SITE:

REPORT:

APT REANALYSIS

Highland Beach West Wellfield
Section 32, Township 46S, Range 43E

Camp, Dresser, & McKee, Aquifer Performance Test at Town of
Highland Beach, FL, October 19-21, 1978.

GEOLOGICDATA:

Drilling logs to 104’ BGL (poor descriptions).
Logs show sand from 0-30" and white rock from 30-104’.
Assumed aquifer thickness of 220"

WELL DESCRIPTIONS:

Well
No. 4
No.5
4" Obs.

Diam. Total Cased Screen
(in) Depth Depth /Open
8 105’ 85’ screen

8 105’ 85’ screen

8 105’ 45’ open

INFLUENCING FACTORS:

1) Production well No. 1 which is located 1,300 ft. from well No. 4.

2)  Acanal nearwell No. 1 (no further location or description of the canal is given.

APT:

Started:
Duration:
Discharge:
Recovery:

Comments:

10/20/78 at 0915
1484 min. (24.7 hrs.)
322 GPM

measured for 4 hrs.

1) All pumping wells were turned off at 2000 hrs. on 10/19.

2)  Pump test data were corrected for trend noted betweeﬁ@OOO hrs on 10/19 and
the start of the pump test. Trend assumed due entirely to aquifer recovery.
Looks reasonable.

3) At 1330 hrs. on 10/20 (t =239 min.) well No. 1 was turned on at 393 GPM. |t
remained on at this rate for the remainder of the test. No corrections were
made for this.



Je b

4)  Wells 4 and 5 were measured with an unweighted steel tape which makes the
accuracy of the data there questionable.” The 4“ observation well was
measured with a Stevens Type F recorder.

CONSULTANT'S ANALYSIS:

Method: Boulton Analysis - Jacob Analysis

Results: T=131,480 GPD/FT
Early S =.0000569
Late S =.00646
Delay Index = 873 min.
n=122

Comments:

1)  Recentdata indicate that the base of the Surficial Aquifer is -290° NGVD at the
testsite. Land surface there is about 15 NGVD. DTW is about 15, so the initial
saturated aquifer thickness is probably 290’, instead of 220’ as assumed.

2)  Partial penetration of the wells is not accounted for. The pumping well is
open to only 7% of the aquifer.

3)  Anearby canal is mentioned but is not further described or accounted for.

REANALYSIS:

Recun wf Kp= el

Method: Neuman (1975)
Koz .0\
Results:
T
Well Ft2/Day S Kp
4” Obs. 49,400 .00025 .005
Comments:

1) The canal was neglected sincé there is insufficient data to account for it
2)  Aquifer bottom elevation of -290' NGVD assumed based on Miller (1983).

3) Data from wells 4 and 5 was not used due to questionable measuring
techniques.

4)  Given the computed T and estimated aquifer thickness, hydraulic conductivity
at the site is about 170 FT/DAY. The computed anisotropy ratio, .005, is quite
low. This could result from treating the site as a homogeneous system, when it
is more likely a series of layers with varied permeabilities.

RECOMMENDED VALUES:

Comments:



———-———REFERENCES * L\\'H"o\aﬁ‘i and bege e P suficial o?ju\\ger 93‘5~\€W\ , Palm Beadh @o\avtjtv], Flociden .
Miller, W.L., 1984,
R > USGS  Waler ~Resouras In\feé-)-}scv‘-u‘or\s ’)Zepgr“l‘ 36 - Y06 T.

Neuman (1975), Analysis of Pumping Test Data from Anisotropic Unconfined
Aquifers Considering Delayed Gravity Response. Water Resources Res., V. I, No. 2.

Water Use Permit 50-00346, Staff Report
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AQUIFER PERFORMANCE TEST, PROCEDURES, AND DATA

Highland Beach oresently has two well fields. The east well
field i consists of th;ée wells and the west well fie]d has fwo. 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 in 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 wa$ 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
reservoir were known and several water 1evei measurements, with time,
were taken to give a pumping rate of 322 gpm. "In addition, an in-line
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-line fliow meter and to assure

that pumpage from one well would not effect the other (due to common
piping connecf&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.

A1l pumpage at Highland Beach was stopped at 8:00 PM on the
evening of October 19, 1975. A Stevens Type F water level recorder
was set up to record water levels in an existing 4«inch diameter, 105
foot deep test well located between Well Number 4 and 5. This 4-inch
diameter observation well measured 135 feet ﬁorth 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 Fiorida 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 estab]ish

prepumping aquifer conditions. WaterlleveTs'in Wells 4 and 5 prior

to pumping can be found in Tables 2 and 3 respectively, Mater ]eve]s

before pumping were plotted on semilog paper using 8 PM October 19, 1978

trend

as the beginning time. The trend listed in Tables 2 and 3 came from | -

1
!

5Jthat plot extended over the entire time of pumping of Well Number 4. ; i

The implication of this trend extention is that the prepumping water

level fluctuations are solely attributable to recoVery due to turning*;

—

Wader leveds concecte d

umpage off in the west field,

for  recnaes

p
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

24,7 heg
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: 23%"‘“"\—
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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
- 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)
Rompage Seps 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 C e el 8
7:45 705 | 14.073 | 0.307 ko J
T —H- BT . o (ot obs Lo
|
u:’,igt
).Dwr
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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
:10/20 | 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 readi
10:34 63 27 11.39) 0.007 11.397 airline

11:10 99 27 11.39{ 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% 110.89] 0.030 10.920 airline

3:08 337 27 11.39| 0.035 11.425 airline

4:06 395 26% 110.89| 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

2:09 998 ‘ 27 11.39( 0.082 11.472 airline

3:55 1104 27% 111.89| 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  pbs wek 338" to Purmpirg ux

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 Draws"" —x_Corrected '
Time  Held Depth down Trend rawdown
Hour (min)  (ft) Wet (ft)  (ft)\  (ft) - (ft) Remarks

8:40 pm 0 18 | 3' 1%" 14.90 D
8:43 0 17 | 2' 1 3/4" [14.85
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" 114.85
9:02:40 17 | 2' 1 7/8" |14.84 084 0 0 ; i n
9:31:15 , — pump starte H
9:32:30 | 1.25 | 17 | 1' 8" 15.33.'%.79‘ 0 0.49 Récovy
9:33:00 1.75 117} 1' 6" 15.50 {0.66 |0 0.66
9:34:00 2.75 { 17 | 1' 5 7/8" |15.51 |0.67 |0 0.67
9:35:00 3.75 |17 | 1* 5" 15.58 |0.74 |0 0.74
9:36:00 4,75 | 17 | 1' 4 7/8" |15.59 |0.75 |0 0.75
9:37:00 5.75 | 17 reading missed
9:38:00 6.75 | 17 | 1' 4%" 15.62 {0.78 |0.001 0.78
9:39:00 7.75 1 17 1 1' 4 3/8" |15.64 |0.80 {0.001 0.80
9:40:00 8.75 | 17 1 1' 4 3/8" |15.64 |0.80 {0.001 0.80 aaomé-Qumnﬁ}
9:42:00 10.75 | 17 | 1' 44" 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 10.89 |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" 3" 15.73 |0.89 {0.004 0.89
10:13 41.75 { 17 | 1* 3" 15.75 10.91 {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" 2%" 15.79 10.95 [ 0.008 0.96
10:50:00 78.75 | 17} 1' 2 3/8" |15.80 |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 1' 2 3/8" {15.80 |0.96 {0.030 0.99
3:05 334 17 | 1' 2 3/8" 115.80 {0.96 [0.035 1.00
4:03 392 17 1 1' 2 7/16"|15.80 |0.96 |0.041 1.00
5:06 455 17 1 1' 2 7/16"115.80 |0.96 | 0.047 1.01
5:23 472 17 111 7/8" 115.84 11.00 |0.048 1.05
6:18 527 17 ] 1' 1 3/4" 115.85 }1.01 {0.053 1.06
6:50 559 17 1 1* 1 3/8" 115.89 [|1.05 [0.054 1.10
8:32 629 171 1' 11/8" [15.91 {1.07 |0.059 1.13
0:02 751 17 {1 1/ 1 3/8" |15.89 |1.05|0.066 1.12
1:48 - 857 17 1' 1% 15.90 |1.06 | 0.073 1.13
2:06 am | 995 17 | 1' 1%" 15.88 11.04 | 0.082 1.12 date change to 10/31
3:42 1091 171 1'11/8" 115.91 {1.07 |0.086 1.16
5:40 1209 171 1' %" 15.96 11.12 10.092 1.21
7:14 1303 17 ] 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+720 = 1540




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-line flow-rate meter readings

taken during the test, These readings are accurate only to the

D O

read. Small apparent variations in pumpage fate 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
Savingé Time (9 hours, 31 minutes and 15 seconds) on October 21, 1978.

Two watches were used while mwasurihg 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 Tevel 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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Date: October 20,1978

Highland Beach

TABLE 4
WELL PRODUCTION TEST — PUMPING RATES

Location:

Well #4

45

Engineer: Prickett--COM

Test by: Prickett, Herzog, Arney, Sturtz Measuring equipment: flow meter at water plant
Time since Meter Apparent Time Appaient
pumping began reading pumpage interval pumping rate
(minutes) (gallons) (qallons) {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 - F
90 64007200 4600 15 307 1atn )
105 64011700 4500 15 300 rer e ﬂ;;vaﬂ‘
120 64016200 4500 15 300 gl 9 Jquj i
218 64046000 29800 98 304 /// 11 P
66100 218 303 7 _-{Average
32247 |Calibrated
239 : Wells #1 and 4 on
278 64082000 . ) 1 ¢
347 64133000 51000 69 739 < - Wl 199
540 64277000 144000 193 746 QgL e aCidl  ak
674 64377200 100200 134 748 f@anmaszpm%wnt'
764 64444900 67700 90 752 20 Chest
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 bt wree 13}5 ( S
WELL PRODUCTION TEST — PUMPING ‘f’ obs . 1 el »

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 eguipment: Stevens Type F recorder

Water level Draw- ~ Corrected
Time Held Depth down{/ Trend \ drawdown
(min). (ft), Wet (ft) (ft)\ (ft) (ft) Remarks
18 3' 20" 14.83 | O 0 0 steel tape measure-
ment to set recorder
0.0 14.822 1 0 0 0
14.8224" 0
14.838 | 0.015 0.015
14.879 | 0.057 0.057
14.950 | 0.128 0.128
1$-639} 15.138-1-0.316 | «2'? 0.316
0.1 5.8 15.150-4-0.328 | <306 0.328
15.213 | 0.391 0.391
'15.267 | 0.445 0.445
15.290 | 0.468 0.468
15.300 { 0.478 0.478
15.306 | 0.484 0.484
0.2 15.325 | 0.503 0.503
15.350 | 0.528 0.528
15.381 | 0.559 0.559
15.420 | 0.598 0.598
15.456 | 0.634 0.634
15.480 | 0.658 0.658
0.3 15.496 | 0.674 0.674
' 15.498 | 0.676 0.676
15.500 | 0.678 0.678
15.502 | 0.680 0.680
15.506 | 0.684 0.684
15.513 | 0.691 0.691
0.4 15.521 | 0.699 0.699
15.530 | 0.708 0.708
15.535{ 0.713 0.713
15.542 | 0.720 0.720
15.549 | 0.727 0.727
15.550 | 0.728 0.728
0.5 15.556 | 0.734 0.734
15.558 | 0.736 0.736
15.567 | 0.745 0.745
15.582 | 0.750 0.750
15.592 | 0.760 0.760
15.609 | 0.787 0.787
0.6 15.618 | 0.796 0.796
15.6301 0.808 |- 0.808
15.640 | 0.818 0.818
15.650 | 0.828 0.828
15.658 | 0.836 0.836
15.663 | 0.841 0.841
0.7 15.668 | 0.846 0.846
15.674 | 0.852 0.852

-12-
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TABLE 5 (CONTINUED) o4 OL’ L
MELL PRODUCTION TEST — PUNPING (Continuedf——— 25"’

-

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

9:31:44 15.680 ] 0.858 |0 .{ 0.858
:45 ' 15.684 | 0.862 0.862

:46 15.692 | 0.870 '0.870

:47 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

162 . 15.719 { 0.897 0.897

:63 15.725 1 0.903 0.903

:54 0.9 15.730 | 0.908 0.908

:55 15.733 { 0.911 0.911

:56 15.742 1 0.920 0.920

:57 15.746 { 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 1.114 1.114

2.6 15.941 | 1.119 1.119

2.8 15.944 1 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 | 1.240 | 0.001 1,241
9:39 8 16.076 | 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

-13-
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TABLE 5 (CONCLUDED) L\ 0
WELL PRODUCTION TEST — PUMPING (Concluded) f§5,
Water level Draw-  o2— Corrected (= |
Time Held Depth- down Trend drawdown
(min) (ft)  Wet (ft) (ft) . (ft) (ft) Remarks
50 16.197 | 1.375 | 0.005 1.380
51 * 1 0.005 big train comes
53 0.005 ' train leaves
55 16.204 | 1.382 | 0.006 1.388
60 16.205 | 1.383 | 0.007 1.390
96 18 |1' 9%" 116.227 |1.405 |0.010 1.415 replaced chart after
removing to read
108 16.234 | 1.412 | 0.013 1.425
111 16.227 {1.405 | 0.013 1.428 train stops on inside
track
113 0.013 engine alone passes
120 16.233 | 1.411 | 0.014 1.425
121 0.014 | another train passes
part way
123 16.227 1 1.405 | 0.014 1.419 second train stops
126 ‘ ‘ 0.015 train 3 passes (unseen)
128 0.015 first train leaves
129 16.249 | 1.427 | 0.015 1.442 .
138 0.016 second train pulls out
140 16.267 | 1.445 | 0.016 1.461 second train gone
150 16.248 | 1.426 | 0.017 1.443
208 16.243 | 1.421 | 0.023 1.444
239 16.225 1 1.403 | 0.027 1.430 pump 1 on
270 16.211 [ 1.389 | 0.030 1.419 breeze appears to
move doum
338 16.218 | 1.396 | 0.035 1.431
341 0.036 train passes for 2 min
395 0.041 train passes for 5 sec
400 16.235 | 1.413 | 0.042 1.445
457 16.254 1 1.432 | 0.047 1.479
526 16.273 | 1.451 | 0.053 1.504
572 16.284 | 1.462 | 0.054 1.516
654 16.298 | 1.476 | 0.060 1.536
747 16.310] 1.488 | 0.066 1.554
849 16.311 ] 1.489 | 0.072 1.561
989 16.311] 1.489} 0.081 1.570 big train scenario here
1095 16.314 ] 1.492 | 0.086 1.578 train approaches
1096 0.086 : start clock
1097 16.253 | 1.431 | 0.086 1.517 43 sec-low point
1097 0.086 second low, starts
oscillating
1098 0.086 train gone
1098 16.354 |-1.532 | 0.086 1.618 top of rebound
1099 16.320| 1.498 | 0.086 1.584
1211 16.340| 1.518 | 0.092 1.610
1290 0.097 | heard big train from
treatment plant
1305 16.359| 1.537 | 0.097 1.634
1405 16.382| 1.560( 0.102 | 1.662
1453 16.384} 1.562| 0.103 1.665



Water-Tevel 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 becqusé of column pipe couplings b1ocking 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 EESEL.<51--
_Egpe. Furthermore, the float used on the recorder in thé 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

/ueOSUreMerL{'me/emjaJ [w@[/S 6’{5‘

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-
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TABLE 6
WELL PRODUCTION TEST — RECOVERY

Date: October 21, 1978 Engineer: Prickett--COM  Test by: Prickett, Herzog, Arney
Owner: "Highland Beach Location: _#4 " Measuring point: 1' 11%" above land surface
Measuring equipment: steel tape and chalk and 40' air line

o

. 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 17 104" 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%3/ . geo
2:14 239 17 1 37/8" 15.68 4.07 1 ”_r# 120,000 o fs00¢

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

1A
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TABLE 7
WELL PRODUCTION TEST - RECOVERY
Date: October 21, 1978 Engineer: Pric&;tt--CDM Test by:
Owner: Highland Beach Location: Well #5 " Measuring point:

\

Measuring equipment:

Mater level

2337 '/Aé‘z,,,

ﬁ?dwu)( fanl UL

Prickett, Herzog, Arney

1' 11%" above land surface
steel tape (inches and feet) and chalk

Time Held -‘Depth  Recovery
Hour (min)  (ft) Wet (ft) (ft)ﬁ . Remarks
10:10 am o |17 |1 16.00 | 0 o |4’ .
10:15 0 pump off /98¢ mww
10:17 2 17 | 1' 6% 15.48 0.52 . |ma
10:20 5.25| 17 | 1* 64" 15.46 0.54 .&x|xa
10:21 6 17 | 1077 15.42 |- 0.58 .s8|aw
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 11 |18 | 6 578" 17.45 | -1.45 questionable
10:27 12 18 | 1' " 16.96 | -0.96 (tape '?‘a
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 6" 16.48 | -0.48
10:32 17 18 | 1' 4" 16.96 | -0.96 -
10:34 19 17 |1 4y 15.625 | 0.375.#5 %
10:38 23 16 g" 15.25 0.75 .4 &S
10:40 25 16 8" 15.33 0.67 | %7
10:42 27 16 8 3/4" 15.27 0.73 w8| 7
10:45 30 16 | 1' 1" 14.92 1.08 .o8| 42.5
10:46 31 16 10%" 15.12 0.88 .28| 4.7
10:47 32 16 8 1/8" 15.32 0.68 48| %4
10:49 34 16 115" 15.04 0.96 oad 43¢
10:55 40 16 11%" 15.06 0.94 o33 31l
10:59 44 16 7" 15.42 0.580,58| 337
" 11:15 60 16 | 11 3/4" 15.02 0.98 ¢.i8| 247
11:25 70 16 |1 15.00 1.00 o6 212
11:35 80 16 | 1' 1/8" 14.99 1.01 ous| 84 -
11:45 90 16 | 1' 4" 14.96 1.04 oi2| 45
11:50 95 16 75" 15.40 0.60 26| 154
12:00 pm | 105 16 | 1' 5/8" 14.95 1.05 eu | #e!
12:15 120 16 | 1°' 3/4" 14.94 1.06 o0 | 124
12:32 137 17 | 2' 778" 14.93 1.07 ost| 28
12:39 144 17 | 2* 7/8" 14.93 1.07 owy| .3
1:25 190 16 | 1'% 14.06 1.04-08| 78
1:44 209 16 | 1' 1" 14.92 1.08 o.08| 7-!
2:24 249 16 | 1'15/8" | 14.86 1.14s02| 595
2:26 251 16 | 1'13/4" | 14.85 1.15¢0.01| 59

17~
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TABLE 8 /’
WELL PRODUCTION TEST — RECOVERY

Date: October 21, 1978 Engineer: Prickett--CDM Test by: Prickett, Herzog, Arney
Owner: Highland Beach Location: i ,\/
Measuring point: 2.77' above cement slab (= 2.77' above land surface)
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 » 1;&J,en Number 4 off  /48% mua
10:15:05 | s.0833 16.245 0.135 143} 17,808 Ref = #.822
210 | e, s0e? 15.992 0.338 117 | 8% '
115 | o2 15.910 ~ 0.4701/.99 | 5936
:20 | 0.33 15.796 0.584 9% |4use
125 | o4 15.733 0.647,31 | 556t
:30 | o8 15.675 0.70508% | %8
:35 | o-583 15.639 0.7410817 |25
140 | 0-667 15.600 0.7800718 | 2220
:45 | o780 15.561 0.8190.39| 779
:50 | & 8% 15.536 0.8440.714| 178
:55 | ¢ %% 15.510 0.8700498| 1.1
10:16:00 1 15.490 0.8900.66 | 1184
10:16:05 | 408 15.469 0.9110447|137¢
210 | 7./77 15.452 0.928c.c3 | 127>
215 | re8” 15.437 0.943.,5:7| 1187
:20 /.52 15.419 0.961..597| 1113
:25 XS 15.408 0.972;.5¢ | 148
:30 | »~80 15.397 0.983..c2"| 987
:35 | 158 15.390 0.990..: | 9%7
:40 147 15.380 1.000,, | 8%
145 128 15.370 1.010..54 | 898
:50 | /83 15.361 1.019..531| 809
o 55 | /.92 15.352 1.028¢52 | 7
- _ 10:17:00 2 15.343 1.037:521| M
] 10:17:20 | 2.33 15.312 1.068049 | v3
130 | S0 15.300 1.080.:7% | 514
3 145 | 295 15.286 1.094c:1¢1 | SHe
] 10:18:00 3 15.27% 1.1056153| 495
_ 10:19:15 4.25 15.228 1.15204¢66| 349
; 10:20 5 15.209 1.171 03¢0 27
10:21 6 15.187 1.1930: [ 247
! 10:22 7 15.170 1.210:%5 | alk
10:23 8 15.153 1.2270.#31] 186
, 10:24 9 15.143 1.2375331 | #¢
10:25 10 15.134 1.246032/10:45 train here, 12:30 train
l‘ 1 gone (min:sec)
10:28 13 15.118 1.262% |
1 10:32 17 15.089 1.2910.267| g1
. 10:37 22 15.068 ©1.31202%| 675
| 10:43 28 15.048 1332524 £3
: bl 10:49 34 15.034 1.3466.2:1436
l 10:55 40 15.022 1.3580.20 | 5.1
, 11:09 54 15.001 1.3794.09| 28
11:22 67 14.986 1.3982.5%] 221

=18.



TABLE 8 {CONCLUDED)
WELL PRODUCTION TEST — RECOVERY (Concluded)

Water level

Time depth Recovery
Hour (min) (ft) (ft) Remarks
11:32 am | 77 « 14,975 1.4050153| frain here 78:37
11:45 90 14.963 1.417q.081 165
11:58 103 14,953 1.427,u81 44
12:15 pm 120 14,940 1.440,, 8| 124
12:39 144 14,926 1.454,4,104 10.3
1:03 168 14,912 1.4680.0%| 2.8
1:25 190 14,900 1.4804,078 7.8
1:40 205 14,890 1. 49000% 7.2
1:59 224 14.879 1.5015087] &b
2:09 234 14.872 1.5080.65°| 6-3
2:09:45 | 234.75 train scenario(see Fig. 5)
2:25 250 14.866 1.514004 sgd 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. Infofmation on nearby pumpage
from other wells, barometric pressure changes, and tidal fluctuations
were therefore collected. |

The nearest..groundwater pumpage fobnd 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 comp1ic5te a short
term test suéh as this APT,

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

=20~
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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 argue‘for such

theories as leaky artesian, storage from confining layers, or vertical

to horizontal permeability difference effects in a partially penetrating
2 orizonta a - €] a l

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 semi]bgarithmic plots of time-drawdown data were
constructed from the measurements given in Tables 2, 3, and 5. Plots

of both uncorrected and corrected drawdowns wer:z made.

Figures 1 and 2 show logarithmic plots of corrécted 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
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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.

[
o

have labeled portions of the curves shown in Figure by the letter A d;fﬂg%}‘,‘é
' N A G+

through D. Curve A is a straight line wherein Jacob's modified dt,qﬁ %9?

5&\&6" 900‘

nonequilibrium formula was used to calculate early time-drawdown dat?, a{'gdbﬁl
unaffected by delayed yield (see Cooper and Jacob, 1946). The J
oscillations around this straight line apparently afe due to the float
characteristics. Note that the resultant transmissivity and early
r§torage coefficient reasonably matches those calculated in Figure 2.

Curve B (the dashed curve) represents-the -average time-drawdown
data around which water levels flucfuate 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
minutes. The mqumgmgggyiations from the average (Cufve B) occur at
about 300, 760, 1050, and 1400 minutes. The_gjghwgnd Tow_tides, as

R et ety
shown in Appendix B, have time differences that are in synchronization
with the Figure 3 variations about_the average. The 13§mfin (see
Todd, 1959) of the water-level fluctuation béhind the tide fluctuations
was calculated to be about g§:§“hggzs, 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 ;ida]_f]uctuatiqns at the observation well (about OLQSHngE)
was in the proper rapgevusing the same above coefficients and realizing
that‘the nearest tidal effects are coming from canals as close as 1,600
feet awax;

Upon examination of the barometric pressure readings (see
Appendix C), one may expect that there may be some barometric efficiency
effects causing the osci11ating deviations about the average Cuéve B
line of Figure 3. This is not the case. Plots of bgrometrig(prg§§gre
changes were plotted against the deviations and, although thergdjs

e SRR

some corrg]atjpgiwyhe“fluctuations”are'aboutvz hours outﬁof‘phase.

[P SIRRE

arometric pressure changes cause immediate water Igve} chgqgg§hin

observation wells in artesian cases and no changes in water-

table cases. Thus the -atmospheric pressure changes are nqtﬁq1r3¢t1¥

the cause of the oscillations noted.
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Barometric pressure changes, however, are known to affect the

(-
.y
il

height of ocean tidest 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

_—
correc*‘:iows maie 65 q resv /'/' of %,j

of Figure 1 would approach. Curve C illustrates, beginning at about

an

250 minutes, where the approximate time-drawdown curve should have -
22213932 S apm o, 2Y0 waen

gone in the absence of pumping from Highland Beach Well Number 1.

A -
ik e

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

L

"penetration in the analyses. According to the construction features

-

of the wells involved in Appendix A, Wells Number 4 and 5 have 20

feet of strainer, the bottoms of which are set at 104 feet below

el

land surface. The 4-inch observation well is believed to be open

hole construction from a depth of 45 feet to the bottom at 105 feet

N

below land. Little is know about the thickness of the shallow

No

aquifer at Highland Beach. However, based upon Schroeder, et al. (1954),

we have assumed an aquifer thickness of about 220 feet. This would

make Wells Number 4 and 5 partially penetrating to the extent of

——————y

about 9 percent and the 4-inch observation well at about 30%.

b
p—————
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of dtawdowns at the observation wells were not apparent (essgntially
thglsame I»quws). A1l wells tekminafing at the s&me depth may be
the reason why this is so. It would be possible to analyze this fest
on the basis of partially penetrating wells in a water-tab]evaquifer.
However, one would then face the comp]icating 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 difference 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/DfQ,l type curvé after about 100 minutes isugpe~to the

[Ere—

-

continuing tidal effects which were rising in this time interya]_
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 level

-28-
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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 unusual added

S T T T

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

L

when they fall.

The water levels of Tables 2, 3, 5, 6, 7, and 8 contain data
taken only when trains were not present, with one exception as

noted near the 129 minute mark in the pumping portion of the APT.

The long-term imp]ication‘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 lists the aquifer coefficients calculated. We did not

list 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

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

e i S —

aquifer thickness severely hampers an analysis of the entire test

and the basis of any partially penetrating theory. When this

information becomes 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

-31-



Table 9  Summary of Aquifer Coefficients

Early | Late Delay

Data From Transmissivity Storage - Storage Index
Well Number {apd/ft) Coefficient Coefficient (minutes) n Type of Analysis
4-inch 127,250 4.93 x 1072 0.00882 1360 180 Time-drawdown (log-log p1ot)§ 4_@
K ’Rm&“‘ﬁs 5 131,790 7.86 x 10'5 0.00778 900 100 Time-drawdown (log-log plot) ulron
 4-inch 137,110 470 x 107°  --- --= === Time-drawdown (semilog plot)

~ 4-inch 129,480 5.28 x 107°  0.00448 680 86  Timewrecovery (log-log plot)
% Readings 5 131,790 — 0.00475 550 -~  Time-recovery (log-log plot)
.
S 131,480  5.69 x 10°5 0.00686  "B73 T2  AVERAGE OF ABOVE

No pcm'ﬁv‘a( Pen&‘ba#o“ correcdion

Town of Highland Beach, Florida
Aquifer Performance Test of October 19-21, 1978
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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. :
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30 - 35 White sand some shell
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85 — 90 n ” n
- 90 -~ 95 H] " T on
i 95 -100 " " " ' .
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An interview with the well driller indicates that no record exists
fo the construction featyres of this we11———however, the driller
be11eves the casing length is about 40 feet in length below land

surface and that the remaining is open ho]e
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Casing installed to 54' depth and 20' well screen added.

interview by T.A. Prickett with the drilling company jndicates that
feet of casing and 20 feet of. strainer is installed in this well.

The above 1qformation 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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404 GROUNDWATER HYDROLOGY

account, Glover (1964) developed the following approximate equation for the
shape of the freshwater-saltwater interface
2gx q’
7t - =0 11.7
(ps_pf)K (ps_ pf)2K2 ( )
where g = flow in aquifer per unit length of shoreline
K = hydraulic conductivity of aquifer
X, z = coordinate distances from shoreline (Figure 11.6)

For freshwater aquifers in contact with seawater, p, — py = 0.025. Substituting
z=0in Eq. (11.7) yields

q (11.8)

W=—91___
z(ps - pf)K

for the width W of the bottom zone through which fresh water seeps into the
ocean. The depth z, of the freshwater-saltwater interface beneath the shoreline is
calculated as

q

® - pK (1)
by substituting x =0 in Eq. (11.7). The interface position calculated with
Eq. (11.7) is closer to the ocean than that obtained with Eq. (11.6).

Exact solutions for the shape of the saltwater front were obtained by Henry
(1959 see also Pinder and Cooper, 1970) using conformal mapping and assuming
a sharp interface. Pinder and Cooper (1970) developed a numerical model for
predicting movement of saltwater fronts in coastal aquifers. The alternating-
direction iterative procedure used in this model enabled inclusion of dispersion,
transient flow, and nonhomogeneous or irregularly shaped aquifers in the
solutions.

Upconing

When fresh groundwater is underlain by saline water, pumping a well in the
freshwater zone causes the freshwater-saltwater interface to rise below the well
(Figure 11.7). This “upconing” is in response to the pressure reduction on the
interface due to drawdown of the water table around the well. If the bottom of
the well is close to the saline water or the well discharge is relatively high,
the saltwater cone may reach into the well, causing the well discharge to be a
mixture of fresh and saline groundwater.

Assuming steady, horizontal flow of fresh water to the well, no lateral move-
ment of salt water, and a sharp interface, the height z of the cone below the well
center can be calculated in the same manner as the Ghyben-Herzberg lens,

ieldin
y g //,

z= Ls% "(1110)
Ps— Py
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FRESH WATER

Me

INTERFACE

SALT WATER
(s

Figure 11.7 Geometry and symbols for upconing of salt water beneath a pumped well (dashed lines
represent static positions of water table and interface).

where s,, = drawdown of water table at well. A more rigorous solution for upcon-
ing of saline water was developed by Bear and Dagan (1968), who presented the
following equation for the rise of the cone below the center of the well (modified
from the equation given by Schmorak and Mercado, 1969):

Y ( 2p,nL )
. = 1 - 11.11
" 2n(p, - p K L\" 2p,nL+ (p, — ps)K,t (1L11)

where z, = rise of cone center at time ¢
Q = well discharge
L = depth of freshwater-saltwater interface below well bottom prior to
pumping
K, = K of aquifer in horizontal direction
K, = K of aquifer in vertical direction
n = porosity of aquifer
ps = density of salt water
p, = density of fresh water
t = time since start of pumping

For t = o0, Eq. (11.11) becomes

- P2
® 27[(ps - pf)KxL

z

(11.12)

where z, is the ultimate or equilibrium height of the saline-water cone below the
well center. Values of z calculated with Eq. (11.11) agreed with field measurements
up to some critical cone height, which generally was between 0.4L and 0.6L
(Schmorak and Mercado, 1969). Similar results were obtained by Haubold (1975)
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using a Hele-Shaw model. When the cone height exceeded this critical value, = was
no longer linear with Q and in some cases the cone reached the bottom of the well
with a sudden jump, indicating conditions of instability. Saline water then entered
the well, which in the studies by Schmorak and Mercado (1969) increased the
salinity of the well discharge by 5 to 8 percent of the salt concentration of the
saline water. Thus, where fresh groundwater is underlain by saline water, predic-
tion of upconing is important for determining safe depths and pumping rates of
wells (including “skimming™ wells) that prevent entry of saline water into the
well.

11.3 ROAD SALT

Another source of salt contamination of groundwater is the salt applied to snow-
or ice-covered roads to provide “ June driving conditions in January ” (Field et al.,
1974 and 1975). The bare-pavement policy of many highway departments in

" snowbelt states has resulted in greatly increased use of de-icing salts and less use of

sand or other abrasives. The salts consist mostly of commercial rock salt and
marine salt. Ferric ferrocyanide and sodium ferrocyanide are added to minimize
caking of salt stocks. The sodium ferrocyanide is water-soluble and when exposed
to sunlight it can generate cyanide in concentrations that are in excess of maxi-
mum limits for drinking water (Field et al., 1974, and references therein). Other
additives include chromate and phosphate, which are used to reduce the corro-
siveness of the salt. The chromate can produce excessive concentrations of hexava-
lent chromium in the melt water.

Highway salting rates generally range from 100 to 300 kg/km per application
(Field et al., 1974, and references therein). In a winter season, roads may receive
10000 kg of salt per lane per kilometer, which adds up to about 50000 kg/km for
typical highways. Chloride levels in road runoff during snow melt have been
observed to range from 1130 to 25100 mg/l (Field et al, 1974, and references
therein). Upon infiltration, this runoff and the leachate from exposed, year-around
stockpiles of salt can seriously contaminate groundwater. Many such cases have
been reported.

Field et al. (1974) alone cite and discuss over 20 references on the subject. In
Massachusetts, for example, increases in the sait content of groundwater have
been observed in more than 60 communities, forcin g the abandonment of various
wells. The city of Burlington, Massachusetts, suspended road salting when chlor-
ide contents in its wells began to increase to levels that eventually could exceed the
maximum concentration of 250 mg/1 for drinking water. In the town of Becket, the
chloride content of water from a well increased to 1360 mg/l due to salt storage
upgradient from the well. For communities around Boston, road salting may
eventually increase average concentrations of NaCl in groundwater from the
natural 50 to 100 mg/! range to about 160 mg/l (Huling and Hollocker, 1972).
Concentrations in excess of 59 mg/| are undesirable for heart patients and other
persons restricted to a sodium intake of less than 1 g/day. Salt-contaminated
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@ @M ' ROSS SAARINEN BOLTON & WILDER
a Camp Dresser & McKee firm

environmental engineers, scientists,

planners, & management consultants : P.O. Box 9626

Fort Lauderdale, Florida 33310
305 776-1731

February 15, 1979

HAND DELIVERED

B o L T e e —

Mr. Vern Kaiser

Water Resource Technician Supervisor
Resource Control Department

South Florida Water Management District
3301 Gun Club Road

West Palm Beach, FL 33406

Highland Beach, Florida
Permit No. 50-00346-W

Dear Mr. Kaiser:

On behalf of the Town of Highland Beach, we would like to respond to
the District's staff report covering the referenced permit application.
The Town is satisfied with the amount and time period of the staff's
recommended water allocation. However, certain statements and special
conditions contained in the staff report seem to be excessively con-
servative and, in our opinion, are not in the best interest of the Town.

The first sentence on page 6 of the staff report reads, "The staff
recommends that withdrawals be made from the western well field and
that wells 1, 2, and 3 be used only on an emergency basis due to their
close proximity to a saline water source."” This statement has a tre-
mendous economic impact on the Town of Highland Beach in that it termi-
nates usage, except on an emergency basis, of approximately $250,000
worth of wells having a capacity of 1.22 MGD.

Both the Town and RSBW recognize the proximity of the east well field to
the tidal canals. As in the past, the west well field will continue
to be the main production field and the site for future wells. However,
we propose that the east well field be used only during maintenance,

. peak, and emergency periods. :

Attached to this letter is a figure showing projected water demands and
the proposed well construction schedule for Highland Beach. This figure
is taken from our ongoing design report on the Highland Beach Water Treat-
ment Plant and Well Field Expansion. Existing western wells no. 4 and 5
have a design capacity of 250 gpm each but are able to produce 320 gpm
each (0.92 MGD total) due to low friction loss in the 12-inch raw water
transmission line. By the year 1980, an additional well with a 1.0 MGD
capacity will be added in the western well field. Pumps on wells no. 4
and 5 will be replaced to give them a total design capacity of 1 MGD after



Mr. Vern Kaiser ROSS SAARINEN BOLTON & WILDER
PAGE TWO . a Camp Dresser & McKee firm

February 15, 1979

the 1980 wéstern well field expansion. An additional 1 MGD well in
the western well field will be added in 1985 bringing the well field's
total capacity to 3 MGD.

A review of the 1978 Highland Beach daily raw water pumpage records re-
vealed that only 23 days were in excess of 0.92 MGD and only two days
were in excess of ‘1.0 MGD. Assuming that demand in excess of 0.92 MGD
was supplied by well no. 1 which has a capacity of 350 gpm (0.5 MGD),

and that the total demand was 1 MGD, well no. 1 would operate for about
four hours. - This amount of operation is very minimal and is barely above
the amount needed to maintain the pump in working order.

‘It will not be pessible for demands during 1979 to be as high as is indi-
cated on the attached figure. This is due to restrictions on the water
treatment plant capacity. We anticipate that water usage during 1979 will
increase only moderately in spite of continued growth due to further imple-
mentation of water conservation measures by the Town.

The eastern well field will be required to meet maximum and near mdximum
day demands above 2 MGD from 1981 to 1985. Supplemental supply required
from the eastern well field is shown on the attached figure. As was the
case in 1978, pumpage from the eastern well field would be minimal. The
~greatest dependence on the eastern well field would be during 1985 when a
flow of approximately 0.4 MGD would be required on maximum day. The 0.4
MGD amount is based on a maximum day to average day ratio of 2.0. There
is a high probability that this ratio and the associated eastern well field
pumping will be Tless.

Both the U.S.G.S. monitoring wells in the vicinity of the eastern well
field and the three production wells serve as monitoring wells. These
monitoring wells insure that any movement of the saltwater front toward
the eastern well field would be detected. For this reason and the fact
that usage would be very small, infrequent, and required only through
1985, we request that the first sentence on page 6 of the staff report be
amended to read, "The staff recommends that withdrawals be made from the
western well field and that wells 1, 2, and 3 be used only during main~
tenance, peak, and emergency periods due to their close proximity to a
saline water source." :

1 NHAP

We request that the time constraint of special condition number 24 be
restated.to read, "The.monitoring well shall be constructed and operable
at the time of completion of a new well in the western well field." Al-
though we feel that an additional well will be constructed in the western
well field within one year, it is not certain at this time. Therefore,
it is possible that the deep monitoring well will not be required in one
year if delays are encountered in the well field expansion.

14390

———
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Two corrections should be noted. On page 1, the total design withdrawal
: capacity is 1350 gpm (1.95 MGD). The individual well design capacities
| 3 are: . .

 Well No. | Capacity

350 gpm
250 gpm
250 gpm
250 gpm
250 gpm

NBWN =

On page 3, the year. for which. the use was 273 MGY was 1978 and not 1977.

We appreciate your consideration of our requested wording changes in the
District's staff report. Although we feel these changes are important and
appropriate, we wish to emphasize-that the Town has -far more concern for

the immediate approval of the staff's recommended annual allocation. Prompt
approval of the staff's recommended annual allocation is crucial to the
timely completion of our design report on the Highland Beach Water Treatment
Plant and Well Field Expansion and the subsequent bond referendum to finance
the needed improvements. It is not our intent to hinder in anyway the
Governing Board's approval of the annual allocation. g

We are available at your convenience to discuss our requested amendments to
the staff report. Please contact us if you have any questions.

Sincerely,

ROSS, SAARINEN, BOLTON & WILDER

John L. Roberts

JLR/d1
Enclosure

File: RSBW 306-78-52 |
cc's: Ms. Elaine W. Roberts, w/ehc."799ﬂwJ o h
= Dr. Patrick J. Gleason, w/enc.- Xhno/ Zft ) I 3

“bec's: Arthur W. Saarinen, Jr., w/enc.
Thomas A. Prickett, w/enc.
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