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- GROUND-WATER AVAILABILITY
) AT THE
ROSCHMAN ENTERPRISES PROPERTY
' STUART, FLORIDA

.- INTRODUCTION

.-In May 1978,‘Roschmaﬂ Enterprises authdrized Geraghty &
Mille;;‘lnc., to invespiégte ground-water availability at a
600-acre site in Stuart, Florida. The sité und¢r study is
located between Indian Avenue and Salerno Road, and between
SR-76 and US-i. Lee Brock of Stuart, Florida was the project
engineer. Drilling contractors were DoUg‘Arnold Well Drilling
of Stuart, and Fraser Engineering aﬁd Testing of Fort Pierce,
Florida.

From existing informationlabout various diversions in the
area, and based on the experiences of Doug Arnold, who has in-
stalled numerous wells on the Stuart peninsula, it was deter;
mined that a highly productive water-bearing zone exists at a
depth of 60 to 70 feet below land surface at this site. To
evaluate the potential for ground-water withdrawals from this

zone, a drilling and testing program was devised by Geraghty &

Miller. The drilling program consisted of the installation of
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an eight-inch-diameter production well and a number of small-
diameter obséfvéfion'wells. A 72-hour pumping test was plan-

ned.

WELL .CONSTRUCTION

Production Well

Tﬁe installoFionmof-the eight—inchfdiameter production
well was begun and completed in June l978."véasing was‘instalf"
led to 62 feet beIOW‘lqnd surface by Doug Arnold Well Drilliné
using the cable-tool method. Where compacted or consolidated
material was encountered, rotary drilling was first used to
break up the material. The material inside the casing was then
removed using compréssed air.

Once the casing-had been oleaned out, thé formation mater-
ial from the bottom of the casing to 70 feet below land surface
was removed by continuing to drill with the combination of air
jetting and rotary drilling, The borehole between 62 and 70
feet romained open and oo well sc;een was needed. Development
of the well was completed by surging with compressedAair. Dur-
ing development, the driller estimated that discharge rates of

more than 1000 gpm (gallons per minute) were .achieved.
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Observation Wells

To mbnitor draWdowns) seven obsefvation wells were instal-
led in June 1978 5§ Doug_Arnold Well Drilling (Wells Al to A4,
s1, s2, and D1). Th§§é;&g11s are all located within 400 feet
of the productioh Q;ll;}.Their locations are shown on Plate 1.
Wells Al through A4 were installed to the same depth as the

-
-

producéibn well. These wells were constructed with two-inch-

diameter PVC casing andléjfoot-long, 0.040—ihch sldt PVC screens.
The casing lengths of Wells Al, A3, ana A4 are 68 feet. To c;m-
pensate for the slope of the land surface, which slopés west—‘
wérd, 65 feet of casing was installed in Weli A2. Thus, these
four wells are ali open to the aquifer at the same elevation és
the production well.

Wells S1, S2, and D1 were installed so that different
depths could be monitored. Well S1 is located ten feet northeast
of the production well. It is constructed with 12% feet of two-
inch-diameter casing and 2% feet of 0.025-inch slot PVC screen
and taps the upper part of the aquifer. Well D1, at the same
location, is- constructed with 125 féet of two-inch-diameter PVC

casing and 5 feet of 0.030-inch slot PVC screen. Well S2,

located adjacent to Well AZ, is of similar construction to



Geraghty & Miller, Inc.

Well S1. All of these observation wells installed in'June were
constructed by a combination of rotary drilling and air jetting.
The annular space,bétween the rotary-drilled borehole and‘the
two-inch-diameter casing was filled with clean sand in the
screen zone, and ;hgn*b%éﬁfilled to provide a seal.

In Septembe£ 1978, six>additional observation wells (Wells
Bl thr?ugh B65 were instglled by Fraser Engineering and Testing
of FortvPierce,vFlorida,_to the -same  approximate depth as the
production well. They are located at muCthreater distances -.
from the production Qell than were thosebwells constructed in.
June. Their locations also are shown on Plate 1.

All these wells were constructed by the rotary method.
Formation samples were obtained by split-spoon sampiing (eigh-
teen-inch core sample obtained‘at five-foot intervals). Casings
were lk-inch-diameter PVC with 5-foot-long PVC well screens.
Backfilling of the annular space between the borehole and cas-
ing was as described for the wells installed in June. Construc-

tion details of all wells are shown in Table 1.

PUMPING TEST PROCEDURE

In prebaration for the 72-hour pumping test in June 1978,

‘a vertical turbine pump (six-inch-diameter pump and column)
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TABLE 1

'CONSTRUCTION DETAILS
QF OBSERVATION WELLS
' AT
' 'ROSCHMAN ENTERPRISES
 STUART, FLORIDA

Sl Screened Elevation of

Casihg ’ Interval - Casing Top,
Length ‘ (feet below Measuring Point
Well (feet) ) land surface) - " (feet above MSL)
s1v 12% Lo 1y -4 17.16
wéét// S 12% o 11 - 14 . ' 13.63
DlV// 125 124 - 129 17.58
a1V 68 : 66 - 71 | 17.34
Vaz v 65 63 - 68 16.00
a3V 68 67 - 72 | 16.28
a4 “{f 68 - 66 - 71 | 17.02
Bl j/ 56 Csa-e 17.08
B2 ¥V 66 64 - 69 . 18.58
e 66 64 -69 17.52
Bav” 66 64 -69 18.62
B5v 60 58 - 63 15.32
B6V/’ 62 60 - 65 17.95

NOTE: Short lengths of casing were added to Wells S2 and A2
during the testing program. All reported data have
been referenced to the final casing top elevation. All
casings extend one to two feet above land surface.
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capable of producing 500 gpm was installed in the production
well.- A 200-foot-long, leak-free disqharge-line was laid to
the small pond neaxgy, adjacent to which Wells S$2 and A2Vhad
been installed. At the discha#ge end of the pipe, a 3-inch by
4-inch orifice anqvé4ﬁ3é§ﬁéﬁer'were installed to measure the
discharge rate, iA gate val&e was installed in the discharge
line\59 that the pumping_rate could be controlled.

Prior to: the -start. of testing,;an-electric recording baro-

. meter was installed at Lee Brock's office in nearby Stuart. ;9'
staff gauge was erecfed in the smail pond, and a rain gauge was
erected in a clearing within 50 feet of the production well. A
water-level recorder was installed on Well Al. 1In addition,Athe
consulting engineers for the City of Stuart were informed that
testing at the Roschman property would be conducted during June
and that they could observe the water-level recorders 3500 feet
away at the City's Indian Avenﬁe test site for possible effects
of pumping. Zi)

A pumping test (Pumping Test I) was begun on June 8, 1978,
at a constant .discharge rate of 325.gpm, and water-level measure-
ments were recorded in the seven\observation wells located within
400 feet of the pumped well ("A" wells, "S" wells, and the "D"
e

well). When the pump motor failed, after 5% hours, the test was
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terminated. This short pumping period did not provide sufficient
data‘fof proper interpretation of the data. It did, however,
provide valuable‘insights into the aquifer respdnSe which might
be expected during a lqnger test.

A seéond pumpipg}té§E ét constant discharge was begun on
JSEE~£EL“l228 (P;mping &est II). The electric barometer, staff
gauge,srain gauge, and Water—level recorder continued to operate
during the period-between -the first and secopd tests so that
adequate pre-test barometric, precipitatidﬁ, surface-water, agd
ground-water records Qere obtained during the‘interim.

It was planned to run the test at a constant rate of 325
gpm for 72 hours.  However, after 26 hou£§=the pump motor began
to run erratically, and the pumping rate began to flgctuate.
After 29% hours, it was decided to abort the test. The baro-
meter, rain gauge, and water-level recorder were then removed.

Water-level behavior during this test was sucﬁ that aquifer
coefficients could not be determined with any degree of relié-
bility. For this reason, observation wglls Bl through B6 were
installed at greater distances from thé pumped well in early
Sepfémber 1978. A more detéiled explanation of the rationale
fér the installation of these wells will be found in a succeeéing

section.
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A third test was performed at a constant dischargé rate of
300 gpm f;dm_Séptéﬁber 19 to September 22, 1978 (Pumping Test
III). The electric barometef, ;ain gauge, and water—level
recorder were reinstallgdlfour days prior to the test. The
water-level recoFdeeré%;Iﬁsfalled on Well A3, rather than on
Well Al as it haa been in previous tésts. No pump problems were
expérienqed during this test, which was conducted for 71 hours
and 55 minutes. - Water lévels during the test were measured in~
all available observation Wélls at the«siﬁé, in the production
well, and in several éther wells in the area. After pumping was
terminatéd, recovery.measurements were takeh in all wells for
two hours. The pump was then'reétarted, and operated briefly
at 550 gpm in ofder to determine .if the well could be success-

fully pumped at a higher rate.

HYDROGEOLOGIC SETTING

Detailed driller's and geologist's logs were compiled for
Wells Bl through B6 when they were drilled. The driller's logs
are found in Appendix I. These logs indicate that geologic
cénditions iﬁ this area.to a depth of 70 feet are fairly consis-

tent in areas southeast, east, and northeast of the production

well.
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Varicoloréd, fine-grained sand was encountered in all "B"
borinés"from'thellénd surface down to‘depths~of 25 to 30 feet
below land surface,- Within this section, a "hardpan" la?er of
brqwn, cemented, fiﬁe,Silty sand was encountered at a depth of
4 to 6 feet below~?heféér?aée. Some organic material was re-
covered from thié depth zone by spiit-spOon sampling. Between
6 andﬁ20 feet in séverél.of thé borings, the fine sand tended
to have a high elay content, but below 20 feet, the sand was
without clay to about 30 feet below the sﬁfface. Below 30 f%e£,
the fine-grained sana tends to be gray cblored and contains
traces of shell fragments and limestone nodules. This material
was reported to be uncemented to slightly cemented at depths to
45 feet below land surface. Below 45 feet to a depfh of about
60 to 65 feet, cementation was much more common, as.illustrated
by botﬁzthe reported penetration rates and field descriptions
(Appendix I). Below 60 to 65 feet, fine-grained, gray, cemented
and silty sand with limestone lenses was reported to the total
depth of'70 feet below land surface in all borings.

The production well was completed in theIGO- to 70-foot
zone of cemented sand and limestone lenses. The production well
is uncased beyond 62 feet below land surface. From 62 to 70

feet below land surface, an air compressor was used to create an
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open cavity. The formétion material blown out of the well in
this depth interval consisted of finefgrayusand and large,
porous liﬁestone ngdules. These large limestone nodules.(some
football-sized) apparently comprise a cemented rock unit which
provides the wall s;xéné#ﬁ"for the borehole. By developing the
production zone Qith Coﬁpressed air, the fine sand was removed
from<t§e cavities in the porous limestone, thus developing the
well.

Of the wells consﬁructed at Roschman ﬁnterprises, only QPé
penetrated to a deptﬁ greater than 70 feet: Well D1, ten fee£
away from the production well, was drilled to 130 feet below
land surface. The driller reported that zones of lower permea-
bility were encountered between 70 and 130 feet. However, the
data indicate that these zones occur in material similar to that
found between 30 and 70 feet, differing from that zone priﬁarily
in physical hardness, degree of cementation, and dissolution of
the limestone.

Comparison of the barometer and water-level records collec-
ted prior to Pumping Test II indicates‘that the aquifer responds
very little to barometric fluctuations. In fact, during the pre-
test period, a decline in barometric pressure equal to 0.14 feet

of water occurred. A corresponding rise in the water level in
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the observation well would have been expected; the reverse

occurred,_and'only.a slight decline was observed. Apparently,

the barometric efficiency is low or nonexistent; suggesting the

aquifer exists under'wqter—table conditions. A significant

tidal fluctuation igféhé:&éﬁer—level record has not been obser-

ved in the aquifér at the Roschman Enterprises site.

‘-Bgcause observatioh_wells in the vicinity of the production
well were screened at different depths, it was possible toAmoni—
tor water-level changes at various zones‘iﬁ'the shallow aquifer
during pumping tests; ‘In this regard, particular attention was
paid to comparing water levels‘in Wells S1 and D1 and in Wells S2
and>A2.' Figure 1 demonstrates these relafionships in a graph of
water-level elevation versus iogarithmic time du;ing Test II.
The relative rise in the water level in the discharge pond adja-
cent to Wells S2 and A2 also is shown. The only precipitation
during this test occurred between 195 and 240 minutes after thev
start of pumping, when 0.06 inch of rain was recorded.

Wells S1 and D1 are located about ten feet from the produc-
tion well. Cqmparison of the:graphs of the data from these
Wells indicates that the ﬁater levels responded in the same man-
ner during the 29% hours of the pumping test. Water levels

declined slowly but steadily at about the same rate in the first
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six minutes of pumping. A period followed in which the water
levels depiihed véfy little, until about 20 minutes intovthe
test. After 20 minutes, water_levels agéin deciined at a slow
but steady and nearly ;dentical rate. Thus, water levels in
both these wells rggpéhééélﬁo pumping in the same manner, even
though they tap éhéllower and deeper zones than the production

~well. _Examination of Figure 1 shows that about the same amount
of drawdown occurred in-each well. ‘Such behavior indicates the
high degree of interconnection between;zdhés and is evidence-%
that these beds func?ion as a single aquifer.

The same comparison also can be made with the data from
Wells A2 and S2. Both of these wells are located 188 feet south-
west of the production well at the shoreline of the nearby pond.
The plots of the data indicate that the water levels declined
steadily and at about the same rate £hrough6ut the test. Further-
more, although levels declined more rapidly than in S1 and D1 in
the early‘part of the test, toward the end of the test the rates
of decline in all four wells were nearly the same. The total
drawdown recorded in Well S2 was only slightly less than that

noted in Well A2. Such behavior is additional evidence of the

existence of a single aquifer.
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The comparisons made here indicate that a difect hydraulic
connectiopﬂeXists'ét this site between the shallow, saturated
sands (as fepresented by water levels in Wells S1 and SZ); the
production zone (as fegresented by water levels in Well AZ), and
the deep zone from_yh{chiéhé Stuart production wells withdraw
water (as represénted by water levels in Well D1).

Comparison of the Plots from Wells A2 and S2 indicate
another feature--a lack.of hYdréﬁlié“connéCtiOn between the pond
near the production well and the shallow'aéﬁifer. As noted pre-
viously, the water lévels in Wells A2 and S2 declined steadily
throughout the test. Meanwhile, the water level in the pond
rose steadily as a result of discharge from the well into the
pond. In faqt, the water level rose so that the land surface
around these wells became’flooded, and it was necessary to
wade to them to collect water—le&el data. If a significant
degree of hydraulic connection existed between the pond and the
water table, a rapid stabilization or even a rise in water level
in Well Sé would have been expected. Apparently, the pond lies
in a closed depression with a bottom or substrata of low permea-
bility due to the accumulation of a layer of fine-grained sedi-

ments and organic debris. In effect, the water in the pond is
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"?erched" above the water table. It is unlikely that the boﬁtom

of the équ in>quéétion is completely -sealed-so that none of the

discharged wéter was returned to the shallow aqﬁifer. However,

the volume of returned water must have been very small, as evi-

denced by the lack‘dffeffééé on the water level in Well S2.

PUMPING TEST ANALYSIS

From review of the- test data from all three pumping tests,
it has been concluded thaﬁ the aquifer~e2i;ts under water-tabie
conditions. The tesé data clearly;show fhat pumping from dépths
of 62 to 70 feet affects water 1evéls in shallow strata at
depths of 15 feet and a deep zone at 130 feet at a location with;
in ten feet of the production well. Also; at a distance of 188
feet from the production well, drawdowns in a well 68 feetldeep
are similar to those in a Well 15 feet deep at the same location.
Based on review of fhese data and from other wells drilled in
the area, the water-table aquifer is estimated to extend to 140
feet below land surface beneath the site.

Wéter-level data from eight of the wells monitored during
the third test are graphicall& presented as linear plots in
Figure 2. The similarity in shape of all the graphs lends sup-

port to the concept of the existence of a single water-table
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aquifer to the 140-foot depth at this site., Further, the cor-

respoedéqce*in’the”rise‘of water levels in observation wells

with periods of precipitation shows that the fine sands aﬁd

the hardpan layer close-to land surface do not restrict the in-

filtration of reche;gé €e{the aquifer.

Once it hadibeen determined after the second pumping test
that~a»water—tab1e aquifer extending to 140 feet existed at the
site, it was‘concluded’that,’considering'the;construction
details of the production'well, an‘insuffieient number of obSer—
vation wells existedAat large distences from the production well
where partial penetration effects are negligible and do not have
to be corrected for in the analysis. It was for this'reason
that the "B" wells weré installed in September 1978. In inter-
preting pumping test data from.these "B" wells, partial penetra-
tion and dewatering effects may be neglected, and the uncorrected
data can be used»in test interpretation.

A methodology for deriving aquifer coefficients from a
water-table aquifer was detailed by T. A. Prickett (1965). His
method is based upon the concept of delayed yield expressed by
N; S. Boulton (1963)'Qherein, after the commencement of pumping,b
additional water is released from storage by gravity Qrainage

of unsaturated sediments above the cone of depression. Because

»



Geraghty & Miller, Inc.
' SRR - 15 -

the release of this water is not instantaneous with a decline

in watef_levéls in the-aquifer, the phenomenon is known as

delayed yield. |

To apply the methqdology, drawdocwn data from Wells Bl,

B3, and B5, locat¢leﬁO§ féét southeast, east, and northeast, .
respectively,'f?gm the pumped well were plotted versus time
since Pumping started dn_logarithmic graph paper. The data

from these wells were selécted for interpretation because these
wells, unlike the "A" designated wells, afé far enough away fr;m
the production well éhat partial pgnetration effects are minimal
and do not have to be corrected for.

The plotted data were superimposed on two families of type
curves (type "A" and type "Y" curves) for delayed yield respon-
ses from data tabulated by Boulton (1963). These type curves
were presented by Lohman (1972). As much of the early time-
drawdown data as possible‘was matched to one of the type A
curves. A matching point on both grids was selected. The time-
drawdown data curve was then shifted horizontally and matched to
‘a type Y curve with the same r/B value.. A second matching boint
wés selected. Accordiné to Prickett (1965), the remaining time-
drawdown data can be matched to a straight line drawn tangen£ial

to both curves. The time-drawdown data, constructed match
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curves, and nonleaky artesian (non-equilibrium or Theis) type
curveé for Wells Bl, B3, and B5 are'shown in Figures 3, 4, and
5, respectively. |
From the curves.and,match points selected, the appropriate
values may be subgtitﬁtéa{iﬁto the following equations in order

to derive the‘aqﬁifer coefficients:

. 114.6 W/fu
D GO,
T =
s
T t
s - Yata
A 2693 r?
; ~ T uYtY
Y =~ 2693 r?
. _ 4t uY
= (r/B)2
Where
s = drawdown in observation well, in feet
r = distance from pumped well to observation well,
in feet
0 = pumped discharge rate, in gallons per minute
tA,tY = time since pumping started, in minutes at. the
' respective A and Y match points
T = coefficient of transmissivity, in gallons per

day per foot
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S = volume of water instantaneously released from

' .storage per unit drawdown per unit horizontal

area, or the effective early-time coefficient
of storage, dimensionless : ‘

S. = total volume of delayed yield from storage per
unit drawdown per unit horizontal area (commonly
referred-to as the specific yield), dimensionless

1l = delay index in minutes
3

W(u r/ ) = well. function for water-table aquifers, '
A,Y, 'B . . . .
dimensionless :

Table_2'li$ts the transmisSivity, effecﬁiye early-time
coefficient of storage, apparent specific yield, and delay
index in the vicinity of Wells Bl, B3, and B5. As may be seen
from the data, the aquifer appéars to be slightly anisotropic.
The degree of anisotropy does not appear significant. There-
fore, mean aquifer coefficients have been selected by averaging
the derived coefficients.

Data from Wells B2, B4, and B6 were noﬁ selected forA
interpretation because no significant drawdowns were observed
in these wells until nearly ten hours into the test. Thué, the

data collected in the three-day test was sufficient to establish
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| TABLE 2

AQUIFER COEFFICIENTS
o AS CALCULATED FROM
" DATA FROM OBSERVATION WELLS Bl, B3, B5
- DURING PUMPING TEST III
.. ROSCHMAN ENTERPRISES
STUART, FLORIDA

S Delay

Well Transmissivity Effective Early-Time Specific Index
No. (gpd/ft) Storage Coefficient Yield (minutes)
V o P . -3
Bl 181,000 0.3.3 x 10 g 2.1 x 10 124
-4 - -3 :
B3 149,000 o 2.6 x 10 1.9 x 10 136
-3 -3
B5 164,000 1.2 x 10 7.3 x 10 213
-4 -3

Mean 165,000 gpd/ft 6.0 x 10 3.8 x 10
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only the first o? earlier of the two match points. Further,
the drawdowns in these weils throughout the test were rela-
tively small. Beca;se these wells were so distant from the
pumped well and drawdowns;were small, the water levels were
affected by external iﬁ?iﬁéhces like precipitation, and other
incidental pumpaées in the'area. During the test, no evidence
of theﬁeffects of pumpihg the Roschman test well were observed
in any éf the wells monitoredwoutside'the-prpperty limits.

The transmissivity of the aquifer_mabie confirmed withs
data from the pumped‘well. Althou?h accéss for water-level’
measurements in the pumped well waé difficult because a six-
inch—diaméter pump column had beenfinstalled in'theieight—inch—
diameter well, occasional measurements were made during the
second and third tests. From these measurements, specific
capacities have been- calculated. For the Secona test, the spe-
cific capacity is calculated to be 100 gpm/ft for the 29%-hour
test at 325 gpm. For the third test, thé specific capacity is
63 gpm/ft after 72 hours of pumping at 300 gpm.

W. C. Walton (1970) has provided the following equation
for estimating theoretical spécific capacity of a well dischar-

vging at constant rate in a homogeneous, isotropic, non—leéky

artesian aquifer infinite in areal extent.
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o T
Q/s - 264 log( Tt )’—-65“5
\2693 ry? S ’
Where:
Q/s = specific:éapécity, in gpm/ft
T = coeffiéiené of transmissivity, in gpd/ft
S = coefficient of storage or specific yield
rw' = nominal radius of well, in feet
t = time since pumping started, in minutes

The equation assumes that the production well is uncased
and fully penetrating the aquifer; well loss is negligible; and
the effective radius oﬁ the production well hés hot been affec-
ted by drilling and development. Although the production well
at the Roschman site violates most of the conditions and assuﬁp—
tions of the equation, the equation may be used to confirm the
order of magnitude of the calculated transmissivities by trial

[ S
and error. Using a specific yield value of 0.005, the transmis-

' -
sivities are calculated at 220,000 gpd/ft and 140,000 gpd/ft
based on the specific-capacity data'from the second and third
‘tests, respectively. These are of the same order of magnitude

as the coefficients determined from theAanalysis of the observa-

tion well data.
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GROUND-WATER AVAILABILITY
~ - AT  THE ROSCHMAN ENTERPRISES SITE

Ground-Water Rechérge

The availabi};ty §ffgr§und water on the Stuart peninsula
has been a subjéct of ;onsiderable discussion among planners,
water#manégers, and hydroiogists. Much of this discussion has
centered upon the source..and quantity of ground—water recharge
in the area.

The last compréhensive mapping of the shape of the watér
table on the peninsula was presented by W. F. Lichtler (1960).
He recorded water levels in selected water—tgble wells on the
peninsula on July 6 and October 5, 1955. The two maps which he
produced indicate that ground-water flow occurs generally from
the center of the peninsula t§ward the St. Lﬁcie River on the
east, north, and west. A component of inflow occurs from south
of Salerno Road toward the peninsula. A ground-water divide is
indicated in the center of. the peninsula parallel to US-1.

East of the divide, ground-water flowiis generally east to the
st. Lucie River. West of the divi@e, flow is towara the South
nFork of the St. Lucie River. With flow directions thus des-

cribed, it is apparent that nearly all ground-water recharge
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to the water-table aquifer is derived ldcally and that no flow
is poésible from west of the  South Fork of the St. .Lucie River
into the area. Itnﬁay also be concluded from studying tﬁé maps
that shallow ground—water flow~at the Roschman site was from
east to west in 1255)*‘Thé‘static water elevations recorded at
the Roschman sigé in Seétember, 1978, before the third pumping
testv(?late 1, indicate that ground-water flow is still from
east to'west, 23 yearSMafter<Lichtler?s mapping.

Since the flow pattern in the wa;er—tégle aquifer indicgtés
that aquifer rechargé is derived locally} it is necessary to
ascertain the source of recharge. Once again, the static water
elevations recorded before the third pumping test are useful.
Comparisons of the static levels of Wells Sl and‘Dl or Wells
A2 and S2 indicate that a downward vertical component of flow
existed in the aquifer under non-pumping conditions at the
Roschman site. This phenomenon is not unexpected; it indicates
that recharge is derived locally from precipitation. The abrupt
response to precipitation indicated by the rise in water levels

~in the "B"bwells during the third pumping test (Figure 2) sup-
?orts this éonclusion.'
Because local precipitation is the principal sou?ce of

ground-water recharge, a comparison of available recharge with
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present’and‘anticipated pumpage on the peninsula is valuable

in prédlctlng the potentlal avallablllty of ground water at

the Roschman property. Nearly all the pumpage on the peﬁlnsula
‘is located north of the squthern boundary of Hanson Grant.

This area has beep;pléﬁ%météred from the southern boundary of
- Hanson Grant be£Ween the Séuth Fork and Manatee Creek northward.
The area thus defined isvl7.9 square miles. This area is avail-
able toAcapturefprecipitation for*regharge to the water-table
aquifer. The area east of Manatee Creek'(Miles Grant area) hés
been exéluded, as ha§e~the various:tidai creeks and the mangrove
areas'along the South Fork.

Based on 20 years of record, the mean annual precipitation
in the Stuart area as reported by Lichtler (1960) is 56 inches.
Of this quantity, a large portion is returned to the atmosphere
by evaporation and transpiration by plants. A much smalier por-
tion is discharged by direct surface runoff from the peninsula.
The remainder is available for ground-water recharge.

Evaéoration and transpiration losses are often combined
under the descriptivé term "evapotranspiration" (ET). Direct
measurements of evapotranépiration are rare, but empirical
‘methods have been devised to estimate that quantity. Parker,

and others (1955), estimated evapotranspiratidn losses from a
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coastal ridge aréa south of Miami, with similar vegetative
covef, éo}l conditions, and depth to water to that in Stuart.
Total annual losses were estimated at 35 inches‘per year.

As reported by Liqhtler, and others (1976), several in-
vestigators have made}wé£é£¥budget studies of large river
basins in centrai Florida aﬁd presenﬁed ranges in annual evapo-
transp;ration of 27;5 t6_42.6 inches. These basins contain many
different types of areas, -including lakes and swamps, which are
not common on the Stuart peninsula. Annﬁéi lake evaporation ;s
very high, and it is-likely that aﬁnual evapotranspiration from
lakés and marshlands is equally high. Presumably, ET losses on
sandy uplands like the coastal ridge are lower; 37.5 inches is
assumed to be a reasonable annual ET value on central Florida
uplands. For the Stuart peninsula, 36 inches may be assumed to
be a reasonable average value for annﬁal ET losses. Since rain-
fall is 56 inches pér year, 20 inches per year remains available
for use on the peninsula.

surface-water drainage on the peninsula is slight. only a
few small creeks are found. Although no streamflow records exist
for any of these creeks, it méy be presumed that direct surface
runoff is low--probably about two inches per year. The annual

available ground-water recharge may thus be calculated as

follows:
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Precipitation +56 inches/year
Evapotranspiration -36 inches/year %
Direct Surface Runoff - 2 inches/year P

' ‘ o " 20
Available Ground-Water Recharge +18 inches/year LLLZX ) ?

As pumpage iqAFhéASfﬁéft area increases, approaching the
volumekof annual'grdund—wa;ér recharge available, direct sur-
face.rgnoff and evapotrépspiration may be slightly reduced..
The volume of ground‘vater recharge may be similarly increased,
so that slightly more than 18 inches may’bé ultimaﬁely availfj_
able. However} in kéepihg with thé conservative nature of this
analysis, the figure of 16 inches per year of ground-water re-
charge will be used for calculations. Considering that the
area on the peninsula north of.the southern boundary of Hanson
Grant is 17.9 square miles, av;ilable ground-water‘recharge is

conservatively estimated at 4.98 billion gallons per year, Or

13.6 mgd (million gallons per day).

Diversions on the Stuart Peninsula

The total diversion by users on the Stuart peninsula has
been inventoried, and the major allocated, reported, and estim-
ated diversions are listed in Table 3. Three major permitted

diversions have been considered differently in this tabulation.
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TABLE 3
DIVERSIONS ON STUART PENINSULA

NEAR
~ROSCHMAN ENTERPRISES

~

Average Allocated,

Reported and

Duane K. Luce

User Estimated Diversions How Judged
City of Stuart RN “ 2,900 000 gal/day Permitted
Intracoastal Utilities . éﬁmﬂ%m&vfsﬁkry Permit
' Pending
Fisherménfs~Cove-fum- —18--000~galtday Estimated
Miles Grant w26&w00€¥g%&%éay. Permitﬁéa
Lak’%fﬁﬁ ﬁioﬁé%@w' UMM ¥ 5L . o o - w1 o Reporte@
Lake St. George Golf —333591 k- gatiday Permitted
}X \);I(L . ”<;f'
K. M. erght 143,460 gal/day Permitted
AJ;égi;mFlorida Cuttings (Cove) ‘Reported
. { _Calif-Fla Plant 100,000 gal/day Estimated
N o o S ¢ o SNV UEE USRS | % o . § 1 - S EStima£ed
Clifford M. Luce & Son 20,000 gal/day Estimated
DgééaéuFfééer Farm. yedh Hache- 75,600 gal/day Reported
_Martin-County Commissioners—-———-Mimwimat Estiﬁated
Kings Mtn. Condo .30;532 gal/day Permitted
Yacht & Country—Eiub———m—  ~1477180-gal/day permitted
Duane K. ﬁuce 16,739 gal/day Reported
16,739 gal/day -Estimated
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User

Vﬁ;artin County Golf

V/Tyson Flower Farm‘
/ Karl Kruger
//Smith Flower Farms

-~

{3 Schramm's Flowers

T;ble 3
{cont.)

Average Allocated,
Reported and
Estimated Diversions

How Judged

101,500 gal/day

K. F. Flowers

“Florida Cuttings (Alhambra)”?%éaﬁ— Minimal

N

/;' r
{ Florida Cuttings (Glendale) 2 ..
7 Pt ] i + )

PEE

P {""T'fr‘.n,ﬁft,/l,u, A

BRIRT

Cal
Ve

TR i

Permitted
from shallow

18,000 gal/day Estimated

‘14,730 gal/day Reported

46,869 gal/day Reported

30,000 gal/day »Estimatea
AWMMWWMMWMMJQQ}aeﬂM@ﬁtt% ~“““Estﬂmuu3;1
| 30,000 gal/day Estimated
Estimated

Minimal Estimated

e . (p
. 714



Geraghty & Miller, Inc.
. o _..25.—.
° Miles Grant, occurring as it does on a ridge east of
Maﬂaﬁee-Creek'is relatively isolated from the main body
of the aquifer on the peninsula. It is likely that |
shallow ground watergin the vicinity of Miles Grant dis-
charges natura}lfAﬁéﬁfhe‘creek, Manatée Pocket, and Great
Pocket. Th;refore, cpnsumptive use at Miles Grant is not

' .considered to be pért‘of consumption on the peninsula.

° Likewise, the permitted 133,911 gpd (gallons per day)
diversion of Lake St. George Golf-Club has also been dis-

regarded. This area is largeiy undeveloped and rather

remote from other centers of.pumpage.

° Intracoastal Utilities has a permit pending for an alloca-
tion of 1.5 mgd. Although the present diversion is con-
siderably smaller, it is anticipated that the requested
1.5 mgd ailocation will be approved, and it was thus tabu-

lated.

As one of the permit conditions, Intracoastal is expected
to be required to restrict their pumpage to 600,000 gpd
from the two wells located at the Yacht & Country Club.

The additional 900,000 gpd will be withdrawn»from‘wells
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located onthalf mile or more south of the southern

boundary of Hanson Grant. The impact of pumpage frdm

theée wells qpaer steady-state conditions is not exéected

to extend north of_the boﬁndary. Therefore, only the

600,000 gpd qugnti£yiwill be considered in evaluating

the impact of the diversion from the Roschman propérty.

The total-allocated, reported, and-estimated major diver-
sions in this area total 4.4 mgd. An additional 1.0 mgd is

estimated for non—pefmitted ground-water use (600,000 gpd north )¥

of Indian Avenue; 300,000 gpd south of Indian Avenue east of
UsS-1; and lOO,bOOigpd in the remaining area). A total of 5.4
mgd is thus estimated to be used or allocatedf

The difference between present and future total use is
not great. Most agricultural ﬁsers are withdraﬁing their ﬁaxi-
mum allocations at presgnt. Likewise, the City of Stuart's
average-day demand is very close té its allocation. Of the
major users, only Intracoastal Utilities is pumping much less
than it will be allocated. Intracoastal presently withdraws
about 200,000 gpd from the Yacht & Country Club well field.

Total ground-water congumption on the peninsula is not

expected to approach 5.4 mgd. Twenty percent of the domestic
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supplies, or 900,000 gpd, both public and private, may be
estimatéq for lawh“and garden irrigatioh. Assuming an irriga-
tion efficienty of. 50 percent, 450,000 gpd is returned t§ the
aquifer by domestic ir;igation. Thus, the true consumptive
use is probably clqseifgoiS;O mgd, or 37 percent of the avail-
able ground watef oh the péninsula north of the southern

bouhdq;y of Hanson Grant. The quantity available is 8.6 mgd.

Steady-State Model

The Roschman property is located in an area of minimal
ground-water use at present. In fact, no adjacent ground-
water users have diversions sufficient to require consumptive-
use permits. The nearest diversion of any size is that of the
Dorcas Flower Farm, with a reported consumptive use of 75,600
gpd. Therefore, a rather simple model has been developed to
determine the volume of water which may be withdrawn from the
shallow aquifer at the Roschman site, and to predict the impacts
of pumping that volume.

Because the aquifer on the peninsula is recharged by local.

precipitation and because existing pumpage has not caused
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salt-water intrusion (insofar as can be determined), a steady-

' state'condition has been presumed to exist about all of the
area's diversions_yith total consumptive use balanced by v
recharge. Thus, the cones of depression méy be aséumed to
extend only to a distaﬁéé{adéquate to intercept a volume of
recharge equal ts the di&ersion. The perimeters of these
cones of depression have been mapped (see Plate 2). North of
Indian/Avenue~inmthe~Cip§3of Stuart, -diversions are concentra-
ted west of the airport. Cones of dep?ession for many existiné
diversions in this area overlap. Consumptive use in this area
is estimated at 3.6 mgd, including all allocated, reported, and
estimated flower farm diversions,. the city's allocation; and
unpermitted (600,000 gpd) pumpage. The 3.6 mgd figure takes
into account the‘SO—percent irrigation efficiency.of pumpage
which is used for lawn and garden irrigation.

A 3.6-mgd diversion will dévelop a steady-state cone of
depression with a radius of 6400 feet. The center of the area
of concentrated pumpage has been arbitrarily selected adjacent
to the west side of the City well field on US-1 about 3000 feet
north of Monterey Avenﬁe. This places the center betweeﬁ the

City wells and the large number of flower farm wells. The cone

extends to the St. Lucie River on the north and the South Fork
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on the west, to Indian Avenue on the south and the center of

the airport on the east. The cone'of'depression thus defined
expresses the observed conditions in this area where no signifi-
cant salt-water intrusionnhas been reported except temporarily
in wells along the_goééﬁ;&ufing thevdry season. Other divef-
sions which are éufficiently remote from this concentrated

area Qf pumpage to deveiqp their own cones of depression are
Karl Kreuger, Martin County Golf, and Dorcas Flower Farm. These
are shown on Plate 2. | |

A similar steadf—state cone of depression has been gener-

ated for consumptive use in the Port Salerno area. Principal
uses in this area are the pending allocation for.Intracoastal
Utilities from wells located at the Yacht and Country Club
(600,000 gpd), the allocations.for the Yacht & Country Club of
‘Stuart (147,180 gpd), Ed Miller and Son Farms (60,000 gpd), and
other unpermitted uses (300,000 gpd). Calculating ten percent
return of pumped water from Intracoastal's wells and unpermitted
uses, the consumptive use in this area is estimated at 1,017,180
gpd. A steady-state cone of depression from this diversion is
célculated tb extend 3460 feet from its center, which has been

arbitrarily selected to be at the entrance gate to the Yacht and
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Country Club, in the middle of Intracoastal's well field and
centefed between the Yacht & Country Club wells and those of
Ed Mille? & Son.

The various diversigns in>the area are expected to have a
small impact on a divé%éién'at the Roschman property. A seven-
well field is'béing conéidéred at the site. However, because
the-aqgifer transmissiViti is so high, the effect of pumping
individual wells is-not apparent away from the immediate vicin-
ity of the wells. Therefore, a singig lafgé—capacity well in
the middle of the prdposed field méy be used to represent thé_
total diversion.

Within 7000 feet of such‘a well at the Roscﬁﬁan éite, 4.21
mgd is assumed to be available as recharge. Howevef, under
steady-state conditions, the users previously noted‘require a
portion of that recharge as part orAall of their diversions.

By calculating the overlapping area between a 7000-foot radius
cone of depression from the middle of the Roschman well field
and the Qarious other cones of depression in the area, it is
possible to deduct from the 4.21 mgd the‘quantity necessary to
support the other diversions. For example, the users in Stuart,
west of the airport and north of Indian Avenue require 0.26 mgd

of this recharge to maintain steady?state conditions in that
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area. In Port Salernobeast of US-1, 0.17 mgd is required from
recharge to .provide water in that area, Other consumptive uses
within a-7000—foo;.§one of depression are Dorcas FloWer farm
(75,600 gpd), Fisherman'g.Cove-(l0,000 gpd), Lakeside Flowers
(16,783 gpd), and an eéﬁiﬁated 10,000 gpd from the 100,000 gpd
in unpermitted diversioﬁs west of US-1 (consumptive use is
small in that area‘because the area is uﬁsewered). These diver-
sions place an additional demand on‘therrecharge available to
the Roschman site. Tﬁe "water budgetf-within a 7000-foot

radius cone of depression from the Roschman site is shown below:

Recharge within 7000-foot radius +4.21 mgd
Consumptive use north of Indian Avenue -0.26 mgd
Consumptive use east of US-1’ -0.17 mgd
Additional consumptive uses within the

cone of depression ~0.10 mgd

Total recharge available within 7000
feet of center of Roschman well field +3.68 mgd

A steady-state cone of depression about the large-capacity
well can be generated. When applied to a multi-well field, the
model will not precisely reflect the drawdowns in the immediate
Vicinity of pumping wells. However, becéﬁgé of the high aquifef
transmissivity, the influence from pumping individuél wells will
be minimal outside the property limits, and a large-capacity well

may be used to represent the pumpage from all wells.
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Using the transmissivity calculated from data from the

third-pumping test, an aquifér thickngss of 140 feet, an an
effectivé cone oflgépression of radius.7000 feet, the Thiém
equation has been empiojeq to ﬁodel drawdowns in the cone of
depression for a copsﬁﬁéfiVé use of 3.68 mgd. It is assumed
that no portion gf the 3.68"mgd is returned to the aquifer,
although it is recognized that as the site is developed irri-

gation return will. reduce consumption.

The Thiem equation may be expressed'aé (uoP-Johnson, 196@):

2 1055 mlog R/xr°

s =m - \|m" = T (Q)
Where
s = drawdown, in feet at radius r from the pumped well
m = aquifer thickness, in feet
r = radius to observatioﬁ point of intereét, in feet
T = aquifer transmissivity, in gpd/ft
R = radius of cone of depression, in feet
Q = pumping rate, in gpm

Assumptions upon which the Thiem equation is based are:
1. The water-bearing materials are of uniform permeability

within the cone of depression.
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2. The aquifer is not stratified.
3. The aquifer thickness is constant before pumping starts.
4, The pumping wgil is 100 percent efficient. |
5. The well penetrates to‘thé bottom of the aquifer.
6. The water tablg héé'ﬁb'élope; it is a horizontal surface.

7. Laminar flow exists.

8. ° The cone of depression does attain equilibrium.

Severaluof theéé ;séﬁmptions are cégﬁ?aﬁened;within sho;t
distances of the pumped well. Howévef, they may be aésumed to
hold true at greater distahces. Thus, this analysis should
serve as an adequate approximation of drawdown in the aquifer
in areas away from the well field. |

Within the cone of depression, a drawdown of three feet
will be observed at 3000 feet, and two feet at 4000'feet. The
0.5-foot drawdown cdntour is predicted at a radius of 6000 feet,

as shown in Figure 6.

Nonsteady-State Model

The steady-state cone of depression will adequately repre-
senﬁ the effect of a long-term 3.68 mgd diversion from the
Roschman Enterprises property. However, it is recognized that

for drought periods, the ground-water system may not be
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adequately described by the equilibrium or steady-state condi-

tion beCause‘rechafge from precipitation will be less than the

daily pumpage. quﬁthis reason, the non-equilibrium weli for-

mula of Theis (UOP-Johnst( l9é6) has been used in the predic-

tive model. The formﬁla"iSi

114.6 O W(u)

s = T '
Where

s = drawdown, in feet, at the observation point in

question
Q = pumping rate, in gpm
T = coefficient of transmissivity, in gpd/ft
" W(u) = well function of u where W(u) is an exponential
integral ' '

In the exponential integral

1.87 r2 S/Tt

u =
where
r = radius to observation point in question, in feet
S = coefficient of storage, dimensionless
£ = time since pumping started, in days
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Although this equation was derived as a means of mathe-
maticélly describing water-level response in a non-leaky
artesian aquifer,ﬂi£ serves to approximate drawdowns in é
water-table aquifer afFerAthe effects of delayed yield have
dissipated. Using;thé”éQEifer coefficients as derivéd from
the data from‘tgé third puﬁping test (transmissivity equals
165,0q0 gpd/ft, and the goefficient of storage under water-
table conditions--specific yield--equals 0.0038), the non-
equilibrium cone of depression has beenrgénefated for a 90-day
period of no rechargé to the aquifér. The 90-day period was .
selected as being the maximum peribd for a prolonged drought
in the dry season during which no recharge to the aquifer
might occur.

For modeling purposes, seven production wells have been
used spaced 1000 feet apart in a line trending northwest to
southeast, parallelito and 5000 feet from US~1l. The northern-
most well is at the location of the eight-inch-diameter test
well. Each well was pumped at 365 gpm continuously for a
total weli field demand of 3.68 mgd. The wells were operated
for 90 days, and the cone of'depression from this pumpage was

computed.
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The nonsteady-state model confirms the assumption of a
circular shapeﬂforvthe outer limit of the cone of depres;ion
in the séeady-sta;eimodel. .Despite the alignment of the“pro-
duction wells, drawdowns‘frbm ﬁhe nonsteady-state situation
will create a slightlyléliiptical cone of depression at large
distances from éhé’wellﬁfiéld with the major axis of the
ellipse trending through ﬁhe line of wells. The drawdown from
this éiﬁersion will extgédmbeneath the peninsula; six feet of
drawdown is predicted to occuf‘GOOO t§.7000‘feet from the
center of the well field, and five feet of drawdown will occur
8000 to 9006 feet away. These predicted draWdowns represent
a "worst case" condition, which could be anticipated in a
severe drought with no. recharge to the aquifef. The actual
impact is expected to be less because even in severe droughts_
some precipitation will occur thch can recharge the aquifer.
Furthermore, as the water table declines in areas where it is
close to the land surface, evapotranspiration will be salvagéd.

} r:As shown in previous calcﬁlations, when sufficient recharge is

¢ » available, the cone of depression from such a diversion will

;%-%E; stabilize withih a radius of 7000 feet. Furthermore, the
nonsteady-state model presumes that none of the pumped water

will be returned to the aquifer. However, it may be assumed
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that about twenty percent of the pumped water will be used for
irrigétion.lfwith'an irrigation efficiency of 50 ‘percent, this
use will.result inué return of 370,000 gallons per day téAthe
aquifer. Thus, the impacts of.pumping even in this "worst case"

condition will be les§ thén'predicted.

GROUND-WATER QUALITY

Ultimately, all water used in the Stuart area is derived
from recharge by local précipitation on thé peninsula. For
wells tapping the waﬁer—table aquifer, recharge migrates down-
ward and evenfually reaches the well. Thus, the quality of
water from a pumped well will be directly influenced by the
quality of recharge.

The quality of water from.the eight-inch test well is
shown in Appendix II. The sample was obtained on Juhe 13, 1978,
on the second day of Pumping Test II. The water appears to be
of good quality. Total dissolved solids are about what one
might expect for this area. Hardness is high, but typical.

The iron concentration, although above recommended public health
limits, is not excessive. Hardness and iron coﬁcentrations are
treatable with present technology, and a potable product can .

be delivered.
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Saline Ground Water

Salt—Wéter intrusion potential at the Roschman site.is
believed tovbe low. The South Fork of the St. Lucie River
West of the site is the_éiosest body of saline water. This
water is reported'ﬁé LaVe-a salinity of 10,000 to 15,000 ppm.
Even though tﬁe St. Lugie-River is salty, there is no guarantee
the ground water is. Considering the location of the area on
the ri&er encompassed Byxfhe steady-state cone of depression,_
it is possible that the gfound water may be fresh. Although?
no large diversions exist in the area under study, small diver-
sions adjacent to SR—76‘and Indian Avenue (Dorcas Flower Farm,
Riverbend Trailer Park, and Fisherman's Cove) are much closer
to the river but have éhown no evidence of salt-water intru-
sion. This is not surprising.' Even if a hydraulic connection
does exist between the river and the aquifer, only a small
section of the steady-state cone of depression extends to the
river from the Rosqhman site. The brackish water which might
be drawn into the aquifer through that section will be‘con-
.siderably diluted by the much greater volume of fresh water

derived from recharge by precipitation.
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It also should be noted that a 3.68-mgd diveréion from the
Roschman property will be much less than the total present
diversion calculated for the area to the north in the City of

Stuart, which is bounded on three sides by salt water.

“~ . CONCLUSIONS

1. -_A highly productive water-bearing zbne exists at depthsk
of 60 to 70 feet below land surface.

2. Production wells can be completed‘wifhout well screens
in the 60- to 70-foot zone.

3. To depths of 70 feet below land surface, formation
materials consist mainly of fine sand, cemented to vary-
ing degrees.

4, Below 70 feet, zones of lower permeability exist. . However,

no significant confining beds were reported between the

water table and the 130-foot depth. &ﬁN&PWM ax S
- igw wr i "4:99@'3 ¢

5. A single aquifer exists under water-table (unconfined)

conditions in the area and extends to an estimated depth

of 140 feet.

6. The pond into which the discharges from the pumping tests

it

were conducted exists as a perched pond. Little or no
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11.

12,
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water drains from this pond to the water-table aquifer.
The other’ ponds on the property are probably also perched

Water levels in the water-table aqulfer respond rapldly

e g

to prec1p1tat10n but llttle or not at all to tidal and

barometric changes. °

No effect from the 72-hour pumping test was noted in

- observation wells at Stuart's Indian Avenue test site.

These wells are screened in the -zone from which the City
withdraws its water. -
The transmissivity of the water-tabie aquifer is 165,000 .

A s oA TR A

gpd/ft. The spec1f1c yleld is 0. 0038,

Mt e e AR 32N T TN st a B

Ground-water flow directions in the water-table aquifer
have changed very ‘little since they were last mapped in
1955,

Recharge to the water-table aquifer is derived locally

from precipitation. The average annual aquifer recharge

is 16 inches.

Conservatively estimated, 13 6 mllllon gallons per day of

A o 1 DA R NN N Y RO R A vy

recharge 1s avallable to wells on the main body of the

B R AT TR

o AN

Stuart peninsula. Present consumptlve use on the penlnsula

is 5 mgd.
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13.

14,

15,

16.

| T aelie
Within a radius of 7000 feet of the center of a properly

designed well field at Roschman Enterprises, 3.68 mgd is

e e

available for. long-term use from ground-water recharge.

During droughts, a drawdown of six feet is possible with-

in 6000 to 7000 fééﬁfcf a seven-well field at Roschman

Enterprises.

‘The quality of water from wells at Roschman Enterprises

is generally good,. although hard and h;gh in iron. The
water is treatable with present techﬁélogy, and a potabie
product can be delivered.

The salt-water intrusion potential at this site is low,
considering the planned diversion. No salt-water intru-
sion has been reported in wells between the site and the

brackish South Fork of the St. Lucie River.

|
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RECOMMENDATIONS

1. Wells could b@ installed at this site to achieve an

average-day demand of 3.68 mgd.

2. Positive surface-water drainage measures should be under-

e 5 o DA T A 4TIV e G, (8 o S R -

taken to promqte‘aquifer rechar

- T vt

in this area.

S

W =

Respectfu;ly'éubmitted,
GERAGHTY & MILLER, INC.

Teaac

T s L

Thomas L. Tessier

) . - é&é:;¢£4cfﬂz§;%%5225z\

Vincent P. Amy

November 10, 1978
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APPENDIX I

Description of "B" Borings

Roschman Enterprises
Stuart, Florida



FRASER ENGINEERING AND TESTING

3504 INDUSTRIAL 33rd STREET -
FORT PIERCE, FLORIDA 33450 - ot PIERGE (308 4611508

VERO BEACH (305) 567.6167
STUART (305) 283-7711

September 14, 1978 Lo L mnp
. o BN A Y

-

A
U
Mr. Lee Brock,. P.E.

Post Office Box 259 . ' E§§§;;;;EEEEE;EEEEEE

Stuart, Florida-33494”
'Geﬁtlemen:

Enclosed are the results of the Soils Investigation and Piezometer
Installation in conjunctfbﬁ_with the eight (8) inch test well at
Roschman Enterprises,'Inc;,“Indian Avenue Site in Martin County,
south of Stuart, Florida.

TEST BORINGS AND PIEZOMETER INSTALLATION

six (6) seventy (70) foot standard penetration test borings were tak-
en at the site. Borings B-1 and B-2 were taken at 1000 foot inter-
vals respectively, from the test well on a line running due South.
Borings B-3 and B-4 were at the same intervals running Southeast. from
the well and Boring B-5 and B-6 were at the same intervals on a line
running due East from the well. -

The materials encountered and penetration resistances are as describ-
ed and noted on the individual boring logs.

Drilling procédures, relative density and consistency correlated with
standard penetration resistances, and identification of soils are des-
cribed in Attachment "A".

At the termination of each boring a 1X%" pvc pipe with five (5) foot
well screen was installed to the bottom of the bored hole. Clean
sand was placed around the screen to a depth above the top of the

screen. The hole was then backfilled. After backfilling, the piezo-
meters were pumped until the water cleared.

After completion of the work, the soil samples for each of the test
borings were given to Geraghty & Miller, Inc. representative.

Respectively submitted,

FRASER ENGINEERING AND TESTING

4 AL //%4«

Alexander H. Fraser, P.E.

AHF:jn

Enclosures

SOIL BORINGS CONCRETE, SOIL & ASPHALT TESTING FOUNDATION lNVl',.STIGATlONS



ATTACHMENT A

DRILLING PROGEDURES

Soil sampllng and penetratlon testing performed in accordance
with ASTM D 1586—67. For the first 10 feet continuous sampling
was performed u51ng a 24 inch split- spoon sampler advanced at

2 foot incrementsﬂ.‘The standard penetration resistance is the
number of blows of a 140 pound‘hammer falling 30 inches to drive
a 2 inch 0.D., 1.4 ian;iéD:, split-spoon sampler 1 foot.

RELATIVE DENSITY AND.COﬁSISTENCY CORRELATED
WITH STANDARD PENETRATION RESISTANCE

TYPE OF MATERIAL NO. OF BLOWS PER FOOT RELATIVE DENSITY
Granﬁlgr Soils 0 - 4 Very Loose
‘5 - 10 . Loose
11 - 20 " Firm _
21 - 30 ' Very Firm
31 - 50 Dense
Over 50 Very Dense
TYPE OF MATERIAL NO. OF BLOWS PER FOOT CONSISTENCY
Cohesiﬁe Soils | Below 2 -Very Soft
3 - 4 " Soft
5 -8 Firm
- S 9-15 | Stiff
16 - 30 : Very Stjff
31 - 50 | Hard
Over 50 Very Hard

IDENTIFICATION OF SOILS

Identification of the soils 1is in accordance with ASTM D 2488-69,

"gtandard Recommended Practice for Description of Soilsf.
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CLIENT; Brock

BORING L0G

DEPTFH

(2)

10

15

20

14

12 |

DESCRIPTION
Gray fine sand, trace of organic fiber
.5 ,
Light tan fine sand
3.5 :
4.0 "Dark brown, cemented, slightly silty
- ] to silty fine sand
Tan brown, slightly silty fine sand
8.0
Tan gray fine sand
17.0

-Brown fine sand

(Continued on Sheet 2)

{1) PENETRATION - BLOWS PER FOOT

{2) DESIGNATIONS
=* GROUND WATER

B LOSS ‘OF DRILLING FLUID

1 ROCK CORE

BORING NO..____ B =1
DATE DRILLED 8-24-78
JOB NO.: 20916 .




SHEET 2 OF 4

CLIENT: Brock

BORING L0G

DERTH . |- (1) | (21 DESCRIPTION
20 S Brown fine sand
_ (Continued from Sheet 1)
i -122.0
— Dark gray fine sand
4 9 )
25 )
112 29.5
30 4 Gray fine sand with some shell frég—
4 ments and weathered limestone (slight-
] ly cemented)
4
4 24 .
35 _
B 35.5
4 Olive gray, slightly silty to silty
fine sand, trace of some shell frag-
) ments with thin seam of cemented shell
7 fragments
—
4 12
40 (Continued on Sheet 3)

(1) PENETRATION - B8LOWS PER FOOT
(2) DESIGNATIONS

= GROUND WATER

e LOSS OF DRILLING FLUID

O ROCK CORE

BORINGNO- ... B~ Y
DATE DRILLER _8-24-78 R
JOB NO.: 20916

Toiceo TNaINEERING AND TESTL



4 CLIENT: Brock

- | BORING LOG

DEPFH - |41 [ (24 - S ‘ DESCRIPTION
40 Olive gray, slightly silty to silty
. fine sand, trace of some shell frag-
| ments with thin seam of cemented shell
. o fragments’
142.0 (Continued from Sheet 2)
— o Gray very fine sand, trace of shell
] fragments
4
_* -
422 -
45— '
-
i 46.5
B Light gray fine sand with some
_ slightly cemented weathered, slightly
b .. B
: sandy limestone nodules
4209 )
50 50.0
. Light gray, cemented fine sand and
i sandy limestone, trace of shell frag-
ments :
4 -
-
4 32
55—
-
_ 57.5
A Slightly cemented, gray fine sand,
trace of shell fragments
467 _
60 — (Continued on Sheet 4)
(1) PENETRATION - BLOWS PER FOOT BORING NO ... B = 1
<2i DESIGNATIONS : _ DATE DRILLED 8-24-78 .
JOB NO.: 20916

—=— GROUND WATER
e LOSS OF DRILLING FLUID

0 ROCK CORE
Toicrr FNGINEERING AND TESTI?



SHEET 4 OF 4 CLIENT: Brock

BORING L0G

DEPTH |t | @} .- . = DESCRIPTION

60 Slightly cemented, gray fine sand,
4 trace of shell fragments
] (Continued from Sheet 3)
1
i 62.0 ,
— Gray fine sand and weathered limestone
. nodules, trace of some shell fragments
442

65
4 40 :

70 70.0

] Boring Terminated at 70'
-{
—
~
-1
- 4

-
-4

(1) PENETRATION - BLOWS PER FOOT BORING NO ... B -1
(2) DESIGNATIONS : DATE DRILLE" gagig78
JOB NO.: , -

= GROUND WATER
e LOSS OF DRILLING FLUID
I1 ROCK CORE

B I - PO VAT S S L T A =% 3 3 M



SHEET 1 OF 4 CLIENT: Brock

BORING LOG

DEPTH B LU NETN . DESCRIPTION
0 4 ) ‘ s Gray fine sand with surface organics
q White fine sand
4 7
-4 9
N 4.0
_ . Dark brown, cemented, silty fine sand
5 _ :
i 5.5
- White fine sand
.
8.5
-1 -
4 Tan gray, slightly silty fine sand
4 20 .
10
——
ﬁ
4 29
15 _|
-
-1
-
i 18.0
A Brown fine sand
4 10 _
20 .
— (Continued on Sheet 2)
(1) PENETRATION - BLOWS PER FUOT BORING NO - ... B -2
(2) DESIGNATIONS DATE DRILLE! 8-25-78
JOB NO.: 20916 -

= GROUND WATER
W LOSS OF DRILLING FLUID

O ROCK CORE
- Fuacrr FNGINKERING AND TESTING



SHEZET 2 OF 4 CLIENT: Brock

BORING L0G

DEPTH | (1) (2)?,‘?'-* '~ DESCRIPTION
20 — Brown fine sand
- (Continued from Sheet 1)
A 121.0
. Dark gray fine sand
,
4 5 _ ;
25 )
N 28.0
B Gray fine sand, trace of some shell
3 fragments -
4 50 .
30 _ . 130.0 :
i Gray fine sand with some shell frag-
ments with slightly»cemented seams,
] trace of some limestone nodules
-
1
4 27
35 —
A 36.0
3 0live gray, slightly silty fine sand,
trace of shell fragments
4 11
40 (Continued on Sheet 3)
(1) PENETRATION - BLOWS PER FOOT BORING NO .- B -2
(2) DESIGNATIONS DATE DRILLED 8-25-78
JOB NO.: 20916

= GROUND WATER
B LOSS OF DRILLING FLUID

I1 ROCK CORE



CLIENT: Brock

SHEET 3 OF 4 . BORING LOG

DERTH -1 |(2)- — L DESCRIPTION
40 Olive gray, slightly silty fine sand,
i trace of shell fragments:
41.0 (Continued from Sheet 2)
o . , Gray fine sand, trace of shell frag-
i ments '
430
45 i
i 46.0
] ‘ Light gray fine sand with some weath-
] - ered cemented sand nodules, trace of
_ shell fragments, trace of weathered
7 R limestone nodules '
443
50 —
A 50.5
i Light gray, cemented fine sand, trace
of shell fragments
i
4 39
55
-l
i 58.5
Light gray, very fine uniform fine
a : sand, (silty texture) with some lime-
4 23 59.5 t ules ,and , cem
60 : Light %tay, ce Eg—gggngg sand nodules
ented fine sand with™ :
(Continued on Sheet 4 B - 2
{1) PENETRATION - BLOWS PER FOOT BORING NO .. . -
(2) DESIGNATIONS DATE DRILLED 8-25-78
JOB NO.: 20916 .

= GROUND WATER
e LOSS OF DRILLING FLUID

0 ROCK CORE
Then s e T nvcinv ez aND CTESTID



SHEET 4 OF 4

CLIENT: Brock

BORING 10G

DEPTH )2 DESCRIPTION

60 _| Tight gray, cemented fine sand with
A some weathered limestone nodules
i (Continued from Sheet 3)
7-{
138 | - -

65
i 66.0
4 Light gray green; slightly silty to
) silty fine sand
—
-4

704 70.0
i Boring Terminated at 70'
.
~
p—
-
— (
_1

(1) PENETRATION - BLOWS PER FOOT
(2) DESIGNATIONS

GROUND WATER

B LOSS OF DRILLING FLUID

I ROCK CORE

BORING NO - .. B = 2 -
DATE DRILLEN ..8=25-78
JOB NO.: 20916

4 MERTTL A 8



SHEET 1 OF 4

CLIENT: Brock

BORING LOG

DEPTH - 1 () | @2 DESCRIPTION
0 3 Gray fine sand with surface organics
i 1.0 v
1 6 White fine sand
413 S
N 4.0.
123 B Dark brown, cemented, slightly silty
5 ) to silty fine sand, trace of organic
5.5 fibers
i Brown, slightly silty fine sand
. 8.5 A ]
| Tan gray fine sand, trace of slightly
9 clayey fine sand .
- .
10
-
1l 8
15 —
4 16.0
Tan gray fine sand with seams of sli-
7 ghtly clayey to clayey fine sand
1l 9
20 - (Continued on Sheet 2)

(1
(2

)

PENETRATION - BLOWS PER FOOT
DESIGNATIONS

=" GROUND WATER

e~ LOSS OF DRILLING FLUID

0 ROCK CORE

BORING NO ... B =3 .
DATE DRILLEL ... 8-29-78
JOB NO.: 20916 .

K .
P I, . PR TTTE L Sra AT SR DU R RYT M 5



SHEET 2 OF 4

CLIENT: Brock

BORING L0G

DEPTH 1) 1 (2)- DESCRIPTION

20 ] Tan gray fine sand with seams of sli-
i ghtly clayey to clayey fine sand
. 21.0 (Continued from Sheet 1)
o Brown fine sand
‘ 24.0
] 6 - <+ - Dark gray fine sand

25 _] )
4
-
] 27.0°
_ Gray fine sand, trace of shell frag-

ments

425

30
-
i 32.0 :

o] ’ Gray fine sand with some shell frag-
ments and some limestone nodules

-
4 44

35
4 31

40 _4 (Continued on Sheet 3)

(1) PENETRATION - BLOWS PER FOOT

{2) DESIGNATIONS

= GROUND WATER

e LOSS OF DRILLING FLUID

O ROCK CORE

BORING NO ... B =3
DATE DRILLED 8-29-78
JOB NO.: 20916 )

F Ve s cmemis TNarArsrrm oI AN TESTID



SHEET 3 OF 4 BORING LOG _ CLIENT: Brock

pEPTH |0 || . - DESCRIPTION
40 _| Gray fine sand with some shell frag-
_ ments and some limestone nodules
» 41.0 (Continued from Sheet 2)
. o Tan gray fine sand with some shell
i fragments and limestone nodules (sli-
- ghtly cemented)
l2s | fas.s o -
45 - o Gray, very fine sand
4 45.5
A Light gray (cemented fine sand or san-
dy limestone) with some shell fragmentg
4 49
50
-d
4 47
55
-
.
-{
: 4 52
60 — ' (Continued on Sheet 4)
' . B - 3
(1) PENETRATION - BLOWS PER FOOT BORING NO . -
(2) DESIGNATIONS | DATE DRILLED 8-29-78 —
= GROUND WATER ' JOB NO.: 20916

e LOSS OF DRILLING FLUID

I ROCK CORE #
Toicirn TONvAIvrLRING AN TESTING



SHEET 4 OF 4

CLIENT: Brock

BORING LOG

DEPTH .| (1 [ (2 DESCRIPTION
60 — Light gray (cemented fine sand or san-
_ dy limestone) with some shell fragmenty.
A (Continued from Sheet 3)
—
-
433
65 — )
-1
: B 67.0
. Light gray green, slightly silty to
1 silty fine sand with some limestone
. nodules -
4 5 .
70 70.0
| Boring Terminated at 70'
o

{1) PENETRATION - BLOWS PER FOOT
{2) DESIGNATIONS

—=. GROUND WATER

e LOSS OF DRILLING FLUID

1 ROCK CORE

BORING NO- ... B = 3 _
DATE DRILLED _8=29-78_ . .
JOB NO.: 20916 -

Toicero TorvamwkERING AND TESTI?



SHEET 1 OF 4

BORING LOG

CLIENT; Brock

{1) PENETRATION - BLOWS PER FOOT
{2) DESIGNATIONS

= GROUND WATER

B LOSS OF DRILLING FLUID

ial ANk CORE

DEFTH | @ DESCRIPTION
0 Gray fine sand with surface organics
4 2 .5
= White fine sand
=
—
—
4 5 o
i 4,0 :
123 .4 Dark brown, cemented, slightly silty
5 : 5.0 to silty fine sand
- .
. Brown fine sand
| 8.0 E -
i Tan gray fine sand
49
10 —
=
4 7
15 —
] 17.5
Tan gray fine sand, trace of slightly
clayey fine sand
4
]l 8
20 -
- 20.0 Gray fine sand

(Continued on Sheet 3)

BORING NO ... B - 4
DATE DRILLE" 8-30-78
~ JOB NO.: 20916




SHEET _2_ OF _1_4_ 'BORING lOG . CLIENT: Brock

-

DERTH --}«1 [ (@2 - .- . DESCRIPTION
20 Gray f{ine sand .
- (Continued from Sheet 1)
114 .
25 _| )
28.0

Gray fine sand, trace of shell frag-
ments with seams of gray fine sand
with some shell fragments

437
30 —
-1
- 4 25
35
i 135.5 _
Gray fine sand with some shell frag-
7 ments
4
-
4 30 S
40 (Continued on Sheet 3)
(1) PENETRATION - BLOWS PER FOOT BORING NO..__B - 4 .
{2) DESIGNATIONS DATE DRILLER 8-30-78 ——
JOB NO.: 20916 .

=" GROUND WATER
B LOSS OF DRILLING FLUID
O ROCK CORE

-— e TN i ceacmiwarieny ~ axrn TrirerIN



Brock

SHEET 3 OF 4  BORING L0G CLIENT:

pEPFR | @] L. . DESCRIPTION
40 Gray fine sand with some shell frag-
N ments
i (Continued from Sheet 2)
- 41.5 ’
N ' Light gray fine sand with some shell
- e gragments, with seams of fine sand
. and shell fragments, trace of
B weathered limestone nodules
126 N I
45 _| o T
] 48.0 4
White, cemented fine sand and shell
i :
fragments with trace of soft white
7 lime clay )
475 .
Light gray fine sand with some weath-
. ered limestone nodules
4
A . 54.0 - '
‘ Light gray, slightly cemented fine
4 41 ; .
55 sand and (sandy limestone, cemented
= sand)
-
3 57.0
_ Light gray, slightly cemented fine
, sand and cemented fine sand and shell
h fragment nodules
4 44
60 ' (Continued on Sheet 4)
(1) PENETRATION - BLOWS PER FOOT BORING NO . ._m§_;1mé"m."ﬂ S
{2) DESIGNATIONS DATE DRILLEN _8-30-78 . —
=~ GROUND WATER JOB NO. 20916 -

e LOSS OF DRILLING FLUID

0 ROCK CORE
Tascre WNaINKEERING AND TESTI?



SHEET 4 OF &

. CLIENT: Brock

BORING LOG

DEPTH |1 | (@ DESCRIPTION

60 Light gray, slightly cemented fine
. sand and cemented fine sand and shell
A fragment nodules ‘
] (Continued from Sheet 3)
_ 162.0 ’ |
- Light gray fine sand and limestone
] nodules (cemented in seams)
420 + -

65— )
4 20 .

70 — 70.0
- Boring Terminated at 70'
-1
—1
-1
.
-(

(1) PENETRATION - BLOWS PER FOOT E BORING NO .. g ;0478
DATE DRILLED T2v
ESIGNATIONS
(21 DES! 20916 _

= GROUND WATER
B LOSS OF DRILLING FLUID

O ROCK CORE

JOB NO.:

TV i menm TharmArwrmnrawes anvn TIQTING



SHEET 1 OF 4 BURING lﬂG CLIENT: Brock

DE_‘P._T_.H @) - DESCRIPTION
0 - 3 Gray fine sand with surface organics
A o 11.0 0
410 | White fine sand
q 2.0 ' ‘ .
| Brown, slightly silty fine sand
4 7
N 4,0
. J11 .o Dark brown, slightly cemented, slightly
5 - P silty to silty fine sand, trace of or-
] 5.5 ganic fibers
: Brown fine sand
_ 7.0
_ Tan to light gray fine sand, trace of
slightly clayey fine sand
4 6
10 —
-
4 10
15 _]
] 16.0
Light tan gray fine sand with seams
. » of slightly clayey to clayey fine
n . sand :
—
-l
4 11 7
20 (Continued on Sheet 2)
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{2) DESIGNATIONS : DATE DRILLE __8-21-78
JOB NO.: 20916
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CLIENT: Brock

SHEET 2 OF & ~ BORING L0

DERTH L @, : DESCRIPTION

20 Light tan gray fine sand with seanms
- of slightly clayey to clayey fine sand]
4 (Continued from Sheet l)»
B 23.0 )
i Dark gray fine sand

25 4 1* "
| 26.0 -

: Gray fine sand, trace of shell frag-
i 7 ) ments with seams of gray fine sand

B with some shell fragments
4 30

30 —
.
.

35 _ .
- 37.0

Light gray fine sand and shell frag-

N : _ ments (fine to medium), trace of some
T weathcered limestone nodules
4 29 v

40 — : (Continued on Sheet 3)
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SHEET 3 OF 4 BUR'NG L0G ] CLIENT: Brock

DEPTH L fa) . - DESCRIPTION
40 — Light gray fine sand and shell frag-
e ments (fine to medium), trace of some
- weathered limestone nodules
o~
116 ~
45 - o
i 45.5
N o Dark gray, slightly silty fine sand
- .
A 47.0 :
_ ' Light gray to white cemented fine
R sand, trace of shell fragments
429
50
-4
i 54 .0 .
21 Light gray, cemented fine sand, trace
55 ] of sandy limestone nodules :
) 56.0
Light gray and white, cemented fine
h sand with some weathered, sandy lime-
1 stone nodules, trace of shell fragment
- 42 .
60 =B (Continued on Sheet 4)
(1) PENETRATION - BLOWS PER FOOT BORING NO- ... B = 5__ . .
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SHEET 4 OF 4 BOR'NG lm; _ CLIENT: Brock

pEPTH. |0 [@ ] . - ~ DESCRIPTION
60 4 . . .
Light gray and white, cemented fine
. sand with some weathered sandy lime-
1 o : stone nodules, trace of shell fragment
3 "163.0 ,
i} Gray green, slightly silty to silty
fine sand with some limestone nodules
-1 .
4 8 :
65 —
4
_ 68.0 .
Gray and black, cemented fine sand and
B , shell fragments (limestone)
4 17 .
70— 70.0
i Boring Terminated at 70'
-
-
4
_1
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SHEET 1 OF 4

CLIENT: Brock

BORING LOG

DEPTH- |- (1) | (2 DESCRIPTION
0 — Gray fine sand with surface organics
4 2
B 1.0
~*’5 ' White fine sand
413 3.5
i 4.0 ° Dark brown, cemented, slightly silty
410 T ) to silty fine sand,
5 - ) trace of organic fibers
] Dark brown fine sand
4 6.0
' Light gray fine sand
4 6
10 —
4 7
15 -
] 17.0
, Gray, sandy clay
i 18.5
Gray fine sand, trace of slightly clay
7 8 ey to clayey fine sand
20 (Continued on Shect 2)

{1} PENETRATION - BLOWS PER FOOT
(2) DESIGNATIONS

= GROUND WATER

B LOSS OF DRILLING FLUID

1 ROCK CORE

BORING NO ' ._ B - 6
DATE DRILLER 9-1-78
JOB NO.: 20916




SHEET 2 OF 4

CLIENT: Brock

BORING L0G

pEpTH [ (1 | @] DESCRIPTION
20— Gray fine sand, trace of slightly clayq
- ey to clayey fine sand
. (Continued from Sheet 1)
1
. 23.0 )
. Brown fine sand
1 13
25
-
| 27.0.
] Dark gray fine sand
i 29.0 : :
60 - Gray fine sand, trace of some shell
30 : fragments
N
4 47
35 4
-y
4 30
40 (Continued on Sheet 3)

(1) PENETRATION - BLOWS PER FOOT
(2) DESIGNATIONS

= GROUND WATER
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SHEET 3 OF 4

BﬂRlNG I.UG CLIENT; Brock

DEPTH | (1) | (2 DESCRIPTION
40 :
B Gray fine sand, trace of some shell
fragments
7 (Continued from Sheet 2)
po—
135 g
45 4 -
i 46.0 °
» White and tan, cemented fine sand and
i shell fragments
4 23
50 —
B 52.0
_ White to light gray, cemented fine
sand with some shell fragments
.
1 57 54.5 ,
55 _| Light gray, cemented fine sand with
some sandy limestone nodules
4
-
N
123 |
60 (Continued on Sheet 4)

(1) PENETRATION - BLOWS PER FOOT
(2) DESIGNATIONS

—=- GROUND WATER

B LOSS OF DRILLING FLUID

IO ROCK CORE

BORING NO " ... B -6
DATE DRILLET 9-1-78
JOB NO.: 20916



SHEET 4 OF 4

CLTENT: Brock

 BORING  LOG

DEPTH-

0 1 (2) | DESCRIPTION
60 _ .
Light gray, cemented fine sand with
7 some sandy limestone nodules
~ (Continued from Sheet 3)
4
d1e | |-
65 65.0
B Light gray green, slightly silty to
silty fine sand with some limestone
7 nodules
-
] .
4 14 :
70 — 70.0
A Boring Terminated at 70'
.ﬁ
—1

8
(2

PENETRATION

DESIGNATIONS
—=- GROUND WATER

- BLOWS PER FOOT

BORING NO- .. B = 6
DATE DRILLED 9-1-78
JOB NO.: 20916

B LOSS OF DRILLING FLUID

I ROCK CORE
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Geraghty & Miller, Inc.

" APPENDIX II

- Water Quality From
Production Well
During- Pumping Test II



STANDARD WATER ANALYSIS REPORT

Orlando Laboratories, Inc.

The

D. L. Arnold

P. 0. Box 8008 e Orlando, Florida 32856 °* 305/843-1661

Appearance: Clear

Sampled by: Client

Identification: 8''_Test Well S. Indian Street

Report to:
Date: 20 June 78
- Report Number: 15286

METHODS

This water was snalyzed according to “Standard Methods for the Examination of Water and Wastewater,” Latest Edition, APHA, AWWA and WPCF,

Determination
Total Dissolved Solids
Phenolphthalein Alkalinity, as CaCO4
Total Alkalihity, as CaCO4
Carbonate Alkalinity, as C3003
Bicarbonate Alkalinity, as CaCOq
Carbonates, as CO3
Bicarbonates, as HCO3
Hydroxides, as OH
Carbon Diox ide,.as C02
Chlioride, as C|
Sglfate, as SO4
Fluoride, as F
Phosphate, as P04

pH (Laboratory) ‘
) pHs
Stability Index

Saturation Index

Date o RESULTS . Dota

et S  Determination et me/t
x - _;?.QO_ Totai Hardness, as CaCO4 x Vig__g )
. 0 " Calcium Hardness, as CaCOg . R22
x _glL Magnesium Hardness, as CaCO3 x. _i
x. o Calcium, as Ca : x ___8_L
x __:2_/_41_ Magnesium, as Mg x __Li_
. o Sodium, as Na . 16
. RbY Iron, as Fe ~ . __Ob6&
. 0 Manganese, as Mn x <0.05
X ' _&.2-_. Copper, as Cu | x _iQ/_
. 2o Silica, as Si0, S/~
. .__Z.. Color, PCU x __..._.._..0
. Q6 Odor Threshold | . O
p _0.84 Turbidity, NTU -
, __Z3 Sulfide, S (Field fixed) 0.02

INY
b

Signed: i) LIS

Chemist

assmsa A IMIATER IMAATFIMIATIFA AAAL A} a AAA MARIATIAM aaALIYARILA ~
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