
GEOLOGY AND GltOUN?)•WATEtl llESOUB.CES IN nm VICINITY 
OF THE AIR FORCE BASE IN ELEUTHERA 

INTRODUCTION 

Geographl 

Eleuthera, one of the main islands of the Bahama group, is about 
70 miles east of Nassau, New Providence, and about 250 miles east of 
M1ami, Florida. (See fig. 1, Part I~) It forms part of the eastern 
fringe of the Great Bahama Bank. The island is long, narrow, and 
elongate from northwest to southeast. The north half of Eleuthera 
is extremely narrow•-exceeding l·mile in width in only a few 
places and diminiahing to less than one-half mile in some places. 
The island expands to a width of about 10 mileo near the extreme 
southern tip.· The Air Force Base is on the northeast coast of 
Eleuthera, approximately midway between Governors Harbour to the 
southeast and James Cistern to the northwest. (See fig. 1.) 

Climate 

Eleuthera has a subtropical climate; sharp changes in temperature 
are rare. The average range in tanperature during summer months is be• 
twetm.799'F~ and 83° F., and the average range during,winter months 
is from 69° F. to 74° F. Humidity is.usually high. 

Large variation~ in rainfall are· noted from month to month'' ~d 

from yea~ to year. In general, however, the heaviest rainfall 
occurs from June through October. Rainfall during these months is 
extremely spotty, occurring usually in snort, localized showers. 
During winter months cold fronts moving from the northwest are . 
t£mpered after cro~sing the open ocean but occasionally produce 
general rainfall in Eleutbera and the northern Bahamas.· The dis• 
tribut:\on of rainfall at the auxiliary airbase weather, station . :~ '-" ~ •. 

on Eleuthera is sholm. in table 1. Also included are figures for 
averag~ monthly rainfall at Dunmoretown, in Harbour Island (northern 

Eleuthera), and Nassau. • , , 
. 

Th~ prevailing winds are from the east and southeast. Winds are 

strongest and steadiest during winter and spring and decrease in • 
force du~ing late summer and early fall. ,Eleuthera lies in the path 

of frequent hurricanes which move northwestward or northward 
' I' • • i j 

during sumaer and early fall. • 
\ ' 
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The o•tstanding topographic feature in Eleuthera is the high 
limestone rtdge that runs lengthwise along, the center of, the island. ,& ---... ,.)
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the limestone ridge is the oldest ridge on the island and was probably 
formed, during a period of emerger..ce in Pleistocene time, by cementa­
tion of each sand previously deposited at a time when sea level was 
somewhat higher than at present. 

The ridge attains altitudes of more than· 100 feet above sea 
level in some places. As a res11lt of oolution and mechanical 
erosion the ridge is irr.egul~r in profile and outline, being marked 
~y ntDDerous depressions fomed by tile colla,se of the surface be­
cause of underiround solution by ground water. The ridge slopes 
off rapidly on the leeward or southwest side and terminates 
in low cliffs at the shallow ocesn edge. Large beaches are formed 
only in protected emba~ments or reentrants. 

On the windward or northeast side of Eleuthera a series of ranges 
of sand dunes occupy the area ~ctween th~ hich limestone ridge 
and the beach. The dunes ra9.lee iri h~ight from 10 to more than 60 
feet above ocean level. They are eloncate parallel to the shore 
and are composed of loose or partially cemented sand. These dune 
~idges are younger than the high limestone ridge in the center of 
the island. Their formation resulted from a repetition of the 
processes involved in the deposition of the higher ridge, but 
their composition indicates that they were formed of materials 
o~tained fromma~pes a~ong the eastern shore. • 

The valleys between the young sand dunes and between the dunes 
and.the prominent ridge are generally lou, having altitudes ranging 
from about sea level to more than 20 feet above sea level. The 
lower valleys are usually occupied by salt~water lakes or sloughs 
in which the water levels ·fluctuate in response to ocean tides. 

Beaches are narrow but nearly.continuous along the windward~ 
side of Eleuthera. They end abruptly at a wave-cut bench which 
in most places is at the base of ~ sandy._beacb ridge. In a. few, 
small areas on the windward side, 'just north.of James Cistern, , 
the high limestone ridge extends to the ocean and forms cliffs 60 ' 
to 70 feet high. These cliffs are composed of hard oolitic lime• 
stone and are resistant to erosion. Uave-cut notches in these 

I cliffs are about 7 or 8 feet above ocean level. They are .. 
apparently at the same altitude .as the l:Lmestone surfaces that 
form the low cliffs on the leeward side of the island and may be 
equivalent in age to the Silver Bluff shoreline in coastal Miami. 
An outstanding feature noted in these high bluffs is the occurrence, :: 
at various altitudes, of thin zones of red, iron-stained materials. 
These zones are composed of residual deposits concentrated by the • 
solution and removal of calcium carbonate by percolating ground 
water. , I 

I • The drainage of the area i:s underground, through solution " 
channels and permeable sands. No surface streams exist, and 
little or no' surface runoff occurs. The· rate of subsurface 
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drainage differs according to the type of subsurface materials. 
The ~rainage is very rapid through the openings and sink.holes in 
the limestone, but it is relatively slow through the sand. After 
periods of heavy rainfall a few of the low sand-filled valleys 
become flooded and may remain swampy for 2 or 3 months. 

GEOLOGY RELATED TO GROUND WATER 

Surface materials on Eleuthera are chiefly oolitic limestone 
and calcareous, oolitic sand of Pleistocene a~d Recent age. The 
relatively hard oolitic li:nestone forming the hi.gh ridge is pro­
bably of Pleis~ocene age and, as previously stated, is the oldest 
exposed material on the island. The rounded dunes that form beach 
ridges flanking the ocean on the northeast shore are composed of 
windblown oolitic san~ mixed with· rounded shell fragments. These -
dunes are late Pleistocene or, in part, Recent in age.· Test wells 
in the vicinity of the base were drilled in depressions, usually in 
sandy areas. The thickness o~ the sands 'penetrated by these wells 
ranged from l foot to more than 20 feet. The eQlian sands are 
underlain by limestones that are probably of marine origin and 
Pleistocene to Recent age, 

Limes tone Areas 
' ' 

The high, conspicuous.ridge in the center of the island and the 
cliffs.ending abruptly on the leeward side of the island are composed 
of gray an~ tan oolitic limestone~ The limestone is the predominant 
surface material in the vicinity of the base and in most of the area 
between the ridge and the southwest coast. . , 

_ The thin outer shell of the exposed limestone is usually a 
layer of casehardened oolitic limestone formed by alternate wetting 
and drying of surface materials which causes the calcium carbonate 
to be dissolved and redeposited in the pore spaces in the lime­
stone, The corrosive effect of the' solution of, limestone by 
-rainfall and percolating ground water is evident at the surface 
as well as at depth

1

in the limestone areas._ The oqter surface 
of the limestone is extremely jagged and is marked by numerous 
shallow rounded-out weathering pits from which calcareous material 
has bee:i dissolved. This effect is noted.inland, at relatively high 
altitudes, as well as on the coast where the rock is subject to 
erosion by wave action. 

Si~oles and crevices ranging in size from small openings to .. 
holes 7S feet in diameter develop as a result of underground solu-, 
tion and the collapse of the overlying rock. Shallow sinks may be 
partially filled w1 th sandy or marly organic soils which support •. 

, ,, + 1 
, I I • . . ' 

27 · . .. 

• • • .... 
I . .. . ... 

11, I .... 

I i 

I 
I 

• 



vegetation. A series of intersecting sinkholes forms a wide de• 
pression that can catch and store rainfall, under certain con­
ditions. The largest such sink in the area, James Cistern, is 
7S feet in diameter. and 85 feet deep and has subsurface connection 
with the ocean. This type of solution-riddled limestone furthers 
rapid infilt~ation of rainfall to the water table and speeds under­
around drainage. 

As noted in fresh, unweathered road cuts, the limestone forming 
the ridge is relatively soft and f=iable below the casehardened sur­
face and shows a type of crossbedding associated with dune deposits. 
It is composed almost entirely of parti~lly cement~d oolites, along 
with a minor &nount of well-rounded shell fragn~nts. The sorting 
is faJr to good, ancl the gt'ain sizes range from medium to coarse, 
medium size prado01in,ati-ng. Test hc.,les reveal that marine limestone, 
composed chiefly of coarse- and meaium-textured, beach-worn-shell 
fragments, underlies younger dune sancs,at about sea level or 
slightly below sea ,level. The permeability of the marine limestone 
ranges from mo~erate to high, depending upon the amo~nt of calcium 
carbonate cement'in the interstices. In general, ho~ever, the 
permeability increases with depth. 

I . 

I • . ~andy Beacl?, Ridges 

Unconsol,~dated calcareous sand in th~ form of elongated sand 
dunes covers most of the area _along the northeast coast, between 
the beach and.the high limestone ridge. (See fig. 1.) These sand 
dunes are younger than the indurated, higher limastone ridge. The 
sand 1s medium to coarse, well sorted, and composed of rounded 
shell fragments and oolites. , 

\ 
, ' \, 

' ' ' The thickness of the sand and the altitude of the base of the 
sand are controlled by the altitude of-the old, eroded surface of the 
underlying limestone·.- • 'In areas where the· altitude of the base of the 
sand is 5 feet or more above mean low water (mlw), the sand appears 
·to lie unconformablv on the eolian.limestone that forms the ridge. 

I °' The contact is 'marked, in most places, by the presence of a hard 
layer of iron•·stained, casehardened caprock. Well 3, near the 
base of the high ridge (fig. 1); 'penetrated 2 feet of brown sand. 
overlying marine oolitic, rust-stained.limP-stone. The top of the 
limestone is,about 5.feet above mlw. This suggests that the high 
ridge sediments· lie unconformably on._older marine limestones. 

'It J , 

About 3,000 feet to the southeast of well 3, in well 13, a 
similar thin layer of casehardened limestone was penetrated at an 
altitude of 4~5 feet above mlw. ,This layer iB overlain by 10 feet 
of unconsolidated coarse to medium· sand, simil,'?r to the dune 
sands, and is ··underlain by marine limestone to a cepth of 6.5 
feet below mlw. The marine limestone is crossbcdded, ~_olitic, and 
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highly coquinoid, indicating a beach or offshore-bar environment of 

d-wosition. Well 13 was completed with 10 feet cf casing and·l0.8 

feet of open hole. No caving occurred below the cose~ordened layer 

during drilling. Other t~st wells in the valley, N~lls 1, 2, 4, 5, 

and 6 (fig. 1), penetrated soft, ca~ing, pco~ly sorte~ oolitic sand 

and marl of low to n,odcrate pe.rmeabil-:ty. Ccraens are rec;-.iired to 

complete wells in this material. Figure 1 shows the locations of test 

wells in the sandy ridge areas. 

GROUND WATER 

Ground-water supplies· in Eleuthera occur in two general types of 

nonartesian aquifers, as follows: (1) open-textured limestones of high 

permeability underlying the old dune ridge and (2) loose or partially 

cem~nted sand of low or moderate permeability underlying the beach . 

ridges. The lithology of t~e aquifer &nd the conditior.s of occurrence 

of the ground water have important bearing on the quantity and,quality 

of the water available at any given place. 
I 

Hydrologic· Properties of the Limestone Aquifer 

. . 
The open-textured lu~esto~es are the oldest exposed materials on 

Eleuthera. These limestones have been subjected to different periods 

of solution and erosion· (by percolating ground water) that have , 

produced an underground network of vertical end horizontal cavities 

ranging in size from minute openings to caverns or sinkholes 75 feet 

or more in diameter. Such an arrangement of ·interconnected openi~gs 

in the limestone results in extremely r.igh permeability; t·hus, ground 

water is free to move in all directions in the aquifer. Also, this 

type of solution in limes'tone causes a decrease in the amount of fresh 

water that the aquifer is able to retain 'in storage. Li;tle or no 

fresh-water head is maintained in, the ag_ui.fer thr~ughout the year, , , , 

and ocean water is. free to move inland through the· openings to 

contaminate most of the ground water in the highly permeable limestones 
• ' 

in the vicinity of ~he base. . , , 1·' 1 

, • I 

The concentration of chloride ranged from 1,200 ppm to more than 

5,000 ppm. in samples taken at the water table· in test wells penetrating 

the limestone aquifer. These high chloride 'concentrations indicate 
, I , .. • 

·that after rainf&ll infilt.rates to the water table it moves rapidly 
I 

toward the ocean, owing to the high perm~abiii.ty of the limestones, 

or is soon mixed with the underlying salty water. 
I ' I 

• 
I 

I • 

Near James Cistern, 6 miles no~th of the base, moderate qua~tities. 

,, 

of potable ground water are availa~le in the hf.ghly perme~ble limes.ton~ 

aquifer .. James Cistern is a natural sinkhole that was formed ,from'', 1 • • 

underground solution by percolating ground water and the collapse of 

overlying rock. • The cistern is 75 feet in di.ameter and has nearly 

vertical sides. The bottom of the hole is approximately 75 feet belo~ ,, 

sea level, -indicating that the level of the ocean during'P.lei-.stQcene,,,. 
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tlme was much lower·than it is now. Underground solution was active 
throughout a large a~ea, as the sink is in the center of a large 
depress!r.,n aoo·.it thcae• r;uartP.rs of a mile in diameter. The area is a 
natural hi:sin ~-,hich rt?c-e~1.xeo large quantities cf re,:harge by rainfall. 
The fresh-w.1te·: zcn~ (w~ich e.:3bt!Tnes i;l'..e .form ~£ a le-:is resting on 
heavier sal !:? . WE.t2t') is tL::.ck~st in the c.inkiiC'le. Tl\e thickness of 
the lens var~.ea thro;..1►~b.ot:t the yesr 61.1-1 from year to ye~r--depending 
upon tbc cmJunt of 1·ai.nfr,.l l i,1 the i,n:."lleGlate ar.ea, the rate of evaporation 
of ground watar, th~ nc:i:'.:-ral lcss1:=.:n by Fi'..~bsui·face cutflow, with-
dra~als b✓ ?wr.ping, nnd 1o~s~s resulting f~orn the diffusion of fresh 
water intc ~t=.lt 11~ste~, The late:.:.11 ;?.:;t~nt of. the fresh-water zone is 
not defin:i.tel.:,, l:n~wn, but it m;.;y oa con~idexah.le. 

No test weils tlere tlz-illed near sa~1ss Giste1:n., it the end of 
January 195·+, wnter :~:ro~n natf,,e st~ppJ.y t•rells that were 2,000 feet 
from the cistc.rn and eboi.1t 2JO feet ft~om the oce,'3n contained 600 ppm 
of chloride er ro.o~e~ :h1d:t~3ti11g contn111:f.n:d:l.on f:-:om sea water. These 
were shallow cue w~llr, that penetrated about 2 or 3 feet below the · "l •• 

water table. Tt,e Wi:l ls pl~Oi.>~\hly penetrated the extreme edge of the 
fresh-wa·cer lens .. They ~-1ere dug iuto l:.mestoi.1es of low to moderate 

permeabil~.ty tht!.t ht\'I~ the abi1J.ty to hold c.ort~ider.able fresh water 
in stor&gc. Dur:J.ng .Januory 19.34, 4.61 inches of ·rain fell at the Air• 
Base Weather ~~ati.vn and a nea1:ly eq~ial 1~mot1nt prohably fell in the . 
James Cistern at·ea. '£his is abc·11P. t~e nonn~l r3infi:ill fo~ January • 
and may be the re9:..on for the moderatci. c"ti.loride ccnte:it of the water. · 
ln the shallow nat1~,:"e wells ne:.ir. the OC£',3n. I Und.el· normal rainfall'. 
conditions these gt·o·Jnd-we.ter suppli':S probably have a higher chloride.· 
content at this time of year, and one thot would continue to increase 
until the major rains, occurred in June through October.··. , 

'I 

! I ' I 

I I' J 

' 
Availebility of .Fr'esh Ground Water.' 

1,J I { I ,' 

' • ' 
In early Aug~st 1954 water samples, were collected at various 

depths below the water surf3ce_. in James Ciste_r11;._ to determine. the 
thickness of tha fresh-water zone at its ce:J.ter. • Si:n:i.lar seimples were , 

I • , I • f' I 

taken in rJid-Janua'ry 1953 anl October 1955 .. • A comparison of the 
chloride content of all samples is· sho'k'll in table 2. .. ,, 

I I I I i, ' ' • ' I , ' I • ; ' ~ ' 

' • I , L ~ '; I ' , ' 

, ' I • 'l,I ' I 1 

Analyses of the August s4mples show thst the.fresh-water lens · 
was about 12 fe~t thick in J~mes Cistern. TJe total rainfnll recorded 
at the base· from Je.,:iuery through July l.954 • was 34. 91 inches. . Analyses • , 
of the Je.n1.•a::-y Aemples • 1ndicat9 thtit 1.he fr.eo'h•·water lens' hed shr•!nk 1 

to less then 8 feet in ti1i.ckness, owing' to the fact that the.re was 

only 19. 7J iuc!l~s 'lf rainfall' from Augnst '195i•·· to Januar.y 1~55 ~ . The 
an11lyses of the Ccf;,)bt:!r samp~e~ i:viicata a marked thickP.ni'.:.lg of' the:• 
fr esh-watcr l~ns b~t"'"1'':!en • Jsnu.sr:, ano. Oc to be 1: 195.5. • In ts.b le 2, the • •. • . 
concentratio.1 of. c:1lor.i.de in tho· Oc t·Jbet' sa.up ler. showed e.n .:i.t;icrease • • •. , • 

from 24-5 to 520 pprl at: a c!e9th 1,etwe.en 30 ~nd 36 f P-et below ,th~ wa~er __ :. 
surface. The l&r6e increase in thickness of tha fresh-water zone· i~ 1 .. .'· 
due to a series . of• heavy rains that occurred ~- few d~ys lief ope t~e • • , ,,, . 
samples were· collected. • ' , . 1 

• • • • • •: ·, ., .... ,. • • • 
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Table 2.--Comparison 
content of 

Depth of sample 
(feet below water 

surface) 

1/ -

0 
3.0 
5.0 
6.0 
7.0 
7.6 
8.0 
9.0 

10.0 
12.0 
13.0 
15~0 
20.0 
25.0 
30.0 
36.0 
41.0 
so.o 

Field determination 

I j I I I 

of analyses of chloride 
water :rom Jemes Cistern 

Chloride !/ 
1£.cm) 

August 1954 Jan,lary 1955 

240 200 
240 200 
• • • I 

240 

'r 

October 1955 J 
I. , 

220 
220" 
220 
220 



The fresh-water salt-water contact in James Cistern apparently 
responds rapidly ~o large increase of fresh-w-~t.er storage in the 
aquifer. When large 1.ncreases in recharge occur the contact is· 
quickly depressed. The euhsequent up~a~d ~ov~L~nt of the contact can 
occur no faf:ter t!i.an th~ rate at wh:-!...:.h f:.•e::;h uater is discharged from 
the lens. Therefore, the period of tine required for the contact to 
recover to it3 o~iginal position will be considerably greater than • 
the time necessary to depress the contact. 

James Cistern is the source of water supply for the Aviation 
Engineer Untt. Daily withdrawals of l.5,000 to 20,000 gallons started 
in Match 1954 and WEre continued thr.cu3ho~t 1955. Water was pumped 
from the upper 2 feet of the fresh-water. z,,ne at a rate not exceeding 
20 gpm. The relatively slow rate of pumping caused no measureable 
drawdown in the water table and, thus, minimized the danger of upward 
flow from the salty, deeper parts of the aquifer. 

( . . . 

• Figure 2 shows two curves which•indicate the difference in the 
drawdown patterns of tile water table when a well is pumped at high', 
and low rates, under the assumed conc.itions of transmissibillty and 
storage coefficient drawn. Under .. each condition, 12,000 gallons is 
pumped from storage. Curve A represents the drawdown at various 
distances (r, radius) from a well pump~d 'for 600 minutes ar the rate 
of 20 gpm. Curve B represents the drawdown after the well had been 
pumped for 60 minutes at a rate of,200 gpm. These curves are plotted 
by using an assumed coefficient of t4ans~issibility of 100,000 gpd/ft 
and an assumed coefficient of_storage of-0.2. No·pumping tests were 
performed in this area, and it,is emphasized that the coefficient 
of transmissib~lity of.the aquifer in the James Cistern area may be 
(and probably is) much higher than 100,coo·.spd/ft. The significance·. 
of figure 2,·however, is tha~ it _emphasizes the difference in the .. 
drawdown patterns that result from low and high rates.of pumping.· 

f r I I 

1 
• 1 I 

' I 1 , I ' I II• 

The sketches in figure 3 were drawn•in conjunction with .the 
drawdown curves and show the theoretical direction of gr'ound-water 

l I 

. ' 
' 

flow under the pumping conditions. illustrated "in fi~ur~ .2 •. The ~ke~cbes 

are not drawn to ·scale.· ·under light pumping ,(fig. 3a1), the water .-

• ~able, is_ eep.:-e_ssed i a. sm_a~ 1 amol:ln~ .• ~u~ r•~illlit_l:_S. abo~e ~-~a;. lev~ 1. The 
sa-1 t-water contact rises : ~lightly.,. in .. the a~ea a:f £.ec t~d by pumping, 
but the ground-water .,flow, toward the pumpi'ng area is all from the 
fresh-water zone. When.pumping'stops, the.water table'will rise to· 
essentially the prepumping level, and tbe salt-water· contact will be 
depressed to its original form.· When the well is p~ped at a high 
rate, however, the water in the vicinity of the well declines rapidly 
to a point below sea level, thus permitting the.steep coning effect 
of the salt-water contact ·(fig. 3b). • The ground-water flow pattern · ·,, . , , 
is upward from the salty zone as well as radial from the fresh-water· • 
zone. These sketches may be applied to, the James Cistern area as well ··., 
as to other fresh-water areas in Eltuthera . 

• I ' 
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LOW PUMPING RATE 

DURING 
PUMPING ____ ,,,- LAND SURFACE 

. . . ~ 

FRESH 
WATER 

... 

.. 

CONTACT ~~-T:~~~-~~-~ !.°:~:~ .,......:~.-'.->·.'·:.CONTACT BETWEEN FRESH ANO SAL'r". • .'. -~--":°7' :~.' ..•. • .• :~ .-:-_··. ·.: ·•:. -~ FRESH AND SALT WATER WATER DURING PUM_P.IN(i ·: .... • .. ·.· .... • .•. • .. •. • •. -_-: :· . •. •. •• _-. •. •.• BEFORE PUM Pl NG 

SALT-WAT~~· :6°~~E·.- ·:-- :· . ..• <.' ->: _: _:. ~- :- .··.·_.- .. :-:,. • .. •.•. ·• • 
CAUSED BY PUMJ'iN~:·· ·.": :: ._: :: :- • •. ••.•. • • •• . : . . · ... : .... · · .• ;·.. . • 

. . . . . . . . . . . . . . 

HIGH PUMPING RATE 

BEFORE 
PUMPING 

DURING 
PUMPING -=---- r L•ND SURFACE 

l!--------

FRESH 
WATER 

' 

: • • .•. ·: · • '· .••. • • : ' .".': :_:. ~- : :- ·-::.··.":~.·-:-:CONTACT IETW~EN 
CONTACT IETWEE. • _: ••. ·., •.• • ··: :· :-'. •••• . ."·.·~FRESH AND SALTWATER FRESH AND SALT. , . . • . . . • .. • • .' • .. : . ·: • . : • • • • IEFORE PUMPING WATER DURING PUMPIN.O •. • · ' • • • .' ." _.·. • .. • . • . .. . " 

SALT-wATER CON[·' •. : ...• : : : • .. : . . . . ' . 
CAUSED IY PUMPiNG·.":: • ......... •. •.•• ... : •.• 

. • . .- .· •. . . • • . • . . .. •.. . . . . . . . . . .. 

Figure 3. Schematic diagrams showing directions of ground­
water flow during pumping of a well and the conditions 

under which a well will yield brackish water. 
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The beach ri.tlie~ nl-:>n.g tl-.. 1: nor·thec:.st c0ast are composed of 

~nconsolic!11t~c r:r: ~ ?.i:~J-.tl:, consol1.<lc::tec. mecl-:.um to coarse sand of 

moderate rer~ea~ility. ~~ay overl~e ero<l~d s~rfa~es 0£ the old lime­

stone ridge •'lt !In ~Iti·.--:ud~ of ahout S it'.~t cbove mlw·, or old marine 

limestone~ at lu,re!' a lt1~udes. In ax-cas wh1:re thev overlie t~e 

highly· pe~,ne.~b le limes Lorie oi: the rid~c t.t:.e ssuds do not yield much 

fresh watr.!:·• -~pparcntly .,ecause raj.nfall .that infiltr~tes to the 

uncerlyir,g r.:>ck dif:-,.ises with the snl t water at the· water table· or 

moves ::apidly to the ocean. 

In areas S\~ch a~ the Symonette weJ.1 fielc! and th,e adjacent valley. 

to the sc~theasc (tig. l), the beac~ ridge overlies marine l!~~stones 

·at altit~des ~o·.,.7er than 5 f~et above mlw. ·r:1e ::uarine limestones are 

of moderatP. p:~rn1eabilicy; th,~)' '1re mere hetet'ogP.necus 'tl-i~n the younger, 

Windblown me.terl.'"4~ fot"ming r.:.H~ r.idie, er!.d, in place$, they grade into 

marls of low pct~1.ea·iJility $ ,~:hesP- factors tend to retard the vertical' 

and latAral m0v.a,.ncnt of grou-o~ ~'$.ter; thus, fresh· w~.t~r recharged in 

the area re1Ja:tr.:.s in- storag~ longer than it docs in arees having_ highly-· 

permeable a~uifers. 

Data from explorator.y drillirlg ~nd test pumping show that the 

water•beRring natoriala a~c no~un~fo.m and that·their permeability 

differs from r,!sca t:o pi.c\ce. w?-11 1, 11-.fe.et deep," was pumpecl at,a 

rate of 8 gpm, an,1 aft e1· 10 m::..nui:es pt!n?pf.r..g the measured drawdown in , 
I 

I 

the water level was 1. 5 feet. . The pw'l7;Ji.n~ rate was controlled by a·· • 

valve' and it was estimated' thst' the outprJt capacity of I the, well at ' ' I • 

this depth w&s about 15· gpm, Aft'er the ~--'ell was _deepened to 13 ~eet :a '' • 

screened sandpo!nt was d::iven. 'to the ·bottom ar1ci the well was pump'ed , 
I 

' 

again. At th:#.s <lepth . the· ~~imum, ou tpu; was 2 gpm. This r~du~ tion in , 

yield might hav~ ~cen ~aused by ~nhd losses thro~gh the sapdpoint, .'. , 

but it could b~ an indication of ,poo~ h:,draulic connection ·within. the', , 
• ·' I I' f , i I , 

I 

aquifer. During a simil~r."test on ·we.!l 1~ it was determiz1ed, that the , 

maximum pumpillg rate at a ~epth of 16 feet (6 feat of open. hole) was' ,,;i . • 

2 .5 gpm, b~t w:1en the we11 •·wa~ completed et ~- 'depth o~ 20 .8 •1 feet, the,· '·,
1 

• 

D'lax1.:num capaci~y w~.s_ abo?t • 15 gpm •. ·}-iaxi1;11um plll':'ptng rates at variou~. ',', ,(' 

d.e?th:; in o..:~er test wel!.s in,. the valley 
1 
r_an~~d fr~m l gpm, to 10 g~~' . , •' 

but the average was· about 3 g,p;:n. . ,., , , 1 
',• 1 ., ,,,, , • 

; ' 11 ',t' I • ~, f I •
1 

(, ~ 

Puir.pin~ t~~ts ·of sh~rt;' d'.i~cation were' run. -'b~ ·selected wells in ·- • l 

the SymonP.tt':. field 1 an~ on well' l.'.3)' ·111,\an attempt to detenn~ne tFLe ,,.,,,,·:,',, I 

app:-oximate co~ffici~nt.~ cf'. tr.a11smi,ssi~bi.J.ity anc1. storage for the , ,. , ',·· .. :,:J 

3q\l~fP.r. ' A recotd1.ng igia;;e. ir .. ~tei1led 'on ,-u~J.l· l!► _recorde~· the di•aT,-,. :-, ·; \·•:•. :1 

dowr~ i.n water l~ve~. caused b~· pt\mping w~ll :,l .at S_gp~ ... (See.: fi~~:.,~~{ ·.,,'/'.,'. 

for ]~cation~ ... ) _ Wr;lls l+ a:~d '21 11.ce Z3 feet apar~.~ lhe earl 4 est ':~'•,./i / • 

effect of p1.!14ping,was note.d lS 1J1.1 .. n'!.1tes.a.ft.~t· pu,-:p1.~g bege~, and t,n~ .. ~
1
/U , 

total clrawJ.~~m in-w,.>11,14 atLer,·}~ ,minutes was t;.O15.foot., • , i , !· .,',/
1
~_\: 

, I• I~ •' 

I ',. I I t ,I ; 1 t1· l 1 

, ' ., 

• I 

'1 

• ( I I I, f \ 

• ' I ' ,, I I t {, I 
' I 'l I ' . q I 

, ' ) I "' , 

I I I ' • I I j 

l • \ , ' 
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, A second test was made by measuring the drawdown in water level 

in well 13, while it wan being pumped at a rate of 6 gpm, and then 

measuring the rate of water•level recovE::ry after pumping stopped. A 

total drawdown of 2.2 feet was measured after 2 hours pumping. 

• After the we.ter-level dsta were analy:r.cd, it became evident that 

they we~e not acc~rete ~nc~gb to pcr~it satisfactory evaluations of the 

aquifer C:'effi~ientEr, b,?cs1Jse the tes:s were very short and the 

pumping rat'!s we:-e not con.8t;ant. Hoi1ever, the coefficient of trans• , 

missibility probably is considerab~y less than 20,000 gpd/ft. 

Figure 5 shows the thecretiial configur~tions of the cones of . 

depression that migh'i: be developed i?1 t1'e $andy aquifer under different 

pumping rates. It is assumed Ch4t 20,00J gallons of water is with­

drawn fror.t st~rag~ t-\n-:-: ths.t the aqui~f!r coefficients are T • 20,000 • 

gpd/ft and S : . (' .20. 1~'i,e co:!e B developed by pumping at the rate 

of 200 gpm £01: 10·) min.ut~s, • ia f!iiJ. timds cleeper than that developed 

by pumping at_ tr~ 1:'lte of :lo gp~ for· 1,000 minJtes (cone A). Lines 

indicating the uii-e~!:ion oi grc-u.ud ... water flol.\' would be essentially 

the same as thuse shown· pr,::-•,:..~us ly in figure 3, a~1d a similar type· 

of upward coning of the salt-w~ter contact wou~4 develop. 
' 

I ' 

Availability of Fresh Ground Water 
• ,·• I 

The Symonette well field ·(see fi:g. l•), with the adjoining valley,. 

is the only area. in the v1.c1.n1~y of the air base ·in which a significant 

quantity of relativelY, frP.sh water is ~v~ilable~ At the time of test, . 

. drilling (August 1954). the maxittum thickt\ess of the···fresh-water zdne' ,. , 

in the well-field area was. about 10 feet.· It was of about• 'the same· · 

thickness in the adjoining valley, ,to the, southeast,' except in a,·few .··,,, 

small areas where it was· thinner. In well· 13 ,' near the ·southeast , • ...... • 

terminus of the valley, the zone was 1aore • than 9 feet ~hick .. • This , '
1
!' .. •. ,·, 

well did not completely penetrate· the tresh-water . lens~ as a. sample ., 

of water from the bottom of the well (20.8 feet) contained. only • ··.' • ·,· 

150 ppm of chloride.: The entire length of the·valley,.from the welt',·: 

field to well 13, is believ~d to be underl.ain. by a. fresh-water·,zone. •. 

of irregular thick11ess .. . · ,, ,, . . , , . , , • 
·, ,( '. I • I I 1, I·' f 

• I,· • 

1•'·' I 1 

' 1 
I O It 

•1 ' I 

During January 1955. sever~1· o~, the, ,test :wells and existing wells , . •.·. 

in the Symonette area were pumped at low rates. to determine the draw-,: ' 
• . ' ., I I 

downs, and water samples· were taken to detect any changes;, in the , • ••• 

chlorid.e \!ontf:nt cf the
1 
water d~,ring, pumping. Well 21 was putnped ,' •. 

for 5\ hours at t.h .. ~ rate of 7 gpm, and during• the period of pumping • 

the chloride content of the water increased • from 14,0 ppm to 330 ppm. •·• 

It is believed,·therefore, that a pumping rate of 7'gpm is too high 

for thto W'ill, :'ha bottom of the WP.ll is a1: an altitud-a of 3 'feet , 
ti,.. I I I 

below ;11lw • &!'~d the wei..l f1eln is near the n:,rt:v~r,:i fringe of, the ,. • ., 

fresh-water :;.en3. If 1:he rate of pu'lly;>ing were lowered to • 3 gpm, the 

increaie in the chlorinity qf the w&t~r woald be slight, ,as indi~a.t~~ .· 
I \, 

1 
J ' ,'t 
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EXPLANATION 
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Figure 5. Theoretical drawdowns developed in sandy aquifer 
under different pumping rates. 
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by the chloride content of water pum,ed from well 20 (well 20 was 
pumped at 5 gpm fer~ hou~s, tlu,ing which tim~ the increase in 
chloride co~tont W.3.G 50 'f,pm). r..Jell 2·~ is 0.5 foot shallower (in 
reference to mlw da·'.:u!r.) than well 21. 

I I , 

I 

Well 4, Southeast of t~e well field, was p~ped for 6\'hours 
at the rat~ of 5 ipTU. Ihe dr~.wdown -we~$ 1. 7 feet. The chloride 
content of tha w1';a't' from th1..;;, well ,:.:-as g.?J:1.er.nlly higher than that 
from the well· fi.~ld, E'i.ld it increased fro:n 320 ppm to about 380 ppm •/• 
during the pumping. l'he b:>~t0m'''of the screen in well 4 is 3 feet 
below mlw d,~t·um. Th:2 bottom of the c-:cr.r.en in well 5 is 3 .5 feet 
below mlw, in metcr.i:.~l of low 'pe::mP.obi!.ity. When ~,rell 5 was pumped. 
at a maximum rate cf l gpm,, it yielded ,,atcr containing 210 ppm ef 
chloride. When drilled, th:l.s "1e11 "yielded wat~r:cor1taining 130 ppm. 
chloride at 1 .foot· belou· r.1:w o.atum, 150 ppm at 3 feet below mlw, and 
680 ppm at 7 feet be1.cw mlw. ,, . ,· ' 

' I 
• • r I 

Analyses were ~ade of severAl samples of water.from well 13, near 

II 

the south end of the valley, t9 1 determine the chloride conc~ntrations 
at various depchs tb.rougbo,.1t, the ope'n•hqle section· of the well. The 
following table shows· the changes iri chloride concentration 'with depth. 

jl f ) 

Depta, ·. (feet . 
ref e-rred to mlw) :, i·· 

·1 1 ,, ' \" ,,. 'l , 

/2. l•' {water s' 
, /1.l 

'. o.o 
,, . -1.1 

I J 1 -2. 
-3. 
-4. 
-5. 

I ' '.i 

' ' . 
Chloride , ·.: ·,, , ,' 

j i/ I 

·.'' £Pncentrations (ppm) 

170 
. 170 . • 1 • • ' i I I , 

I I , 110•• ' I • 1· 
, , 1 f , I ~ 

I , .i 1, 
1 1 

\~• I • ' ' ' ' ,, ., 220 ,,' I "I ' I ,, 
I j I I i 

I ' • ' ' I I 
1 • ' 280 ' • 1 " , 1 'f I' 

420 ... / I 'I 
' I 1·,, ' J ' : I ' ' ~ .' 

• 1, 560 I ·,II I 
,1 ·~ '\' i r '• ~' I 

· \ ·· ,'. ,, 560 'l:r:,,: ' 
t I, • ' 

I ' I ,. . ' I ' ' ' I .,1, 1 
I t ' , ! • . • • ' ' \ ,. I ! , 1 f1 ' I I I I ' ' 

• ! ,' t ~ I t I ) 'j ' • 1 , 1 \ I ) 

Well 13 was drilled to, a depth of,. 6 .2 • feet below mlw, • and at 
' ' I l 

the time of drilling· (August·: 1954). the water from· the 'bottom of the 
well contained about 150 ppm 0i chloride.\-' Durin.g ,January 1955 wate~ i 

1 

' 

wa~ pump~cJ. from a depth of 2,. '!:eet,' be:'..ow ·n1it~, • at -'the rate' of ~ gpm_ ', ,, "'l 
for J hours, ancl the chloride. cont~nt in~reased from 170 ,ppm to ·, • • ,, ••• 1 

_ , 

210 ppm. The ~otal I drawdo~. in water 1 level· during pumping, was, 2',2 ,feet. ' ' 
t I 1 

I ' • i'l A I ' l ' I jl l I 

I ' : I I f I I 't ,f • : 1 

The width of ,the fresh-water:zone depends; in part, on the width 
of the valley. The v£ll~y.is 'about'l,0000feet wide in'the vicinity' . 
of the well field, b1!t fa-:-ther I to I the southeast' 'n,P.a.r,· well 13, ,, the' I:; ,<' 'I 

valley is less th~n .500 feet ,,ide ~ ·: The• entir~ width of· tbe valley,' •· . , , '.; 
however, io not undei:lGin by fresh water.' w,u.l 3,400 feet.from the '' 
base of the lir~e9tone ~.:-idg,~, pen,~tra'.:ed wa~er cf. high· chloride content ',' , 
at the water t~b le.· 1 It is es.~u~ec ~ the1~ef<·•re, • tbst ti.le entire. len8th 1,'1 . 1 1 : 

I I I 
1◄ I.. l ' 

of the li-.n~s tnne z-i r1ge ir., thi&J area is under la in· by s.al ty water, ana • ' 
the total ar.ea unde:ciain • by .frt=sh· wate:- • is'' ~or:,~'i.derabl)' les~ than :the,·~. ,: ' 
total area of the valley. ,",If the ·average. coefficient of sto.rage of:, ·' 

If I
I\/ I I j I ,,' ,. • - •' I ' . .. ,' 

t J I ti . . 
1 

' t I j I , • { , f I • I ' I 

,, I \ I ' 1·:, ,l, \, ','.I·'" ; i I 1,· 1 
'" I ' • \": l I •', ., t, l ' 

r r l • I I 1'. ! I I I • t 1' 

.. I,, , . I•. i r •. • ; ; .•• • , . 'j 
I .f (. I ~ I I"' I ' 

•, f I rr I 
I 

I ,, 

• I J 
I 

~· 
• \1 I 
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the aquifer were 0.20 and the average thickness of the fresh-water 
zone were 6 feet in August 1954, the total volume of fresh water under­
lying the valley (4,000 feet by 300 feet) at the time of test drilling 
was about 10 million gallons. The average ground-water level in the 
area at that time was 3.0 feet above mlw, whLch was probably above the 
average· for that time of year. •• 

·Only a part of the above-estimated volume of water was available 
for use. ~ large part was subject to loss by evaporation and trans­
piration, and another part to loss as a result of natural outflow 
from the aquifer to the ocean. ' ·· ·, 

( I ·; ' . 

By January 1955 the water table bad declined,to an average 
altitude of 2 feet above mlw, and by mid-March,' after a period of ' 
drought, it had declined to an estimated average of 1 foot to 1.5 
feet above mlw. Because of the low-water co::iditions, the greatest . 
thickness of the fresh-water zone in March was estimated to be about 
4 feet. The reduction of thickness'at'the center of the.lens.was 
accompanied by a large areal reduction in the size of the lens; thus, 
the total fresh ground water in storage in the area probably was. , 
reduced to considerably 'less' than half; the quan~ity that was· in. ,· ' . .' 
storage at the time of drilling. ' ' ,., ;··· . ('. • • _

1
. ••• :.'. 

' I • '.· ,. • ' ,, I .. • , ' . ' i 
• • , ' • •, 1 ~'' • • - , • • ' • ., ! , 

1 
• rt 1 ' I I . , I ;, 

The average· yearly rainfall in Eleuthera is about 40 inches .. ,; 
The quantity of water that infiltrates to the. water table depends, .. I ' 

to a large extent, upon the intensity of_ rainfall in the area. •. Light j 

rains of short duration--which·_ are very., common "in. Eleuthera . .;.•contr,ibute , • ', • .. L 
little to ground-water storage'· because of losses by evaporation and . '·. ·, ' ' 
transpiration. Moderate or heavy' rainfall over a substantial, 'period_ 
is necessary for appreciable' additions' to' ground-water' .·storage. '·,•; ,' I , • 

Applying similar proportionate ,'estimates·· as those used. by Parker· . : \1 . . •• :: 
(1955, p. 231) for. southeastern Florida~ appr:oximately ,20 inches· of.·· , 
rainfall (15 million gallon·s) may. infiltrate I t·o 

1
the, water table ·yearly ') , , ' 

in the Symonet te area~< .' B~~ause, win~s' are, per~ is ten~ ly,- fr~sh th'r~u$h-· .:: • . : •1r• • ~l 
out much of' the year, because the water table 1 beneath the valley: is, . •, •. ,· . 
nearly everywhere within 10 feet of the ',land surface,· and because ·;1 

', 'i·, •. • .'., ·,· . i 
the vegetation is _dense,.:·it', i~ estimated' that ··so~ething., like_ thre~-:- ,'·., .. ,. 1 ·,,:

1
·, ·:} 

quarters of. the rechargeL (11 million/ g'al~ons) ',is 19s t by ~vapotrans- 1
' • i,',,1J ' 

piration. • The remaining 5 • inches •
1
of recharg! <~. million gallons) ·, :.·, ,j '''.}/: ·.~ 

is discharged ~y ground-:-wa~er1 'outfl~,t.) ~bus I the .. d~ily ,· lo~ses; fro~•;,., ,,.t;', ,,·:<.·.~, )'.) 
the fresh-water zone of .the. ~quifer 'roul~;· b!: ati~ut 30 ,~o?.1 ~.a.\lons_ b.~·. ;·,,.1 :··.·. 

1 
j 

evapotranspiration and· about 10,000 gallons.1 by, outflow. , 1 <,, , , • 1• . ,· /· •• ,, , , 

' 11 I ft I( J' f 1, ' • • \ I ( ' - r \ J ( [ r • i ' 

f j ' , • ' ' ' ' .,, I j • l 1, I. • ' ',' I ' I I • I ' { ' I ' (f J I • 

I J • 1, ' i, J l' I I ' 1' • ., ~ ' If\\ 11/ :. , ' 'I ; ii I ~ 'i ' I• • 't if ,~, ,( 

The amount of· fresh water. available from ground water in this•,'• ·~ //'.': .. .',,(·Ii 
• t I ' , I , , f 1 ! ,,,, I I ' ' l t 

valley is· the amount of .. the naturaf' discharge that can be salvaged i: ;.;} )1\ 1 .. ,·.; 

Obviously, appreciable quanti~:les of' fre'sh ·grou~d ·~~ter ca~ b~':'•'' ,r 1
, • :,.,;,1:. \. 1 'V,',·.:'.,,: 

recovered from the. area if. withdrawals· are m.Jde itr.mediatel;y·· following.,:·\,· .",: ·• ' 
l ,,,. I ' • "\ ' 

heavy rainfall. Analyses of ,water -s~mples £1:t)m w~lls 4~ .' 13',. and .14~ '\ ,:· ~f }1' .
1 

1'.: 

collected near the. end· of March 1957, ., showed chlor~d~ ',~9ncentratipns, :. ·,.,i,,: :,. : ',.,_ 
of 650 ppm, 505 •ppm,· and. 48~. Pl)~,, respectively. ·1•/rhese a~al~~~s.~.'ind~c~t~

1
. ,: 

4
·, •. / <''\, 

that during relatively dry years little' or no· grpund,._watet • ~f, ... , , ·: 1,., ,, ,.i \ .... ,·j 

• i f I,. I ,, l , ) f \ f f f ~ 1 I f ) ,t I i "< J , 

acceptable quality would be· available~ •, •·:: : • ' '.,. , , , -1,: ~ ,,, /' • 11,: 1 , • : i.. , ,· ,' • 
,I ' ' .. • '• ' . • , .• I ' . . ,,, f j j ' • ' ' • I,' ,' • ' I • ! ' ' ; ' , ,,,,,, 1, .. I I • ! ' ' I • I ' • , 

' ~, .. ~1 • ' , • , ' ' I , ' ' I ,; i' , I , . { ' \,. j f ; . \ , J, f' , J , ~ ., I ? i ' • • ' ' I! , J t ~ ' ) ', • r, 

' ' ' , '11• l ,· ' If ' ', ' 1,,'. ·1, I ,1 ,· ' '·' ''1• ,, i ' ' ,, I 1'' ,· !1111 1~~.1' I. J 1·1~- . ; . I 

• • , ! 40 , J , \ • , , , ·r· i• I ,,1 
I I le '. ' i '. I I , I I , ' • • ,, I ,, ' I \ I ' i • •• ,, i 1, • ' l • , ~ ~ 'I 

' I •• • • ',, ' , , , . . , .' .l , : ', • ! •• J iA ' • ' ' , I ! l ' , , , I '· I ' ; t ,. • , , 'r • 
, , t I , , 1 , • , 1 ,, .,. , '. , 1, 1 ' Ji \ 1, • • . l\t ', , ' 

. l ! i , , , ' • , r ,1, ', t t •:J. f , ;'~ • • , j , ' :,, ' \¥ ' t ' • • I , , I • 

I I I, 'I I I • ',J • • ' ' I I I. I' • .. ' \ 

I ' I / 'I ' I : • ,, I ' ) j ~ l I 't l :t • 1•,' ' ' t • ( •' •' 1• • I I • I • 

,· , ·: 1 • 1 , 1 •, ·, • , .'J ~I.; I it J , 1 , ;,l• , , I •, 1 1 • ti \ t • 1 
1 1 , 1 

• l 11 • '· l..l.~-~~~~,·•.,(' J~~ < ~ ... ' • • .~' • ·, 1 'rr ..:,! • ~~~--· . 
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Water-Level Fluctuations 

In the Symonette well-fi~ld area and the adjoining valley, the 

water table fluctuates entirely within sand or partially cemented 

limestone of low or moderate permeability. These fluctuations are 

due chiefly to influence by ocean tides, to rainfall in the area, and 

to evaporation and transpiration. In most cases, however, the water­

level changes due to evapotranspiration are masked by the influence 
of tides. 

Figure 6 is a series of hydrographs showing the difference in 

the magnitude of water-table fluctuations in the highly permeable 

limestone aquifer (well 9), and the slightly to moderately permeable 

aquifer underlying the sandy beach ridges (wells 13 and 14). These 

fluctuations are compared with tidal fluctuations on the northeast 

coast. The magnitude of the fluctuations in well 9 is nearly equal 

to that of the tide; the fluctuations in well 14 are about one-fifth 

the magnitude of the tide; and those in well 13 are less than one-

tenth those of the tide, indicating the progressively poorer connection 

between the ocean and each of ~he 3 wells. The hydrographs, in a 
general way, indicate the relative capacity of the aquifers to transmit 

water. Also, they suggest that where the magnitude of fluctuation 

is small the hydraulic connection with the ocean is poor. In areas 

where the hydraulic connection is poor, ground-water recharge is held 

in storage longer than it is whe~e the connection is good. 
' 

Figure 6 shows also the considerable lag in time of peaks and 

troughs of the ground~water fluctuations as ~ompared with the tidal 

highs and lows. Although wells 13 and 14 are close to the ocean, the 

ground-water highs and lows occur from 2 to 3 hours later than the 

tidal highs and lows. • 

The aquifer in the valley near the Symonette well field has a 

greater capacity to store recharge water than the highly permeable 

aquifer, retains a relatively high ground-water head throughout the 

year, and, thus, preserves some fresh water in the upper part of the 

saturated zone throughout the year. Throughout the period of record, 

as shown in figure 6, the mean tide level wa~ about 1.4 feet above 

mlw datum and the average ground-water levels were 1.8 feet in . 

well 9, 2.4 feet in well 14, and 2.3 feet in well 13. If equal 
quantities of recharge had been received in each of the areas, the 

resulting rise of the water table in well 9 would have been small 

as compared to the rise in well 13 or 14. 

Figure 7 shows hydrographs which compare.the magnitude of water- • 

level fluctuations in wells 19 and 21 through a single tide cycle. 

Well 21 is a little farther from the ocean than well 19, and the 
fluctuations in well 21 are smaller than those in well 19. The 
magnitude of the ocean tide during this cycle was 0.9 foot. The 
bydrograph indicates an apparent reversal in water-table gradient 
between low tide and high tide. At 1:00 p.m. (low), the. gradient 

between the 2 wells was 0.02 foot seaward and at 5:30 p.m. (high), 

the gradient was 0.04 foot inland. 
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From a series of water-level measurements made in the well field 
on January 14-15, 1955, contour maps were drawn (figs. 8, 9, and 10), 
at high, low, and average tide levels, respectively. The contours 
indicate the shape and slope of the water table and its altitude 
above mlw datum. At low tide the ground water is highest in the 
vicinity of the well field and the water table slopes toward the 
beach. At average tide level the water table slopes toward the beach 
but the gradient is less than at low tide. At high tide the gradient 
of the water table is reversed, assuming a very slight inland gradient. 
The contour lines are interpolated for the area between the well 
field and the ocean and are, therefore, approximate. 

Quality of Water 

In mid-January 1955 three ground-water ~amples were collected 
from the Symonette well field and the adjoining valley for complete 
chemical analyses. The principal chemical constituents contained 
in these samples are listed in table 3. 

The water is of the bicarbonate type and has a hardness of more 
than 300 ppm as Caco3 . Much of the total hardness is due to calcium 
bicarbonate, which can be reduced by relatively simple treatment. 

The concentration of chloride in the water samples ranged from 
215 to 406 ppm. The analyses in .table 3 indicate that water in the 
vicinity of well 13 had the lowest chloride content in the area. The 
overall quality of water from well 13 also is superior to that in 
the vicinity of the well field. The quality of the water changes 
throughout the year, however, the water of lowest dissolved-solids. 
content being available during periods of high water levels. 

f I 

The determinations for pH in the analyses indicate'an alkaline 
type of water, but they may not represent the true pH of, the water • , 
because several weeks elapsed between the time of collec~ion and the 
time of analysis. However,•because of the relatively high alkalinity 
of the samples, they probably underwent only very small changes in pH. 
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from selected wells in Table 3.--Analyses of water 
{All results are 

and 
in ppm except those 

specific conouctance) 
for 

Silica (Sio2) 
Iron (Fe) 1/ -Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Potassium (K) 
Carbonate (co3) 

Bicarbonate (aC03) 
Sulfate (so4) 
Chloride (Cl} 
Fluoride (F) 
Nitrate_ (N03) 
Dissolved solids 
Hardness as,caco3 
Color 
pH 
Specific conductance 

(micromhos at 25°c) 
Date of coll~tion 
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