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SUMMARY

An aquifer performance test was conducted in the Highland Beach
west well field on October 19-21, 1978. On October 20-21, 1978,
Well Number 4 was pumped at a constant rate of 322 gallons per
minute for a period of 1,484 minutes. Water-level fluctuations were
measured in two observation wells and the resulting data analyzed
for aquifer coefficients. Delayed yield from storage in a water-
table aquifer was used as the applicable theory with the resulting
transmissivity being about 131,480 gpd/ft, the early storage coefficient
being about 5.69 x 10”5, the late storage coefficient being about |
0.00646, and the delay index being about 873 minutes.

Tidal phenomena, passing railroad trains, and pumpage from
Highland Beach Well Number 1 effected the water levels in the west
field during the aquifer performance test.

The thickness of the shallow aquifer at the test site is not
accurately known. When that thickness value becomes available, this
test should be reevaluated by the South Florida Water Management

District staff.
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INTRODUCTION

The South Florida Water Management District (SFWMD) required the
Town of Highland Beach to conduct an aquifer performance test (APT)
as a special condition to the town's consumptive use permit. The
purpose of the APT requirement was to provide necessary aquifer
coefficients for a determination of safe yield and related salt-water
encroachment positions. Accordingly, such an APT was conducted in the
town's western well field on October 19, 20, and 21, 1978. The APT
was conducted in the town's western well field since this is the area
where present pumpage takes place and where future well development
is contemplated.

The APT consisted of five basic segments. The first segment
pertained to accurately determining pumping -rates from'all of the wells
involved (#4, 5, and 1), each by themselves and then in a combination
of Wells Number 4 and 1 together. The second segment conﬁisted of
collecting information on barometric pressure records, tidal fluctuations,
ané nearby groundwater pumpage that conceivably would affect water
levels during the total APT. The third segment consisted of measuring
water-level fluctuations in wells of the western field during a period
of no pumping. The fourth segment consisted of pumping Well Number 4
at the rate of 322 gallons per minute (gpm) and measuring the water-
level fluctuations in Wells Number 4 and 5 and at an observation well
located between Wells 4 and 5. The fifth and final segment of the APT

involved measuring water levels during the recovery period when Well

Number 4 was shut off.



The details of the APT follows along wi_»th a copy of the basic
data. Also included in this report is an analysis of those data
with the calculation of various aquifer coefficients desired by the

SFWMD.



AQUIFER PERFORMANCE TEST, PROCEDURES, AND DATA

Hfgh]and Beach presently has two well fields. The east well
field : consists of three wells and the west well field has two. The
east field is relatively near salt water canals (about 600 feet to
the nearest canal) and therefore is susceptable to salt-water
encroachment. This fact dictated that pumpage should be moved
westward wherein two wells (numbers 4 and 5) were drilled at a distance
of about 1600 feet from the nearest salt-water canal. Pumpage has
recently been shifted to these two new western wells. The eastern
well field is used only occasionally when either Well Humber 4 or 5
needs maintenance.

Highland Beach has requested an increase fn allowable pumpage
from the SFWMD. That increased pumpage would come from Wells Number
4 and 5 and from additional wells drilled in the west field. The
APT was therefore conducted in the west field.

Highland Beach is contemplating requesting an increase in allowable
pumpage from the SFWMD. That increased pumpage would either come from
Wells Number 4 and 5 or from an additional well drilled in the west
field. The APT was therefore conducted in the west field.

The overall procedure for the APT therefore involved measuring
water level fluctuations in the west field due to prescribed changes
in pumpage rates from the wells there. These fluctuations and the
subsequent analyses provide the means for determining aquifer properties
of interest.

Three wells were used in the APT. Well Number 4 was used as the
pumped well and Well Number 5 and a nearby 4-inch test well were used
as observation wells. Logs of these wells are given in Appendix A

of this report.



A. Calibration Of Pumping Rates.
Well Number 4 was chosen as the pumped well for the APT. First,
the pumping rate from Well Number 4 was determined by shutting off all

Highland Beach wells and then pumping number 4 alone into the treatment

plant ground level reservoir. The dimensions of the treatment plant 1
reservoir were known and several water 1eve1 measurements, with time, K
were taken to give a pumping rate of 322 gpm. In addition, an in-]ine—~j
flow meter was calibrated to this flow rate so that further flow rates
could be directly read from this meter.

Next, the flow of Well Number 1 was measured by the same method -
as above and indicated that well number 1, by itself, pumped 393 gpm.

It was expected that the ground plus elevated storage capacity
of Highland Beach would not be adequate to maintain fire protection
without, sometime during the APT, turning Well Number 1 on in addition
to Number 4. To calibrate the the in-l1ine flow meter and to assure
that pumpage from one well would not effect the other (due to common
piping connect%ons at the treatment plant) both Wells 1 and 4 were
calibrated, as above, when pumping together. This calibration run
showed that Wells 1 and 4 running together did not discernibly affect
one anothers individual pumping rate. .

It should be mentioned that all Highland Beach wells pump their
waters to the ground level reservoir beneath the treatment plant at
atmospheric pressure. Water is then discharge from this open
reservoir to the distribution system via separate transfer pumps.
Therefore, changes in distribution system pressure in no way affects

the pumping rates from the wells.



B. Water Levels Prior To Pumping.

A11 pumpage at Highland Beach was stopped at 8:00 PM on the
evening of October 19, 1978, A Stevens Type F water level recorder
was set up to record water levels in an existing 4‘1hch diameter, 105
foot deep test well located between Well Number 4 and 5. This 4-inch
diameter observation well measured 135 feet horth of Well Number 4 and
103 feet south of Well Number 5. A1l three wells are west of and on
a line parallel with the Florida East Coast Railroad tracks.

The recorder operated overnight and provided the trend to
water levels in the aquifer prior to pumping Well Number 4. The’ -
water level data taken from that recorder are given in Table 1.

During the morning of October 20,1978 additional nonpumping
water levels were measured in Wells Number 4 and 5 to further establish
prepumping aquifer conditions. Water levels in Wells 4 and 5 prior
to pumping can be found in Tables 2 and 3 respectively. Water levels
bgforenpqmpjng were plotted onﬁigmilggwggper using 8 PM October 19, 1978
as the beginning time. The trend listed in Tables 2 and 3 came fromh’ '
that plot extended over the entire time of pumping of Well Number 4.
The implication of this trend extention is that the prepumping water
level fluctuations are solely attributable to recovery due to turning
pumpage off in the west field,
C. Prodution Test Of Well Number 4.

Well Number 4 was turned on at 9:31:15 (9 hours, 31 minutes, and
15 seconds) AM EDST on October 20, 1978 at a constant pumping rate of
322 gpm for a period of 1484 minutes. At 1:30 PM on October 20, 1978

Well Number 1 was needed at that time "and was - turned on at the .
t: 3_3‘7 e
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TABLE 1
WELL PRODUCTION TEST — TREND ANALYSIS

Engineer: Prickett--CDM Test by: Prickett, Herzog
, Sturtz, Arney .
Owner: Highland Beach Location: Observation well 7
Measuring point: 2.77' above cement slab at land surface
Measuring equipment: Stevens Type F recorder

Water level
Time depth Recovery

Date Hour (min) (ft) (ft)
10/19 8:00 pm 0 14.380 0
10:00 120 14.250 0.130
12:00 240 14,180 0.200
10/20 2:00 am 360 14.145 0.235
4:00 480 14.107 0.273
6:00 600 14.083 0.297 .
7:45 705 14.073 0.307 [ -
931 g1 DY PRI B A .
A
p ut‘{’t
e
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TABLE 2
WELL PRODUCTION TEST — PUMPING

Engineer: Prickett--CDM Test by: Prickett, ‘Herzog, Sturtz, Arney
Owner: Highland Beach Location: Pumping well (#4)
Measuring point: 1' 11%" above land surface
Measuring equipment: airline or steel tape (inches and feet) and chalk

Water level Draw- Corrected
Time Held Depth down Trend = drawdown '

Date Hour (min) (ft) Wet (ft) (ft) (ft) (ft) Remarks
.0/20 | 8:58 am 0 17 | 1' 4 7/8"{ 15.59

9:00 0 17 { 1' 4 5/8"| 15.61}| O

9:31:15 0 pump started

9:48:30 17.25| 17 5 -- invalid ) tape

9:51:00 19.75| 22 -- -- readings’ stuck

10:08 37 27 11.39{ 0.003 11.393 airline

10:17 46 20 -- - tape wet, no readin

10:34 63 27 11.39] 0.007 11.397 airline

11:10 99 27 11.39f 0.011 11.401 airline

11:56 145 27 11.39| 0.017 11.407 airline

12:57 pm | 206 27 11.39] 0.023 11.413 airline

1:59 268 26% (10.89| 0.030 10.920 airline

3:08 337 27 11.39} 0.035 11.425 airline -

4:06 395 26% {10.89] 0.041 10.931 airline

5:12 461 27 11.39( 0.048 11.438 airline

5:28 477 27 11.39] 0.049 11.439 airline

6:18 527 27 11.39| 0.053 11.443 airline

7:02 571 27 11.39) 0.053 11.443 airline

8:36 633 27 11.39] 0.059 | 11.449 airline

9:55 744 27 11.39| 0.066 11.456 airline

11:52 861 26% (10.89| 0.075 10.965 airline
0/21 | 2:09 998 27 11.39} 0.082 11.472 airline

3:55 1104 27% [11.89| 0.087 11.977 airline

5:33 1202 27% (11.89] 0.091 11.981 airline

7:08 1297 27% (11.89] 0.097 11.987 airline

9:01 141Q 28 12.39] 0.101 12.491 airline

9:44 1453 27 11.39| 0.103 11.493 airline




TABLE 3 . -
WELL PRODUCTION TEST — PUMPING  gbs wek 238" to Pumpirg wEl

Date: October 20, 1978 Engineer: Prickett--CDM -Test by: Prickett, Herzog,
Arney, Sturtz, Cotter

) ) Owner: Highland Beach Location: Well #5
Measuring point: 1' 11%" above land surface Measuring equipment: steel tape & chalk

Water level Draw- Corrected
Time Held Depth down Trend drawdown
Hour (min) (ft) Wet (ft) (ft) (ft) (ft) Remarks
8:40 pm 0 18 | 3' 1%" 14.90
8:43 0 17 | 2* 1 3/4" 114.85
0 17 ) 2' 1 3/4" |14.85
0 17 | 2+ 2" 14.83
0 17 | 2' 3/4" 14.94
0 18 | 3' 1 3/4" |14.85
9:02:40 17 1 2'17/8" 114.84 |0 0 0 :
9:31:15 8 pump started 8¢ ™
9:32:30 1.25 17| 1' 8" 15.33710.49 |0 0.49 Fecort g
9:33:00 1.75 17 | 1' 6" 15.50 |0.66 |0 0.66
9:34:00 2.75 | 17 | 1' 57/8" |15.51 |0.67 |O 0.67
9:35:00 3.7 | 17 | 1* 5" 15.58 {0.74 |0 0.74
9:36:00 4,75 | 17 | 1' 4 7/8" [15.59 [0.75 |O 0.75 -
9:37:00 5.75 | 17 _ reading missed
9:38:00 6.75 | 17 | 1' 44" 15.62 [0.78 |0.001 0.78
9:39:00 7.75 | 17 } 1' 4 3/8" {15.64 |0.80 [0.001 0.80
9:40:00 8.75 | 17 | 1' 4 3/8" |15.64 |0.80 |0.001 0.80 820 men. (laesvery
9:42:00 10.75 | 17 | 1" 4%" 15.62 |0.78 [0.002 0.78
9:45:00 13.75 | 17 | 1' 3 3/4" |15.69 |0.85 [0.002 0.85
9:54:00 22.75 1 17 | 1' 3%" 15.73 |0.89 [0.003 0.89 '
9:56:00 24.75 | 17 | 1* 3 3/8" |15.72 |0.88 |0.004 0.88 Dan Cotter read
10:01 29.75 | 17 | 1' 34" 15.73 [0.89 | 0.004 0.89
10:13 41.75 | 17 | 1* 3" 15.75 [0.91 {0.004 0.91
10:27:00 55.75 | 17 | 1' 2 3/4" [15.77 |0.93 |0.006 0.94
10:31:00 59.75 | 17 | 1' 2 3/4" |15.77 }0.93 |0.007 0.94
10:40:00 68.75 | 17 | 1' 24" 15.79 {0.95 [0.008 0.96
10:50:00 78.75 | 17 { 1* 2 3/8" 115.80 {0.96 |0.009 0.97
11:05:00 93.75 | 17 | 1' 2 3/8" |15.80 |0.96 |0.010 0.97
11:54 143 17 | 1" 2 1/8" |15.80 |0.96 |0.016 0.98
12:55 pm | 204 17 | 1' 24" 15.81 {0.97 |0.023 0.99
1:55 264 17 { 1' 2 3/8" {15.80 {0.96 {0.030 0.99
3:05 334 17 | 1' 2 3/8" |15.80 {0.96 |0.035 1.00
4:03 392 17 | 1* 2 7/16"{15.80 |0.96 |0.041 1.00
5:06 455 17 | 1' 2 7/16"|15.80 |0.96 | 0.047 1.01
5:23 472 17 | 1* 1 7/8" |15.84 |1.00 |0.048 1.05
6:18 527 17| 1* 1 3/4" [15.85 |1.01 {0.053 1.06
6:50 559 17| 1' 1 3/8" |15.89 |1.05 |0.054 1.10
8:32 629 17 (1" 11/8" |15.91 |1.07 {0.059 1.13
10:02 751 17 1/ 1 3/8" |15.89 {1.05 | 0.066 1.12
11:48 - 857 17 1 1' 14" 15.90 |1.06 {0.073 1.13
2:06 am | 995 17 | 1" 1%" 15.88 |1.04 | 0.082 1.12 date change to 10/31
3:42 1091 17} 1* 1 1/8" {15.91 |1.07 |0.086 1.16
5:40 1209 17 ] 1' %" 15.96 §1.12 |1 0.092 1.21
7:14 1303 171 1' 1/8" 15.99 {1.15 | 0.097 1.25
9:40 1449 17 10 3/4" {16.10 [1.26 |0.103 1.36 ga+736 = 590



constant rate of 393 gpm. Well Number 1 remained on at that rate
until after the completion of the remainder of the total APT.

Table 4 gives values of the in-1ine flow-rate meter readings
taken during the test. These readings are accurate only to the
nearest 100 gallons since that is the smallest Afygg{on that can be
read. Small apparent variations in pumpage rate from this meter may
not be meaningful. A1l wells are electric motor driven with free
discharge at the treatment plant. Therefore, there is no reason to
believe that pumpage rates significantly changed during the entire
APT.

D. Water Level Fluctuations During The Pumping Of Well Number 4.
Pumping of Well Number 4 began at 9:31:15 AM Eastern Daylight
Savings Time (9 hours, 31 minutes and 15 seconds) on October 21, 1978.

Twolwatches were used while mwasuring water levels. One watch (#1)
was used in measuring levels at Wells Number 4 and 5. The second
watch (#2) was used solely at the 4-inch test well where the recorder
was operating. Since split second timiné was necessary to synchronize
water level measurements, these two watches were necessary. As it
turned out, the SFWMD requested a record of the original data collected
during the test. Table 5 is the water level flucturation observed at
the 4-inch observation well with the recorder and watch #2. The
beginning of pumping on watch #2 was 9:31:00. If one focuses
attention on the time after pumping started column for all wells,

this difference in watch settings is not relevant,

The trend listed in Table 5 was constructed in the same manner

as Tables 2 and 3.

-10-
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TABLE 4 45
WELL PRODUCTION TEST — PUMPING RATES

Date: October 20,1978 Owner: Highland Beach Location: Well #4 Engineer: Prickett--CDM
Test by: Prickett, Herzog, Arney, Sturtz Measuring equipment: flow meter at water plant

Time since Meter Apparent Time Apparent
pumping began reading pumpage interval pumping rate
(minutes) (gallons) (gallons) (minutes) (gal/min) Remarks
0 63979900 0 Pump #4 on at 9:31:15 a.m.
October 20, 1978
15 63984450 4550 15 303
30 63989100 4650 15 310
45 63993500 4400 15 293
60 63998000 4500 15 300
75 64002600 4600 15 307 -t
90 64007200 4600 15 307 PR
105 64011700 4500 15 300 Ltes a e
120 64016200 4500 15 300 {hw“"iuggbifg.i "
218 64046000 29800 98 308 [ A
66100 218 303 “_ |Average
322+ Calibrated
239 ' ' ‘ Wells #1 and 4 on
278 64082000 14y
- 347 64133000 51000 69 739 = Gt
540 64277000 144000 193 746 i eadal W
674 64377200 100200 134 748 Y N T
764 64444900 67700 90 752 ol nafldol
1007 64627200 182300 243 750 October 21, 1978
1225 64792000 164800 218 756
1314 64859000 67000 89 753
1441 64955000 96000 127 756
873000 1163 751 Average
715 Calibrated
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TABLE 5 e wite 138 o pur N
WELL PRODUCTION TEST — PUMPING

Engineer: Prickett--CDM Test by: Prickett, Herzog, Sturtz,
Arney, Fisher, Cotter
Owner: Highland Beach Location: Observation well v
Measuring point: 2.77' above cement slab (=~ ground surface)
Measuring equipment: Stevens Type F recorder

Water level Draw- " Corrected
Time Held Depth down Trend drawdown
ate Hour (min), (ft), Wet (ft) (ft) . (ft) .,  (ft) Remarks
)/20 | 8:45pm 181 3' 20" 14.83 | 0 0 0 steel tape measure-
ment to set recorder
9:31:00 | 0.0 14.8221 0 0 0

:01 14.822¢" 0

:02 14.838 | 0.015 0.015
:03 14.879 | 0.057 0.057
:04 14.950 | 0.128 0.128
:05 1$-039| 15.138.1-0.316 | «2!? 0.316
:06 0.1 /5./:81 15,150} 0.328 | <364 0.328
:07 15.213 ] 0.391 0.391
:08 15.267 | 0.445 0.445
:09 15.290 | 0.468 0.468 -
:10 15.300 | 0.478 0.478
111 15.306 | 0.484 0,484
112 0.2 15.325 ] 0.503 0.503
113 15.350 | 0.528 0.528
:14 15.381 | 0.559 0.559
115 15.420 | 0.598 0.598
:16 15.456 | 0.634 0.634
117 15.480 | 0.658 0.658
:18 0.3 15.496 | 0.674 0.674
119 15.498 | 0.676 0.676
:20 15.500 | 0.678 0.678
:21 15.502 | 0.680 0.680
122 15.506 | 0.684 0.684
:23 15.513 | 0.691 0.691
124 0.4 15.521 | 0.699 0.699
125 15.530 ] 0.708 0.708
126 15.535] 0.713 0.713
127 15.542 | 0.720 0.720
:28 15.549 | 0.727 0.727
129 15.550 | 0.728 0.728
:30 0.5 15.556 {:0.734 0.734
:31 15.558 | 0.736 0.736
132 15.567 | 0.745 0.745
:33 15.582 |1 0.750 0.750
:34 15.592 | 0.760 0.760
:35 15.609 | 0.787 0.787
:36 0.6 15.618 | 0.796 0.796
:37 15.630 ] 0.808 | 0.808
:38 15.640 | 0.818 0.818
:39 15.650 | 0.828 0.828
:40 15.658 | 0.836 0.836
:41 15.663 | 0.841 0.841
142 0.7 15.668 | 0.846 0.846
143 15.674 | 0.852 0.852

-12-



TABLE 5 (CONTINUED)

WELL PRODUCTION TEST — PUMPING (Continued)

e

[
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Water level Draw- Corrected
Time  Held Depth down Trend drawdown
Date Hour min) (ft) Wet (ft) (ft) (ft) (ft) Remarks

©.0/20 | 9:31:44 15.680 4 0.858 |0 0.858
:45 15.684 | 0.862 0.862
146 15.692 | 0.870 '0.870
147 15.697 [ 0.875 0.875
:48 0.8 15.701 { 0.879 0.879
149 15.705 } 0.883 0.883
:50 15.709 | 0.887 0.887
:51 15.713 1 0.891 0.891
:52 15.719 { 0.897 0.897
:53 15.725 [ 0.903 0.903
:54 0.9 15.730 | 0.908 0.908
:55 15.733 1 0.911 0.911
:56 15.742 | 0.920 0.920
:57 15.746 1 0.924 0.924
:58 15.750 | 0.928 0.928
:59 15.758 | 0.936 0.936
9:32 1.0 15.765 | 0.943 0.943
1.1 15.790 | 0.968 0.968
1.2 15.808 | 0.986 0.986
1.3 15.827 | 1.005 1.005
1.4 15.840 | 1.018 1.018
1.5 15.854 | 1.032 1.032
1.6 15.869 | 1,047 1.047
1.7 15.880 | 1.058 1.058
1.8 15.890 | 1.068 1.068
1.9 15.899 | 1.077 1.077
9:33 2.0 15.909 | 1.087 1.087
2.2 15.922 | 1.100 1.100
2.4 15.931 | 1.109 1.109
2.5 15.936{ 1.114 1.114
2.6 15.941 | 1.119 1.119
2.8 15.944 | 1.123 1.123
9:34 3.0 15.958 | 1.136 1.136
9:35 4 16.004 | 1.182 1,182
9:36 5 16.030 ] 1.208 1.208
9:37 6 16.048 | 1.226 | 0.001 1.227
9:38 7 16.062 1 1.240 | 0.001 1,241
9:39 8 16.0761 1.254 | 0.001 1.255
9:40 9 16.085| 1.263 | 0.001 1.264
9:41 10 16.092| 1.270 { 0.002 1.272
9:43 12 16.107 | 1.285 | 0.002 1.287
9:45 14 16.118 1.296 | 0.002 1.298
9:47 16 16.128 | 1.306 | 0.003 1.309
9:49 18 16.135{ 1.313 ] 0.003 1.316
9:51 20 16.140{ 1.318 | 0.003 1.321
9:56 25 16.153( 1.331 | 0.004 1.335
10:01 30 16.168| 1.346 | 0.004 1.350
10:06 35 16.175] 1.353 | 0.004 1.357
10:11 40 16.184| 1.362 | 0.004 1.366
10:16 45 16.190| 1.368 ] 0.005 1.373



TABLE 5 (CONCLUDED)
WELL PRODUCTION TEST — PUMPING (Concluded)

Water level Draw-  o2— Corrected
Time Held Depth- down Trend drawdown
ite Hour (min) (ft) Wet (ft) (ft) . (ft) (ft) Remarks
/20 10:21am 50 16.197 | 1.375 {1 0.005 1.380
10:21:30 51 0.005 big train comes
10:23:45 53 0.005 ' train leaves
10:26 55 16.204 {1.382 | 0.006 1.388
10:31 60 16.205 | 1.383 | 0.007 1.390
11:07 96 18 | 1' 9%" 116.227 | 1.405 | 0.010 1.415 replaced chart after
removing to read
11:19 108 16.234 [ 1.412 | 0.013 1.425
11:21 111 16.227 | 1.405 | 0.013 1.428 train stops on inside
track
11:23 113 0.013 engine alone passes
11:31 120 16.233 | 1.411 | 0.014 1.425
11:32 121 0.014 | another train passes
part way
11:34 123 16.227 | 1.405 | 0.014 1.419 second train stops
11:37 126 0.015 train 3 passes (unseen)
11:39 128 0.015 first train leaves
11:40 129 16.249 { 1.427 | 0.015 1.442 -
11:49 138 0.016. second train pulls out
11:51 140 16.267 | 1.445 {1 0.016 1.461 second train gone
12:01 pm| 150 16.248 | 1.426 | 0.017 1.443
12:59 208 16.243 | 1.421 | 0.023 1.444
1:30 239 16.225 | 1.403 | 0.027 1.430 pump 1 on
2:01 270 16.211 11.389 | 0.030 1.419 breeze appears to
move doum
3:09 338 16.218 | 1.396 | 0.035 1.431
3:12 341 0.036 train passes for 2 min
4:06 395 0.041 train passes for 5 sec
v 4:11 400 16.23511.413 | 0.042 1.445
. 5:08 457 16.254 | 1.432 | 0.047 1.479
/6:17 526 16.273 1 1.451 | 0.053 1.504
. 7:03 572 16.284 | 1.462 | 0.054 1.516
. 8:25 654 16.298 | 1.476 | 0.060 1.536
9:58 747 16.310} 1.488 | 0.066 1.554
- 11:40 849 16.311]1.489 | 0.072 1.561
/21 2:00 am| 989 16.311 | 1.489 | 0.081 1.570 big train scenario here
3:46 1095 16.314 | 1.492 | 0.086 1.578 train approaches
3:47:00|.1096 0.086 start clock
3:47:431 1097 16.253 ] 1.431 | 0.086 1.517 43 sec-low point
3:47:50{ 1097 0.086 second Tow, starts
oscillating
3:48:40] 1098 -1 0.086 train gone
3:48:45| 1098 16.354 | 1.532 | 0.086 1.618 top of rebound
3:50 1099 16.320 1.498 | 0.086 1.584
5:42 1211 16.3401 1.518| 0.092 1.610
7:01 1290 0.097 " | heard big train from
treatment plant
7:16 1305 16.359 | 1.537 | 0.097 1.634
8:56 1405 16.382 ] 1.560] 0.102 1.662
9:44 1453 16.3841 1.562 | 0.103 1.665
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Water-level fluctuations in Wells Number 4 and 5 during pumping
of Well Number 4 are given in Tables 2 and 3.

Some difficulties in measuring water levels were encountered
during the entire APT and concerned mainly those at Wells Number 4
and 5. Rapid measurements could not be taken in either one of these
wells because of column pipe couplings b]ocking easy access. One had
to be careful and feed the tape into the available space. Wetness of
the casing and column pipe continually fouled accurate readings in
the pumped well and occasionally in Well Number 5. There was no room
through the pump base to lower anything other than an unweighted EEEEI. -
_Egpe. Furthermore, the float used on the recorder in the 4-inch
observation well had a characteristic damped sine-wave oscillation when
water levels moved rapidly as when nearby locomotives and heavy truck
traffic passed by. This oscillation was not present to any great
extent during other times of the test.

Local train traffic affected water levels momentarily throughout
the APT. The water levels listed in Tables 2,3, and 5 do not show »
this frequent occurrence. Heavy trucks passing on Route 811 also had
momentary effects on water levels. In both of these cases, measurements
were delayed until these disturbances passed.

E. Water Level Fluctuations During the Recovery Period After Pumping
Stopped.

Well Number 4 was turned off at 10:15 AM EDST on October 21, 1978

and water levels were measured as they recovered. Tables 6,7, and 8

give water level measurements taken in Wells Number 4 and 5 and the

-15-



Date: October 21, 1978
Owner: "Highland Beach

TABLE 6

WELL PRODUCTION TEST — RECOVERY i

Engineer:

Location:

Measuring equipment:

Prickett--CDM
#4  Measuring point:

Test by:

Prickett, Herzog, Arney

1' 11%" above land surface
steel tape and chalk and 40' air line

Water level Draw-
Time Held down
Hour (min)  (ft) Wet Depth* (ft) Remarks
10:15 am 0 27/19.75 0 test started
11:00 45 23/15.75 4.0 air line #4/
11:04 49 tape reading
11:48 93 23/15.75 4.0
11:54 99 17 9 3/4" 16.19 3.56
11:57 102 18 1' 11" 16.09 3.67
12:18 pm 123 18 2' 3" 15.71 4,04 )
12:20 125 17 1' 3" 15.75 4.00
12:21 126 23/15.75 4.00
12:31 136 17 10%" 16.12 3.63
1:05 170 17 1' 2 3/8" 15.80 3.95
1:47 212 17 1' 34" 15.71 4.04 3%}/ P
2:14 239 17 1' 37/8" 15.68 4.07 1 —'rw

Jao, a0 Ao fasoe -

*depth figures assume airline meausrements are 7.25' high, which is the
discrepancy noted between airline and tape measurements taken at

the same time
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Date: October 21, 1978

Owner: Highland Beach

Engineer:
Location:
Measuring equipment:

TABLE 7
WELL PRODUCTION TEST — RECOVERY

Test by:

Well #5

Water level

Measuring point:
steel tape (inches and feet) and chalk

Prickeet--CDM

ﬁ?w /:r.*'a"‘a. TR

Prickett, Herzog, Arney

1' 11%" above land surface

Time Held -Depth  Recovery
Hour (min)  (ft) Wet (ft) (ft) — Remarks
4.

10:10 am o |17 |1 16.00 | 0 no |44 -
10:15 0 pump off 1929 hoon.
10:17 2 17 1' 64%" 15.48 0.52 .4 |m
10:20 5.25) 17 1' 6%" 15.46 0.54 ,&>|82
10:21 6 17 1 7 15.42 0.58 .s8[s?
10:23 8 17 1 16.00 0 -
10:24 9 17 10" 16.17 | -0.83 ] stuck tape
10:25 10 18 2" 17.83 -1.83 - .
10: 26 1 |18 | 65/8" 17.45 | -1.45 questionable
10:27 12 18 | 1' 3" 16.96 | -0.96 ( tape [?la
10:28 13 18 | 5 3/4" 17.52 | -1.52 havg Stu{k)
10:30 15 18 4 7/8" 17.59 -1.59
10:31 16 18 64" 16.48 ~0.48 J
10:32 17 18 1' " 16.96 -0.96 -
10:34 19 17 1' 4%" 15.625 0.375. 88 ®
10:38 23 16 9" 15.25 0.75 M4 &is
10:40 25 16 8" 15.33 0.67 A 59,4
10:42 27 16 8 3/4" 15.27 0.73 w8| 7
10:45 30 16 1' 1 14.92 1.08 .08 475
10:46 31 16 10%" 15.12 0.88 =8| 1.1
10:47 32 16 8 1/8" 15.32 0.68 48| 44
10:49 34 16 11%" 15.04 0.96 oo 436
10:55 40 16 11%" 15.06 0.94 053 301
10:59 44 16 7" 15.42 0.58 0,58| 33
11:15 60 16 11 3/4" 15.02 0.98 o.18| 277
11:25 70 16 1' 15.00 1.00 o} 21>
11:35 80 16 1' 1/8" 14.99 1.01 008 4
11:45 90 16 1' 5" 14.96 1.04 22| w5
11:50 95 16 7%" 15.40 0.60 056 154
12:00 pm 105 16 1' 5/8" 14.95 1.05 o.ut | #+!
12:15 120 16 1' 3/4" 14,94 1.06 o0} 124
12:32 137 17 2' 7/8" 14.93 1.07 o49| 18
12:39 144 17 2' 7/8" 14.93 1.07 o.s1| w3

1:25 190 16 1' %" 14.06 1.0408| 78Y

1:44 209 16 1' 1" 14.92 1.08 o.08| 7.1

2:24 249 16 1' 1 5/8" 14.86 1.14,00) 5.9¢

2:26 251 16 1' 1 374" 14.85 1.158.00| 594
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Date:

October 21, 1978
Owner:
Measuring point:

Engineer:
Highland Beach
2.77' above cement slab (= 2.77' above land surface)

TABLE 8 /
WELL PRODUCTION TEST — RECOVERY

Prickett--CDM

1o -~

Test by: Prickett, Herzog, Arney
7

Location: Observation Well

Measuring equipment: Stevens Type F Recorder
Elapsed Water level
Hour Time depth Recovery
(h:m:s) (min) (ft) (ft) Remarks
10:15 am 0 16.380 0 o [34011 Number 4 off /967 men
10:15:05 | 6.6833 16.245 0.135 19| 17,808 Ref = #4822
:10 0. e 15.992 0.338 117 | 8%
115 | o285 15.910 0.4701.99 | %93
:20 6.33 15.796 0.584 991|445
125 | o4/ 15.733 0.647,44 | 456t
:30 o.50 15.675 0.705s833 | %5
:35 | 4-583 15.639 0.7410817|25H
140 | 0-687 15.600 0.7800778 | 222%
145 e/550 15.561 0.8190.139| 479
:50 | &8% 15.536 0.8445.714{ 128
:55 | ¢ % 15.510 0.8700488| /¢
10:16:00 1 15.490 0.890048 | 1104 -
10:16:05 4,08 15.469 0.9110697{ 1370
210 | .77 15.452 0.9280..% | 127>
115 | r28 15.437 0.943c...7| 1187
120 /.33 15.419 0.96L...7; | 18
:25 Jo¥on 15.408 0.972.sec | 1948
30 /:80 15.397 0.983.. 37| 997
135 | 1.8 15.390 0.990:.:| 937
:40 147 15.380 1.000-. :|&%
145 | 128 15.370 1.010,..4 | 818
:50 | /83 15.361 1.019c.531 go9
:55 | /.92 15.352 1.028:..2 | 1
10:17:00 2 15.343 1.037:.731 m>
10:17:20 | 233 15.312 1.068¢249 | b3
:30 .50 15.300 1.080c | M
45 | 275 15.286 1.094c:161| S1e
10:18:00 3 15.275 1.1058:53) 997
10:19:15 4.25 15.228 1.152.4¢6| 349
10:20 5 15.209 1.1712081 A7
10:21 6 15.187 1.193.. 5| 247
10:22 7 15.170 1,210 alk
10:23 8 15.153 1.2270.334) 186
10:24 9 15.143 1.237:3%1| S
10:25 10 15.134 1.2460.32{10:45 train here, 12:30 train
1 gone (min:sec)
10:28 13 15.118 1.262. {
10:32 17 15.089 1.2910.27] 81
10:37 22 15.068 1.31202%| 675
10:43 28 15.048 1.3325.250| §3
10:49 34 15.034 1.3466.212443.6
10:55 40 15.022 1.3580.2 1.
11:09 54 15.001 1.3792.79| 25
11:22 67 14.986 1.3946.49|22.1
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TABLE 8 (CONCLUDED)
WELL PRODUCTION TEST — RECOVERY (Concluded)

Water level

Time depth Recovery

Hour (min) (ft) (ft) Remarks
11:32 am | 77 14.975 1.4050.83| £¥ain here 78:37
11:45 90 14.963 1.417s.0484 1S
11:58 103 14.953 1.4270.31) 44
12:15 pm | 120 14.940 1.4405. | 124
12:39 144 14.926 1.4544, 104 10.3

1:03 168 14.912 1.4680.| 8.8

1:25 190 14.900 1.4800,078 7.8

1:40 205 14.890 1.4900.06@ 7->

1:59 224 14.879 1.501p087| &6

2:09 234 14.872 1.5080.05 | 63

2:09:45 | 234.75 train scenario(see Fig. 5)
2:25 250 14.866 1.514044 ;:;r;d of test
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4-inch diamter observation well respectively. Recovery measurements

were taken for a period of about four hours at the completion of

which was the end of the APT.

F. Inventory of Nearby Pumpage, Barometic Pressure, and Tidal Variations.
Water levels in the Highland Beach wells could possibly be affected

by items other that their own pumpage. Information on nearby pumpage

from other wells, barometric pressure changes, and tidal fluctuations

were therefore collected.

The nearest..groundwater pumpage found was at Boca Teeca Golf

Course where 6 wells (350 gpm each) are operated 8 hours daily between _

7 PM in the evening and 3 in the morning. The nearest of these wells
is about 0.5 miles southwest of Well Number 4.

Other wells were found at Boca Raton Country Club, but these wells

were not used due to moist conditions during the period October 19-21,
1978.
The next nearest pumpage is at Boca Raton, a distance of about

1.5 miles. This pumpage would not be expected to complicate a short

term test such as this APT,

A tidal table is included in Appendix B to indicate ocean level
change effects that have a bearing on the Highland Beach water levels.

Rather large barometric pressure changes were noted during the
period of the APT. Appendix C includes hourly data on barometric
pressures at West Palm Beach, Fort .Lauderdale (International Airport),
and Fort Lauderdale (Executive Airport) during the APT. A plot of
pressures versus water levels during the APT reveals some apparent
correlation--but it is believed to be only apparent (not real), as

will be pointed out later.
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ANALYSIS OF APT DATA

The hydrogeologic conditions at Highland Beach bring to mind
several possible ways to interpret water-level fluctuations. According
to the logs and well construction features in Appendix A, the classic
delayed yield from storage theory probably bést fits the conditions
at Highland Beach in their west field. One could also &rgue for such
theories as leaky artesian, storage from confining layers, or vertical
to horizontal permeability difference effects in a partially penetrating

—— e —— -

water-table system. However, the two-layer systems (fine sand-rock)

with apparent high permeability contrast does not fit any of these
later mentioned cases. The theory finally chosen for calculating
aquifer coefficients was the delayed yield concept developed by Boulton

(1963). The type-curve method by Prickett (1965) was used in the

matching process of logarighmic plots of drawdown and recovery data.

A. Analysis Of Time-Drawdown Data
Logarithmic and semilogarithmic plots of time-drawdown data were
constructed from the measurements given in Tables 2, 3, and 5. Plots

of both uncorrected and corrected drawdowns wera made.

Figures 1 and 2 show logarithmic plots of corrected time-drawdown
data from the 4-inch diameter observation well and Well Number 5. Both
plots give consistent results on all aquifer parameters calculated.

The type curves available from theory, however, do not allow a choice

of values of r/D any finer than the 0.1 and 0.2 values used. A closer

agreement in parameters could have resulted if smaller r/D increment

curves_were available.
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One will note that the drawdown data prior to 0.1 minutes in
Figure 1 are below the type curve. We believe this is delayed
observation well response due to inertia, frictional loss in the
casing, float damping, and storage of casing water effects.

One will also notice, in both Figure 1 and 2, that the drawdown
data is rising slightly above the type curves near the end of the .
test, generally in the time region greater than 600 minutes after
pumping started. We believe this deviation is due to the additional
drawdown effects of Highland Beach Well Number 1.

In actuality, there are several small water-level fluctuations
taking place in the observation wells that are»not greatly apparent
in Figures 1 and 2.

Figure 3 shows a semilogarithmic plot of time-drawdown data in the
4-inch observation well. This plot is shown at an enlarged scale to

illustrate the deviations of interest. For purposes of discussion, we .
105
i VU .

through D. Curve A is a straight line wherein Jacob's modified , -

e

have labeled portions of the curves shown in Figure by the letter A

9Ep P
nonequilibrium formula was used to calculate early time-drawdown data aﬂj§apiin
A
unaffected by delayed yield (see Cooper and Jacob, 1946). The g
oscillations around this straight line apparently are due to the float

characteristics. Note that the resultant transmissivity and early

storage coefficient reasonably matches those calculated in Figure 2.

Curve B (the dashed curve) represents the ‘average time-drawdown
data around which water levels fluctuate due evidently to tidal

phenomena. First, note that there is an apparent sinusoidal variation

~24-
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around the average Curve B in the time range greater than about 150
about 300{“Z§Q,J1050, and 1400 minutes. The high and low tides, as
shown in Appendix B, have time differences that are in synchronization
with the Figure 3 variations about the average. The 1ag ti@f (see
Todd, 1959) of the water-level fluctuation behind the tide fluctuations
was calculated to be about %§15‘E9QES’ using an effective distance to
the tidal source (approximate centroid of canals, intercoastal and
ocean system) of about 3800 feet from the observation well, and
the transmissivity and late storage coefficient of Figure 1. The
range of tidal fluctuations at the observation well (about 0.05 feet)
was in the proper range using the same above coefficients and realizing
that the nearest tidal effects are coming from canals as close as 1,600
feet away.

Upon examination of the barometric pressure readings (see
Appendix C), one may expect that there may be some barometric efficiency
effects causing the oscillating deviations about the average Cufve B
line of Figure 3. This is not the case. Plots of barometric pressure
changes were plotted against the deviations and, al}bough thefgsz

e e

some correlation, the fluctuations are about 2 hours out of phase.

arometric pressure changes cause immediate water level changes in
observation wells in artesian cases and no changes in water-

table cases. Thus the atmospheric pressure-changes are not directly

the cause of the oscillations noted.
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Barometric pressure changes, however, are known to affect the
height of ocean tides. There may thus be some indirect pressure
change effects on the observation well water levels via their effects
on ocean tides (see Vacher, 1978).

Curve D illustrates the line parallel to which the type curve
of Figure 1 would approach. Curve C illustrates, beginning at about
250 minutes, where the approximate time—drawdg¥2¢ggzxf_;?gglgﬁggﬁgy;“
gone in the absence of pumping from Highland Beach Well Number 1.

The vertical difference between Curves B and C represents the effects

due to Well Number 1. An analysis of the difference between Curves -
B and C indicates that the canal system near Well Number 1 is.also
involved. Separating canal related effect ( at least as a partial

image well type of constant head boundary analysis) near Well Number

1 complicates the analysis.

A final word is necessary concerning the effects of partial
penetration in the analyses. According to the construction features
of the wells involved in Appendix A, Wells Number 4 and 5 have 2Q
feet of strainer, the bottoms of which are set at 104 feet below
land surface. The 4-inch observation well is believed to be open
hole construction from a depth of 45 feet to the bottom at 104 feet
below land. Little is know about the thickness of the shallow
aquifer at Highland Beach. However, based upon Schroeder, et al. (1954),
we have assumed an aquifer thickness of about 220 feet. This would
make wellfwyumber 4 and 5 partially penetraﬁipg to the extent of

—————— e =

about g percent and the 4-inch observatiqp well at about 30%.
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Despite these small penetrations, distortions in the magnitudes

of drawdowns at the observation wells were not apparent (essentially
the same T and S). A1l wells terminating at the same depth may be
the reason why this is so. It would be possible to analyze this test
on the basis of partially penetrating wells in a water-table aquifer.
However, one would then face the complicating two-layer sand and rock
situation.

B. Analysis Of Time-Recovery Data.

Well Number 4 was shut off at 10:15 AM EDST on October 21, 1978.
Recovery of water levels were plotted from Tables 6, 7, and 8 on both
logarithmic and semilogarithmic paper. One such plot is shown in
Figure 4. Uncorrected recovery (the difference in the water level
at the end of pumping and the water levels thereafter) were used in
this illustration. Not a great deal of différénce in calculated
aquifer properties is noted from this plot as would be calculted from
corrected (for trend) recovery. The_deviation of recovery above the,
chosen r/D=0.1 type curve after about 100 minutes is aue to the
continuing tidal effects which were rising in this time interval
also.

C. Railroad Traffic Nearby APT Site.

Water levels in all wells in the Highland Beach well field are

affected by passing trains on several tracks east of the well field.

Numerous trains passed throughout the APT with resulting short term

effects. Figure 5 illustrates typically one of the water Tevel
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Uncorrected Recovery, in feet (See Table 8)

Time Since Pumping Stopped, in minutes
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fluctuations due to a passing train during the recovery portion of
the APT at about 2:09 PM on October 21, 1978.

Figure 5 is a classical example of an artesian aquifer response
near a railroad with a passing train. The only unusuél added
characteristic of the water level response is the damped oscillations
of the float-counterweight-recorder system. One should make special
note of oscillations being greater as water levels rise as opposed to
when they fall.

The water levels of Tables 2, 3,.5, 6, 7, and 8 contain data
taken only when trains were not pfesent, with one exception as
noted near the 129 minute mark in the pumping portion of the APT.

The Tong-term implication of the Florida East Coast Railroad
upon salt-water encroachment should be investigated.

D. Summary Of Calculated Aquifer Coefficients And Final Discussion
Of Results.

Table 9 1ists the aquifer coefficients calculated. We did not
1ist hydraulic conductivity as one of the coefficients, as we feel
the aquifer thickness is not adequately defined. If one assumes the
220 foot thickness mentioned previously and the average transmissivity
of 131,480 gpd{ft of Table 9,the hydraulic conductivity calculates

——— e

to be about 600 gpd/ftz, a rather low value. Not knowing the actual

RS
vy

aquifer thickness severely haﬁ;;}S an aﬁa]ysis of the entire test

and the basis of any partially penetrating theory. When this

information-becbmes available, the test should be reevaluated.
The average delay index of 873 minutes fits with a scenario

of the water table varying within very fine to fine sand and is
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Table 9  Summary of Aquifer Coefficients

Type of Analysis

Early | Late Delay
Data From Transmissivity Storage Storage Index
Well Number (gpd/ft) Coefficient Coefficient (minutes) n

4-inch 127,250 4.93 x 10"5 0.00882 1360 180
5 131,790 7.86 x 10.5 0.00778 900 100
4-inch 137,110 4.70 x 107> - S
4-inch 129,480 5.28 x 10-S 0.00448 680 86
5 131,790 rem— 0.00475 550 -
T31,480  5.69 x 109 0.00646 873 122

Town of Highland Beach, Florida
Aquifer Performance Test of October 19-21, 1978

Time-drawdown (log-log
Time-drawdown (log-log
Time—drawdown (semilog
Time«recovery (log-log

Time-recovery (log-log

AVERAGE OF ABOVE

plot)
plot)
plot)
plot)
plot)



apparently a reasonable number for the Highland Beach situation (See
Figure 4.30 of Walton, 1970). The ratio of storage coefficients n

is above Boulton's cutoff value and thus uncomplicates the use of his
type curves.

Finally, the early and late storage coefficients seem to be
typical for the situation. It would have been a help to have an
observation well in the sand water-table deposits at a shallow depth
(Tess than 40 foot depth). This would have allowed a better definition

of the late storage coefficient.

-
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oRI
' NG ‘ i ‘ r. . CORE DRILLING { TEST DRILL
\{ < ) i .

. "ALSAY DRILLING, Inc.'

v AR T
. WATER @ WELLS B
A NAME TO REMEIABER

inousTRIAL—PUMPS —resinentiat

JX 1226 LAKE WORTH, FLORIDA 33460

May 11, 1971

HIGHLAND BEACH DRILLING LOG 4" TEST WELL

DEPTH . DESCRIPTION

0 - 5 Top Soil : .

5 -~ 10 Brown Sand :

10 - 15 Brown Sand

15 - 20 . Brown Sand

20 - 25 White sand some shell .

25 - 30 ) White sand. some shell

30 - 35 White sand some shell

35 - 40 . white Layers rock

40 - 4 5 1 1] 1 1] [1]

4 5 — 50 . - n " n

5 O — 55 . " (1] "

5 5 — 60 " 1] "

60 — 65 ' L " "

65 - 70 " . n n

70 - 75 ([ " "

75 ~ 80 " " n

80 - 85 " st "

85 -~ ©0 " ] "

90 - 95 1} n oon

95 _100 : . " " "’ ’ R
100 -105 " " "

An interview with the well driller indicates that no record exists
foy the construction featyres of this we]]--—however, the driller
be11eves the casing 1ength is about 40 feet in 1ength below 1and

surface and that the remaining is open ho]e

-35-
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JIL BORING

. 3

CORE DRILLING

TJEST  DRILLING

LAKE WORTH, FLORIDA 334¢

FQAY P EL YR
LESAY DREILLING,
//.\‘\
WATER < 2vDic > W
'\' 7
A NANE TO \_,»'/F,L'.'.E .... zTR
DOUSTRIAL — 1= SR C - RzsiponmiA
. 0. BOX 1226
DRITLINCG 1,OG EICGHEL.AND RBEACH
S" WELL 34
5/28/7
DEPTH - DESCRIPTION
0- 5 Top soil, white sand
5-1310 Brovnish s=nd
10-15 Rrownish sand
1520 Brownish sand
20-25 Brownish sand
25-30 Brownish sand
30-35 white layers rock
35-40 White layers rock
40_45 111 " " "
45_50 1 1] [ 1] 11 1
50_55 1 " n 1"
55_60 n 13 " n
60_65 11} " " 1 1]
65_70 "n 11 n 111
70_75 " 1] 1] 11
75_80 1 1] 1 1] " 14}
80—-85 n in 1" n
85_90 .n n 1 1} 11
90_95 " 11 n [13
e=_100 n " 1 "
100-104 wooo n "
NOTE :

Casing installed to 54' depth and 20' well screen added.

An interview by T.A. Prickett with the drilling company indicates that
85 feet of casing and 20 feet of.strainer is installed in this well.
The above information was an estimate by the driller at the time the

well was drilled and does not match the final construction.

The size of the strainer is unknown.

-36-



[ 2NN

{ BORING v ©o CORE DRILLING P fewr  ereeeree
| ' ros v I T TR T o /
- ZQAJL).-; Z:;uLJuLzlf¥C;, LicTo f“,,
! /\\.\A ‘\),? [~’ L »
RedR R g .- . o= / - . - -
WATER ST D WWELES / B}- : ;-
- // ! V ) f/ _ /
A NAME 1O S~ REMINEER S R G
< NDUSTRIAL — PR T S — RESIDINTIAL / “\ I
/
\i ! LAKE WwoORlH, FLORIDA 33460
0. EOX \226
T‘
L
,z < Rl N
DRTLLING LOG HIGHALKD BLACH wells F
g» WELL D
5/28/71
DCZTE DESCRIPTION , -
0- 5 Tocp Soil, white sandé )
5-10 Brownish sand
1C-15 Brownish sana
1:-20 rowvnish sanc
20-25 Brownish sSanc
25-30 Browmish sanc -
3¢-35 white lavers rock :
25-40 Vhite leyers rock
A A 1"
L _A 11 3t b1}
[-_9 :g [ 3] " ) n ]
"N —
E"(‘) ;5 (1] 1" 11} 11}
;"—60 n | L 1] (3]
=N -
-6{6 65 n 11 11} n
65_7‘0 T om 1 n n
70_75 (1] [ 1] 1 11
7; 80 n 1] st n
06 85 n " 11 1 1]
g . ]
o5_.C0 " 1 " .
i(s) ;5 " " (1} ”n
ca :|OO . n " » n
]66 :04 [ 1] 4] " 11

NOTE : Casing installed to 54° depth and 20' well screen added.

An interview by T.A, Prickett with the drilling comgany'indicates that
85 feet of casing and 20 feet of strainer is installed in this well.
The above information was an estimate By the driller at the time the

well was drilled and does not match the final construction. The size
of the strainer is unknown. :
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Ocean Tide
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TABLE 2.—TIDAL DIFFERENCES AND OTHER CONSTANTS

231

POSITION DIFFERENCES
No. PLACE Time Height Mean
Lat. Long. - Tide
High | Low | High | tLow Level
water waoter waoter | water
vl hm] Rom| feet | feet Jeet
FLORIDA
Nassau Sound and Fort George River N. W. MAYPORT, p.108
Time meridian, 75°K.
2839 [ Nassau Sound 30 31181 27 (-0 03]+0 06] +0.9] oO. 2.7
2841 | Amella City, South Amella River----- 30 35 )81 28 | +0 +1 03| +1.1 0. 2.8
2843 [Nassauville, Nassau River----————-mea 30 34 |81 31 | +1 +1 37| 0.3 O. 2.4
2845 [ MInk Creek entrance, Nassau Rlver--- |30 32 |81 34| +1 +2 32| -0.6 0. 1.9
2847 {Halfmoon Island, highway bridge-~—-- 30 34 |81 36 | +3 +3 21| -1.0] O. 1.7
2849 | Sawplt Creek entrance--—~-———-——ce-cau 30 31 )81 27| -0 +0 30{ +0.5¢{ O. 2.5
2851 | Fort George lsland, Fort George R--- 13026 [ 81 26| +0 29| +0 39{ +0.3| 0. 2.4
St. Johns River
2853 | South Jetty 30 24 {81 23| -0 231 -0 17! +0.4| 0.0{ 4.9 2.4
2855 [ MAYPORT 30 24 (81 26 ly predictions 4.5 2.3
2857 | Pablo Creek bascule bridge=----—-—- 30 19 [81 26 |41 +1 15(*0.64 [*0.64] 2.9 1.4
2859 | Fulton 30 23 181 30 [+0 + 42} -1.1| 0.0] 3.4 1.7
2861 | Dame Polnt 30 23 181 33 {+0 +0 55]®0.67 [*0.67] 3.0 1.5
2863 | Phoenlx Park (Cummers MI[[)~—=a——ne- 30 23 |81 38 | +C +1 25({%0.44 [*0.44] 2.0 1.0
2865 | Jacksonville (Dredge Depot)-——--=- |30 21 [ 81 37 { +1 24| +1 50| *0.44%0.44] 2.0 1.0
2867 | Jacksonville (RR. brldge)-—==--——sn= 30 19 |81 40 | +2 +2 13 [*0.27 I*0.27] 1.2 0.6
2869 | Ortega Rlver entrance--=————me———wo 30 17 |81 42 | 42 +2 50®0.20 [*0.20| 0.9 0.5
2871 | Orange Park 30 10 |81 42 | 43 +4 14{%0.16 [*0.16| 0.7 0.3
2873 | Green Cove Springs 30 00 |81 40 | +5 +6 13 [®0.18 |*0.18 0.8 0.4
2875 { East Tocol 29 51 {81 34 | +6 +7 18 |*0.22 {*0.22] 1.0 0.5
2877 | Bridgeport 29 45 |81 34 | +6 +7 32[%0.24 J*0.24] 1.1 0.5
2879 | Palatka 29 39 |8l 38 |+7 +8 21{%0.27 {*0.27] 1.2 0.6
2881 | Welaka 29 29 {81 40 | +7 +8 25|*0.11 {*0.11] 0.5 0.2
FLORIDA, East Coast
2883 | Atlantlc Beach 30 20 |81 24 | -0 -0 181 #0.7]| 0.0| 5.2} 6.0/ 2.6
2885 | St. Augustine Inlet--———wecmmmmmmee 29 53 {81 17 | -0 -0 01] 0.0} 0.0{ 4.5] 5.3 2.2
2887 | St. Augustine 29 54 |81 18 |40 +) 43| -0.3] 0.0} 4.2}5.0(=2.1
2839 |Daytona Beach (ocean)----cmme———u- -~ {29 14 |81 00 |-0 33 |-0 32| ~-0.4| 0.0 4.1}4.9]2.0
on MIAM! HBR. ENT., p.112
2891 | Ponce de Leon lnlet—-~=——m—mmeae—- — |29 04 |80 55 |+0 06 |+0 20] -0.2] 0.0y 2.3]2,7{1.2
2893 | Cape Canaveral 28 26 [80 34| -0 41| -0 41] +1.0} o0.0f 3.5} 4.2} 1.8
2894 | Sebastian Inlet 27 52 |80 27] -0 23| -0 31| -0.3] o0.0] 2.2| 2.6| 1.1
2895 | Fort Plerce Inlet (breakwater)=-==m= 27 28 {80 17 {0 -0 18} +0.1} 0.0] 2.6]3.0]1.3
2897 |Fort Plerce (Clty Dock)-~==——mmcmaan 27 27 |80 19 | +1 +2 11]%0.28 {*0.28| 0.7} 0.8 | 0.3
2899 | St. Lucie Inlet (jetty)-——-————-meme- 27 10 {80 09 | -0 -0 21| +0.1}] 0.0} 2.6( 3.0}1.3
2900 | Sewall Point, St. Lucie River--=--—-- 27 11 {80 12| +1 +2 33/°0.40{%0.40} 1.0} 1.2]| 0.5
2901 | Jupiter Inlet (near [ighthouse)=-==== 26 57 180 05| +0 +1 09 °*0.80}%0.80{ 2.0| 2.4{ 1,0
2902 | Anchorage Point, Loxahatchee River-~ |26 57 |80 06 | +1 +2 19(*0.721%0.72{ 1.8) 2.2 0.9
2903 | Tequesta, Loxahatchee River-~-—=e—a=a 26 58 |80 061 41 +2 15{°0.72]1%0.72{ 1.8{ 2.2] 0.9
2904 | North Fork, Loxahatchee River------- 26 57 (80 07 | ¥1 +2 271%0.72|*0.72| 1.8} 2.2 | 0.9
2905 | Port of Palm Beach, Lake Worth-——-=- 26 46 |80 03] © 40 12| +0.1] 0.0 2.5} 3.1 1.3
2907 | Palm Beach (ocean) 26 43 |80 02| -0 -0 18} 40.3§ 0.0 2,8 3.3 | 1.4
2909 | Hillsboro Inlet 26 15 |80 05 | +0 +0 361 -0.2] 0.0] 2.,3]2,7(1.2
Fort Lauderdale
2911 Bahia Mar Yacht Club--—-=vee-em 26 07 |80 06 | +0 +0 32| -0.2( 0.0| 2,3] 2.8(1.1
2913 Andrews Ave. brldge, New Rlver- |26 07 |80 09 | +1 +1 28| -0.7{ 0.0] 1.8] 2.2 0.9
Port Bverglades L
2915 Entrance (jettieg)--~=mmcccncaan 26 06 {80 07 |+0 +0 02| 0.0} 0.0]2.,5}3.0][1.2
2916 South entrance (canal)}=--—-~--w 26 05 [80 07 |40 46 |+0 42| -0.2| 0.0 2.3[2.8 |1.1
2917 { Sunny Isles, Biscayne Creek===w=amv=m 25 56 |80 08 | +2 +2 271 -0.7] 0.0} 1.8 2.2] 0.9
2918 | Indian Creek 25 52 180 09| +1 36| +1 50| -0.4] o.0f 2.1] 2.5 1.1
2919 | Mlam! Beach 25 46 180 08| 0001 0 0O|I 0.01 0.0)2.,5]3.0/{1.3
2921 | MIAMI HARBOR ENTRANCE----—~—==a~m= -~ 125 46 |80 08 Dally predictions 2.5} 3.0 1.3
*Ratlo.
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OCTOBER
TIME  HT.

DAY DAY
h.m. ft.

1 0103 0.3 16
sU 0717 3.1 M
1324 0.3
1930 3.0
2 0141 0.2 17
M 0754 3.2 TU
1403 0.3
2007 3.1
3 0217 0.1 18
TU 0834 3.2 W
1443 0.3
2064 3.1
4 0257 0.1 /19
W 0915 3.3 { TH

1522 0.4 °
2128 31

5 0338 0.1 |20

TH 0957 3.2 | F
1606 0.4
2207 3.0

6 0424 0.1 | 21

F 1045 3.2 | SA
1653 0.5
2255 3.0

7 0514 0.2 22

SA 1138 3.1 SU
1748 0.6
2351 2.9

8 0610 0.3 23

SU 1239 3.0 M
1849 0.7

9 0055 2.8 24

M 0716 0.4 TU
1344 2.9
1958 0.7

10 0206 2.8 25

Tu 0828 0.5 W
1453 2.9
2108 0.6

1M 0319 2.9 26

W 0937 0.4 TH
1558 3.0
2214 0.5

12 0827 3.1 27

TH 1043 0.3 F
1657 3.1
2312 0.3

13 0526 3.2 28

F 1139 0.2 SA
1750 3.3

14 0005 0.1 29

SA 0621 3.4 SU
1232 0.2
1840 3.3

15 0053 0.0 30

SU 0709 3.5 M
1320 0.1
1925 3.4

31

TU

TIME MERIDIAN 75° W,
HEIGHTS ARE RECKONED

MIAMI HARBOR ENTRANCE, FLA., 1978 115

TIMES AND HEIGHTS OF HIGH AND LOW WATERS

TIME  HT, TIME
DAY
hom, ft., h.m,
0139 -0.1 1 0150
0756 3.5 W 081
1405 0.2 1418
2007 3.4 2018
0221 0,1 2 0232
0839 3.5 TH 0855
1848 0.3 1502
2051 3.3 2102
0305 0.0 3 0318
0923 3.4 F 0941
1533 0.4 1549
2132 1.1 2149
0347 0.1 4 0405
1007 3,3 SA 1029
1616 0.5 1640
2215 3.0 2242
0429 0.3 5 0500
1050 3.1 sU 1124
1658 . 0.7 1735
2257 2.8 2340
0514 0.5 6 0558
1135 2.9 M 1223
1748 0.8 1839
2346 2.7
0601 0.7 7 0047
1225 2.8 TU 0704
1839 1.0 1328
1945
0039 2.5 8 0158
0655 0.8 W 0813
1321 2.7 1434
1937 1.0 2053
0139 2.5 9 0308
0753 0.9 TH 0922
1419 2.6 1538
2035 1.0 2157
0242 2.5 10 0414
0854 0.9 F 1027
1516 2.6 1636
2133 0.9 2254
0342 2.6 11 0513
0952 0.9 SA 1123
1607 2.7 1728
2223 0.8 2345
0435 2.7 12 0605
1043 0.8 suU 1214
1654 2.8 1818
2307 0.6
0523 2.9 13 0033
131 0.7 M 0653
1736 2.9 1302
2349 0.4 1903
0605 3,0 14 0117
1213 0.5 TU 0737
1818 3.0 1386
1945
0029 0.3 15 0158
0648 .2 W 0819
1256 - 0.4 1427
1856 1 2025

Q

-

o

-
WOWO WOwo
o ¢ 9 @
N w—

NOVEMBER
HT.

DAY
ft.
0.0 15
3.4 TH
0.3
3.2
0.1 17
3.4 F
0.3
3.2
0'1 1:
3 S
0’4
3.2
0.0 19
3.3 su
0.4
3.
0.1 20
3.2 ¥
0.5
3.0
0.3 21
3.0 T
0.5
2.9 22
0.4 "
3.0
0.5
2.9 23
0.5 TH
3.0
0.5
2.9 24
0.5 F
3.0
0.3
3.0 25
0.4 SA
3.0
0.2
3.1 28
0.4 SU
3.1
0.1
3.2 27
0.3 M
3.
0.0 28
3.3 TU
0.3
3.1
0.1 29
3.3 ]
0.3
3
0.1 30
3,3 TH
0.3
3.0

0000 IS MIDNIGHT, 1200 IS NOON.
FROM THE DATUM OF SOUNDINGS ON CHARTS OF THE LOCALITY WHICH IS MEAN LOW WATER.

DECEMBER
TIME  HT. TIME  HT. TIME  WT.
DAY DAY
hem, ft. h.m, ft. h.®m, ft.
0237 0.0 1 0212 -0.4 16 0253 -0.1
0900 3.2 F 0836 3.3 SA 0916 2.8.
1508 0.4 1445 0.0 1525 0.2
2105 2.9 2045 3.1 2120 2.5
0318 0,1 2 0302 -0.4 17 0331 -0,1
0941 3.1 SA 0925 3.3 SU 0952 2.7
1549 0.5 1536 0.0 1602 0.3
2148 2.8 2136 3.0 2200 2.4
0357 0.2 3 0352 -0,3 18 0411 0,0
1021 3.0 sy 1016 3.2 M 1029 2.6
1630 0.6 1628 0.0 1642 0.3
2226 2.7 2232 3.0 2242 2.3
0440 0.4 4§ 0447 -0,2 19 0450 0.2
1103 2.8 M 1109 3.1 TU NIl 2,5
1714 0.7 1728 0.1 1725 0.3
2311 2.5 2330 2.9 2327 2.2
0522 0.5 5 0546 -0.1 20 0534 0.3
1147 2.7 TU 1267 3.0 W 1154 2.4
1801 0.7 1823 0.1 1809 0.3
0002 2.4 6§ 0035 2,7 21 0015 2.1
0610 0.6 W 0648 0.1 TH 0622 0.4
1236 2.6 1308 2.8 1236 2.3
1852 0.8 1928 0.1 1857 0.3
0055 2.3 7 0142 2,7 22 0108 2,1
0705 .0.7 TH 0755 0.2 F 0713 0.4
1326 2.5 1817 2.7 1327 2.2
1945 0.8 2033 0.1 1950 0.3
0157 2,3 8 0252 2.7 23 0209 2.1
0805 0.8 F 0903 0.3 SA 0813 0.5
1420 2.5 1513 2.7 1419 2.2
2043 0.7 2134 0.0 2044 0.2
0257 2.4 9 0356 2.7 24 0306 2,2
0303 0.8 SA 1006 0.3 SU 0911 0.4
1513 2.5 1611 2.7 1514 2.2
2135 0.6 2233 0.0 2140 0.0
0353 2.5 10 0457 2,8 25 0404 2.3
0958 0.7 Sy 1104 0.3 M 1009 0.3
1606 2.6 1707 2.7 1610 2.3
2225 0.4 2326 -0.1 2233 -0.2
0434 2.7 11 0549 2.8 26 0500 2.5
1051 0.6 M 1157 0.3 Tu 1105 0.2
1653 2.7 1755 2.7 1704 2.5
2311 0.2 . 2323 -0.4
0533 2.9 _12 0012 -0.2 27 0551 2.7
1139 0.4 TU 0635 2.9 W 1157 0.0
17339 2.8 1283 0.2 1755 2.6
2357 0.0 1840 2.7
0618 3.0 13 0056 -0,2 28 0016 -0.6
1225 0.3 W 0720 2.9 TH 0642 2.9
1825 2.9 1326 0.2 1248 -0.1
1921 2.6 1847 2.7
0040 -0,2 14 0135 -0.2 29 0106 -0.7
0703 3.2 TH 0800 2,9 F 0730 3.0
111 0.2 1467 0.2 1338 -0.3
191 3.0 2002 2.6 1939 2.8
0126 -0.3 15 0216 -0,2 30 0156 -0.8
0750 3.3 F 0839 2.8 SA 0820 3.)
1357 0.1 1486 0.2 1428 -0.4
1957 3.1 2040 2.5 2031 2.9
© 31 0247 -0.8
sU 0910 3.1
1520 -0.5
2125 2.9




APPENDIX C.

Barometric
Pressures
at
West Palm Beach
Ft. Lauderdale (International)
Ft. Lauderdale {Executive)
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