATE: 11/26/74 sy AL LAB.NO. 25230




FLORIDA TESTING LABORATORIES, INC. -
St. Petersburg, Florida

U. § Standard Sieve Openings in Inches U. § Standard Sieve Numbers Hydrometer
100 3 2 $ 1 H 3 4 6 10 14 16 20 30 40 50 70 100 140 _ 200 0
T T I J T i -‘VI "ﬁ}w—..L.l,____E;\L I r-[; T 17 1 T
s O—tgo
. " “‘U\E]\ o
A
\
80~ A% 20
8 Gradaltidn <
7 . AN 30
A Hydnrometlenr Analysis RN _
z P& o
& 50} = s0
£ i N 8
‘é 40 \’\ 60 g
: T~ &
30 70
20 80
10 90
0 3 100
100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0.001
4 Grain Size in Millireters
GRAVEL CoarseSAND I _ SILT or CLAY
Number|  Depth Mot | UL | P Pl Classification PROJECT: West Palm Beach Deep Test Well
. ] ; CLIENT:  Geherity & Miller, Inc.
; 860' to g5.6| -| - |- [Sand: 10.9% SOIL DESCRIPTION: Greenish gray slightly
861" Silt: 44.69% sandy silty Clay with random phosphate
Clay: 44.5% pebble, sTightly calcareous

FTL-31 . REV. 82
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f: FLLORIDA TESTING LABORATORIES. INC. CONSULTING ENGINEERS
$ " 6056 ULMERTON ROAD @  CLEARWATER @  813/531-1446 * TAMPA @  813/229.21(9

P. O. BOX 11064 @ ST. PETERSBURG. FLORIDA 33733

March 19, 1975

Geraghty & Miller, Inc.
324 hPoyal Palm Vay

Suite 205

Palm Beach, Florida 33280

Attention: Mr, Vincent P. Aay

Re: Rock Core Tests
Deep Test Vell
City of West Palm Beach
Lab #27211

Gentlemen:

Attached please find the results of tests performed by this laboratory from
rock sanples sunadtted by Geraghty & Miller, Inc. from the deep well test pmject
Tests were conducted from February 11th thru lMarch 7, 1975, and p;,rior*e(‘ in
accordance with previous written correspondence and telephone conversations with

Mr, Any.
PEREABILITY TLSTS

Vallable head perneabl'l ity tests were performed on sections of cores trimmed
fraom specirmens received in the lab. Test specimen dimensions are as indicated
hereafter., Tests on all trirmed sampled were conducted in the consolidation
' apparatus using non-shrinking paraffin as the sealing agent. '

Core speciren at 2503'-2510' was rarked for top identification and water flow
was directed from bottom to top accoxlingly. The top of the core specirens at 2750
and 2957' vas unidentifiable. Test sections from these two locations were trinmed
fron the largegt section available with the vater flow parallel to theée
longitudinal axis of the core. :

Permearmeter samples vere trirmed in the laboratory with the use of a carborundur
saw blade and all sides were brushed with sand paper before assembly for test. Core
test dirensions were as follows:

Sample Vidth-Inches Length~Inches Ieight-Inches
2503'-2510" 1.110 1.400 0.715
2520" 0.669 ' ©0.830 | ©0.752
2750" 1.165 ' 1.660 ) 1.007

29577 1.235 | 1.650 0.983



Re: Rock Core Tests
Deep Test Viell
city of West Palm Deach
Lab #27211 .

Page 2

Unit. weights were determined from laboratory reasurenents of permeamcter
sarples with neasurenents to the nearest .001 inch and weights to nearest .01

Apparent specific gravities were performed in accordance with ASTM D 854-58
from the broken portions of the permeameter sarple.

The reraining portions of the cores sulmitted will be retained at this
office nntil the test results are cbserved by the applicable parties and will
be returned at !Mr, Any's request. '

Florida Testing Laboratories, Inc. appreciates the privilege of providing

these test services to you. Please call if there are any questions regarding
the enclosed test results. ‘

Very truly yours,

FLORIDA TESTING LABORATORIES, INC.

ﬂ/ér/?ﬁ//

Robert T. Smith
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APPENDIX B

FIGURES 3 AND 4
GERAGHTY & MILLER 1975 REPORT
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Geraghty & Miller, Inc.

APPENDIX C

FIGURE 4
GERAGHTY & MILLER 1978 REPORT



DEPTH TO WATER (FEET BELOW MEASURING POINT)
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