GROUND- WATER RESOURCES INVESTIGATION

| - For the |

PELICAN B‘AY‘ PROJECT

For

CORAL RIDGE - COLLIER PROPERTIES, INC.

GEE & JENSON - ENGINEERS -ARCHITECTS - - PLANNERS, INC.
West Palm Beach, Florida-

in association with

GERAGHTY & MILLER INC.
CONSULTING GROUND- WATER GEOLOGISTS AND HYDROLODGISTS
Tampa, Florida

Aprii 1977



A - GEE & JENSON. ENGINEERS-ARCHITECTS-PLANNERS,INC.

2019 OKEECHOBEE BOULEVARD, WEST PALM BEACH; FLORIDA . . . 33408 ... . 305-683-3301

FRELX A GREENE =E~ -
FRED TEVERBAUGH
RICHARD M. MILLER. P.E.
WALTER D. STEPHENS. JR., P.E-
WiLLIAM G. WAaLLACE, JR., L8.
PHILIF A, CRANNELL. JR.. AlA .
REED B. FULLER. A.LA - . : .
. .
Dsrecior Ementus : Aprll 12 ’ ].977
= C. GEE, PE . . - . R
THECODORE B JENSON. PE - : .

Coral Ridge - Collier
Properties, Inc.

Post Office Box 2722 . . .-

Naples, Florida: 33940

Re: Pelican Bay Project o
Ground-Water Resources Investigation .

Gentlemen:

We present herein the results of our investigation and
analysis regarding the use of artesian water as a pota--. -
ble water supply source for the Pelican Bay project.’

The major conclusion derived, that the artesian source

can be used without adversely impacting other water

supplies in the area, will be of great interest to those
local and state agencies which have been reviewing the _—
Development of Regional Impact document. It is ocur . .. - .
opinion that this report adequately addresses all of . :
the concerns raised by the reviewing agencies. :

We thank:you far this opportunity to be of servic&its 7.

you- - -
- Respectfully submitted,-
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Engineers-Architects-Planners, Inc.. . .
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The subject of water supply for the proposed-developmentuhas;-

been under consideration for several years.. Prior to:the-:

creation of the Pelican Bay Improvemént District, "the re-—

-

¢

sponsibility for providing water and sewer facilities to this ..

site was vested with the Clam Bay Water and.Sewer District,

which was created by an Act of the State Legislature in 1973.

'In Maxch of 1974, a report entitled "Water Supply Study for
‘Clam Bay Water and Sewer District" was prepared by Gee &
Jenson.v This report represented the first comprehensive
engineering. study to determine an appropriate potable water
- supply system to serve the ultimate needs of the. proposed
site developmeht. Four poﬁential sourceé‘ofiwategwsupply
for the Qroject.were.iaentified.and discussed. = These were .

surface water, the shallow'équifer, tﬁe artesian aquifer

and water from the Gulf of Mexico. The following summarizes:. .-

the pertinent information:contained im that previous report;"3’7 "3

Surface Water -

. Surface water quality changes more often and fluctuates over
'~ a broader range of .valunes than ground-water. Because of
these variations, the use of surface waterias a source.cof

potable water supply is generally not recommended if an

e



adeguate séurCE'of;ground-wate: is available. . Surface

- water bodies tend to collect many different‘ty@es of pollu-

. tants fréﬁ agricuitural and. urban runoff. During dry periods
" “in the Naples area, canal fIQWS“érEgmaintaihed:by ground-
“water discharge from the.upper'formatiﬁns_df”£he;shallow-aq—
uifer. In many areas of Collier County the water from-this
aquifer;isihighly mineralized;!ﬁmhe,effecté of evaporation

' from surface water.bodies also tends to increase the back-

“ﬂgrépnd;mineral;concentrations;'TConsequently;mthe-combinatioh

> of surface runoff, ground—watér:infilt:aticnaahd;evaénrzticn

tends to reduce the overall surface water quality.

The guantity of water which could. be made:available from
surface water bodies would be largé;y dependént.uéon the
~areal extent of the reservoir. Close water quality monitor-
.ing of the source would be required, in many areas-of:Collier
County, to prevent over pumping which would result in pul-

- 1ling~in more mineralized ground-water than desired,

Shallow Aquifer

The principal source of ground-water -in Cdllier County is
the shallow aguifer, which extends to depths of approxi-
| métely 130 feet. The permeability of the Tamiami Formation,
which is .the source of water for the Coastal Ridge aquifer,

is fairly consistent as it extends into the interior portions



of Collier County. . However, 'in certain areas between 5 tao
10 miles inland poor flushing of the ground-water in the
aquifer;has;created,potketsewithin the formation:contain-—-
ing highly mineralized water. Lack of flushing has, in all

probability,ﬁﬁéeh'ééﬁsed by-deposits of marl and other im~— .

permeable strata predominate in these interior sections. . ..~

In these reg1onsy ground-water at depths of up ta 40 . feet-
is relatively’ Iow-ln chloride concentration. However,-at

greater depths, the chloride concentration s;gnlflcantly

anreases, approaching 250 mllllgrams per liter. Somentest.T'

well samples.have evidenced total dissolved solids at the

lower;éépths approaching 1,000 milligrams per liter.

Based upon the yield of test wells horth of-State Road 846,

a potential ground-water supply .capable of yielding the

estimated potable water requirements of the proposed project. -

appears'to be .available from the shallow aquifer.‘.This;po-;a._

tential source-is located approximately 2 miles to the ﬁdith\l“

of’ State Road 946 in line with State'RbadiSSB."'HoWever, the

costs;qfTdevelopingttheaﬁel;ifield and’ acquiring right-of-way -.

for raw water transmission to the project site 'did not ap-

pear ecohomically feasible.

Artesian Aquifer -

Historicélly, shallow ground-water less than 100 feet in
depth has been the:principal’ scurce of water supplying-

the municipal, industrial and agricultural needs af the area.

--3 -



f{DEYEImeentfdfithecartesianraéuifer*ﬁésrnottbeenrreqnireafin
the past as freshwater supplies from the shallow aquifer have

been:adeguate.

* The more highly"mineralizédﬁwater?cdﬁtained iﬁ"the artesian

- aquifer requiées treatmeht by reverse osmosis. Even though
the necessity of using'revexse”oémosis.treatment'wouldxresﬁlt
e in.a4somewhatdhigher'cost'of~fini$hed product water. to the
consumer, the:general. scarcity of water in Collier County

allows the artesian aquifer-to become a viable water supply

.. source. Quoting from the United States Geological Survey

(USGS) Report of Investigation No. 63, entitled "Hydrology
. of Western Collier County, Florida", "The Floridan aguifer
doubtless will beéome-more important when“@ater demands are
such that coﬁversiqn of slightly saline water. to freshwater

T may become feasible".

'Although_véry little data was available, in 1974; regarding
the artesian aquifer in the vicinity of the proposed pro-
- ject, the initial.Clam Bay Study predicted that water ob-
tained from the aitesian‘zone,,atha‘depthiof.app:oximately
800 feet, would have a chloriae concentration Qf approxi-

-

mately 1,000 milligrams per liter and a total dissolved



salids. concentration: approaching 3,000 milligrams per-liter. -

Based upon additional data obtained at that time from the
USGS};it;wasfexpected:that:an appreciable- quantity of water .,
" could-be obtained from the Suwannee Formation at-a depth of

about. 800 feet. .

Gulf Waters S L E : e

The use of the waters of the Gulf of Mexico as a potable
water supply would require treatment by either évaporative
desalinization or the use of recently developed reverse .
osmosis membranes: designed for highly saline waters. - ﬁe—ﬂ~
‘cause: of. the higher costiof treatment involved, the;expegte
ed diffiéulty of process feject water disposal and other
environmental concerﬁs; t@e ﬁse of Gulf w;ters was ‘naot:con-—-:.

sidered a viabie alternative.

' Recent Ihvestigationg: = .~ =

On Nevember. 5, 1974, a Special Act of the Legislature of ' .
-thé Statewof-EloridaTCreated the Pelicamr Bay Improvement

'District;f-The.Disﬁrict has, among other powers, the auth-
ority and.responsibility for providing a potable water sys-

tem within its boundaries.

Largely as a result of the previous water supply study

prepared_fq:zth31Clam,Bayqyate:,and.Sewer;Distiict, the. -

-5 =



‘“Pelican Bay Improvement District, "in April~ 1976, elécted to

construct an 8-inch diameter test/production well within the

..District's boundaries as the: first step in providing -the
-=data- necessary-tn adequately'descrlbe-the gealogy*andwwater
-.,quallty of the various. aqulfers lying beneath the Dlstrlct.'

7 AL detailed descr;ptlcn,of:thls well construct;on.program

r.and its:results is qontalnedkln:the;appendedireport:prepared”

by Geraghty & Miller, Inc. This initial testing program

. provided valuable &ata,:egardingﬂthe‘basi; geology of:the -
. underlying strata and the quality of water which could be

expected to be obtained from the artesian zone.

';Several.ltems of concern were developed by the Southwest

Florida Regional Planning Council, the South Florlda Water
Management District {formally the Central'andeouthern

Florida Flood Control District) and the Collier County re-

7. viewing agencies during their normal course of review.:of

the Develogpment of Region&l Impact (DRI) document prepared
for the proposed development. The remainder ofrthiS'fepoit
provides the data necessary to properly .address. these con-

cerns.

e



SCOPE AND .OBJECTIVES =~

The initial review of the water supply concept contained
within-the DRT was provided by the South Florida Water - -
Management District. As stated in their DRI Impact Evalua-

tion, .“The insufficiency of data currently available on the: - .: .

feasibility of withdrawing large quantities of water from =@ -7

the Floridan aguifer in this area indicates the need for
more detailed study of the capability of the agquifer to sup-
ply the Pelican Bay development without adversely impacting,
both gquantitatively and qualitatively, other water supplies - - -
in the area. Therefore, the extent of'future development, .
should be contingent upon the results of ‘data produced by

detailed hydrogeological studies of the: area.” .7

_After'meeting"with representatives of the South Florida . .-
Water Managementxnistrict}'a test well program was develap4w
ed having the following objectives: - B

I. Obtaim additional detailed ‘geoldgic’ information. .

2. .Determine the hydroldgic;characteriétiGS'of‘the%-'

proposed withdrawal zone.

3. Est.i.m&te._th.e_..wa,te—r.n'qu_alj_ty constancy..

4. Eyaluate the impact:of’artesian zone withdrawal .

upon the shallow Coastal Ridge aquifer.



- CONSTRUCTION  PERFORMED

~ ..Aquisition of the necessary data. required the construction

... ofra. deep obsexvation well. - After meeting with represent-

+atives of-the South’ Florida Water Management District, it =

was agréed that the.depths of construction of:the:p:ﬁpoSed

deep. observation well shouldnduplicate;LaS'bioSglg:as:pos-

' sible, the construction of the existing 8-inch diameter

: nﬁtest/prnduction%well.

' .. Conseguently, at the direction of Coral®Ridge - Colliex
. .Properties, Inc¢c., Gee & Jenson'érepared plans and speéifica—
=" “tions for the construction of the réquired-observation“WEIl.
- A diagram.of this observation well, as constructed, is shqwﬁ

~ on Figure:5 contained-within the appended Geraghty & Miller

..report. The well was constructed by McGregor Pump Company, .. .

Ing., the séme drilling company that hadrconstructed the
'8-inch diameter test/production wellrfbr-the Pelican Bay
Inprovement District. Construction of the deep observatioﬁ
well cohmenced on February 7, 1977 and was completed on
" February 14,1977, Followingicompleticn’of;construction,

the following geophysical logs were obtained from the well:

. ... Electric.
2. Gamma-ray.

3. Caliper.

Yb
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Electric-loggingr-is theimost comman methad . .af borehole:geg-

physical logging. It serves to verify and supplement the:

descriptive ‘logging-of the hole which is recorded as drilling

praceeds.

An electric-log consists of ‘a record of the apparent. re—- & >
sistivity of the subsurfacsvformatibns“andispcntanecuS‘po-~r:-“
tentials .generated in “the borehole, both pIotted in terms

of depth below the ground surface. These two propertles

are related indirectly to the character of the subsurface .
formaticn and to the quality of water contained in. them.

They“canrbEameasuredﬂonly in mud filled,runcased boreholes.

When dry; both sand and clay show very,high'résistivities.

' Saturating either one with water reduces its resistivity,

but to differing degrees in each material. This occurs . -

because water is an electrical conductor, so its presence., ;7.

im the interconnected pores..of:a formation provides & con-- #,
ductive: mediumr that-lowers the-overall formationm resistivity.
The. degree. to.which. resistivity is lowered hy the. addition:

cfiwatarfdépendeprimarinﬂnpcn“the degree of mineraliza- - -

tion,. or.level of dissolved minerals, of the formation water..

This follows: from the fact*that-the electrical conductivity
of water.variESiwitﬁ.its.content:cfmdissolved.minerals.
Distilled water-is a poor conductor with high r351st1v1ty,

salt water:-is a gcod_candnctcr‘WLth lcw-res;stlv;ty,

e



i

'_+¥Th35water.of.saturation:inf:layaisﬂalways;highly;mineralized—.réﬁa
because it dissolves minerals from the chemically active

“ i 'surfaces ofpthe'millionS‘of'clay particles: that make.up the

Hy

wazd ey

.. formation.. 4As.the;resﬁlt,'caay;fnrmations_shGW'relatiyg;yq

P :

low resistivity.

f.l,In:contrast;,sand.formations'saturéted with. freshwater: show
» relatively high resistivity because.the water of saturation L
" . picks:up.only small amounts. of minerals-from.the surfaces .

of the sand particles.’

Sand formatibns saturated'with salt water may show resistiv-
ities as lcw.as those:shown for clay formatiqns. This makes
it almost impossible to distinguish a salt water ‘sand from
- a.clay bed by using’only the resistivity cnrve of the electric

ldg.

Anfiﬁiégrai éﬁrt of a complete electric log is the SP curve,
_a curve éhowing the change in spontgneous potential, or self-’
__potential, with depth. These down-hole potentials afa the
" results of currents of electro-chemical Qrigin. Such cur-
rentsAoccurfét”tﬁe“bontact'of thejdrilling'mnd'ahd“the
water. in the permeable strata, .and across the clay layérs‘

above. or below the permeable. strata.

b

- =10 -



The' SP curve-is-most-useful . in-formations composed:cf both*
clay and granular aquifers, especially below a. few hundred..

feet. Where formation waters are much more saline than the

”ﬁfiIIing mud, the SP is generally ‘more negative in granular

aﬁuifers than in the clay streta-lpThis:permitsithe use of = .-

thefcurvenfor?formaticn:identifiCatidﬁ}ﬁ3ate€correlation:'

and for determining the depth and thickness of various strata.

Gamma-ray logging measures the natural radiation of gamme-

‘rays from certain radiocactive elements that occur in_varyinggffe

amounts in subsurface formatlons.' This*leg is a diagram '
show;ng the relatlve emission of gamma-rays, plotted against

depth below the surface.

Changesrin'radiation'are commonly associated.with,differenéeqﬁ;‘
between the types of materlals making up successxve strata._._,

In.mcst.casee, clay particles. ccntaln.hlghe: concentrat;ons N

- ofiradlcactzre:elements-than-Ilmestone;nsandstcnevend-sand- B

In many cases, the gamma-ray Iog is & more distinct' indica-

':tcr:cf“clayjfcrmaticnsVthan:the_eIEGtric'leg::,_& .

Changes in water gquality within the barehole have little .

efﬁect:on:the.gamma—ray log.. 'Ccﬁsequently,-the log is of. .

23-gteater.valueiinridentifyinQ"the1position and thickness of

claf'fbrﬁetione; especiall?-where—alternating-sand'forma—ugf~

tions contain highly saline water.

- 11 -



“.The .caliper log measnresatheiactual;finished;ﬁiamete:_ofhthe
. borehole with respect to depth below the land surface. Sec-
tions of the borehole- penetratlng a.clay .layer will tend to
_remaln.stable and consequently .show little variation.in dia-

-méter, whereas penetration of a sand’ layer may'be“evidenced

by a marked increased ‘in borehole diameter. .This is normally - '*

- ~cansed by some of the sand washing:out of the formation dur-

1ng ‘the drllllng process, 1eav1ng a partial cavity. The

caliper log, when xnterpreted in® conjunctlcn'WIth_the electrlc ‘

and- gamma—ray logs, provides a valuable. descr:ptlunrnf'the

subsurface,strata.

- 12 =



TESTING PROCEDURE ~ -

To properlyldetgrmine the hydrologic characteristics of the
proposed withdrawal“ZOne;'and'to-measure;the'impact~of:with—
drawal upon the uppor Naples well field, a 72-hour pumping.
test was performed. . Water was. withdrawn from the 8-inch~
diame;erw?elican:Bay*Improvement;Distoict;testjproduction...
well at the constant fate of 500 gallons per minute (gpm)
during this.72-hour period. During the pumping test, peri-
odic measurements of the declining water levels were made

. in both the 8-inch well and the newely completod 4-inch
observation well. In addltlon, water levels were contin- -

" uously recoxded in a 4-1nch shallow well whlch had previously .
been constructed to a depth representative of the existing
City of Naples' weils located along the Coastal Ridge. .By:

monitoring the water level in the Coastal Ridge, any imr

: pact'of pumping from the artesian zone would ba,measured. ’__;}_

hy'the=water level recorded for therupper'zone. Water“-gu

' sampies wera collected: perlodlcally from ‘the pumped weIl"~

,_anduanalyzed.to evaluate:the=change.of.the:chemxcal.characéu

teristics- of ‘theé discharged water as pumping progressed.
throughout the 72-hour period. A detailed description. .
| zofgthisftestinqtprocedu:ehis‘contained;within;the;apgendgm.

ed report prepared by Geraghty & Miller.



t%mheidisposaitof;theﬂbrackish#watar:being?dischargeﬂﬁfrcm

the pumped well was a prime consideration. As the pumping

“.test was" to be conducted during the.dry‘season, it was im-

pezatlve that the. d;sposal technlque.be-cnordlnated;w1th

and approved by representatlves of Coll;er County. ;

dAfteriCane:ring with M;‘tlrvinngerzon,.Caunty-Bngineer,‘

' and.Mr.'Berniefxokel.??ePresentingfthe?COIIier County Con-- -

-.sexrvancy,.it was. agreed. that an. appropriate point. af dis-

.- charge wouid be the mangrove fr:nge a:ﬂa.lncated west of

'~%"the black rush. Due to the influence of spring tides,.it

was felt that this discharge point would allow the dis- ~~

charged water‘to'mingle with waters of similar chemical
characteristics and préclude“tﬁe-entry.of the discharged

water into the shallow zone of the Coastal Ridge.aquifer.

To accomplish these objectives required the temporary in- .

“‘gtallation of 3,340 feet of 6-inch diameter pipe from the

pumped well site to the mangrove fringe.

- 14 -
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EVALUATION OF TEST DATA -

- Geologz_l

¢

For.a detailed descrlptlon of the’ geclogy evidenced by analysis
of the well cuttings and well log&, refer-tc.Appende -A of the -

‘appended report prepared by Geraghty & Miller. .. . . -
-In summary, the-geologic. analysis revealed:

1. A thin layer of surficial sand and shells extend

from the surface to a depth of approximately 30 feet.l

-

2. .The.zone. from .30 feet to approximately 200 feet
contained a limestone formatioq of gray to tan. lime-
Stone with sand and shell fragments.‘ This'zone'isr

représentative.of;fhe.Coastal Ridge aéuifer;peheQH F

trated by the City of Naples' well field., '-'T;'Q

"'{j - 3. .From approximate depths af.200.feet to 330 feet &= -
a.::thidc=sequence.—:cf.; clays-existg . These: clay*z’la:yers - -l
represent the upper confining bed of the artesian - ..

ZQIIE. A

4. Below 330 feet a limestone ‘unit is present. -

5;"It*iSpbeIiEVE&Cthatwthe;aquife: material present:
- between the 330 and 610 foot depth is associated with .. -
the secondary.artesian aquifer of the Hawthorn Forma-—. -

tion. - .. -

- 15 =- . .



N - .P;t; a depth ::nf;':945f‘;ieett‘j;ni-zresi:‘fﬁnla‘RQ.—L.‘iI?..:-‘.tIEHl) '
the initial hole coﬁstructed by the Pelican Bay

':LImprerment.Districtandsubsequen%ly abandoned, it
‘is believed;thehSuwanneeanrmatibn of.thehEloridan‘

- aquifer was encountered.

- . Hydrogeology

- Fox a:detailéﬂ“déécription'of-the'rhydrogeology evidenéed;u,Jﬂ.

.by anaLySLS of the - pump test data,. refe:-tn-themappenﬁed

report prepared by Geraghty & Miller.
In summary, the hydrogealogic analysis. revealed:

1. Durlng the pumplng test no negative 1mpact was

“observed within the Coastal Ridge aqulfer.

- 2. The values of the transmissivity and storage
‘coefficient of the pumped artesian aquifer systems

are 45,000 gpd/foot and 1.2 k 10'4, respectively.

‘3. During the three day pump test, no recharge or ;
discharge boundaries were ‘encountered within a radius

.. .©f 6 miles from the pumped well.

"4. - There was no evidence of“a nearby connection be-
.>tween the Gulf of Mexico and the pumped artesian

_aquifer,

.= 16 -
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Hydrochemistry

For a detalled descrlptlon of. the. hydrochemlstry evxdenced

'hyjanalysestoffwater;samples obtained: during construction

of . the,observatlon well and performance of the pumping test,

‘refer tc the-appended*report prepared by Geraghty'& Miller. : -

t

In;suﬁmaryfmthe;hydrochemical“analysis;revealed:_,ﬂ%?:a_

~

1. The chemical characterlstlcs of the water which -
flcwed from the observatlon well during constructlon b
remained essentially constant aslthe“depth'of the

~well.increased. At a depth of 462 feet the water -~

—temperature“ﬁas;24.5-degrees"C;i while upon comple-:-
‘tion-of the well to 650 feet the temperature of the .-

flowing water“increased-sliéhtlyjté'26.5 degrees C. .

2. "During the 3 day pumping test, the water quality

lmgrcvedpsllghtly'and appeared to be approachlng :{%;i_-

e stabillzatlan., F L EREE

3. Atwthe.conclusion_of;the;pumpinggtest;.thewwate:"
being withdrawn from. the artesian zone had values of :.
total dissclved solids and chlorides of 4,296 mg/l

- and 1,675 mg/l, respectively.

- 177= -



~ Water Availability

‘The foliowing table indicates the estimated potable water
- requirements for -the propbseﬁﬁdevelopment;anan;annuglly

%.increasing. basis:’

" TABLE 1 .
* ESTIMATED POTABLE WATER REQUIREMENTS .
| S S (1) | S (.2)_, oy
_ . Average Average . “Average Average Daily
...¥Year  ..Number af, Number of .. Daily.Demand . Aquifer Withdrawal
__;;Eﬁ&inq”fngllinngnits People . (MGD) {MGD)
.U1978 30 90 0.0+ ¢ .. 0.D2-
1979 140 403 0.06 .09
. 1980 . 4lo 1,093 0.16 .0.25°
1981 918 - -~ 2,320 0.35 0.54
1982, - 1,425 . . 3,546 0,53 0.82 o
1083 1,933 .. 4,773 0 U 0.72 ©_ 1
1984 2,380 '5,820 0.87 1.3
1985 2,885 6,987 1.05 ' 1.62
1986 3,419 8,209 1.23 ¢ / 1.89
1987 3,884 9,259 - .1.39 . 2.14
1988 4,334 . 10,263 Sl 1i54 o237
1989 ' 4,769 11,223 .. 1.68 2.58
1990 5,204 12,182 1.83 2.82
1991 - ©  *5,639 © 13,142 - Covriey "3.03
71992 . 5,040 14,026 . 2010 3.23 TrE
1993 6,315 14,634 2,20 . . . _. 3.38

- 18 -



TABLE 1 (Cont'd)

e e RTY o 2Y
Average : Average Average Average Daily
Year Number of . Number of .Daily Demand. Aquifer Withdrawal
Ending;:Dwelling.Unitsw: People- . {MGD) _ . .(MGD)
1994 - 6,590 -15,241 2.2% . - .  ‘3.52
1995...7 . 6,865 . . .- 15,848 L.2.38° 0. 3.66.
1g96 o 7.140° 16,456 2.47° - ©  1.80
1997 7,415 - 17,064 - 756 3.94 .
1998 7,690 17,671 ..  2.65 4.08 .
.1999 .. 7,970 18,278 ) 2.74 4.22 ..
2000 . . 8,240 © 18,887 L 2.83 . 4.35..
2001 . . 8,515 19,494 . 2.92 Lt 4.49
2002 . 8,770 .- . 20,051 . - - 3.01 . 4.63
2003 ,"“s;évo 20,471 3,07 4.72° . _.
2004 9,100 20,745 Cozan 4.78
2005 9,188 20,929 3.14 '4.83
2006 . 9,288 . 21,ii3 - 3.17 4.88
2007, . 9,361 21,296 . 3.19 4.9L. -
2008 . . .9,450.° 21,480 . - . .3:22M,“:.. S oawes
2009 .. .9,538. 21,663 . 3.258 . 5.00
2010~ 9,600.. 21,794 . 3.27 . "8.03°
Commercial (add to abave) - | ' 0.17 0.26
Total Requirements - © %" ) 3.44 ~ 5.29

(). Baseducn;lso;gallonéfpe::day'per“personh

(2) Based on a reverse osmosis treatment plant efficiency
of 65 percent (i.e., for every 100 gallons withdrawn
from the aquifer, 65 gallens are avallable o supply

..potahle reqplrements). :

T -19 -



m.fTheéaverage;dailyvamountf:eqﬁi:ed:tnibe withdrawn “from: the

artesian aquifer slowly increases to the ultimate require-

- ment of 5.29 MGD. Because 'of the general lack of lnforma— _

~.tion concernlng the’ artes;an aqu;fer'systems in westexn
Collier County, no- one'at this tmme;can:predlct'w1thfcer—
tainty the perforﬁance characteristics. of Ehé artesian sys-
g tems"ﬁuring"the“ﬁextﬂBOgtof4Q;years-?;Hdwever;“artesian |
water resources have beénﬁin:use for”manyWYears:iﬁ south-

bfwest'floriﬁa. Over 2;500: artesxan.weIls.ana"test“holes‘4‘

:"have. been constructed in Lee County farﬂpnrpuses of‘pr511d-

! ing potable and agrlcultural water supplies. In'Colller'
.. County, the City_ of Everglades has been obtaining its po— =

‘table water supply from the artesian zone since 1827.

Based “upon the data developed during the testing program,
.it is our opinion that the proposed water supply program

can be efficiently performed and effeétively managed.

- 20 -
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CONCLUSIONS

™ PR e —— e e

. The following conclusions are derived. from this ground-water

resources: investigationz . -

1. The proposed artesian zone of withdrawal is within.

the Hawthorm Formation. -

2. During the pumping test, there was no negative

impact on-the overlying Coastal Ridge aguifer.

3.'. The chemical characteristics of the pumped water -.-
iﬁprovéd’during the first stages of the pumping test

- and remained constant theresafter.

4. The-artesianraquifer tested represents.a:viable -
source of potable water for complete development:of -
the Pelican Bay project, as presented to Collier  .-°

County.



. RECOMMENDATIONS

- During the development of the water resource it is impera-
tive that the effects of pumping be continuously monitored.

As more data becomes available regarding the response of

- theaguifer-to continuous withdrawals,'bettaﬁ predictions

can be made regarding the long term performance of the re-

source.

As stated in the appended report.bf_Geraghty & Miller, con-
struction of  additional observation wells, as part of ‘the
;qqntinuoué monitoring program, would provide much of thé

- data that is currently not available. The constructién of

-these additional wells should be phased.into. the overall

development of the water resource by the Pelican Bay Improve-

ment District. For example, és the development increases
in population, a second production well will be required
to provide additional capacity and reliability to the raw
water sdpply system. This second production well could

also be utilized as an observation well.

It is our opinion that representatives of the Pelican Bay
Improvement District should work clesely during the develop-

ment of this resource with the Collier County Water

- 22 -
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Managément'Advisory'Board,-the Coliier County Environmental : -
Advisory Committee, the Collier County Coastal Area Planning
Commission, the Collier County Board of County Commissicners,
the Big Cypress Basin Board and the South Elorida Water
'Management District, and, furthermore, themPéli;anfBay‘
Improvement Districtﬁshéuid,apply to the.South.Elofida_
Water.Management District for a consumptive use permit util-- -

izing the proposed water resource.

- 23 -
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' INTRODUCTION

Objectives of the Investigation

. In.December 1976, Gee & Jenson, Inc. (the Client)
contacted Geraghty & Milier,“Inc. (the Consultant)to assist
in the evaluation of the ground-water resources at the
Pelican Bay development project near Naples in Collier
County, Florida. The location of this site is shown in
Figure 1. - The principal objectivéjbf.the.iﬁveétigation was
to_provide-ansﬁezs to gquestions posed by the Pelican Bay.
Improvement‘Distriét and the South Florida Water Management
- District concerning the dependability of the potential
ground-water supply in terms of meeting the water demands of
the”project's.ultimate population, and also the influence of -
£he proposed well field on the aquifer which is tapped by
the City of Naples well field. 1In addition, possible impacts
to the- regional water guality and quantity were also to be

assessed.

Location of the Site

The property is bordered on the west by the Gulf of
Mexico, on the north by Vanderbilt Beach Road, on the east
by U. S. Highway 41, and on the south by Seagate Drive. The
test-weil:site,liES'direcﬁly west of U;”S1'4l about 5,600 £t

east of the Gu;f of Mexico (Figure 1l). It is located in a
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Figure 1 - LOCATION OF PELICAN BAY DEVELOPMENT PRCOJECT.
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region;possessing‘Iimit&d‘fresh—wéféf“resources c0ntained“in
. the uppermost unconfined and semi-confined aguifer, which
has a maximum thickness of about 200 ft. Thé.semi—confined
aquifer: is: tapped.by the City of Naples well:field; which. is
located less than cne mile eastnbf'thé.test site. . Because
“of the limited frésh~Waterfresources, the developers intend
. to utilize brackish ground-water as a raw water supply for a
reverse osmosis plant that will provide drinking water -for

the proposed development. -

Work Performed

Prior to the Consultant’s involvement in the project, a
test well, drilled to.a depth of 955 ft (TH1), was abandoned
after sanding problems required the installation of a
liner, thus reducing the well diameter. ~This reduction:in
diameter was unacceptable and the well was subsequently
abandOnedrand grouted back to land surface; A new 8-inch
diameter test-production well (TEW) was drilled at a distance
of 285 ft from the original test well to a depth of 650 ft
and cased to 350 ft. In.addition, a 4-in diameter shallow
observation well (SOW) was drilled to a depth of approximately
60 ft and cased to zbout 40 ft to monitor the water level

fluctuations in the aquifer tapped by the Naples well field.



Duringitha”weekJoquebruary'T,’l977,*the éonsultant -
collected drill cuttings and water quality samples and
_suPervised the drilling, construction,.developmentifand:
éeoPhysicél logging of a 4-in diameter deep observation well
(DOW) .. This well was drilléd,bygthe mud rotary technique ta
a depth of. 652 ft and casedAto-asﬁ ft. The location of the .
test production well (TPW) and the observation wells is

shown in Figure 2.

On February 17, a water level recorder was installed on
DOW with the water-level fluctuations recorded oh a continuocus
basis.prior to aﬁd during part of the pumping test; on February
25 a continuous water-level recorder was installed on SOW;
and on March 7 a turbine pump was instélled in TPW. .The
system was designed so that. the pumped water was discharged
through a 4 x-G-inch‘diamete;:crifice and conveyed into an
open.pit..iAhséqqndhpump'gumgquthe brackish;waterffrom the
- pit westerly through 5-3340—ft;pipeline intc_the_mangroveuarea,

adjacent to Clam: Bay.

On March 8 a 72 hour,: 500.gpm (gallcns per minute)
controlled pumping test was initiated. During the 72 hours
of pumping and.&ﬁ!hours cﬁ*recovéry, water levels in TPW,
SOW, and DOW were measured znd recorded. In additiom, a-

total of six water samples were collected at periodic
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intervals from TPW during.pumping, 'The results of.the .. -
pumping test data analyses, in addition to pertinent geo-
hydrologic data collected from the. area, .form: the basis of .

this. report.



EVALUATION OF THE GROUND-WATER RESOURCES

Geology
Analysis of Drill Cuttings

During the drilling of THI1 'and TPW, geoldogic samples
were collected by the driller (McGregor Pump Co.)}. and
described by personnel from the Fort Myers branch of the U.
s. Geolcglcal Sarvey. The. 1Ithologlc logs of these ‘wells and
the.liiholoclc log of DOW, described by the Consultant, are
shown ln;Appendlx A. All three logs generally show a thin
layer of surficial sands. and shells approximately 30 ft
thick ove;lyingza limestone formation. This formation,
containing ‘gray to tan liméstone.with sand and shell. fragments,
extends to approximately 200 ft in the TPW and the DOW. At
that depth, a greenish clay seguence is present which .
.contains quartz and black phosphatic sands and shells. ‘This"~
clay seguence was not observed in the TH1 to a depth of 235
ft. Below 235 ft circulation was reportedly lost for a 200

ft interval and therefore.no,samples were collected.

Below the 200-ft level thé geologic logs of TPW.and DOW
are generally the same while the log of TH1 differs from the
logs of TPW and DOW. The lithologic cross-section. shown in
Figure 3 was prepared from the logs of TPW and DOW and

indicates that from a depth of approximately 200 ft.to.about
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330. £t a fairly- thick (100.:ft) segunence: of clays:exist
containing occasional stringers of sand, shell, and limestone.
Between 330 ft and aboutrﬁlo ftg:a.limesfone unit is present
which contains some ph;sphatic.sand in addition to.shell,
marl rand-clay. Below SLG;ft:inFTHl;'the;iimestbﬁe:Séquenﬁel-
grades into a phosphatic and sandy clay unit which persists
down to a depth of 945 ft. . Circulation‘was lost below 945
ft during the drilling and no further samples were collected.
Because lost -circulaticn usually occurs-when cavities are
~encountered, the 945-£ft depth probably represents-the bass
“of the confining deposit and ‘the beginning of-the'water-

bearing zone associated with the Floridan Aquifer.

It is. believed that the aquifer material present between
the 330-and 610~ft depth is associated with the secondary
artesian aquifer of the Hawtﬁorn Formation. Although this

unit has not been positively identified, the elevation of

the potentiometric surface in March, 1977 measured approximately

25 ft above msl (mean sea level), which is too high to be
associated with the yvounger Tamiami Formation. The potentic-~
metric surface of the Tamiami Formation .in the Bonita
Springs. area, 8 to 10 mi north of the test-well site, is
reported to be about 13' above msl (oral communication, T.H.
O'Donnell, March, 1977). Boggesé {1973) .reports that the
elevation of the potentiometric surface of the lower Eawthorn
Formation was 31 ft above msl in 1972 in:the Bonita Springs

area.



Mu;h"unce:taintx;existsecqncezning-theLcorrect_determinr?
ation of the forméﬁion being tapped, because of the general
:Iack:of'informaticnxofithetgeclbgy below ‘a'.depth of:250. ft.
The U. S. Geological Suivey is analyzing the formations en-
countered during the drilling-of.Tlebut;thE'resuits were
unknown prior to the time of publication of.this report. -
However, based on the elevation of the poténtiometric
surface, it is most likely that the zone from 350 to 600 ft
represents the secondary artesian aquifer associated with
the: Hawthorn Formation while the“aquifer believed to have’
been encountered at the 945-ft depth is probably the Floridan

Aquifer.

Electric, gamma ray and caliper geophysical logs were
run for TPW and DOW by personnel of the U. S. Geological . -
Survey office in Ft. Myers and by the Engineering firm of

Black,‘crow:anddEidsnessg*respectivelyﬂi_

gzdrogeoic@g#wi.

Previous Pump: Test “:..

Prior to the pump test of Marchzgfthrcugh March 11,

- 1977, another. test-was. conducted. by McGregor;Pumpjéompany;

" under conditions which were not ideal. The turbine pump was
installed such that water under artesian pressure flowed

freely between the pump base and the well casing. This free

10



flow prior:to the test- certaxnly -influenced the pump-test
results. The Consultant obtained part of the pump-test data
from the McGregor Pump Company., The analysis of the data by .
means .of . the . Cooper-Jacob Modified non-eguilibrium- (semi-
logarithmic straight line) method, indicated a value of
transmissivity of approximately 67,000 gpd/ft-{gallons'per

day per .foot).
Present Pump. Test

-The layouts ©f TFW, DOW, andjSOW.have'been previously
shown in Figure 2. Thé?distance-between TPW and DOW is |
453.3 ft. and the distance between TPW and SOW.is 309.1 ft.
TPW-and DOW: were constructed in-‘a. similar manner and are
open.tbtthe:geologic formations over the same depth interval.
Constructlon details of .-TPW and DOW are. shown :in Figures 4

and 5, respectlvely.

The reference points (MP) utilized in measuring the
water levels in TPW was the top of the concrete slab with an
MP elevation of 16.55 ft above msl. The MP of the DOW was
‘ the bottom of the nipple, one inch above the top of the
metal flange. . The elevation.of the MP is 18.57 ft above
msl. The MP of the. SOW wés the top of the casing with an

elevation of 16.89 ft above msl.

11
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The static.water level.prior. .to the pump test. in DOW
was 24.95 ft above msl and 10.70 £t above msl in SOW. The
manner: in which:the pump-was.installed on. the TPW precluded

the measurement of a static water level in the TPW.

The pump test started at 4:21 on March 8, 197% and
proceeded for 72 'hours until 4:21 . p.m..on March ll.. .Water .
level. recovery measurements were taken from 4:21 p.m. on
March 11 until 2:00 p.m. on March 13. The pumping rate of
500 gpm was controlled,and,helarconstant by means of a gate . .
valve in the discharge pipe. The water was discharged into
a.SUrft,ldngiunlined;ditch.for conveyance to another puﬁp
which‘transporﬁed the water through a-3340-ft pipeline to

méngroves near Clam Bay.
Data Callection .

Water-level meéasurements:were taken in SOW, DOW and = % .-
- TPW. The measurements in the SOW were recorded on a Stevens
water-level recorder. The:static water level in the DOW at
the start of:the test was:6.38 £t above MP. During the

" beginning of the test, the.water ievels in DOW were read

from a clear plastic manometer tube connected to the standpipe
at: the MP. When'water“levels-fell.below~the-bottom"of"thEe

tube they were measured inside the standpipe using a tape.

14



The ' water ‘levels inwthé;TPﬁ.ﬁéierﬁeasured"withxan
M. scope, an electric measuring device, through a P.V.C.
pipé installed in the annulus between the pump.column and
the casing. .The waternlevelhmeasurements;for:thehthree
wells, (SOW, DOW, and TPW) during"pumping”and‘récovery are

shown in-.Figure 6.

During the pump' test no. drawdown was observed. in SOW.
In fact,. a small_inc:ease.dfld.ngftuoccurred-..This;increasé
‘could be.the result of changes in the pumping rate.and
schedule in the City*of.Naﬁles Well Field, or.it could be
the result of recharge from rainfall-pricr'to,the.start of

. the pumping test.
Analysis of Pump-Test Data

The collected data were analyzed using various -amalytical
methods to.ascertain the values of transmissivity, storage
coefficient and possible.leakance. The methods used were
the Hantush Modified Method for leaky confined aquifers
(Lohman, 1972) and the Cooper-Jacob Modified non-equilibrium

(or semi~log straight-line) method.

Both methods were applied to the analyses of the
water-level data collected during the pumping and the
recovery stages of the test. A log-log plot. of the drawdcwn

data from DOW is shown in Figure 7. The recovery data from

15
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DQW.wezeaalsouglottedwcn;loq—lﬁgtpaperg'ﬂmhesefplcts;were;a
matched to the type curves shown con Plate 4 of Lohman's
(1972) .paper.- The Tresults of the“analyses"showéd that: the
plotted data completely ﬁatched the standard Theis type
curve.. This fact: indicates that the aquifer system, during
the,tésting.pericd,‘respcnded as a .completely confined. non--

leaky system.

A similar analysis was performed using the adjusted
recovery data. The adjustment of the data comprised the ‘... .
-calculation of the residual drawdown data as described in . .
"Grﬁund.water'and.Wells", Chapter 6. Figure 8 shows a semi-

loé plot of the calculated recovery data for DOW.

A summary of the results of the various pump-test data
analyses are shown in.Table 1. . The values of transmissivity
range from a high.of 48,150 gpd/ft to a low of .40:000 gpd/ft.

The,valuesvcﬁ'thexstcragésccéfficient ranges from IJl.x.10-4

to 1;4'x'lﬁ’$; The results-.of the variocus analyses are in-
ve#yjclose:agreement:with:each.other, “A value of 45,000 °
gpd/f£ and 1.2 x 10_4 are considered as representative far
the transmissivity and storage coefficient of the agquifer

system..

The results of the analyses indicate that during the
three days of pumping, water was derived solely from storage

depletion within. the aguifer with no water: contributed from:.

18
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Table } - SUMMARY OF PUMP-TEST DATA ANALYSES

rype of Data ~: - Method of Transmissivity . Storage Coefficient

Well Analyzed i analzsis (gpd/ft) (diversionless)

; ' : lL ’ll h Y|
POW Drawdown N 48,150 | lf2 x 10
TPW Drawdown o C:J,Mg 40,120 -
DOW prawdown can 46,300 | " 1.4 x 107!
'le'PW.'. Recovery : k:'JM' _ : 44,600 - -
pow Recovery R 44,760 1.1 x 1074
poﬁ ~ Recovery caMmD” 43,000 1.1 x 107%
1

HMM = Hantuysh Modified Method

ECJM = Cooper-Jacob Modified Non—Equilibrium Method
iéjMRD = CoopeF—Jacob Modified Non-Equilibrium Method for Residual Drawdown



leakage  through-the confining units“frcmrthe*cvérryingréﬁd
underlying zones. In other words, the clay and marl con-
fining units that exist gbove and below the secondary
artesianwaquiferheffectivelypconfineuthe'waterhwithinﬂthis
aquifer and prevents the interchange of water between under-
lying and overlying aquifers, at least within the cone of |
depression .created by:the pumping well. ..Calculations
indicate that the limit of the cone of depression, assumed
to bg*a‘okléft"drawdown in the"potentiometric”éurface,
éxtended to-a radius of approximately 6 mi frem the pumping
well. No recharge or discharge boundaries were encountered

within the cone of depression.

.

Tidal Influence on Water-Level Fluctuations in DOW

For several weeks prior to the pumping test, water-
level fluctuations were recdfded. In Figures 9 and 10 the*-
water~level fluctuation in DOW is shown in addition to the
predicted gulf tidés and the daily barometric readings at
Naples. The diurnal fluctuation of the water levels in DCW
is primarily the result of cyclic variationé.in the atmospheric
pressure, which is greatest at about 10:00 a.m. and 10:00
p.m. and least at about 4:00 a.m. and 4:00 p.m. As shown in
Figures 9 and 10, the diurnal fluctuations are reinforced by

earth tides dunring the phases of the new and full moon,

which occurred on February 19, 1977, and March 5, 1977,
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respectively, and: was: caounteracted. by the-earth tides: .
during the first and third gquarters of the moon's transit,
which occurred on” February 26, 1977, and March 12, 1877,
respectively. It is important to note that no appgrent"“
correlation exists bhetween the gulf tides and thé.water—
le&el;fluctuation in DOW. This: is clearly evident-about.the
first of March when the Gulf tides are approximately 180°
dut—of-phase with the water-level fluctuation in DOW. If-
theré.were a direc£ connection between the Gulf of Mexico
and the secondary artesian aquifer nearby, the peaks and
tiougthin'the water level in DOW would have consistently.
lagged the high and low tides in the Gulf by a fixed amount
of time.- The.upward and. downward trends in the water-level
fluctuations in DOW do not appear to be the result of well

' interference but merely a response to trends in the at-

mospheric pressure.. . -

Hydrochemistry « . -.
-‘Changes in Water Quality with Depth

During the driiling,and'development,of DOW two water.
samples were.collected. Because.the well was drilled hy the.
mud-rotary“methcd, representative water samples could not be
collected during the drilling .process itself. However, when

the well reached a depth of 462 ft drilling was temporarily
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. stopped and. during the night the.well began: to.flow. A

water sample was collected from the free-~flowing well before
drilling was resumed the next morning. A.similar sample was -

collected when the well reached. its final.depth.of .630.ft.-. -

The chemical anaiyses'df"theSEfwaterfsamPIESfareféhown“in

- Appendix B.

. The results indicate that the chemistry of the water
changed;little.ésrthe.well_was deepened. .In fact, the
.sulfate, chloride and sodium concentrations were the. same in
each‘caéeQ.;Thereiaréfseveral;possible explanations for the
apparent similarities, one of which is the possibility that
~the water quality is uniform throughout the open bore hole
. interval of the aquifer. -Another plausible explanation is
that the upper portion ofsthe aquifer is much more permeable
than the: lower portion. and thus conéfibutesrmost of the

water yielded. to the well.
Changes in Water Quality during Pumping

" The chemical analyses of the water samples collected

- from TPW during the pump test are also shown in Appendix B.
Chemical analysis of the water indicates that the ground-
water from TPW is somewhat mofe mineralized than that of

DOW.
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To_ascertain;thewinfluence-tﬁatnpumgingbthe,aquife:-i:-7
could have on the chemical quality of the ground water, six
water. samples- weres collected during thelpump test. The:

" first' and last samples were analyzed;fo:"staﬁdard.constituents,:
containing- the major.cations and anions. . The four inter—.
mediate.sémplesnweze.analyzed,fanttheﬁcontents of total:-

dissolved solids, chlorides and sulfates.

Figure 11 shows the chloride, sulfate; and total
dissblvedrsolids concentrations as a result of analysis of
'~ each of the six water samples. The chloride concentration
- decreased.9.4% from. 1,875 mg/i.{milligrams-per liter) to
1,675 mg/l after 2,450 minutes of pumping and appeared to
stabilize for the remainder of ‘the pump test., In a similar
manner, both the total dissclwved-solids and sulfate cﬁn—‘-i_

centrations decreased 9.6% and 15%, respectively, from their

initial concentratians by the end of .the test and appeared .- . x :

to be.appreaching stabilization. No ready.explanation can . L
be' given for this apparent improvement in the water guality.
It:is possible,. however, that the-extending cane of depression -
' inteﬁéepted somewhat fresher ground-water resources in the
vicinity of the pumping well. Comparison of the chemical
anazlyses: af: the first-and. the -last.water. sample. also re—.-. .

vealed that total hardness as CaCQO, declined, as . did the

3
calcium hardness and the calcium, while the silica content
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increased somewhat: These changes could possibly. indicate.
that more water from a more sandy formation flowed to the

well.between;the;beginning'and,the:end;of the pump test. -
Effects of Pumping on Long-term Water Quality

The majority of the water withdrawn from ground-water
sources in Lee County comes from the uppermost semi-confined
aquifer. The secondary artesian aquifer is used in isolated
cases for irrigation purposes in eastern Leé County but is

virtually: untapped in the Naples area. PR

The results: of the pump test indicate that the seéondary*f
.artesian aquifer is effectively isolated from the underlyiﬁg
aﬁd overlying aquifers by thick deposits of clays and marls.
The presence of these confining deposits will most iikely
prevent -any significant deﬁerioration in the quality of the.:
groundrwater;in“the secondary;artesiAn agquifer .as apresﬁl;;.

- of upconing of more highly minéralized water that may'be'}_QT-

contained in the underlying Florfidan Aguifer.:

The problem of assessing the lateral landward intrusion .
of éaltuwater, as the result.of groundewater.withdrawais for -
‘the Pelican 3ay deyeicpment4.is;difficult.becauseroﬁnthe'x
lack'cf;infcrmaticn“available:fdr:the area. - The position of

the salt/fresh-water interface within the secondary artesian
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-aguifer is presently unknown. ‘However, because- the :artesian
‘head is 25 £t above msl, the interface is probably located
some distance offshore. During the thregAday_pump test
the qualityfof;waterrwithdrawn.improvediwitgitimexand'no
increase in mineralization of the'wafer'waé épparentf"}Hédfu
‘the pumping well been located within the zone of diffusion
"associated'with.the.salt/fresh;interfécefthen-aldegradation
.in the water quality would;probab;y have. resulted. - The
phendmeﬁom.éf a salt/fresh interface being located vffshare
in ccnfiﬁEd‘aquifars:iS‘npt uncommon. Recent studies in
Fort Walton Beach,.Elori&a,-whiqh is located .on tﬁe Gulf of
..Mexico in northern Florida, have concluded that it would
" probably be several decades or more before the lateral
landward movement of the salt/fresh wateér interface would
begin to adversely affect the city's wells (Gerachty &
Miller, 1976), even though the potentiometric surface of the
‘fappéd aquifer has been depressed as low as 100 ft below

msl.
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WATER -AVAITLABILITY -

The availabhility of.a ground-water resaurce. is. generally
dependent on three factors. The fifst is the rate at which
' the .resource is recharged when pumped:; the second .is the. .
limit imposed on the pumping rate to avoid adverse impacts;
and“the thir&'is*the change in chemical quality of the

resource.

Recharge:

Unfortunately, the information necessary to evaluate
possiblé-recharge and discharge areas for’ the aqﬁifer tépped
by.TPW'is virtually nonexigtant. As mentionea previcusly,
it is believed that TPW 1is open to.the'upper and lower
portions of' the Hawthorn Formatiom. The Hawthorn Formation -

" is guite extensive in the.area and;it isfkﬁoyn to be a
soﬁtcefdfgwatefkinfEeg:Cauntyj’@orth:cfithe“sita,-where it
is eétimated,that“hetweenmzsﬁﬂ“to”lﬂdﬂ,deepxartesianhwells;,
and test holes havé'beéhgafilleé@.-A.large number of these
tap the.Hawthcrn;Edrmationﬁ(Sprcu14 Boggess and Woodard
(1972).}). The geologic map prepared.by. Vernon.and Puri..
(1963) shows that the Hawthorn Formation crops out in West ..

“" Central Florida. The first-outcrop occurs about 60 mi north-. -

of. the site in De Soto County.
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:Based;onuthefanalysas:of;thegregianal‘éeologic;information
and of the potentiometric surfaces of the various aquifers,
it seems.reascnable to assume that possible recharge areas
lie guite some distance -to the north or northeast of the

site.

To make a determination as to where ground water would
be discharging-from the aquifer to saline water bodies is
completelyrspeculatiﬁe-because of ‘the complete lack of

information.

Impacts‘frcm‘Pumping

The cone of depression  that formed in the potentiometric
surface of the.aquifer as a result of. the pumping test did
not encounter any recharge or diécharée boundaries. ©~ This

z,fact?is‘verified by the straightness of the.line as.shown in
Figureﬂa.;‘if_the cone of depression had encouhéeié&”a |
recharge bhoundary, the line would have been deflected upward.
If it had encountered a discharge boundary, it would have

been deflected downward.

Comparison of the curve in Figure 7 with the standard
non-léaky'Theis-typejcurve shows that the aguifer system was
completely confined. This means that no water leaked into
the aquifer being pumped from .the aguifers above or kelow.

The conclusion drawn from this okservation is that pumping
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from the aquifer open to TPW will not affect the overlying .
semi-artesian agquifér from which the City of Naples draws
its water. Thus.no:adversesimpacts.from;pumping‘on:the;

-bverlying water-bearing zones has been observed.

1water'Quality

ES'expiained“in the previous section on Hydrochemistry,
no degradation of water quality (in fact an improvement) was
observea during pumping. If the potentiometric surface
should cantinue declining as a result of continued pumping .
someLtimehin,the future, salt water from the tidal water
';hodiés:(theAGulf”oi Mexico) might start to leak into the
aquifer some distance away. However, the water -quality -
could also improve beﬁause the expanding cone of deP;essiQn '
could intercept a recharge boundary. Because of the lack of
regional information, both of these scenarios are purely

hypothetical. . . .

fayed

Long=Term Withdrawals - -

H‘waterrlevel;drawdbwn.ﬁap-wasxprepared;tc;shQW'the;
effects of pumping on the aquifer system at-the end of .
1990 (Figure 12). The,inig;al pumping rate was. assumed to
equal 178 gpm-begimming®im 1980 and:increased- by a rate-of
178 gpm every year thereafter:through 1990. The aquifer was
assumed to be homogeneous, isotropic, and not leaky; and

that .all the water.was .withdrawn at. TPW.. This idealized. .
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graph shows. that hy the.end“o£‘1990 the water level in DOW

- will have decIihed by approximately 60 ft. The water-level
~decline in ‘TPW is. estimated.to.be about 120 ft below. the.

| present static water level of 25 msl. This translates into- -

) a pumping water level of -95 ft msl.

Qf.course,. the assumptions are idealistic. The aquifer .-
is not homogeneous and surely not isotropic. The expanding
cone of depression might encounter recharge or discharge

“boundaries and .water quality changes could éccur. It appears,
therefare, that during the first ‘ten years-of .development

the water~-level. and water-guality monitoring: program should
continue to assess more fully the quantitative and gqualitative
responses .0of the aguifer system to the proposed long-term.

withdrawals.

Sufficient amounts of water are available for the first ..
;stagesrﬁf:the}praposed'development;' The results of’the. con—
tinuous;mnnitoring program will allow more accurate predictions

regarding the ultimate performance of the:équifér'systems;
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CONCLUSIONS AND RECCMMENDATIONS

The analyses of the collected information has led to

the following conclusions:

{1y “The test production well.TEW'taps “the: aqulfers_
in the Hawthorn Formation. T

(2) At the test site, these aquifers are separated
.from the overlying semi-~confined agquifer, from
.which: the City of Naples draws its water, by
-approximately 100 £t of confining deposits con-
-8isting primarily of clays. -

- (3) During the pumping test no drawdown in the
_.water levels  in. the overlying aguifer was ochserved.
: 3 2 {4) Analyses of the pumping test data showed that
' the ground-water system acted as a completely
confined artesian aquifer. No indications were
. found that leakance of water from aquifers below
or above entered the pumped zone.

(5) The expanding cone-of depression in the potentio-
metric surface did not encounter any recharge or
discharge boundaries.

{6} The values. of transmissivity and storage coefficient
"~ are 45,000 gpd/ft and 1.2 x 10-4, respectively.

(77 ° The chemical qualitf of the ground water improved
during the first stages of the pumping test and
remained constant thereafter. At the end of the
pumping test the total dissolved solids content
was 4296 mg/l.

The general lack of information concerming the aquifer
system, in the area surrounding the. test site, is a major
difficulty in predicting the long term impacts of the proposed
ground-water resources development: in relatien to the aguifer

system itself, to other aquifer systems above (or below),

and--to the water quality. It is, therefore, recommernded
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that .the effects af the pumping during the first stages of .
develcpment“shﬁuiﬁ“be:clbsefy mcnitcfe&: Ideally, two
additional aobservation wells:in. the same zone. as the. pumping .
well and a deep observatioﬁ well in theiaquifer below the
'Hawthorn'formation, will be needed to provideran important
amount of additional data necessary to evéluate and-answer.‘
questionsapértaining“to geoclogic.structure, to-thé possible’
location of recharge and discharge areas, and to water
quality. The data to be collected are as follows: (1)
.contiﬁﬁous:discharge measurements; (2) weekly watex-levél_

~ measurements in all observation wells; (3) weekly electrical
specifiéﬁcgnductance.measurements of the water taken ffom
the observation and preduction wells; and (4) .quarterly - .
chemical analyses for major coﬁstituents of water: samples:.

taken  from these wells.. -~ -~ . -

When new: wells are installed, it is recommended that. -

" ‘they be drilled with the reverse-air rotary technique. which

'formation.during'the drilling process. This;information;l'
will be useful: in assessing the vertical profile of the -
ground-water quality, necessary for the construction of the
production wells: so. that the ground.water heing pumped. will ..

contain the lowest possible total dissolved-sclids content.
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PELICAN BAY DEEP OBSERVATION WELL

Collier’ County, Florida

-:f-GSamplesfDescribe&‘byfceraghty;& Miller,  Inc.)

‘Depth (Feet)

0-20
20-30
. 30-50
- 50-70

" 70-90

90-120
.-120=162

162-167

167-190

190-215

215-235

235-268

268-322

Description

Sand,.fine-1x:medium-grained,:light'bruwn.

- SBand,shells.

.Limestone, grﬁy, soft, shells,

Limestone,"grayishdcream to. cream, . shells,
gray clay decreasing downward.

Limestone,'grayish—cream,'soft; shells, highly

- fossiliferous decreasing downward.

~Limestone, c¢ream, soft,. shellsuﬁmixed“fossils_

Limestone, tan, soft, sand and black phosphatic
sand grains, shells and fossils increasing
downward.

Sand, medium-grained, guartzose, unconsolidated.

Limestone, gray, porous, biogenic, shells and

fossil fragments, interbedded with tan limestone

toward base.

. Limestone, brown to gray, fine-grained, soft to

medium-hard, low porosity to pitted and honey-
combed, abundant fossils, interbedded with white
limestone and with white clay toward base.

Clay, green to gray, fine-grained quartz sand
and black phosphatic sand present.

Clay, green to gray, very fine-to coarse-grained
quartz sand and black phosphatic sand present,

~"shells, some interbedded white clay, creamy

limestone stringers and abundant black phesphatic
sand grains near hbase.

. Clay, blue-green to dark green, black phosphatic

grainsincreasing downward, creamy limestone

- :stringers at base.
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Depth (Feet)

322-387

387=-401

401-402..
402-420

420-445

- 445-462. .
- 462-490

490-515

515-520 -

520-550 .

- 550%580"

580-615 .

615-645

645-652

652 T.D.

Description

Limestone;. grayish: cream to tam, finely
granular to finely crystalline, pitted,
shell fragments and fossils,

- . Limestone, white +to cream, medium hard,
-highly fossiliferous, abundant shells,

-Shell bed, unconsolidated. °

Limestone, c¢reamy tan to white, granular
shell fragments, fossils, unconsolidated
shell bed or cavity between 407-409 feet.

Limestone, cream to tan, soft, some shell
fragments, some green clay ine¢reasing at
base.

Clay, green to gray, fossils,.shell;fraqmenté;'

Limestone, creamy gray to tan,. soft to
medium~hard, peppered with phosphate gralns,
some shell fragments and fossils. S

Limestone, creaﬁ; soft, finely crystalline
to granular with feossils and shell. fragments .
in basal 10 feet.

Limestone, tany dense with fossils and’
shell fragments. :

Limestone, cream to light tan, soft, shell
fragments: and f0531ls, interbedded with white
phosphatic clay.

Limestone, gray to cream; soft’ to medium
hardness, peppered with phosphate gralns,
fossils and shell fragments, finely =
crystalline: dense tan -limestone interbedded
in basal 5 feet.

Limestone, cream, soft, peppered with black
phosphate grains, fossils and shell fragments,
interbedded with white clay stringers.

Clay, blue-gray to gray, soft, interbedded with
white to cream limestone stringers.

Limestone, cream, medium-hard fine-grained,

peppered with phosphate grains, high gray
clay content.. . -
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PELICAN BAY TEST/PRODUCTION WELL
Collier .County, Florida

" (Samples Described by U.5. Geologic Survey)

- Depth  (Feet) _ Description |
5=10 7,Sanﬂ,mfine,ﬁlight;g:ay_ 7
10-25 Sand, fine, i-i:n:t.‘.vw-1‘1 "(iron stained)v. o
25-30 ‘Sand, fine, brown; few tan 1imestoneifragments.

30-35 " Limestone, tan, marly; few .shells. }

35-45 Limestone, tan; few shells. i
. 45%55 ' Limestdne,rgray tan,—hard; SIightlY'séndé.:. :
" 55=70 Limestone, gray tan, marly,légndy. : N LT
‘-76—80 Limestone, gray taﬁ, slightly,marlf; shell. .

80-90 Limestone, éray tan; shell.

90-105 Limestone, gray tén.

.105-120 Same with shell.
120-130 Limestone, gray tan, slightly sandy. : .
130-140 Limestone, tan, sandy. ' o
-140-~160 Same with few shell.

160-170 Limestone, tan, sandy; shell; some marl.

170-185 Limestone, .gray tan, vexry sandy; shell.

. 185-185 .Sandstone, gray. tan,. calcareous; shell.

195-200 - Sandstone as above and sand; some limestone fragments.

'200-205 Cléy, green, very sandy, phosphatic; abundant shell. -
205-215 Clay, green, sandy, phosphatic; shell.

215-230 ..Limestone, tan, slightly sandy.
230-235 Limestone, tan, very sandy, scme marl.
.235-240

" Limestone, gray. tan, sandy, marly.
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PELICAN BAY TEST/PRODUCTION WELL {Continued)

Depth (Feet)

240-260"
260-265
265-270
270-275
275-280
280-290.. .
290-300
300-310
310-340
340-355
:355+3551
3165-380
380-400°
400-465

465-480
480-52577 .
. 525-540.
540-560
560-590
590~605

. 605-625

625~640

Description -

Clay; gray, very sandy. -
Clay, green, tough..

" Cldy, green, very sandy, some phosphorite.

Cléy,_green, sandy.

Clay, green and gray, phosphatic, marly; - limestone.

Limestone, marly, phosphatic. . .

Clay, gray, phosphatic, sandy.
Clay, dark gray, slighty sandy, phosphatlc.
Clay, dark gray, very sandy, very phosphatic. .. -

Limestone, gray, phosphatic.

. Limestone, tan, phosphatic.

Limestone, gray, phosphatic; shell.
Limestone, gray; shell.

Limestone, tan, slightly sandy, slightly phosphatic,’
trace of clay.

Marl, gray and green, sandy, phosphatic. . .
Limestone, tan, slightlfaphcsphatic:f' |
Limestone, brown and,tan,xdolcmi;ic, slightly phosphat:
Limestane,,tan,.very_little-phosphatei_

Limestone, gray, very phosphatic and phosphatic marl.

'Limesfone, gray, phosphatic.
- Marl, dark. and. llght gray, slightly pnosnhatlc.

' Marl, gray, little phosphate.
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PELICAN BAY TEST HOLE NO. 1
. Collier County, Florida

(Samples Described by U.S. Geologic Survey)

Depth (Feet) : ‘Destription

0-~10 '.Sand,-fina;:lighttbrowﬂ,*;rganic_' L
10-15 " 8and, fine, light brown. o
15-20 Sand, fine, dark brown, very organic:

20-30 . Limestone, "tan, sandy; shells. -

30-35 fLimestong,itan;;sanay; abundant shells. .

35-40. ...?Limestbﬁé,rgray tc‘tan,:éandy.

40%45 -::?Limestone,'gray; shells.

45-55 .. Limestone, gray; abundant‘shells.
- 55-65 Limestone, gray; tan coral; shells.

65-80 - . Limestone, tan; abundant shells.

80-105 Limestone, tan; sandy; abundant shells.

_lDS—ilo Limestone, gray and tan, slightly'Sandy:ffewer.shellgf
110-120 Liﬁestone, gray. -
120-130 Limestone, tan, marly, slightly sandy.

130-160 Limestone, gray to tan, slightly sandy.

160-170 Limestone, gray to tan, slightly sandy, marly.
1 170-180 . Marl, gray, slightly sandy; limestone fragments;

some shell.

©180-215 Limestone, gray to tan; shell frzgments.

215—235 Limestone, gray to tan.

235—-43S Lost circulation, no samples.

435-455 Limestone reported, no sample.'

455-4635 Limestone and sandstone, gray fo:tan;‘Shell“fragménts.
465-475 Sandstone, gray, calcarecus; shell.
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PELICAN BAY TEST HOLE NO. 1 (Continued)

" Depth (Feet]

475-535
© 535-550
-530-575
575=-615
615-625
625-635
635-675

. 675-695

 695-715

715-735
735-755
755-815
815-835
835-875

875-895
895-915
915-945.
945-955"

Description .-

Sandstone and limestone, gray.
Limestone, gray to tan, very sandy.

Sandstone, calcareous, gray to tan.

Limestone, very sandy, light gray and tam.

Limestone, sandy, light gray, marly. .
Sand reported (no sample).

Sand, fine to medium, dark gray to green,
phosphatic; some sandstone and limestone.

Same except highly phosphatic.
depth shows sand, medium light brown.

Sand and clay, phosphatic; dark.gray to green.
Clay and sand, gray; phosphate.

Clay and sand, dark gray, phosphatic,

Clay and sand, gray, phosphatic.

Clay, light gray to white, sandy.'

. Clay, gray, very sandy, slightly ohosphat;c.u
Clay, light gray to white,. very sandy. .

"Clay; dark gray,”sandy, phosphatic. -

Clay, dark gray to green (stiff). -

Lost circulation, no samples.
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STANDARD WATER ANALYSIS REPORT

Criando L.aboratories, Inc.
LI ) P. Q. Box.8025A. .= Orlando, Florida 328067 » - 305/843-1651

Reportto: Geraghty & Miller - =~ = Appearance: __Turbid

Dﬁte:' 16 FEb. 77 ] SaleEd by C}.ieﬂt . )
o ' _ Pelican Bay Development 2-9-"

Report Number: 12887-2 - - identification: Well Flowing all nigh

Unfiltered. T9C=24.5
DOW - Depth = 462
METHODS

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

Dats RESU LTS * Data

Significance me/l Signiticance +

L, . mg/i
Detarminatior - . Determination

Totat Dissolved Satids. @ 180°C . 200 Total Hardness, as CaCOy ' |

Ff

Phenalphthalein Alkalinity, as CaC04 x. .. Calcium Hardness, as CaCOy . .

'._3—,
-0
Tatal A'Ekalinity, as CaCOs' - _39_ Magnesium Hardness, as CaCQa, n . AL
‘bonate Alkal‘inity, as CaC04 ,, -&_. " Calcium, as Ca ' P ._'?L
Bicarbonate Alkalinity, as CaCO4 1 i.L . Magnesium, as Mg x —(i. o
Carbonates, as COq -~ S _O Sodium, as Na N m
8icarhonates,a§ HCO, e e _L Iron, as Fe e Q.2 )
Hydroxides, asQH. .- . . S 0 Manganese, as Mn - ! x 0.0 T
Carbon.Dioxide;-as\COZ;_ L T o .H.n..l__. -Copper, asCu - . ) X fi.l___
Chioride, as C | = _I_‘:{S_O_ «- - Silica, as 3i0y - o s _|_3___ .
Sulfate, as50, -' o e 800 . calar.pcu : - QO
Fiu;::ride, asfF o ) ' . _L-.S_-v Odor Threshold ‘ x. _.Q_
Phosphate, as POy - 037 Turbidity, NTU e D
oH {Laboratory) - & _1(0__ .
:Hs; ™ _l_g— ——
Stability Index . B0 —_—
aturation Index & -—% ——

Signed:

Chemist

fNTERNAT]ONAL ANALYS,S OF WATER SEWANRE £ INTIICTRIAL WACTEW A TE D - CY ATY b A& "4/ 21 55 o & e



STANDARD WATER ANALYSIS REPORT

_Orlando Laboratories, Inc. .

0L

report t0: Geraghty & Miller

16 Feb. 77

ate:

eport Number: 12887-1

stermination

ytal Dissolved Solids @ 1800C

enolphthalein Alkatinity, as CaC03 .

=t Alkalinity, as CaC03
rbonate Alkalinity, as CaCO3A
carbonate Alkalinity, as CaCO5
rbonates, as CO4
carbonates, a5 HCO4
droxides, as GH
rbon Dioxide, as CO,

loride, as G}
fate, as S0,
joride, as F
ospﬁate. as PO,

{Laboratory)

3

Gility Index

uration Index -

Datn
. Sigmficance

X

"

L7 METHODS

" P.'0. Box 3025A e Orando, Florida 32806 e '305/843-1661 &
© Appearance: L urbid
. Sampied by: __Client

ldentification:

- RESULTS

mafi

Q0

1

Q

3 o |-
bRk

-J
od

&

oré

- Pelican Bay Development

Post Deyelopment. UUnfiltered

Flowing @ 125 gpm for 4 hours

“TOC = 26. 50 ' v
" DOW - Depth = 650"

his water was analyzed according 10" *Standard Methods for the Examination of Water and Wastewater,” Latest Edition, APHA, AWWA and WPCF. - i

o st
Cetarmination ' - -
Total Hardness, as CaCO4 - - —qu :
Calcium Hardress, as CaCQy - ok 220
Magnesium Hardness, as CaCO4 P 22.0
Calgium, as Ca x. . 3 3
Magnesium, as Mg __ . ) >
Sodium, as Na e Ba Q30 :
Iron, as Fe - Q.19 -
Manganese, as Mn . 20.0%

Copper, as Cu
Silica, as SiOy
Color, PCU
Odor Threshald

Turbidity, NTU

HELE

Wi

! i "/
Signed: Af/bn hﬁ\jw‘&/lh

Chermnist



REPCRT UF ANALYSIS

| .. Orlando IL.aboratories, Inc.
LI ) - 3314 Bay to Bay Blvd: = Tampa; FL-"33609-- (813) 8398802

{T0: : . Report # T.Q657 C
R  Date: 3/16/77
GERAGHTY. & MILLER Sampled by: Client
Post Qffice Box 17174
Tampa, Florida ~ 33682

IDENTIFICATION: .
Pelican Bay,. Naples, Florida’ Pump I2st Analysis
. 1 = Pumping . Time 1080 mins, . 3 = Pumping. Time 2450 mins,
2 = Pumping Time 1609 mins,- . 4. .= Punping Time 3880 mins,
"RESULTS OF ANALYSIS: 1 2 3 - TR
Total Solids, @ 103°C 4348 448 - 4360 4256
Chloricde, as Cl | 1775 1725 1675 - 1675
‘Sulfate, as SO4 535 520 530 .30

RESULTS EXPRESSED IN mg/l (ppm) UNLESS OTHERWISE DESIGNATED

Respectfuily submitted,
ORLANDO LABORATORIES, INC. .

Chemist/Biologist/Bacteriologist

i METHODS: “Standard Methods for the Examination of Water and Wastewater,” Latest Edition, APHA, AWWA and WPCF
et aw abmmr FEA annrnved meathode nlscs ctharwizea desionated.




‘F.H.A./V.A. WATER ANALYSIS REPORT

Orlando L.aboratories, Inc.
3314 Bay to Bay.Blvd. - Tampa,.FL..33609. - (813) 839-8802

OL1

R“e-pcrt 10 GERAGHTY & MILLER, INC.» ) Appearance: -Cle ar -
March 16, 1977 Sampied by: CLi.e nt

Date:

Felican Bay, Naples, Fla,
Pump T2st Analysis .
Pumping Time 20 mimtes

Report Number: T'.'C_)GST A  Identification:

METHODS

This water was analyzed according to “*Standard Mathods for the Examination af Water and Wastewater,” Latest Edition, APHA, AWWA and WPCF.

RESULTS

Detarmination - ik Oatermination - - ma/t
Total Dissalved Sofids, @ 105°C. 4764 Total Hardness, asCaCOg. & . . 1120
Phenalphthalein Alkalinity, as CaCO3 _..9.__. Calcium Hardness, as CaCO5 &.
‘r__qtalr Alkalinity, as.CaCO"'3 l __18_6___ Magnesium Hardness, as CaCU3 ) k __ﬂ)__

sonate Alkalinity, as CaCOg 9 _  Cacium,asCa .. _25_4__.
Ticarhonate Alkalinity, as CaCOg 186 © Magnesium, as Mg 117
Carbonates, as COg 0 | Iron, as Fe _é._QL..]:_
Ricarbonates, -as HCOg- 227 - Manganese, as Mn _‘_0..2.9.5_
Hydraxides, as aH - 0 — - Copper, as Cu. - _ 0.1
Carbon E;iaxidg;,.a&COQF{, 15 - Silica,-as §iQy- 7. _..2..'_["_
Chioride, as C1 1873 . Colar, Standard Platinum Cobait Scaie oy
Sulfate, as 50, 390 Gdar Threshald: .
Fluoride, as F B -M—- Turbidity, Jacksan Units —-—Oﬁ——
Phosphate, as POy —3.33  ydrogen Sulfide, Hp$ (field-fixed)
pHtt:aboratary) - e 7.4 .
s 6.9
Stability Index 6.4 -

0.3

Saturation index

Chemist

Signed: Q,ZM, ‘3@4%7'4

NALYSIS OF WATER, WASTEWATER, OIL, GAS & COAL - RADIATION MONITORING



F.H.A./V.A. WATER ANALYSIS REPORT

Criando Laboratories, Innc.
3314 Bay to Bay Blvd.. .~ Tampa, FL..33609 --(813) 839-8802

Report t0: GERAGHTY & MILLER, INC. ~ Appearance: Clear
Date: - M'ai‘ch 16, 1-9?7 : Sampled by: Clifsnt T
Report Number: T-0657 B .. ldentification: Pelican Béy', ‘ Raule Sy F1 é_. .

Pump T2est Analysis |
Pumping Time 4255 minute's
METHODS

This water was analyzed according ta “*Standard Methods for the Exarmination of Water and Wastewater,” Latest Edition, APHA, AWWA and WPCF.

RESULTS

Detcrmin_yﬁon
- Total Dissolved Solids, @ 105°C. &
-Phenalphthaleirr Alkalinity, as CaCOq
Total Alkalinity, as CaCOqy
rhonate Alkalinity, as CaCOg
Bicarbomate Alkalinity, as CaCQq
Carbonates, as CO3

Bicarbonates, a_s'HCQ3‘ L e

H‘f&m.x.-ides, as:GH:.‘ L im . )

) Céthnﬁ Diox ide,asCOz L ;
L.Ciifq’ridé. asCt . |
-Sulfate, as STy - - .

jFl;;oride. asF

Phosphate, as PQy4

pH {Laboratory) © .

ohis

Stability Index

Saturation Index

174

mg/l

4296
0

174

0

0

* Signed:

Determination
Total Hardness, as CéCOs :
CQalcium Hardness, as CaCO4

Magnesium Hardness, as CaCO4
Calcium, as Ca

Magnesium, as Mg .

Iron, as Fe -

M:anganese...aiMnF‘ B

- Copper, asCu. |
- Silica, 288105~ .+

Color, Standard Platinum Cobalt Scale - -

QOdor Threshoid - -
Turbidity, Jackson Units
" Hydrogen Sulfide, HpS (field-fixed)

1020
540

480

216

117
<0,1
< 0,05
“0,1

11.0

0.1

A ————————— .

Chemist

ANALYSIS OF WATER, WASTEWATER, OIL, GAS & COAL - RADIATION MONITORING
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