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Ab st rsct 
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An electricsl resistivity souod in g survey of Ssnd y POint. 
Ssn Ssl vsdor, BshsSIIS , vs a conducted Deceaber 1982/Jsnuary 1983 
in order to e :r plore a nd ssp locsl ground v ater reaources. The 
sllrvay Iltilized the Sclil uaberg e r el e ct r ode configurscion vith s 
Soil test R-60 spparatus. Tventy-eight fleld ststiona "er e 
established within the one square a il e st udy s r es. The field 
dsts were snslysed digitslly using s USGS resistivity inversion 
cOllpllter prog raa based on the Dar Zarouk algorithll. 

The reaulta indicate s p r obsbly ssjor fresh "st e r 
Ghyben-He rz be rg lens benes t h the topographic high of the southe rn 
portion of Sandy POint snd extending alo ng che no rt hwe s tern 
t osstsl ridge beyond the northe r n lisit o f the a tud y sres . 
Msxieu ll thic kn ess of this l ens ranges froll approxillste ly 40 to 
100 feet . A lesser fresh " ater lobe ext ends slong the aou thern 
part of the southeaste rn cossts l ridge . M.ost of the in teri or snd 
no r thesste r n portions of Sa ndy Point sppesr to ls c k f r esh 
g r ou ndwater. Possible pe r ched " ster ta bles are indicsted by 
ir r egulsritiea in saoy of t be electrical souoding tu rv es in the 
periphersl hills of Ssndy Poi nt. 

Intr od uction 

The fr esh g r o und " ster .ystes of Sao Sal va dor is no t ve r y 

"ell kno"n. Of specific interest sre ths fresh "s te r resou r c e s 

1n tile Ssndy Point a r es in vie" o f their i llp o rt'sn c e t o th e 

poten t tsl development o f Colull bus Lsndings S ubdiVi sio n . A 

prev ious engin eer i ng s urvey. uaing chellits l snd elect rical 

conduc tivity a eaaureeents in tea t "ell a (Greens snd Associst es , 

1972) . locsted ooly lisited f r esh wst e r re sou r c es i n t he oorthero 

psrt of the ioterior Sandy Po int region. No test wells were 

drilled in the periphe r sl bills of Ss ndy Poin t . At ao.e lste r 

tise a substantis l freah wate r lens oea r the we st cosat , north of 
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Crot t o 8ay, vaa found and tapped by a production vel1 field. The 

purpose o f ou r sur vey waa to eati . ate the total e~tent of treah 

vater resoUf c ea thr oughou t a ll o f San dy Poin t us i ng t he 

electrical resistivity Qethod. 

Se n Sal. ad or is partic ul arly veIl auited fo r electrical 

because of ita re latively pu r e carbonate geology. 

Carbonstes s nd o ther c lea n rock a are essen tially electr i cal 

insulato r a . Suc h roc ka con duc t elec tri c i ty by virtue o f the 

con ductivity of thei r po re fluida. Hen ca the electrical 

reaiativity PR of asturated ca rb ona te r ocka ia a fu nction of 

their porosi ty ~ and pore .... t.r r esist iYity PW ' According t o 

the basic Ar ch ie rel.ti onah ip 

'R 

Potable ... ate r, •• defined by <h' World He a lth 

Or gsni zat ion , h.a s aSIiau a Ch l o r ide concen tra t ion o f 600 pp • . 

Th is co rr eaponda t o • total aalinity o f app r o~iaately 1000 ppa or 

80re , depending on the other iona present. In t hia Itu dy I t otal 

salinity of 1000 ppm va l tsken ss the upp e r Ilait f or potable 

... ster . 

At 2S C, accordillg t o No.ogrs. Cen-9 published by 

Sc hluaberger ( 1984), the ainlau. resistivity of fresh ... ater (1000 

ppm salinity) 18 16 . 4 fl- f t sn d that of sea va ter (35 , 000 ppa 

s a ll n1ty )is 0 . 6 fl '- ft . The correl pond in g (scco rd ing to the basiC 

Archie foraula ) rock r ea i s ti.lti as at different porosities a re 

shovn 1n Table 1. 
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Two facts are im~ediately clear : 

1. There is a tremendous res istivity contras t bet we en 

salt wa ter and f re sh water rock o f s imil ar porosity. 

2 . Low po rosity sea ~ater r oc k has similar resistivi ties 

a s high poroaity freah water r oc k. These t ~o 

poasibilities cannot be dist i nguished by resisti vi ty 

slone. 

Mo st rock formations on Ssn Ss l vador a re characterized by 

high porosities 1n th e r8nge of 10-30% (e . g . Titua , 1980). In 

thi s range th ere is not resisiti vi ty o ver la p. If the a verage 

porosi ty of the aqu i fers involv ed is somewha t l e ss thsn 25% , then 

the ave r age reSistivity of a salt water squ i fer on San Sa lvador 

is o n the order of lOO-ft , and that of fresh water 8quif e r is 300 

O-f t o r greater . These srbitrary resist i vity va lues ~e r e used in 

this surve, to delineate fresh water 8quife r a on Sand, Point . 

TABLE I 

Roc k Resistivities at 25°C 

Porosity '%l Sea Water Limestone (O_ft) Fresh Water Limestone (O-ft) 

J 670 l SOOO 

5 240 6600 

10 60 1640 

20 15 ",0 

25 10 260 

JO 7 lao 
The va lues for fres h wa ter limestone are minimum values . 
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Figure 
Po i nt. 

1 : Station locRtion !liSp on 
Daslled lines indicate 

roads. Dotted linea represent the 
contour. WaH 1s Watl1nga Blue Hole . 
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On oceanic talanda auch aa San S.lw.do~ , the f~e.h g~ o und 

~a te~ lens g e n e ~ally floats on sea wate~ s.tu ~ a t ed ~oc k a In 

accordance with the Ghyb en-He rzbe r g rela t i onahip, such that the 

ratto of water table el ewatto n to freah wat er lena tht ckneaa Is 

appro~i.stely 1;40. In casea of a subatan tia l saline transttion 

:tone at the bot to.. of the fresh wat er lens, this ratio .. ay 

approach 1;20 (Bugg and Lloyd, 1976 ) , As a result, accu r ate 

aapping of a fresh ground water lens can be acco. pH .hed by 

de teraining the depth of th e fre.h water-sal t wat e r interface. 

This is readily accomplished wit h the electrical realsttwity 

. ethod in view of the large , unatstaka bl e r ea l atiwity cont r a.t 

hetveen freah ... ater and aa lt .... te r saturated roc ka. 

Proced urea 

Our stu dy 

con figuration ~ it h 

utili :t ed th e Sch l uaberge r e l ect r od e 

a So ilteat 1-60 reslatiwity appara t ua. 

Elec tr icel sounding curl'e. v ere c onstructed bssed on cu rrent 

el ec t rode hslf .pacing. (L) rsnging froa 5 to 500 feet with 6 

pointa per decade . Sou nding cur"e inve r a i on ... a. accoapliahed 

... ith the USGS coaputer progra. INVER.SE which utUi :ted a aodtHed 

Ds r Za rou k algo r i t ha (Zohdy , 1975) . So .. e aodel par •• eters , such 

s. nuaber of l a yers expec ted s nd re.i.ti vity of th e 10~eat lay e r 

( 10 O-f t) , ... ere .pecified a priori. 

Tvenly-e ight field aUtio ns established " 
con venient a ite a along road aides throughout the on e .quare aile 

study area ( Fig. I). The fi el d aur vey ... a s conducted during a t ~o 

... eek pe r iod in Deceabe r 1982/Jsnuary 1983. Sta tion elewatto na 
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.... ere e_ti_ated baaed on the topographi<:: _liP of San SalYlldo r 

(Sh e et 1) puhliabed in 1972 b y tb e Babllma$ Gover nment. M a x im u~ 

II tation eleYllt i on error i s e s t 1 1111 ted to be + 5 feet . 

Results ~ Int erpretation 

Ttle resulting 28 ao un d ing c urv es are abo lln i n Fig. 2, snd 

<h' corres ponding r esia t ivity layer _odele i n Fig. 3. , 
GtI,ben-Herzbe rg fra_tI lIat er len. lI ith o r .... tthou t II brackis tl 

transi ti on zone ia inditate d at all e~cept stations 7 (b ea ch) , 20 

(inte r io r basin) . 22 (in teri o r basin) , 23 (in teri o r bllsin). 24 

(coastal lo .... la nd) . 25 (bellch) . 36 (ridge near Wlltling ' s Caatle) . 

and 27 (interior b_a1o) . Elevated zones of anollaloual, 10 .... 

res isti vit y . poaaibly i ndicating pe r cbed .... at er t llble. atop 

psleosols , sre aeen at stationa 2 . 3 . 4 . 5 . 6 . 10. II , 13, 14. 

IS, 16 . 21 , and 26 . Alte rnately. a Olle oC th e se zonea _ay 

repreaent lIa rl 0' clay bear in g layers , 0' do .... n .... a rd lIig r ating r llin 

.... ater afte r heavy do .... npou ra. Unu s u a lly high resill thity layers 

beloll aasle vel "' Its ions 5 , 6 , 8 , 16 , 20, 22 , 23 , 27 , 28 "d 

IIboye ... level " atations 6 , 10 , ud " .. , b. ca used b, zone8 

of 10" por o lit, (.ic r ite?) "d b, d " cave ho r izo n s , 

respec tively. Wet c av e ho ri zonl belo .... a ea level s houl d re p resen t 

l ayer l of unusually 10 .... resistivity . Such l a,ers . s y be pre _ent 

beneath atations 1 . 20, 22 . 23 , 24 , 25 . 21 , and 28 . Alte r natel" 

ttle anolllliously 10.... r ell istivi tr of 3 Q-f t at the beac h IItations 

(1 ,25 ) lIay be due t o e~c ept ionsll, h igtl hea ctl sand porosity (o ver 

40%) . tligtle r bea ch teaperatu r ea, c urren t deflection by the ocean , 

or II co.bina t ion of thaaa facto r s . 
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TABLE 2 

Oyben-Herzberg Lens Parameters 

Lens Bottom Water Table Len. 
Stat10n Elevat10n (ft . ) Depth (ft.) Elevat10n (ft.) Th1ckness ( ft. ) 

1 25 -21 T 1.1 22 
2 25 -31 0 .9 " 3 J9 -13 T 0.1 14 • J5 -ill T 0.1 15 
5 20 _61 1.6 63 
6 65 -11 1.' 13 
1 , - , 16 _2~ T 1.3 25 0 

" 9 " -311 T 1.' J6 
10 J5 -30 0.' 31 
11 J5 -117 T 2.5 '9 
12 J5 -13 1.9 15 
13 20 -33 T 1.1 J5 
14 '5 _116 T 2.' "' 15 6J -38 T 2.0 "' 16 20 -18 T 0.9 19 
11 , 6 0 .2 6 
18 , 

- 1 o .• 1 
19 20 
20 , 
21 '" -95 2.' 91 
22 5 
2J 5 

'" 5 
25 0 
26 15 
27 5 "2' 15 -18 T 0.9 19 

Note: T ind1cates brak1sh trans1tion zone 



",ssu.ing thst the trsnll1tion fro. 300 [I-ft to 10 {I- ft 

belo~ sea level represente the botto. of s GhJben-Her~ber, freah 

~ster lens, then the top of that lens .ust be sbove aealeyel at 

an eleutlon of approd.atel, 1/39 of the ten" bo\.l". del'tll (Olr 

t /19 

l ens 

freall 

if s transition zone is present) . 

psra .. ete r a are listed 1n Table 

water isopach !asp is shown in 

Tile resultin8 fresll ~ster 

2, and the corresponding 

Fig. I.. In vi!! .. of the 

unc.ertsint, 1n ststion !!levation, t he r!!sultin8 vslues sre 

une ertain by at least + 5 feet. 

Fig. 5 aho~s selected profiles of the inferred sround 

~ste r lens on Sandy Point. In this fi8ure , la,ers ~ith 

resistivitiea sbo ve 300 O-ft but belo~ that of nel811borin8 lsyers 

a r e ahad!!d blsck snd .. a1 represent fresh .. ater , including 

possible pe r ched ~ater tables . Layers ~1th re s istivities bet~een 

100 .nd )00 O-ft are stippled snd .. s, represent brsc.ki.h ~ster, 

and l'yera belo~ seslevel ~ith unususll, lIigll resisti,iti!!s sre 

deai8nated 

SE Side , 

b, the letter H. Regions" b, c, and d represent the 

S point , NW side snd interior of Ssndy POint, 

respettivel,. 

Conclusions 

Tllere appeSfS to be s lIIajor fresh .. ater lens ~ith .s~1!1u" 

thi c kness of nesrl, 100 feet beneatll th e southern hills of Sandy 

Poi n t . This lens extends north~srd slon8 the "estern ridge 

be10nd the sUfve1 sres .. ith sn sppro:l!.ste . s:llaua tllickness of 

40-50 feet. A leaaa r fre.h ~ater lobe !!xtend. beneatll the 

eastern rid8e of Sand, Point to the vicinit1 of atatlon 1 . 
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Figure 4: Fresh water Lens isopach ssp . 
NIIsbers indicste lana thicknesa in feet . 
Contour inte n d 10 feet. B denotes 
brackiah water Lens. WBH 1s Watling ' s 
Blue Hole. 
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Figure 5 : Select e d pro f tIes of ground vater lena on Sandy Point. 
Discussion in te~t . 

110 

H 



Beyond atation I, the 

preau.ably disrupted by 

Blue Hole. 

lens is brackiah or totally abaent; 

tidal puaping saaociated vith Vatling'a 

aa al r eady deterained by Creene snd 

Associstea ( 1972) , no significsn t fresh vste r reserves occur in 

the interior 

indicsted st 

of Ssndy Poi n t . 

ststions 17 snd 

The thin fresh vsts r lsyer 

18 , if r eal , 8S y be a sessonsl 

phenosenon , cortsidering thst our survey vas conducted j uat afte r 

the rsin y season. 

The vestern extenaion of the f r esh vster le ns north of 

Crotto 8sy is confiraed by the existing well field. Kadel lens 

resisthity vslues in this sres are 390 snd 460 (l-ft (ststions 19 

and 13). A veil drilled st s hoae site next to .tstion 26 

encountered only brackish water . Our survey results show s 

co rresponding resisti vity value of 180 O-ft . Evidently , t he 

c hoi ce of 300 O.-ft or grester for the resistivity of fresh wste r 

aqui fers on Ssn Salvador is a ressonsble one . 
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