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Description and Monitoring of the Saltwater-Freshwater 
Transition Zone in Aquifers along the West-Central 
Coast of Florida 
By J.T. Trornmer 

Abstract boreholes open to a single flow zone that is above 

A zone of brackish ground water forms the 
transition zone between saltwater and freshwster 
in the aquifer systems underlying the west-central 
coast of Florida. Continuing stress on and 
dccl~nlnp heads in the freshwater aquifers hare 
mcreascd the ptentlal forthc landu ard movment 
(inmasion) or vertical movement (upconing) of 
saltwater. 

Water in the transition zone in the northern 
part of westcentral Florida reflects a simple 
mixing of freshwater and seawater. Water in the 
transition zone in the southern pan of the study 
area is more mineralized than water in the northern 
pan of the study area and probably reflects a 
longer residence time in the aquifers, an 
incomplete flushing of residual seawater, and 
dissolution of gypsum fmm deep evaporite beds. 
The zone extends inland about 5 miles fmm the 
coast in the nmlh and as far as the eastem 
boundary of the smdy area in the south. 

Regression analysts of chloride data riom 
ground water in 24 coastal wells indicate rising 
chlaide concentrations since I970 in water from 
14 wells. Waler from two wells had declining 
chloride concentrations and waterfmm eight wells 

Comparison of variaus sampling methods 
indicates that a single sampling method cannot be 
applicdto all wells that rue currently being used to 
monitor the Vansition zone. Monitoring wells in 
the tranriticn zone could be constructed 
specifically for that prpose. 7hey should have 

the saltwater-freshwater interface so that water 
quality in the flow zone is not tidally influenced. 
In prnprly constructed monitoring wells in the 
transition zone, samples should be collected only 
afterpurging the well suficiently to allow specific 
conductance. pH, and temperatun to stabilize. 

A network of 163 Vansition-zone 
monitoring wells was sampled during the study. 
Data from this network have been provided to the 
Southucst Ronda Water management Dasmct. 
and the nnuork has been tncludcd in thclr Coastal 
Ground-Water Quality Mon~tonnp Program The 
netuork uar ~n>ttall) sampled b) Southwe,t 
Flor~da Water Mansgsmcnt Dlstr~ct pCrs0~el  In 
March 1991. 

INTRODUCTION 

Cont$nusng ground-water wtlhdrauslr and 
below normal nlnhll have msulrcd mdccl1n8ng heads 
In q a f c r s  0" p.nr of vnl-ccrrpl Flonda The 
increau in population, panieuIsrIy incoastal arear,and 
the resulting incnased demand far mshwatcr has 
further svcsscd rhe gmund-watersystem, which wle 
in an increased potential far salnvater inuusionintothe 
freshwater aquifers. 

The sralrwntcr-freshwater interface (UQmgR 
line oftqusl chloride mnmmtion) in the Upper 
Floridan aquifer along rhe wcst-ccnml c o w  of Florida 
was described and mapped in 1979 by Cauwux and 
Fretwell (1982). Much of the data used in that study 
were at least I5 vem old. Also. tidal influence on 
wmqualoty was nu mndmd.and the actual dcph 
frum whocn tk wstcr ssmplr uas collected n the 
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passibility of multiple flow zcnes sometimes was sampling wells in the transition zone. Information 
unknown. The 1979 study concentrated on the Upper contained in this rcpon is based on data collected 
Floridan aquifer, however, water-producing zones during the study period (October 1986-September 
exist in the intermediatc aquifer system that overlies 1990): hinoriral data from the tiler of the USGS. the 
the U m r  Floridan aauifcr in Hillsborouzh. Manatee. SWFWMD. md the WCRWSA: and data from 
~ l n r &  DC ~ a o .  anb ~ h a r l o t v  ~~~~~~~i ~ h u c  pm\lousl) p~hllrhcd =puns Data eompdcd and 
zoncr m t h e  major sources of potable water in pansof anal)red in lhls mpon lncludr gromd.uatcr le\cl 
ucn.cenual Flonda and need to be monntond mcssuremmtr. pound uatoqualtt) anal)rrr 

Additions1 data fmm borehole-geophysical logs 
and flawmeter surveys. an well as water quality and 
drilling data. m now available to describe more 
seevratcly the vanritian zone ktween rsltwasr ad 
freshwater in aquifers along the coast of westsrntral 
Florida. Recognizing the need to describe and monitor 
the saltwatcr-freshwater transitian zone, a 5-year study 
of themsit ion zone was begun in Octobv 1986 by the 
U.S. Geological Survey (USGS). in cooperation with 
the Southw~st Florida Water Management Ihsaict 
(SWFWMDI and the Wen Cora Reeional Wuer 
., , 

sbout6.600 m82'~n wea.ccnval Flonda A d  ~ncludcr 
Otrur Ilmando. P m .  Plnllas. H~llrbnough. 
Manatec.Sarasara;and Lk SotoCounties, and the pans 

borehole- and swlaec-geophysical dam. aquifer 
propcnies, ljmologir dwuiplians, and rests d various 
sampling methods. 

The pound-water resources of westsentral 
Floridabvc bcen discussed in varvinednait in smeni  , - 
reponr published by the US. Geolog~~nl Sune). the 
Flonda Geolug>col Sune). and private oreenlrumnr. 
Stnngticld (l933a: 19331 discussed the geography. 
geology. and ground-water conditions in pans of 
southwes Florida md called anention to the prahlcm 
of raltwster contamination of freshwater aauifers. 

of Levy and Charlate Cwnlics that lic within the Veman (1951). in a rrpon on the gmlagy of Citrus and 
boundary of the S W D  (rig. I). Levy Counties, briefly discussed ground-water 

Furpow and Scope 

This repon presents a description of the 
sdtwatcr-freshwater transition zone and delincslcs the 
cuncnt(1987-90) portloon of the 250.mgh line of 
equal chlonde conecsratlan (Lhe rsltwata.frerhw~tcr 
interface. Caurrcaui and Frctucll. 19821 In the 
production zones of the intenmediate aquifer systcm 
and the Upper Floridan aquifer in carrlal wertsenvll 
Florida Well locations, wellcansmrtion data, md 
watcr-quslity data for 163 wdlr t h a  have bcen 
included in the transition-zone monitoring network 
d s o m  pcsm1ed.r~ weU as informationanthc elfsls 
that h d  fluctustion. well conrmtction. and samdins. 

conditions, including the pxsible occurrence of 
saltwater near the cwa. Pinellas County experienced 
a mlinity problem in the 192Vs when watcr+uaiity 
deeradation became si~niiicant (Heath and Smith. 
1&41. Chcrrj (1%6)&lddedthatsalmtt) prublcmr 
d ~ d  na lncreaw r8gntfirantly in Rnellas Count) 
k tuccn  1933-60 k a u x  pound-water wnthdra\rair 
had na inc-sed in the counry during that time. Peck 
(1958) enimatcd the extent of saltwaterm&nation 
in the Manatce Countv coasial mas.  Peek (1959). 
~mkeandolhen11%l~.and~u!chm~n(198?,mcd 
tncmnng wen& I" canrrnuiutonr of selected 
dissalvcd constitumts in the eoaglnl panr of Manatee 
and Hillsborough Counties. Wctterhsll(1964) noted 
that vcnical lwerinx of freshwater and raltwaar . - . - 

methods have an the mliabiliry of water-quality dw, occurs dong the can in Hemando and Pnrca 
 he aal,.,,ater.fnrhwatcr transition lane dong Counties. The lacationof the 250-mgR line of equal 

cmtlinc of welt.eentral mods was drfmcd chloride concentration was fmt delineated by 
~~~ ~~ 

identifying vends innneenuations ofchloride in Rcichmbaugh (1972) in P a x o  County and later by 
pound water a monitoring wells, by examining Mills and Rydcr (1977) for Civus and Hemando 
s e m d  and daily correlations &ween changes in Counties. Sutcliffe (1975) discussed the problems 
head ad changer in specific c n d u c t m c  of water of saltwater intrusion in the svrficirl and upper pan 
f m n  the intenkdiate aquifer system and the Upper of the intermediate aquifer systems in an appraisal of 
maridan aquifer, and by testingvarious methods for the geology and hydrology of Charlots County. 

2 mmmlon nd u m w n g  MItuLwaW.fmlmnDrTnnmum z m  1" iqumn .lonpV* W ~ s t . m m ~  cmst 01 florid. 
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Wilson (1977) repaned chloride concentrations in 
D. Solo and Hardce Counties wcre higher in the lower 
pan of the Upper Floridan aquifer Ihan in the upper 
pan. Causxnux and htwell(1982;  1983) mapped 
the lacation of lhc 2 5 0 - m a  line of eaual chloride 
c m e n v a t i m  and dircu&d chlaidc ;oncenmtions in 
the Floridan aquifer system along the coastal matgin 
of wesrsenwl Florida. Surface-geophysical studies 
(electrical resistivity and clcctmmagnetic) have been 
used to locate the rahwatcr-freohwalcr intcrfacc along 
the wcascara l  coast of Florida with varying degrrcs 
of success (Bidorl and Zohdv. 1979: Frerwcll and 
Stewan. 1981; Stewan and CiiY, 1986). 

The autha gratefully aeknowledgcr the 
assistance provided by the SWFWMD and WCRWSA 
personnel in conjunction with thir invcrtigation and 
Daniculadv the Drooenv owners who m i l l e d  access . . . ,  
tothc urllr uud forgcophyriual logpeng. uarcrgualit) 
rmpltng. and uaar-level mrarvnmmrr 

Methods of inveatigatlon 

A review of existing wells and water-quality 
datacollected within Ihc study m a  was conducted to 
determine the availability of wells to monitor the 
saltwater-freshwater -sition ronc and to determine 
w h m  additional data collection was needed. 
Hydmgeologic conditions throughaut the study area 
were evaluated using previously collected lithologic 
d r a ,  borehole-geophysical logs. and aquifer-Ien 
analyses. 

Water-level and apific-conductance recorden 
were installed in selected wells to continuously 
monitor changer in head and spcific condunsnec. 
SpccifiesmducLane~ and water-level dam wcre 
callened at five wells m evalusle seasonal and daily 
channcn. S~ccifkcanduclmcc and water- l~cl  data -~ - 7 ~ ~ ~  

also w m  collected m am sdd~umal wells to evaluate 
tidally influenced changes. Chsnger in specific 
mnductmcr wen used as an ,dicatw of changer in 
thc quality of wster in a well 

Analyses of water samples collecIcd fmm 
250uclls beween 1987 m d  1990wcre used to 
delrneatc the m r l t r m  zone dong muta l  wes t -cmd 
Flonda Sampled wells rnclvdcd d w n r .  publlc 
sunnlv uneatton montlm%. and vnvvd wells ..rr.,,- ~~ -.... ~~. ~~~ ~~~~ -. ~~~ ~ ~ 

Monitorrd wells and unused inisation and s u ~ ~ l v  ~~~~~~~~ ~ ~~~ 

wens without permancn~ly instaiied pumps w;mv 

sampled by using a ponable centrifugal puniD. Public- 
supply, domestic. and imgation welk with . 
permanently installed pumps were sampled as close to 
the wellhead as porsihle to preclude any porsihlc 
water-aualirv chan~cr  as a result ofchemical treatment. 
~ o n i t d r e d  ;ells trat had a dmppipe or an airlzft 
system were sampled using a centrifugal pump or a 
small air compressa. Whenever possible, wells were 
purgedunlilKmpe~ty~r.pH, andspccificcondunancc 
smbilizd (Wood, 1976. p. 4). 

Water samples were analyzed a a USGS 
Labwuary for chemical and physical p ropn ia .  
including temperature, pH. specific canduaance, 
chloride. sulfa*, and aher  major ions. Trends were 
delumined by simple linear regression analysis of 
~Noridcsoncenmtion data for selected wells with 5 to 
20 ) c u r  of dam Of the 250 ucllr rampled. 163 we* 
~ncluded in a proposed monttonng net*ork that was 
prnttdcd to the SWFWMD for nmplcmcnlal~on lnlu a 
permanent ~ r i t i o n - z o n e  monitoring network. 
Wntaqudity data for the proposed monitoring wells 
am prcvnted in the appendix. 

Water-oualitv r m ~ l i n n  methods were evaluated . , . .  
at thrcr uellr m ddlrrcn hydrapeologtc vrltngr by 
empanng the nnalyilcnl nrulls of samplcr rollccted 
urlng each method Cantlnvaur munltonng of 
rpccific-eonductance and periodic borehole 
gcaphyricsl logging were uwd to identify changer in 
rpscific conductance that accurred in the gmund water 
in each well during the testing of the sampling 
methods. 

The hydmgcalogie system in wen-central 
Florida consists of clastic deposits of sand, silt, and 
clay underlain by thick sequences of carbonate rock 
that f m  the svrfieial aquifer system, the intermediate 
aquifer ryuan or intcrmsdiate confining unit, and the 
Florida, aquifer syrtem (fig. 2). ?he sbstigraphic 
nomenclature used in thir repon is that of the Florida 
Geological Survey. 

The wrficial aquifer system generally is 
composed of udiffmntistcd Holocene and 
PleirUlcene lee d t m s  consinin% of sand and - - 
clayey sand. 7his aquifer system Ulins toward the 
nath, t a w e n  and Hillsbornugh m d  nonhem 
h m  Cwntiu. The thickwss of the surflcial aquifv 
system in thir pan of the study area ranger hetwccn 
I and 35 h a n d  acts as n single hydrologic unit. 
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%el. r.lllsr 
I.. ul,, 

nonh of Pawo Cwnty. Thc surficial aquifer system 
thickens swth of Hillrbamugh County (figs. 1 md 3) 
and may contain lenses of shell. shelly marl, or 
intcrmircdrtrinecnof limcwone. The s u m i d  xluifer - 
syrlcm in thta pan of lm study a m  can be ar much pr 

1W It lh~ck and ace is a mullil.yertd r y a m  
(Walanskr. 1983.p 9,. Dcplhtothe watntablc is 510 
10 h beloi  land surf= lhmunhout most of the rmdv " 
am; however. Ihe water table can be mm than 35 R 
b l o w  land sur f re  inwmesand-ridge am*. I l s h a r ~  
la the suficial squifer system is llrnost mtinlv from 
pccipimlion. &rorulflucaation of the war& mblc 
varier within a 5-R n n p ;  its lowest lwcl is in ihe 
rpning and u its highest level is in the fall 

Hydnvlic popatier of the n u m i d  aquifer 
r y s m  vuy  rmrding to the lithology md thickness of 
the p.Mued &Pnits. Transmisivitv is satimusd to 

Warn in ihc svrficid aquifer s y a m  gaerally is 
o f m p u b k q u s l i t y l a p a r b i c u y c x e e p ~ m c c ~  
md nbng tidally affected river emwics suram, md 
d. b r e  of Ihe pnsntid fapol lur ia  and 
~cnrPllylau~l&thisaquifersystaniau~cdprimarily 
f a l a w  ~ o n a n d l i ~ ~ ~ t 0 ~ k w 8 1 c r i n g .  It is. however. 
amajar saundpuabk warer in pans of Slranola and 
C h a r l o l t e C ~ e s w h m ~ a q u i f m s y s ~  untain 
saltwater. T k  suficial a q u l f e r s ~  pmvides some 
x h q c  to the undalyhg aquifer m. 
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0 20 K l O Y T E R S  - EXPLANATION 
i 
E WELL LOCATON AND REFERENCE MUBE. 

I 
nourn 3. Oensnt8zd hydmpeologic section A-A in wesf~cenlrat Flrxlds. (Location of section is rhwn in fig. 1) 

The svrficial and Floridan aquifer systems are syrtcm in the wruthwcrtern pan of the study area. 
separated by dcpritr ofclay, silt, and randy calesrrour panicularly along the coast in Sarssota and Charlotte 
clay of Pleinaecne. Pliaeene. and Miaecne age. Thew Counties (Ducn and othcrs. 1988, p. 19). In parts of 
deposits are thin and dironlinuous nonh of Pawo Manatee. De SMo. Sarasota, and Charlotte Cwntier. 
County: however, between Parco County and all or pan of the Arcsdia Formation of Miocmc age 
Hillrborough County, they thicken and form the (formerly the Tampa Limenone: renamed by Scott. 
intmediruc eonfinins unit (Southeastem Gcoiwical 1988) is hvdraulicsllv connected to the Pcxc River " .  
Societv. 1986). Thew &omits mtinuc to thicGn to ~ o k s t i a a n d  is inciuded in the intermediate aauifer 
the m t h  (fig 3) and ronlaln &rontlnuovr u a t o  system The Arcadla Formu~on ~n the nMhcrn of 
beanng z m r  composed of rand. grsvcl. shell. the stud) am s mdudcd m the Flondan nqutfn 
limestone. and dolomite. system. 

All water-bearing ma and semiconfming The intmcdiatc aquifer system ranger from 
materials that lie between the surficisl aquifer system less than I W fi thick in c m m l  Hillsborough County to 
and the Floridan aquifer system in !his pan ofthe nudy more than 8W fl thick in Charlotte County (Ducn and 
ares are known collectively as the intmndiate aquifer Mhers. 1988, p. 9). Tnnsmissivity of the intennediruc 
system (Ducn and Mhns. 1988. p. 5). The aquifer system is cnimatedtorange from less than 200 
intermediate aquifer system contains. single aquifcr st to mow than 13,W ft21d (Duen and others. 1988. 
its northern and eastern limits. but is n multilayered P- 21 ). 
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The altitude of the potentiometric surface of The eeneral direction of mound-warn flow - 
the intermediate aouifcr svstcm ranees from about within the intermediate aauifer ~vr tcm is west toward ~ ~~ ,~ ~ ~,.~. ~~ ..~ 
110 ft abotc sealc\cl m routhrarlnlltllrboroughand the coarl 7he ducctlon of  flow m southern 
"onheartem Manatee Count~cr to lcrr than 10 flabovc H~llsbomvgh and nonhem Manatee Counlne.. 
sea level near the coast, except for an area in  routhem 
Hillsborough County. Avenge heads in thc 
intermediate aquifer system were 9 ft higher in 
September 1989 (Knahcnmus and Bm. 1990a) than 
in May 1989 (Barr. 1989a). The pa les t  fluctuation 
occurred in  routhem Hillsborough County where dry 
wason (May) pumpage for agricultural irrigttian war 
heavy. Heads in this area fluctuated fmm m m  than 
20 ft below sea level in May 1989 la  about 20 ft above 
sea level in September 1989 (fig. 4). 

MAY 1909 

"'"...DO 

however, war reversed in 1989during thedry waronas 
aresult of increased pmnd-watcrwithdmwalr and the 
subsequent lowcring of the pmentirmetric surface. 
me pnentisl for saltwater encroachment into the 
aquifer from Tampa Bay and the Gulf of  Mexico is 
enhand under thew conditions. 

The intermediate aquifer system is an imponant 
source of water when water in he underlying Upper 
Flaidan aquifer is too salty for paable use. especially 
in Charlone and SsraJMa Counties. The inlermcdi&tc 

EXPLANATION 

. I  POTENTIOLNTRIC SURFACE CONTOUR-. snows utltud. 01 pot.ntam.tm nurtac. 
of IM ln1.1m.dlmI. .wit.l I R I . ~ .  CO~IOW 1nt.rv.l vmr1.M.. Datum Is I.. 1n.l - FLOW PATH.. Anow hldlC.1.. lM dlr.cttm of pr0und.w.t.r tbw 

--------- APPROXNATE BOUNMRV OF TW INTEIIYEDI&TE AOUlFEll SYSTEM 

Flgun 1. Paten60memc sudace 01 t h  intwmdae aqquibr system and ha d l r h  ol gmund-water ma in tk st* ares. 
May am SBplsmber 1989. ( M o d ' M  lrcm Ban, Isms, and Knachomusand Ban. 1990a.l 
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aauifer svstem also is used as a source of water for 
.nlpaLwn in Dc Solo. M a ~ u k c  and i l~ l l~wruugh  
Cavnt~cr uherc hundreds oflrngatlon ucllr areopcn to 
thc~ntcrmcdtatr aquifer ryrtem andthc Uwr Flondan 
aquifcr. 

The Floridan aquifer system is a vertically 
persiaent sequence of Tertiary-age carbonatc mcks of 
generally high permability that are hydraulically 
connected in varying degrees and whose permeability 
is several orders of magnitude greater than ihu of the 
rocks that b n d  the aquifer above and below (Millcr. 
1986. p. 45). The system consins of thc Upper 
Floridan aquifer, the middle confining unit. the Lawer 
Floridan aquifer. and the rub-Floridan confining unit 
(fig. 2). ThcLowcr noridan aquifer pncrally contains 
saltwmcrthmughout the study area and is not uwdar a 
rourec of supply. With the exception of some coastal 
arear and arear in Charloite and southwestern Saraaota 
Cwnties. the Upper Floridan aquifer is thc major 
sovrce of potable water throughout west-central 
Florida. The Upper Floridan aquifer thickens from 
north to routh. ranging from about MX) it thick in Levy 
County to 1 . W  ft thick in Sarasola and Charlotte 
Counties (Miller. 1986. Pi. 28). 

Hydrogeologic conditions in the Uppn Floridan 
aquifer in ihc nonhcm pan of the study ares att 
considerably different than mnditiona in the southem 
pan. Confining units am thin a discontinvwr in the 
m h c m  pan, allowing rapid recharge to the underlying 
limestone. As a result. vcondaw wraritv dong ,. , ~ ~ V  

bedding planes or fractures in the limcstonc are highly 
developed, pnicularly msr the many springs tha 
discharge dong the coast. Hydraulic conductivity is 
much h i g h  in solution-widmed cbnnelr than in other 
pans of ihc aquifer, resulting in a wide range in 
Vanrmisrivity within the aquifer. Tnsmissivity of @ 
U w r  Floridan aquifer in the &rn pan of 1he wdy 
arra is a t i m w d  lo range from 20,MO @/d in Levy 
C o u n ~  to m n e  than 8WaW @/d nea the Hc& 
~otrus'cwnty ltnc (Ryder. 1985. pl 1) Ln thc louthem 

of LhC sNdy ma, thc thtrker, mmconunuous 
n s m  of confinvlg units retards the development of 
large solutim channcln in limestone: ronsequcntly. 
variation in oanunissivity them is n u  as grul and 
rangcofmm20MMtoMO,MOf?1d (Ryder, 1985.pl.l). 

The ahimde ofthe potmtiometric surfwe of the 
Upper Floridan aquifer ranged from about LOO ft 
above sea level during Sentember 1989 in the cast- 

- 7  

central pan of the rlud) area to more than 20 fl 
klow sea level durong Uay 1989 in Manarcc and 

southern Hillsborough Counties (fig. 5) .  Head in the 
Upper Floridan aquifer also fluctuates rraronally. 
Fluctuatio.ls inthenorthem panaf the study area were 
only a b t  I ft between May and September 1989. 
whereas fluctuations averaged a b u t  20 ft 
(Knochcnmur and Ban. 1 W b )  in the swthem part of 
thc study m. 

Dimtion of pound-wale flow in Lhe Uppn 
Floridan aquifer in lhe study aru is generally westward 
toward lhe coau and T a p  Bay. A rtversal of the 
gradient in Manatee and rwthemHillsbomghCounties 
during@ dry seam aramul t  of inncascdagricultural 
irrigation. b o w e r ,  w i t s  in m e  gmund water 
flowing h.om the emst toward the depmsnion created in 
thcpocentiomnic surface then (fig. 5). The deprwion 
intheDolcntianetricsurfacc in Mav 1989 wasmomthan 
20 R belau wa let el Such dep~~stms ran result in 
lalcral kntrurtun n bcncal upconme of saltuatcr 

SALTWATER-FRESHWATER TRANSITION 
ZONE 

The density diffcrcncc between saltwater and 
fmshwstvin a coastal souifcr causer a wed.= of denrc = 
saltuucr ta exlend landward and undcrl~c lcrr dcnw 
freshwater The ~nterfaec betueen saltuatcr and 
frcrhuatn am d)namtc eqdkltbnurn &nd maws m 
response to ocean tides and variations in aquifer 
recharge or discharge. 

Cwner and others l1964.o. I )  slated that the 
reclpmatone manan of the ralwucr bont that mulls 
f m  ttdal fluctvatlon and fluctusllon in water lcvclr 
caused by rannuon in recharge and drrhargc can 
create a zone of miring. commonly refemd to as the 
transition wnc. They Jro discussed that, whcnever a 
hasition m e  exists, the s a h a t c r  is not aauc, ba 
flows prpcNally in acyclc from the sea floor. intothc 
transition m. and back to the m. .Ihis i h e o ~  is 
Puppaned by field evidence and solute-transport 
modeling simulaior. (Mahan. 1989. p. 25). This 
r c p ~ n  considers the seaward extent of the transition 
wnc to be where all ground wale ins vcnicd section 
of the aquifnmntninr a chloride concentration of 
19,MO m&or m a ,  which is approximately equal to 
that of seawater. Tklandward extent of the transition 
zane is considered to be w h m  d l  gmund warn in a 
venical sstion of the aquifer conlains chloride 
con~cnrrationa of 25 m a o r  less (Hickey. 1981. 
p. 24). 
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EXPLANATION 

- I. - POTCNTlOMETRlC SUIFACE CONTOUR- IIMlx. mltltud. 01 lh. pol.nllom.IrI0 Sur1.s. 
ol the YPP.~ F1orW.n .puIl.r. Contou hl.rv.1 v.rl.bb. Dmum I. ma. hr.1 - FLOW PATH-- Arrow Indb.1.. the mr.sllon 01 wound-w.1.r lla 

FQun 6. Pnentlomelrlc wdass 01 th. U m r  mMsn .qulhr ad fh. dlnnlon d pmund-vatsr now In he study area, May 
and Ssptember 1989 ( M d M  Km Ban. 1989b. and Knahrmm and Bur. l9gW.) 

LPndwardmovcmnt of rallwatercanaecurinan Conf igumlon of the Tmnsll ion Zone 
aquifer when the buhwam h e 4  m a m  the cm.1 is 
l a v s d .  Lon~-Lermmlad-w~mwimdnw&homthc l l i s  sedan delinufcr thc landward c r m l  of - - -  - --- to' ~rpc c~artpl q m p s  un ~avn the M w u e r  M. 
thereby vlausmg the povnual fa d m  rnmum 
The rue and extent of lud slhwter mmrum ur 
&emu& by the hydnulx chuacwrun of the 

head). lnclused withdraw& hrm a" a q u i f u l h  w 

thc dIwua--frrshwuv transition unc and the 
position of IlIe U O m g h l i i  of equal chloride 
c a r a m r i m  in tbcpoduction m r  of Ik 
inmmediue aauifa rvann a d  the U m r  n o r i b  
wui te~bcmeA 19m.A IW me G m g n  ]in; or 
equal Fhlaidc cancamtion her been refed to as I ~ C  

dNIUa-frtdhmtuinlaface in anpon by Caus~aux 
andRctwcll(1982) andisdelincaud hae bceausc250 

-use d w m e r  toslla a fmhwatmquifa by vmicd is the drinking wam sundnrd ncommmded by 
inrmuars a upconin& fmm thc dqa k d i n g  edge of lhe %dl Depvmrn of Envimmtal Regulaum 
thcdwamwdse  a fmn1ower fmt io~Lhmmipht  (1985). Romvt im unsr in tbc intermedime savifer 
mrain rcaidual a+.~atm. upe~aing O I S O ~ U ~  s y s ~ m  .nd uu uppr n o r i b  quim W ~ C  &~ted 
highly m i d i z e d  w u a  cmuining c W a l  using &Uds canpktim rrpoRs md borehok 
cons ti^ disrolved fmn wrpaite &psi*i 10 m e  gsopbyrical log lo determine fhc avwagc depths of 
into ovalying frrshwmer aquifas. wells in  an ucl. 
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'Ex msition m in the intermediate aquifer chlaide eonmnmioninbic inlennaliate aquifer system 
system extends about 5 mi inland hwn thc wsst in wen. gwrnlly pvallels thecaanhw, HillsbaraughCwntylo 
ccnwl H i l l h g h  County. Tk unx widens to the h c h  Sans~a Gunty and then rums sourheanward 
south and exlads snoss Sacasm, De Soto, snd Uvwgh(aulMlc County and nonhearrward thrmgh the 

26O.UILLIORAU-PER-LITER rPis;d'l - CONCENTRATION UNC Df E W A L  CHLORIDE 
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The transition zone and the 250-mPR line of " 
equal chlonde ronccnrral,on in lhc Uppr Flondan 
aqunfu exrend onl) a feu mtks )"land ifom thc coal1 
m the nonhcm pm of the sludy area (fig 7), except in 
the vicinity of mapr discharge ares such as the &s 
Florida Barge Canal in n&m Citrus County and the 
springs at Cysral River and Hmnosasra Springs, 

Chassahowitrka Springs, and Weeki Wachee Springs 
in southem Cirrus and central Hemmdo Counties 
(fig. 8). Thc msi t ion  zone cxlenda rmsr all of 
Pinellas Counly and extends less than lOmi inland 
han the  cow lhmugh Hillsbornugh County. 'herone 
widens m r h  of Hillsbornugh County and exmds  
throughout mosl of S m m I O  andDc SaloCoumics and 
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all of Charloltc County. The 250-mgR line of equal Watcrwilhachlorideconcenlraliw o f 2 5 O m ~  
chloride concentration in the Upper Floridan aquifer or less occurs in the intcrmcdiate aquifer ryrlcm near 
generally mns parallel to the coast in Pinellas. L c  coan from Hillsbornugh County lo southern 
Hillsborough. Manatee, and moal olSmsotaCounties Sararota Cwnty and in the Uppcr Floridan aquifc 
and then turns eastward thmugh ooulhcm Smsota and frnm Levy County towruthern Sarasota County (figs. 6 
Dc Solo Counties (fig. 7). and 7). m e  wne of water in thc intermediate aquifer 

EXPLANATION . 

LINE OF SECTION-- 

"1111 
B - 8 '  shown in tbu. s w 10 

. TEST SITE AND NAME 

. MAJOR AOUFER 019- 
CHAROE POWT 



system that contains less than ZSOmgL of chloride Rwulaofchcmical analyscsoff~rhua~criothe 
extends into central Charlotte Countv. Their are Uowr Floridan aouifer in the nonhcm o m  ofthe rtudv . . 
vlnuall) nu areas I" Charlullc County where ihr area nndbcalc ihc water is prcdorn~nan!l) s ralchum 
conccara1,on of chlondc in wslcr m the llppcr btcarbonau t ) p  t h a  har etolved b* dlrw utwn of lhc 
Flondan aqullrr a lcnlhan 250 m a  (fig 6 and 7, aqulfcr b) ground-ualcr recharge T h r  la* 
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area. ( M d i M  lmm Causaaaux and Frrrhsll. 1983. L i m  of &on$ are shmn in fKI. 8.) 
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concentration of chloride in the water indicates that the 
aquifcr has been flushed of residual seawater. Water 
quality within the transition zone in this area. therefore. 
nflece a mixture ofseawaer and freshwater. 
S~ccific-conductanec and chloride-conrrntrarion 
valuer in gmund water arc usually higher toward the 
coast and increase with depth wherethe rsltwatcr 
wedge underlies freshwatcr. The locations of rcctionr 
where the svatificsrim of chloride coneenwrion were 
examined me shown on figure 8. Chloride 
concentrations in watcr along rlcctcd Scclionr of the 
nonhcm coastal margin shown an figure9dcmonrtrate 
thir point. 

Freshwater in the inremediate aquifer ryrtcm 
and in  the Upper Floridan aquifer in the southern pan 
of the study area generally is a calcium msgncsium 
sulfate r y p  (StcinkampL 1982). which indicates that 
thir water harevolved fmm the dissolution of dolomite 
md  cvDrum bv recharst watcr. Gmund-water in -, . 
dlrchargr arcar neat the roast gradcr to a rod~um 
chlondc r )p .  uh1r.h could be the result of ~ncomptctc 
flushing of residual wawatn fmm the aquifer 
(Stcinkampt 1982. p. I )  or localized naltwatcr 
intrusion. Concentrations of chloride in ground water 
in section H-H'lhmugh central SammaCavnty 
generally are less than 250 m a  in both aquifers 
(fig. 10). Rcrvlu of waterquality snalyrir (appndix. 
wclir 31-41> indicate chr soecificsondunsncc values 
and sulfate conrcnlrat!onr m g r  belucen 1.110 and 
3.100 rS/rm and 3% and 750 m a .  rerpnlrcly. 
porr8bly the rcrult of upeon~ng of sulfatc~nnched 
water rather than seawater intrusion into the aquifers 

Water-Cluallty Chanoes In Response to Head 
Fluctuatlonr 

The patentiomeuic svrfxcr of the intmnedintc 
aquifcrsystemandtheU~rnoridan aquifer fluctuate 
in r e s m r  to waronsl ehan~cs in mhprcc m d  
d ischk .  The poten& surfaces aim flmuare 
daily in  coastal m, possibly as a result of wcsn tide 
cycler. Thcr  fluctuations in  watcr levels may be 
nlated to changes i n  the qualily of the water in the 
aquifers. 

Monitoring wells were used to emla te  the 
c h m p  in head and sgsific condunancc resulting 
from rnsonal and tidal fluctuations. Wells open to 
different hydmgmlogie scnings were equipped with 
continuous water-level and specifie~onduclance 

recorders. Five monitoring wells with continuous 
record that cxlended through at least one wet and one 
dcy Kason WR selected to dcrcminc if seasonal snd 
daily (tidal) changer in heads eanerponded to changer 
in specific conductance. Tidal walcr-lcvel and related 
rpecific-conductance data were collected at six 
additional coastal wells. 

The nonhcrnmost monitoring well in the rtudy 
area that has continuous seasonal and tidal watcr-level 
data and specifie~onductance data is the TR 19-2 well 
in Hemando County. This well is pan of the 
SWFWMD Regional Obrervadon and Monitor-well 
Program (ROMP) (fig. 1). At this well rite. the 
limestone that forms the Upper Floridan aquifcr is 
overlain by 5 ft of sand. The surface of the Upp r  
Floridan aauifcr is unconfined because the rurfieial 
aqulfcr ryrtcm or lntcrvcnlng confinme unjtr do not 
crtrt here The well 1,302 n dcrp ha5 277 nofcarsng 
andirnprntoa25-ft~ntcnal Thcvr l l  trabuut0 5 rnl 
from a saltwater channel. 

Daily fluauation pattcmr of the potentiomelric 
surface in thir Upper Floridan aquifer well indzeate the 
well i s  tidally affected. Hcadr flucruacd as much ar 
2 ft during tidal cycler in May 1989. Corresponding 
daily specific-conducence data indicated similar 
fluctuations (fig. I I )  that seem loherelated tothe daily 
water-level fluctuations. The greatest changes in 
specific eonductancc occurred when water-lcrrl 
amplitudes wen the greatest. Specific-conductanec 
valucsmged fmm l c s  than 6.OM) to mon than 
17.W pS/cm. 

Wata-levcl and rpcifir-conducmcc data 
collected at wcll TR 19-2 during 1989 indicate that 
water levels remained fairly constant in the well. 
varying qnly about 2 ft during the yur(6g. 12). 
Specific conductance, howcver.varied greatly, ranging 
fmm about 31300 to more than 18.WO uS/em. The 
hsghen % s l u r  n c u m d  in May and lbnc and aealn in 
November 1989 and ma) br relaled toreduced 
recharge from local rainfall orincrelwdpumping fmm 
upgrsdicnt wells for inigarion during the dry reason. 

The wcnd monitoring well to have continuous 
seasonal and tidal water-level data and specific- 
conducunrr data is the TU 12-3 well in  nanhwertem 
HillabaouzhCountv (fin. 11. Atthis wcll rite.clavand - . - 
sand) 'la) form the msrmed~ate confintng unlt lnat 
wparatcr the rurfirusl aquifer r jr lcm from the 
vnderly~ng Upper Flondan aqu~fcr There is no 
intermediate aquifer system at this $is, and the 
surficial aquifcr system is not urcdasa source ofwater. 
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MA* l l 1 S  

Rgun 11. Wale, 1-11 and Wilb mnduaanm d w m  In wll TR 19-2, basd on burly msasuremenfs. 
May 1989. (LOEatiard well bsMun in Rp. I.) 

2,000 
JAN FED MAR APR MAY JUNE JlKY AUO SEPT OCT NOV DEC 

1988 

mgum 12 Water I&. a d  mrdmce d w m r  h dl TU 18-2. b a d  on muimum rlllb valuer. 
1989. (Lout londnt l l r  .homlnfg. 1.) 

ne w w ~  is 345 fi  deep .nd hpr 310 of mc noridan aquifer inlhir wellis tidplly iNluenccd. Daily 
wcll is a b u t  3 mi fmm Ulc -1 of a m p a  Bay and is w w  levels in wcll TR 12-3 fluctuate about 0.5 h. 
in an m a  of ihe apnsitim mnc when public-supply Sc-Uy. the potentiomevic surface ranged from a 
wcUs Were . b n n d ~ ~ a u ~ ~ h l ~ ~ ~ Q c ~ ~ ~ ~ ~ ~ ~  low ofabout 10habovc realevcl in May 1989toa high 
in the ground watn exMCdsd 250 mgR. of about 13 h a b v e  sea level in September 1989 

Daa coUaccd during May 1989 (fig. 13) (fig. 14). Specific eanducunrr ofwatcr from Ihir wcll 
indicate thu the potenti-lric surface of the Upper indicates lhar water-level flucruations from either tidal 
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MAY 1889 
F b u n  13. Wster k v e l l  and rpecilic wndudamdofwaer in uaITR 12-3. bard  M, hourly measunmenlr. 
May 1989. (Locauon 01 wsU is mown in ig. I.) 

",% $ 3,000 

uiZa2 
w w w  vY.+v 1.000 g@f, 
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F b u n  14. Water h l a  and Wb mnduaam ol w a n  in dl TR 
Januaq n Ocmber 1989. Wcaion dl*sli i. shorn in iq. 1.) 

or Masonal influences hsve litlle effeel on the quality a, i,,termdjte aquifa sy*em and is 125 
of w a c r  in this put of ihe lmsition m. I I5 Aofcasing, Warn-level md rpciIic<ondunsnce 

The third monitoring well to have mntinuaus dnu w a c  mllcctcd fmm DMmk 1987 thmogh July 
seasonal and tidal warn-level data md spcific- 1988. Water in Ur underlying Upper Floridan aquifer 
cduc tancc  d m  is lk TR 10-2 well. It is in wen- is hiehlv mineralized (Sutcliffe md Thanman. 19831. - .  ~~ . . ~ ~- , ,  
central Hillsbornugh County (fig. I )  about 2.5 mi uu is not urcd w source of rupply, .nd is mtnatmonitorrd, 
of T a m p  Bay. The monitoring well war complclcd in Also, the suficisl aquifer system is not monitored 
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because it has limited yield and i r  not used as a source 1988 (fig. IS) indicated that daily fluctuations were 
of supply in this area. about 0.2 ft. Water levels bctwecnDecember 1987 and 

T k  petentim&c surface of the intemediatc July 1988 (fig. 16) ranged fmm about 6 to 9.5 ft above 
squifer system in well TR 10-2 is tidally influsnced, wa level. Cornspending daily and seasonal specific. 
however, waar-level data collected during February conductance data indicate tha water quality in the 

FEB 1980 

Hpn  16. Water levels and spsuflc conductance of water in well TR 10-2, bauM on houty measurements. 
F h a w  1988. (Locafion d dl !s ahovn in IO. 1.) 
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intcrmcdiate aquifer system al this well rite is not 
affected by fluctuations in the potentiomctric surface. 

TIE w o  southemmast monitoring weUr to have 
mntinuaa gaLcDnal and tidal wsta-level data and 
spccificsondv~nce data ate a Englcwmd in 
~u thwcsran  Suaw*a Cwnrv (fie. 8 1  nyCC muifer . " 
ryamucxlw atthtr w l l  gtc 'Ihr rwl!rlal aqulfersysta 
m n r s o f a b w 2 5  h o f d  w~Ihlnterbcddcdchy.mul. 
and rk l l  hpmens  and ma) haw muluplc uaar.beanng 
unrr .  ?be surficid aquifer syuem isuwdar s -of 
water supply in t k  Englnwod arra ?be intamdinv 
aquifer syvem cmsists of &pods of M i  age thm 
f m n  multiple water-bearing units -led by 
wmiconfminp unis and is apqmximately WfI !hick st 
thc well rite. Water in rame zones of this aquifer syuem 
is ralty: however. it is uwd as a rwree ofsupp4y to 
~vcrse-ormaris m m e n t  plans, Watn in the Floridan 
aquifer syslcm is highly mincralimi. is m used as a 
r- of supply in this wen. and is m m i t o d .  Data 
were eollsctcd from Fehary 1989 Itnough May 1990 
fmm a well opcn to thc ~urfrial aquifer lywm and fmm 
August 1987 h g h  May 1990 fmm swell apcn tothe 
inurmediateaquifosy~tcm~ TIE sutiicial aquifer s y m  
wcll ir I5 fI deep with 10fI of casing and 5 fi of m e n .  
ThcimcmKdiatcaquifcroyvem weUir70A decpandhm 
40 n of casin~ - - -  -. ---~= 

The surficial aquifer s y s m  is unmnfmed and is 
n n  tidally influenced a Ihis well siu: however. the 
aquifer is mhar@ lmally and the water tabk respands 
rapidly to minfnll. Wato-level data for March 1989 (fig. 
17) indicate a 1.5-f i~ia  in t k  walerubleon March3. 
qprenl ly the ~ s u l t  of 3 days of rainfall belwew hlrrrh 
Iand3thmdemsitcdabout3in.ofrainovertheua 
(Natianal k h c  and ~ m p h e r i c  Adminiurntiorb 
1989). A rise in the patentianenic d a a  o f I k  
intermediaeaquifnsysm also w a r ~ e d ~ g l h i s  
mu mod. the result o f m h a r p  OT k d i n g  changes 
h the overlying ~ u r f ~ i a l  aquifer sysran. The 
pMa6&daccofthcupprpanofthe 
intcrmediue aquifer system st lhis site is m b i  and is 
M y  inflwnced. Daily \nta-level fllrauniau m this 
well are abolu 0 5  ft Seamnal waler-Lvcl dsIa f a  1989 
(fig. 18) indicatc s high &@ofpmlklism in bXh 
%Us. which i n d i a  a gmd in@amnnection 
~ a t h e w c u s i t e .  C~ncrpondingdIiI~andgaLcDnal 
spccific-conduclpncc dm (figs. 17 m d  18) Ldienv thm 
had flucwtions multlmp fmm ~ ,n in faU .  a gaLcDnal 
w e  and dry pliods haveminimal effm an the a!xcifle 
wnduaanm o f h  water in eithaaquifasystcm. The 
m w s p f i f i c c o n d ~ f a 1 9 8 9 \ n v . W ~ I c m i n t h e  

surficial aquifer systemand 1.200 ~Slcmin  thcupprpan 
of ihc inrcrmediatc aquifer system. 

Su coastal wcllr uac dwd to ,~pplcmrnt d m  
horn ihc lmg4erm maulmng ucllsand t o d o n u ~ n l  Ihc 
influem of tides on waerquality in the intcrmedhtc 
aquifersysIcmandnd Upprfloridanaquifcr(fig. 19). 
The wells in Manatse and Sara- Counties are opcn to 
the intamcdiste aquifersywon and h wells inkvy. 
Cirms, and M a r  Counties are open to the Uppr  
floridan d c r .  Dm indicate that water levels in all six 
wells are dhallv influenced. lk Cwrral R i v a d e c ~  well 
s apn tothe Uplrr flondan aquhr md wrru to be thc 
only w l l  uhth a c m p a n d ~ n g t ~ d a l  rnflumce on wasr 
q u b ~  ThewtUir176Rkpand1rcanplctcdnarthr 
s s l ~ ~ ~ - m s h w  inIeIfpccPCC 

Data fmn the long- and rhon-tern monitoring 
wcllr indicate that water levels in many coastal wells 
may be rffened by tidal influcnccs. Spcitic- 
conductance data. however, indicate water quality in 
only a smaU number of wells may be similarly affected. 

Carenwtianr of chloride in p u n d  water have 
k monitored by the USGS st v l m e d  wells along the 
eavrPl marginr of thc SWFWUD f a  many yearr. 
ChloridecnMrntion ten& fwsatnpla collected 
benvesl1970and 1990fmmL)oftherewcllrarcrhawn 
in figura X) and 21. On tach pla, aline that rrpre~nu 
the mulls of 8 simple linear-rrgrasion analysis ir 
supaimpd on thc dam points to indicate possible long- 
mm tends. 

Wclls I UMugh 10 (tie. 20) M open only to fhc 
Uppaflmidm aquifer. Canmontions of chlandc in 
wassmplahwcUs1.2.and4inCiwand 
Hemudo h r i a  have remainad v h a l l y  unehangd 
fmn 1970 to 1990. Waccrmples fmm well 3 in C i w  
W y ,  howcvcr, had a slight h m s c  in chlaide 
mmmmion  during lhis period. In PamCounw. 
c h h i &  c m m r n h  in g a n d  walerac inncaring a 
r a n c w l l r M d ~ g a t r a l ! U s .  TIEchloride 
mmmmioninwaccrsamplcsfmn\1~U6inncawd 
fmn~8500mghin1975toabovt12,~m&in 
1987. w h s c a r c h l o r i d c ~ r i a r r  in watcraamples 
hwU7dsrxsscdfmn1fflto50mgRduringUle 
mxtimcpcmb Thisdecmingamdmyhave 
d u d  fmm the dirrminued UY of- maw$ public- 
supply wells. Trends indicatcbrrrasing cmanualim 
ofchloride in wells in Hemando and Pinellu Counties 
(fig. 20). 
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Chlorideconcenmtions in w m h  13 wells wcll I I ,  a 1,120-h-kp wcll in nonhwcstcm 
apm lo either h e  intcrmediale aquifer system or thc HillsbxoughCounty.inmavd fmmdMY)m@in 1983 
Uppr Floridan aquifer in Hillrbaouph. Mnnmce, and to abaul 'aMmgJL in 1989. Olloride conaneations in 
SsnsaaCaun~sm~hnn50107.WOrngJL(6g. 21). wata h m  well 12. a nuvby 8&R-deep well, dscrcased 
Xx conanwticm of chloride in water samples fmm fmm 350 m 100 m&&bnwm 1976 and 1989. 

MARCH lBa8 
Flpun 17. Wster levels and rpecm condumnc. d w.11 in Uw Wlfleial and intermediala =quite, system wells at me 
E n g l e W  am, b a d  on hourly mea$urernem. March 1989. ( W o n 6  dwlk ue shown in @. 8.) 

- 
- 

WRFICIAL AQUIFER - 
Si81EY WELL - 

HITERMEDIATE AWIFER - 
SVSTEM WELL - 

MIS8HIO RECORD 

n 0 
A FED MAR APR MAV JUM AILV AUO SEPT D m  NOV DEC 

1889 
Flgun 18. Water levlb wd lpnsk conducle.nse d watar in lhs uWa1 ad Wmwdiile W l b r  tystm wells at fh. 
m w w d  slm, based on Mximvm d.ily value. I988 (Lca4lom ol Wlr are shown in fig 8.) 



I Cylene McPeeks - U.S. Geological Rpt. 93-4120.tif 
- 

Page 2 7  
" 

F!qun Is. Wafer M s  and spedllc condumncs of water in M I W d  wlk. 1987-W. 
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where watsrquality m e d  tochsnp, md flowmeter 
wuveys identified pmbablc flow m. R w n n e r  
ourveys war Mnducted in sICp6. u itma&"gly hi* 
pumping mtcs. m dmunmt any &em that i n c m d  
m s s m i g h t h a v e o n U r z 0 ~ ~ m m ~ w U e r 1 o t h c  
well. RobcnfmnUrrpcr~&-war 
s a a f l o w ~ c r a u n e s w h m w m @ t y c h a n g d .  
Wuer-level dam also war rsadcd mtinvaufly m 
MeLtcpOgibk chsnges in spsific ronhwna with 
wUer-level chm~er.  

m e  f i & a s e  oftesting consisted ofcollecting 
and measuring the spceific cmductuxs of ground- 
water smpkaIhrou~a0.5-in.polyvinyl chlmidepip 
placed at depths c o m w n p  to now u n c r  or z m a  
were water quality chr;lged. %is p i p  is cmmonly 
called a drop pip. The nKom of Ur dmp pipe was 
placed at UK shallowest deph first, and samples were 
mllected u OM. nvo. and three ~ i ~ c  voluws and lhen ~- ~~ 

at sckcted time int&ds thc&r. 'k d m p p i p  was 
then lengthened and the procedure w u  ~ p a t e d  until 
samples wm collceud h all zones. 

During UK second phase of test in^ sampler 
were collecled by pumping thc well holn IpndYlrfscc 
r vnrious rates using caaifugal pumps equip@ with 
shon largIhs of intake hou in& into UK top of& 
casing. Samples w a e  collcend a om. two. and t h m  
cnsinn v d u m :  we. two. and thm borrhole volumes: 
and~seleeted time in~ervsls h a f i e r .  Pumpingrates 
were i n m s e d  to i n m w  UK stress on the w i f e r  as 
the test pmgrcsscd. Recwmy time was dlou;cd 
k tucen  vmour steps of UK test and ~eophyr~. l  
I q p n g  w u  rondwcd pnode l l l )  Ihroughoa rhc test 
lo doevment any changer ocemng tn the wcll 

Tamp Polk. PIstol Rang. Test 811. 

lk hnt  lest rttc wa-a  thcTzmps Pollcc P~rlol 
Range m mnhwervrn H~lbbomugh Counly (fig 8) 
m e  *ell at the% sltr war onrtsllcd by thc WCRWSA as 
s mnutrm m mom tar in^ ucll lk test qar ller ~ ~~- ~~ ~~ .... ~- ~ ~ - ~. ~ ~~~~~ 

bctwcm Uppr T u n p  Bay and apublic.supply well 
k l d  Uut mor~dcs wsta lo Hillrbaounh C m t v  

silty sawi GI. and agksc nrh clay nukc up thc 
sutficid aquifer syrlcm and the i n t e d i s l e  confining 
unit that werltcthc Upper Rmidanquiferin thss area. 
The ~lnvmuduu quifer system does no1 curt  at ihc 
lest site. The well is 420 A dctp wth 100 A of caring. 

Cmtinuovs ~ ~ T r e s a n d u n u l c c  daucollcmcd 
on June I8 and 19,1989.indistcd somcflumut~on m 
specilk cmductancc with h in this uell (fig. 22). 
Cmespondvlg wsler.level data were no# avnilsble. 
n m  u n e s .  a z m r  w h m  u a m  quala) changed. 
previously were identified at dcpthr of ll0.230.270. 
325. and 390 A usmg borcholc.gwphysiral logs. 
houevcr. samples were m l h d  only fmm depths of 
ll0.2M. 325, and 390 h. 'Ex flow m e  a1 a depth of 
270 R was nn sampled h u v  wucr quality dnd na 
rppenrtochlnp b o w e m  230and 325 11 A spctfic- 
wnducunce l q  (fig. 23a) was rccadcd pnorta the 
rlnn of the tnt an June 20.1989. u 0600 horn and 
indicated that s p s i f ~ e a d u c t ~ c c  valuer at each of 
the sampled m a  w m  850,945. 1.550. and 
1.925 ~ I c r n .  ~ p c t i v c l y .  

'k lint zone wusamplsd junklow theeasing 
Ihrwgh a I l0-fl drop p ip .  Spslfic eondvctancc 
tneaaumd 111 the yan of the lest was 890 pSIm, and. 

.. 

.IUNE 98 JUNE 1s 

1989 

noun P VYIaon in mnducanca ol w m r  a d m  ol 110,230,325, nd 3W bet In Uw Tampa PNcs P i  
R s w  I# file well. ,!wm 18-19.1989. 
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SPECCIC SPECIFIC SPEClflC SPECIFIC 
CONDUCTANCE. COkWCTAkCE. CONDUCTANCE. CONOYCTANCE 

N UCRD?) EYENS N YCIOSEYLNS N UICRO8IEUENS IN WROSEYM 
PER CINTIYTCR PER CENTUETED PER CENTIUETER PER CENTIUETE. FLOW. 
A1 20 DEOREES AT 28 DCOIEES AT XS OtOREES LT XS DEGREES !N OALLWB 

CELSWS CCLMUS C U E U S  CELSIUS PER UNUTE (WU)  
osoo. *1201se 1800. e1101sD 0 s .  s 2 1 s  ,011. D1221D~ */2l-2218* 

.A= I1 mvlvlcsofplmpmgat arsleof4.6gnVm~n.UK m p k  nrbilired edhecr m pipe volume u a vduc of 
specific conductance rabiltud a 8M p l c m .  1570 W m .  lhc specific conducuncc rcmslnd 
Pwnpmg was Vrminued a f v r  30 minuus (uble I). constant duMg the 21 minutes of plmplng u 2.4 
Own minurer of curnoinn was aonoximuelv &o. Wuer mlcfins the dmo nac m~eht be 

which indimes ihu SOM of ;h; (Vatu in the.bmhob 
lira waspurged bcforc t k p v n d  warn was sampled. 
W U u  mering the dmp p i p  prchbly horn the 
borehole a b a c  .nd below the bauom of the dmppip.  
aswcUashmthcflowznuatadephof110fl. 
SDecific mnducwcc ofthe u m ~ l c s  stsbilired when 
fipU mths lo the c i ~  s~lbiiired. 

umpks-collcclcd during p..ping mminucd to 
iaerra3e slowly, but did nu subilize durins M minm 
of pumping d3.1 gllhnin. Spccif~~ d i e a w e  was 
1 , 2 & l ~ / m n t l h c l i m c p " 1 p i n g ~ a a ~ t c d ~  
Warn mrainp thc d m  p i p  at this depm xcmed lo be 

Specific wnducunce of walu sampler collcrtcd 
from 390 fl d n e d  m 1,970 plm during the frm 
10 minutes of pumping st 2.1 galhnin. then increased 
slavlv m d s u h i l h d  at2.045 uS/m &cr rill well had - . ~  ~, . ~~~~~ ~~~. 
bXn & m d  for23 minutes. Althirdmth. 23 minutes , ~. - ~~ 

dp&pi& is equivalent ~ ~ a p p " x i m u e l y  48 gal, or 
I1 p i p  volumcr, of water. which indicates that water 
catering dmp p i p  could bc moving hom another 
pu l  oflhc bwcholc and might no! be rcpruenta1ive of 
the formation u this h t h .  

A rpecifu-c~ducuncc lop war recorded at UK 
ud of thls p k  ofurunp on Jwu 20.1989, u 
I s 0  hnnn to mud chnngu thar had m u m d  in the 
wcU a s s  mul t  of pmplng (A' 23b) Speofie 
smdwPnccmurvrcdwothUKbppmgd~t&pthrof 
1 1 0 a n d 3 2 5 h w ~ 8 J O . n d  1 , 3 7 O p % . r c ~ r c l y .  
and aped ~ 8 t h  thc p m p d  wmpks A vduc of 
1.125 p l c m  w u r m d w d  m 230 h wlm h e  logglng 
1001 m unUm mth lhe pumpd sample horn lhnodcph 
d 1280 ~ / c m  Spec~fic cmduceonducunce a1 h s  dcplh 
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might have decreased slightly kcause wafer was no 
longer being drawn from lower zmcr. Specific 
conductance a1 a dcprh of 390ft was 2 5 M ) ~ S k m :  
howcvcr.the pumped sample fmm this depth stabilized 
at 2.045 pS/cm. The rperific-conductance log shows a 
sharp increase in specific conductance at hp lh r  
between 370 and 390 R. When the well was pumped 
through a dmp pipe. water with a lower specific 
conductance might have been drawn down the 
borehole lo the bottom of the drop pipe rather than up 
from the zone below. The drop p i p  war m o v e d  and 
the wcll remained undisturbed overnight. 

RDY 1. S W h  CMCI.CtmC. 01 and Ch W W  
mnannatenn n pro.ml*aer mpler cd(Y1.d t n w n  a 
arm p p  i t  In. lamps Polrr PMol Range *sin J L n  20 
1989 
11.lhrn. l.non, p r  ""nu*: ps,rn.mlcmrwmn~ prrrmimln.t 
25 a p e s  Celsius: ~ h .  mlllignml pl llm: WV. dmpplw volunr: 
... "odrtrl 

110 4.6 I DP\' 0.25 890 165 
2DW .SO 885 159 
3DPV .75 870 158 

24DPV 6 860 1% 
44 DPV I t  850 

121 DW 30 850 140 

230 3.1 1 DPV I 905 146 
2DPV 2.3 I 216 
3WV 4 1.130 217 

I2DW 9 I.l% 224 
26DPV 20 1.DS 242 
65 DW 50 1.280 237 

390 2.1 l DPV 2 7 333 
2DPV 4 1.970 463 
3DW 6 1.9m MI  
SDPV 10 1970 472 

llDW 23 2.015 - 
ISDW 32 2.015 475 
I6DPV 34 2,045 467 

A spcific-conducunce log recorded the 
following day. June 2 I .  1989. before thc next phaw of 
testing began indicacd tha rpxific ~onductancc in the 
wcll had returned to near prepurnping condilionr 
(fig. 230. The wellu~asthenpmpdat  13.38.128.and 
131 g W i n  using various cenrrifugal pumps. Samples 
were collected after each casing volume whcn pumped 
at 13 and 38 gnlhlin. At the higher pumping rates. 
sampler repwnlative of single-caring volumes could 
m be eollcctcd. When pumped a I3 gallmin. specific 
conduct- inmawdrteadilyfmm 875 to IdZO~Skm 
(table 2). but did not stabilize during the 146-minute 
(equivalent to three boreholc v o l m a l  pumping lime. 
l k  ending rpeeifirsanduetance value was similar la r 
value -&d prior to the sn at a hp th  of 230 ft. 
Specif icduclancr  valuer nabilizrd e IdlOpS/cm in 
lesrthanrwacasingvalumes wknpumpedst 38gaVmin. 
Runping rates of 128 end 131 g a b i n  pmduced similar 
renula. Smific  condsxtsm of thr mound water ~~ ~. - ~ 

aahlized inlcrr than 5 mlnuler ullh valuer rang.ng hrm 
I ~ t o  1.700,tSlnn. 4 p n . l h e  wcll -a< alluued lo 
w i n  undisturbed overnight. 

On Jvne22. 1989. water quality in the well had 
again recovered to near prepurnping condition. Thc 
well was pumped a1 rater of 170 and 196 galtmin to 
complete the t n l  (table 2i. When pumped at ' 

170 gallmin. specific conduelance of LC samples 
i n r r e a ~ d  for about 25 minutes. from 1.185 to 
1.650 pS/cm. befan subilizing. At 1% galimin. 
rpxific conductance of the sampler stabilized in less 
than 5 minutes at 1.650 pS/cm. A specific- 
cmduclance log recorded al the conclurion of the 196- 
galhnin test (fig. 23d) indicated specific-canductancc 
valuer of 1 . 7 W . 2 . ~ .  2,850. and 3.7W pS/cm. 
rerpertivcly, st each of the four zomr. Water quality 
below a depth of 390 h &teriorated rapidly and a 
rrerific.conductance value of about 6 . W  uStcm war 
m a u d  utrh thc logp~ng lml r the bollam of thc 
well (fig 23d) Under rlmrwd mnd~llans, more 
saltwmer vcmrd to br cnvnng ihe well near tb 
bonom. roving up, and miring with beltcr quality 
water that was entering higher in ihe borehole. Flow 
l w r  indicved that, st a pumping rate of 38 galimin. 
water m r e d  the well at depths between 140 and 320 R 
(fig. 2k). At pumping r a t s  of 128 and 196 gslimin. 
water mtcred the well alone the entire barehole. Most " 
water scemd toenter the wcll from above 275 flat all 
three pumping rates. Specific conductance and 
cmrponding chloride cmccnlrations for sclsled 
~ m p l n  collected during this test an listed m table 2. 



MI* 2. W s  wm~Oanc. of am cnbde  
mmcamnr in proum.l*rsr unpw rm- @ 

pvmplw m w m  me casng a aoLm1 rues at me 
PDLu PnW Rvg. MI Jn. 24-22 leas 

13 1 CSG I2 87J 163 
2(SG 24 87J 161 
JCSO M 8m 145 

I BH 49 1.080 183 
1 B H  97 1,265 251 
3BH 146 lbm W 

38 1 CSG 6 ISM 
2 CSO 8 1.610 MI 

-- 10 1.610 
I B H  I5 1.610 

128 I BH 5 1680 - 
2BH 10 1.m 
3BH 15 1.654 

- 22 1.W 377 
-- M 1.m - 

131 3CSO 3 1.440 334 
1 BH J ISM 343 
2BH 10 l.620 359 
3BH 15 IJM 331 

-- 20 1370 339 
-- Z1 135n 347 
-- 30 16m 331 

1m - 5 1.182 237 
-- 10 1360 337 
- IS I S J  333 

-- m I r n  3 s  
- 2J Id55 349 

- 30 1 .m 
-. 40 1 m  - 

1% 5 I S 0  373 
- 10 lb54 m 
-- I5 1 bYl 376 

Conlinuous s p n i f i c ~ u e t ~  data we* 
collcclcdatthcwellfmluly 20toSeptcmbcr5.1989, 
and conlinuous wata-level dam were collected fmm 
August 7 to Septanter5. 1989. 'Ihc specific- 
conductam rceaderpmbcs w m  set I depths of 110. 
230,325, and 390 fl The well was again pumped on 
August 9.1989, as par! of a routine sampling event by 
rhc WCRWSA. Using a camifug~~l pump, a water 
S a p k  War W U s l d  after the wcU w u  pumpcd for 
awmximntcly 15 minutes at n discharge rate of 
30 pllmin. nK wnter-level and specific-cmducmnce 
4 m  wcte kfl in phcc during the sampling. 
Spcificconducuncc bcfmpvmpingudepthr of 110. 
230,325, and 390 h was 7W).830.1.190, and 
1.780 pS/cm. mpctively. At the rimc the sample war 
collected. spcific conducunee in the borshole at each 
zonewas 1.120. 1.530.2.030.and 2.790pSIcm. 
mpetively. Specific conductance of the collected 
simple war 1.140 @Ion. Tne sample could be 
rrgrcscntalive of water from the upper part of the 
barehole, m it d d  be a sompo~ite smplc that doer 
nof m u a t c l y  repmmt the well. nK well was not 
pumped long e m g h  toevwuare the entirebanhole a 
to allow specific cmducmcc to stabilize t e f m  the 
aample was collected. 'Ihe well was rhcn pvmpcd a1 a 
n t e  of 1% pllmin to mmrd the dfeets of thc added 
svers and following recovery. Spceitic d u c t m e  
mbilired during punging In about 20 minutes at 
1,480, 1.880.2320. and 2950 p S / m  for the four 
m e s .  'Ihe sample collcctcd u land surface had a 
spcific conducme of 1.480 pSkm after 40 minvlcr 
of pmping, indicating that the sample w u  a composite 
withmm of the watcrpmbably coming fmm the v g p r  
parla of the bweholc. 

Specific mnducmufac.chzmefmmlvly 21 
to S e p l e m k 5  and wala lorclr in thc wcll fmm 
Augusl7 to September 5.1989. arc shown in figure 24. 
Eau from the rsordas indicate the w u t  kval in the 
wcll is tidally influenced, and the mulling water-level 
changer m e ~ t  apsific conducunec in the two deeper 
z m r .  Water qualily in lhe two uppu m e r  under 
sutic c m d i t i m  does not seem to bc affected by tidal 
water-level fluemations but is &mcd by pumping 
(fig. 24). As a rcsult of the Auguat 9.1989, pumping 
event.  psif fie Eondunurn in the upper WM (1 10 A) 
was slower to recoverthan il w u  in lhe l o w  zones. 
Inconsistmy in water.qunliry data could nsull if low 
sues sampling events arr mi scheduled to coincide 



with specific tidal stager. A high-suers sampling 
event, however, would dirrvpt the salinity gradient in 
the well. A roecik-conductance alol of urnolcr 
collertcd by tihe WCRWSA from karch 198ithrough 
Ma) 1989 is shown in figure 25 The range of spcc~fic- 
conductsncc ralucr could be atmbuted to tdal cffectr. 
pumping rater, and duration of pumping. 

To continuc this well as a trnnsition m e  
monitoring well. the mne "earldepth of 2% h should 
he monitored instead of the 110-h zone. A drop pipc 
consrrvcted lo s depth of 2M h wwld reduce the time 
and the size of the pump needed IO s m p k  this unu: 
howwcr. the m p l e  would have to k sonridmd s 
composite sample bscllue water entering the drop pipc 
m y  nM he representative of the flow zane st tha~  
dcoth. Stresrinc the well with a hi* volume D U ~ D  - - . . 
wrmr loresult in upconlngof water vllh hrgh speclfir 
conductance The more ths  ucll i s  pumped. the 
greater Lcchancethat saltuamwlll bednun upward 

Clhl of Saresota 11th S t r ~ l  and Oregon Avenue 
Test Site 

The second lest rite was at 11th Street and 
Oregon Avenue in Sararota (fig. 8). The well war 
originally "red for public supply. but has k e n  
convened to a monitoring well for nesrby publie- 
supply wells. The well ir 479 fl deep with 43 fr of 
casing and is o p n  to the intermediate aquifer system. 
'k intermediate aquifer system st the test site is about 
MO h lhick (Duerr and othen. 1988. p. l I). 

A rpeeilicsanductancr log recordedprior to thc 
stan of the test (Septcrnbn 26. 1989) indicated that 
wnttr-qunlity changer a c u d  nesr a depth of 370 ft 
and below 415 R (fig. 26s). A flowmeter survey run 
while pumping the well at60gallmin indicated amajor 
flow ume exists hetwccn depths of 370 and 4W h 
(fig. 2M). Spaific conductance wcmr tobe vinually 
uniform to a depth of a b u t  370 ft. The zones u 300, 
376. and 450 h. which are above, in, and below the 
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1987 lS8B 1989 
Flpum 25. Swdfic mnductenca m r ~ u n d  in *rM u m p k  mynted lmn he Wl st me Tampa Pdice 
Pnwl sue by n* W a t  coon R.o& W m r  W mhwnN. M a n h  1887 to May 1989. 

flow zone, were oelccled ffor lerting. Spcific msl +y s l a W  aI 25W @km cdcs p ~ p i n ~  fw 
conductance st these depths was 2.m. 2,500. and .ban 3 n l h l e ~  (WM dKT-P@ v 0 b ) p n d  ~~ 
3.100pSIcm. rerpcclivcly. sablefa 15 minmcs. Whcnhmopplpcwaslowmd 

bclav the flav *lor &pLh d450 h, spccifr 
~ e f ~ w n c w = r a m p k d W s h a M O f i W  ~ o f h r s m p l a ~ f m m z w ~  

pipe. S p i f i c  conducwce miawed at h sM o f h  Dlt md Wid m 3.120 W cdcs 5 mjnutes of p ~ p m g  
was 2,4W~Slon.  s a b i l i d  aI 2580pSkm after2 ( e q ~ v d a u  to n v o ~ i  ~lumes) .  Pumping ram 
minutes of pumping (equivdwt lo wa d!y+pe lhrmghthedmppipv&han2.4~813Whto 
volumes), and rrmsined sable f a  I5 &urn vntil 2 g a h h  1 450 A. A spccitiieonduemrr lop mn at !he 
pumping was taminaad(ubls3). Thcdmppipcwasb md ofthe hrrt phace of& un (fig. 26b) indieam hat 
lowmd inla the flow une a 376 A. Spscihc mnduaance spccik cardunsno h the wII hA changed link. 

SPECIFIC SPECIFIC SPEClflC 
CONDUCTANCE. CONDUCTANCE. CONOUCTANCE. 

IN WROSYMENS IN UICROSYUENS * YICROSIEULNS 
PER CENTNETER PER CENTYTER WR CCNIIUEIER 
AT 2 )  DEWEES AT PO DEOREES AT 11 OEWEES FLOW. 

CELSIUS CELSUS CELSIUS IN OLLLONS 
START OF PHASE 1 END OF RllldE I PUYPHD PER MINUTE l W U l  
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Table 3. Spedlic condunam of and chloride Tlbl. 4. Specl l~  mndua~nce 01 and chloride 
mmnlrations In pround.waler samples d lened  through a mnconlreflons in pround-water Mmples coilected by 
dmp plpe at the city 01 Sarasola iTlh %eel and Orspon plmpinp hm h the calinp at alerent rater at the civ d 
Avenue well. %ember 28, 1989 S M O ~  l l h % l ~ f  and aqon ~venus well, 
blmin, lalion, pr mmutr; lls,"" mirro.,mms p < n M a r r  u W e m a  28,1989 
25 I*,rr..cel.nu: mYL, mill,mnr p, linr. WY,bpiprolurr: Ig.VDlin.~allon.pn rmnuu: ilslm, mrmskmmspr cam8inxm.t 

--.nod*.1 21 drln+lCllliul: mph.milli,rwr prr ihr: BH.borrhole volvmc 
trdunr of cuin&plulwn h o k  CSG.crung rolumc: --, nodiml 

SlmpVng 
- 

spcnr cnlondr 
Wh ~" rn~ lno  Pumw mc ChDRU P::w Pum@ E:r urndunm~e mmntr.tDn 

mu Etemed mmun- -n. (W") mlUmc (,"",es) WW,,) (mgLl 
(p.Vmi"l irn""t..) - - 

W W m I  i W I  
Iurlaul 11 1 CSG 10 2550 320 

2CSG 20 1.550 310 
NO 2.4 i DPV 1 2.560 3M 3CSG M 2.570 310 

2DW 2 2580 3M 
3DPV 3 2580 320 31 ICSG 3 25(0 320 

I I D W  I5 25M .. 2 CSG 6 2.560 320 
3 CSG 9 2510 320 

376 2.4 1 DPV 1.5 25BO 320 
I BH 34 2.580 320 

2DPV 3 2JW 320 
3DPV 3.5 2590 320 45 1 BH )O 2570 320 
9WV I5 L5W -- 2BH W 2570 

450 2.0 1 WV 3 2 .m 3M 73 ICSG 2 2.580 320 
2 W V  5 3,120 450 l CSG 3 2.570 320 
3DPV 8 3.120 450 l CSG 5 2.550 320 
6WV I5 3.120 -- - 

Although thir well has only 43 f of casing and a 
lnesecond Of mctesrw.sstancd large open hole section (436 fr), testing at thir well 

a recovery period becaux specific emduc tme  in the most of the wacr being pumped supplied 
well bore had n o t c h e d  significantly. me drop pipe 

by a pmchle intrrval ofthe formaim belwern 
was removed and testing was continued by sampling 370 and 4~ h below land (fig, 2~~ 
fmm land surface using rrntrifugd pump. Samples Variations in sampling methods used at this rite had 
were collsted a pumping r a t s  of 11.35.45, and l ink effect on the water quality of the colleclcd 
73 galhnin (table4). At 73 gallmin. lhewaterlcvel was sampler; thcrefm. thir well is ruitsblc far monitoring 
&awn down below Uu intake hose in 6 minutes. the transition lonc in the intermediate aquifer system. 
Therefore, higher pumping rater could nol be used in 
this well. Regardless of pumping rates, specific- r p o ~ ~ o  m c h  T..( site 
conductaxe v d u a  stabilized bclwccn 2550 d 
2570 pS/cm in two tothrse easing volvmes indicating A third test was cmducted during Novcmbcr 
bat wefcr w.s & a the 1989 ef a rite near Apollo Beach in west-central 
flow m. A spsif iesonducwce log that was Hillrbomuph Comty (fig. 8). Ihe well at the test site 
mr,jed during wmping (fig, 2&) dso ind ieas  &at originally was drilled as a public-supply well in thc 
most of the water is entering the well at a depth uvly IWs, but h a  not been used since 1982. The 

belwcen 370 and 400 h. well was rrpartcd by the Big Bend Utility Company to 

cominuous rpscificsmducrancc and bc 6CQ fi deep with SO fi of casing. Borehole 
kvel data collsted during October 1989indicacd th.t gwphysicd logs run just pria lo lating showed lhc 

water levels in UK well may be i d u m e e d  by tidal well to be ~ I Y  324 h *cP mth 36 of casing. The 
cycles; however. wmcr lcvelr uc also influenced by well is opn tothe intermediate aquifm system and the 
pumping hnn nearby p m d d o n  wells. Specific Uppw W d a n  aquifer. Dnlling dam collscted by the 
conductance does nm seun to bc affected by water- SWFWMD fm the nearby ROMP TR 9-2 wcll 
level changes regardless of the cause (fig. 27). indicate t h a  the surficial aquifer system overlying the 

uam au~l1*.M*mhr.UrTmlmnZon at 
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l k l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
3 z , . * . 7 , 9 ,  o ~ ~ ~ * , . ~ . ~ s , . . . , . . . z ~ . , * , a * . . * s ~ * * ~ * . ~ , , * * ,  

OCTOBER 190s 
f lpvnn.  Water leveb and ~f iccocdunancedwaer  i n m e ~ l  atmecifv o t s a r a ~ a  1 1 m S ~ ( ~ t s c d  
Owon Avenue test sit.. OEtobar ism. 

~ntrrmednac aqu~fcr system i s  approxlrnately 30 fl iequ~vdmt to three drop plpe \olumcs). S p c f ~  
th~ck Thc top of the U p p  nondan aqulfn IS aboul conducrsncc mrnatncd unchanged unul pvrnpmp uar 
269 n bela* land swfrce tcrmmaed sftw I5 mnnaa (table 5). The dropptpe 

warthcnlwdtoadcpthof1WR.  specif;.. 
lnitid g-~hysicd logs -don OElober 27. conducuncc minutesofpumpi 

1989, indicated a fairly uniform specific mdwWnce 
dong the entire length of the bmhole (fig. 281). with -pip war )IS1cm. This 

mean speeificccnductance value of 835 ps~cm. A slighoy m8MWcmlflcr 10minuWofpMping (two 
nnwmnrr swrvev that wm -duetcd when this W=U dmppipe volumes) md mnaincd wshmgcd until ... ~ ~ ~, - - .~~ ...... .~~ ~ ~~~ 

war pumped st a rate of 157 g.Vmm indicated man of po"pmg war tuminatcd &aMminute; 'The dmp 
the wata entered the well along the b m h d c  b e  a pipe war then l w d  to r depth ofX0 A. Specific 
depth of 285 R (fig. 2&). ROW-musuranents mdc a conductme m u d  &a iminutc (m &-pip 
r pumping n tc  of 43 g d h i n  did not detst any volume) was 870 @/an. Afla 3 minut- ofpumping. 
movement helow a dcpth of 75 ft. Based on the the specific c d ~  dsraaed sliphlly to 
flowmeter surveys, the m c s  at 50. 1W. 200. md 830 Wlcm md mlincd unchanged until pumping 
3W R be104 land surface were vlffled to be was mminatcd. The specific mndvcuncc of a m p l c  
monitored during testing. colleacd &a3 minuas (one drwriw vd-) fmm 

On N m m k  8.1989, a 50-R dmp p i p  was .depthof 3WR war 8MWcm. ~&ifie  conhvtlncs 
instPllcdinlhc wU. Specificcnductanec musvred at incnslcd slighlly to 840 @/cm &a 6 minutcr (two 
the am of the test was 7WpSlcm. but decrrrscd dmp-pip volumes) md nmained unchanged until 
slightly to 690 Wlm after 9 minutes of pumping pumping war terminated (table 5). 
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Tabla 5. Swdfkmrduaanca d ard chlmlde 
mmnnamnr in wwd-water mw mnened mmuph a 
drop pipa at h e  && Be& wl. N o ~ m b n  8.1888 
L I . M r l n . p l a p . . i n u r : ~ . ~ p n r n ~ r  
Y ~ ' C l l . i " ' ; m y l  l l l i ~ p r l m , D P Y . ~ ~ " d " l u n r ; .  
-.nodu.l 
Snnplr. 
apm - C N o M  
IM Pzr. Purpl4 Ey mnbrt- mncn 

*$ ~m.1 "Ohnu ( h I " 1  st, y&T 
wrI .~d 

so 0.2 I DW 3 700 * 
1DW 6 700 Z3 
3 D W 9 6 9 0 i S  
SDW IS 690 n 

IW 2 IDW S 8 8  l3 
2DW 10 8% Y 
3DW IS 834 34 
6DW M 830 -. 

2W 2.4 ' IDW I 810 Y 
2DW 2 854 Y 
3DW 3 8M Y 

l l D W  10 8% Y 

MO 1.0 1 DPV 3 820 32 
2DW 6 840 l3 
3DW 9 840 Y 
6DW 18 840 - 

T.bh 6. Sascilk mnd-rm d and Ehbhb 

I,Gm",Xi.lbpl.nu *..ra.rrprar-u 
25 d . w C r u u  &all- pr-. BH - roo- 
( b d r r d r u a y p b o p l  )a*,. DPI..ruul r d u .  -. mdul 

47 ICSO 2 am Y 
ZCSG 4 8m Y 
3CX3 6 8M Y 

IBH 18 830 Y 

The second phase of the test w u  rtaned 
without a recovery period because specific 
conductance in this well had not changed 
significmtly. The drop pipe was removed from the 
well. and tcaing was continued by pumping u rates 
of 9.5.47. and 157 gallmin. When pumped at 
9.5 g d m i n  far50 minutes (cquivdcnt lo five casing 
volumes). specific conduclance in lhe collected 
m o l e s  stabilized at 820uS/cm ttablc 61. At a 
purnpong rue o f 4 7  gdlmtn. rpccrficconduclancc 
valuer in collected s ~ l p l e r  lacmared rl~ghlly after 
.bout 6 minutes (three caring volumes) and 
mnained at 830 @Icm until pumping was 
terminued. When pumping 11 157 gaUmin. specific 
conducwcerrmained at 830fiSkm after5 minuter. 
A spccificsonductance log war recorded on 
November 8.1989. affer testing w.scomplc1cd. The 
log indicated little chmge in specific conductance in 
the well as a result of pumping (fig. 28b). 

Cmtinuow water-level data collected during 
Novcmbu 1989 indicated #he well is affcctcd only 
rlighlly by tidal cycler (fig. 291. Conunuous 
spseific-conduclana dam were available only for 
the first 6 days of November: however. because 
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-29. Watu lwds a d  SW mnd- dwam lnthl *.I1 mMIApolb Beach test rb. November 1989. 

m i f i c  conductance remained stable in all fovr samples of a specilic zone. Continuous watcr-level 
wncs. water quality in the well seemed to be and spceific-conductance recorders, as well as 
unaffected by tidal cycles. specific-conductancc lags and flawmeter surveys. 

Mort of the water withdnwn from the Should be uwd to assess characteristicr af the well 
seemed to come from the intermediate aquifer and the water within it before the well is used to 
ryncm, even though the well is open lo the monitor the transition zone. Wells that produce 
intermediate aquifer system rind upper ~ l ~ " d ~ ~  water that has tidally related water-quality chanees 
aquifer. This well and similarly consuuclcd wclls could be used as monitoring wells only if the 

arc not gwd monitoring wells k a u M  water-quality Vd*ilitY that may result is controlled by 
changes cannot be linked to specific flow zones or cwd- t ing  sampling to a specific tide cycle each 
aquifers. time. 

p!pes can be useful in reducing sampling 
Evaluallon of 10.1-Sltm Sunpllng )rWhod. time in sltuattons where l q e  diameter, deep wells 

with shon open-hole intervals would require large 
Many of the wells used to monitor the pwiods of time to evacuate the casing or borehole. 

transition zone are constructed differently; they Drop pipes qc unreliable for collecting watcr- 
might have multiple flow zones or have significant ,mplc, fmm tnnsilion-ronc monitoring watoqdity zones. wells with large open-hole intervals or multiple 
levels or water quality ircdf-tedby t i h r .  A single fl,,,, bccs,,K uncmainly of where 
sampling muhod. U u r h .  might not d v e  entering the drop pipe might originate. 
consistmt waterquality results or guarantee the 
sample will be rcpnsentative of a d i s c m  flow znnc Wells with long open boreholea might not 
in an aquifer. Many wells have long open-hole producc water from the desired interval of the 
intervals Uut intersect mon than one permublc fnmation when pumped through the casing, or they 
m e .  n the water within the borehole may exhibit might p m d u c e a m m s i t c  sample. Tmsition-zone 
tidallv related water-audin ctmnccs. TG moiitdrinn wells should be con&cted with s h n t  ~~, ~ ~. - - ~ ~ ~ ~ .  ~ - - 
concenrmionolehlori& inthe mnaition zone water opn.holc intervals completed t o r  ainglr rprcrfic 
is rmicrlly surlifiod, therefon, wells wttb lonl flow wne o f m  mquifer within the tmnrilionzonc. In 
open-hole inlen.hmight n n  yield representative m a r  u r n  multiple aquifers or multiple flou zones 



in an aquifer exist. closely spaced, singlc wcllr 
(ncned wellr) open to each zone should be 
constructed to adequately document changes in the 
entire vertical section of the transition zone at that 
site. Such wellr rhould then be ramoled after 
purgtng the uell long cnough for spcetfic 
conductance pH. and temperature to rtab8llzc 
(Wwd. 1976. p. 4). 

Translllon-Zone Monltorlng Network 

Wcllr "red to manitor the trsnrlt~on zone in 
u c n ~ e n t r l l  Florida should anly be open to mal l  
wctionr of the aqwfcr n aquifer $)stem beraux the 
aquifers ahen contain multiple water-bearing zones 
wilh differing watcrquslity charaeterirticr. However. 
few wells that are available as monitoring wcllr am 
conrtmcted in thismsnnn. Many wells in t k  southern 
counties arc open to m m  than one aquifer, a to m n c  
than onc water-bring mnc within an aquifcr. Wdls 
o ~ e n  to more lhan one souifcr are n a  useful fw a 
salwater monatonng ncnrork. hut wclls open tomorc 
than anr u a t n . b n n g  zone w~thln an aquifer can be 
useful d m m  sv8labC wells nr na arallable 
Although water sampler fmm the- wells are 
c o m p i l e  samples, wslcrquality data collected over 
lime could be useful in determining if water quality 
wcm changing. I n m s  w k r e  wataqullity data fmm 
lhcx wells show changing conditions. installation of 
new monitoring wells open to shon, d i x n t e  intwals 
of the aquifer should be conridemi. 

One hundred rinv-lhrce wells at 142 s i t s  were 
chosen for onclus~an in s tmarlon.rone monltonng 
nctvnk Thc *ells were chosen baxd on loratzon 
(spa1s.l drrvibvtlon wtth~n ihr study area). well 
construction, present and historical waterqualily 
data. md sccssibilily to ihe well. Some of there 
wsllr hnve open-hole rs t ions of mom than 100 R 
have mulliplc flow m e * .  or havc chloride 
conccntmionr greater lhan 250 mgR. They were 
included in the network kcansc mmc suitable wells 
a n  n a  availahk nearby. The network was divided 
into primary and secondary monitoring mtwa*r to 
separate the most suitable wells h t k  less suitable 
wells. lk primary monitoring network (fig. 30) 
consists of 57 wells al50 s i t s  (Whk 7). Sewn of 
these s i t s  hnve two wells open to either different 
aquifer systems a different water-Wing zones of a 
single aquifer. lk secondary monitwing network 

(fig. 31) consists of 106 wcllr at 92 sites (table 8). 
Founecn of these aitcr havc two wcllr each open to 
different aquifer systems or different zones within an 
aouifer. The sccondarv sites are ecnerallv less v 

dcrlnhle becaurr chlonde conrentrattons am grcaln 
than 250 m g h  or well-construction data arc 
incomplete. T h c ~  ucllr werc tncluded in the 
netwak as backup n interim sites in the event that 
primary sites b e m c  inaccesrihlc or otherwise 
mmovcd from the network. 

Data for the transition-wne manitoring 
network has bcm pmvided to the SWFWMD and the 
network hu bem included in their Cosrtnl Gmund- 
Water OualiN Monitorinc R o m m  under the - .  
~mb#mt~round-waer&al~t;~on~tonng R o p a m  
Ths monrtannp network in~tlllly war sampled b) 
SWFWMD personnel m March 1991 Thc rcrults 01 
lhis ramdina were ~ u h l i r k d  bv the Southwest - .  
Florida warn management ~ l d n c t  (1991 The 
SWFWMD plans to monue to manslor the netuork 
and, folloump mplbng  evcna, lo publlrh the results 
(Eric ~chavcn. ~oAh&t  Flwids Water 
Management District. wrinen commun.. 1992). 

SUMMARY AND CONCLUSIONS 

The hvdmewlanv within the 6 . ~ ~ ) - m i '  studv . - ". 
uu varier considerably. In the north. a thin layer of 
claslic dcposit~ directly overlies the Floridan aquifer 
system. A continuou~ surficial aquifer system in this 
m a  is nonexistent. md UK U D D ~ ~  Floridan Muifer is . . 
unconfined. South ofccnml Puco  County. a clay 
layer composes the m t c d i a l r  confining unll that 
wpararcr the s u m i a l  aquifer synem fmm the 
underiring limestone of the Uwer Floridan Muifel. 
lk inkmKd~ate confinmp thickens sou&ard. 
changu litholow. and becomes UK Intennedlate 
llquifn s y s m .  In the mlhernmost pan of the study 
uu, the intcrmcdiatc aquifer system is a lcpky. 
anniconfmd system lhat is composed of several 
arbanalc wum-baring zones and ranges fmm a b u  
ICQurmorcrhan8Wfithick. 

% .Itit,& of the p o t m u 4 c  sVrfac. of the 
intemudiw aqvifu syrvm mpu h m  a b u t  l I0 fi 
lbove sea level im soulhurtemH~llsbamuchCmtv to .-- - - ~ - ~ ~  

less *.a 10 fi above sea k v e ~  near the c o k .   he 
m d d y i n g  Upper Flwidsn aquifer also thickens fmm 
nafihtosouth.rangingfmabut~to 1.400 ftthick. 
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EXPLAWATION 

, o WELL D.s01B.d AND h WMBER-- t W .  7 

The altitude of ihe pentiom& wrface in the U p  
Flddan aquifer ranges from abut IW fl h e  up 

kvcl in the u s t s a r n l  pm of ihe sndy w. to m m  

The density difference between srllwun ud 
fmrhwateer in m aqaifeifcr rerultr m s wedge of dtusicr  
th.1 extends landuard nnd that underlies the boundmy of lh; study m a  in & mthm put 



Tab* 7. P.#ma#y rnonlol np *a is n me uanm.on zone 
1Llrl lontvfur.u.slorn m b t n  UI ROMP Rr,~m.lC~*nn.nn.w ulLlam.r*r Plrrran >U\ \  I...nwr L ,n:.rn< dU Tll ,lr.chln 
F D M ~ I ~  TAMP Tlnp.Lmolm OCAL 01s11Lm%tow l V P I  *.a Pall F o m - r n  bCRkSI  UeuCom.Re$ i n ~ ~ l . ~ l  A . , % ~ ~ , !  . .-DO -.wd.I.I 

W.U w u t , o n  well ca*,o 
numb., wmb., Nams CovntY 7 %  ?,$ aaqui1er.yrtem 

Aguilsr 0, 

5. 26561MBISWOI S lv r  Ilishu.) 14 dnp Chulol~ 280 1% inlmnrdlarc 
Jb ZbS6WE15YM3 SIaIc Hi8h.q 74 l n t d i m  Ch.riocnr 71 71 In lc rmd lu t  
I 26591OM?OLIMI PonCMawUlil#r~esd.rptp Chuiotlr I56 128 inmmdiaw 

10. ' 2 1 0 m t m m ~ l  ROMP 10[llilorrrr-~w~& Chariorle 917 595 UpprFlondm 
IPb 2101JXIIXa2SOl ROMPIOLlmnlonTAMP Charlone 515 303 Inlermcdiale 
I 2  27D2UXlllZl57Ol ROMPTRC2IWNN E n u a a  475 4W UpprR0nd.n 
11 ~ m z m 1 4 ~ 4 . w ~  ~ ~ i ~ . ~ i ~ ~ d ~ ~ ~ ~ x b  a s w  408 61 inltrmrdirr 

CII) d S z r u a a ? l ~ t B  RR 
ROMPTR 7.1 w p  
A"r"Mn.drrp 
B&lrrn B . 6  l h  na, 
ROMP TR 8. I H W H  
ROMPTRR I I W S W r n L  
SW HlllrhaughMB 

274411W227YOI ROMPTR'+ S i m R d  
27442K82XINI2 ROMPT119-I SVNN 
I7442IM2LIIVlI ROMPTRP-3 AVPY 
274SYE.ZI.Wl ROMPTR9-? AdloBr.ch AVPK 
214JYE.U33802 ROMP TR9-? Apolln Bench OCAL 
21490((112d2.WI MIkr  ,Ken& Cil, l 

McK.yCmd "$3 
ROMPTR 1*2&rp 
RDMPTR (1-I K L A  
ROMPTR 11.1 SXtiN 
Mcsriru l.WS S. MrD8III 
EOMPTR II.2 SWNh' 
c k w . r r r  wuoaon rln 

111 rn2Zamz4QDml C W d H h  
113 2IUIWUP(?Ql M C  S c k r d a p  
IIS W~POB239Y)II~ ROMPTR I I J U  A W K  
I16 111)2MZW.Wl HnnWBurhruppl )  
I11 I I3 l rXILUUOI W d H I S I I 4  
123 W U r n U I Y a l  vltebwcba* 
IX 2 U l M U l U D l  84 lq S p n ~  wll 

~-~~~ 

R u o  
RM 
H"w& 
I*Mn60 
tk"Mk 
HanudD 



- / Cylene McPeeks - U.S. Geolog~cal Rpt. 93-4120.t1f 
- - p a d  

w >  , 

EXPLANATION 
1 4 1  WELL A M I  NUMBER-. 

hscr1D.d h 1.Y. I 

Flpw 31. LouUonr cf-W monnwlw dl. In the m b n  mn. 

3 D r c ~ m d Y a M w o ( h . ~ I M . * r w ~ r T n ~ b r * l n l q ~ M n p h . * M . E m n l ~ M d r l o l l b  



I Cylene McPeeks - U.S. Geological Rpt. 93-4120.tif 
- 

-- p,,,q 

Water quality in the Uppa Floridan aquifer in the 
nonhem pan of the rwdy m a  indicates tha the aquifer 
has t e n  f lusk i  of &dual mwater and that water in ihs 
vansition zone &ss simple mixing of fmhwaterand 
seawater. Watcr in bxh Uu intmediatc aquifs syplem 
and the Upper Roridan aquifer that wd+dies mosl of the 
m t h e m m o f t h e  m d v  arrainmacmincdlmi which ,~ -  ~ 

indicatsrh longcrre~idemc time in the Guifers. 
i m p l a c  flushing of midual uawater, and diwlution 
of hom dcepcvaporitc Mr. h a h w a t e r r n r s  
f&rrwth intheintmncdiate.tcaquifasy~lemthw inthe 
Uppr  noridan aquifer. 

Linear.rrgrernon anal>wr were run on rhlonde 
data from gmund u a t n  in 24 wcllr a$ 21 c m l a l  s8tsr 
dunng the p e n 4  1970-90 to deluxstc long-term 
Rends. Conemmtionr of chloride in samples from 
14 wells had increasing trends. E%tcodcd pumping for 
agricultvral irrigation or public supply may be 
contributing to the increasing vend noted in same of 
thcse wells. Samples from two wells indicated the 
concenvation of chloride was dccreasinn slowlv. 
Conrmtrataonr of rhln8dc in the e~ght remnrntng ucllr 
uerc vanually unchanged 

Thecffcas of ssasonal and tidally induced head 
changer on the quality of water in wells were 
monitored at four long-term and six rhnt-term rites. 
Although all wcllr exhibited daily tidal a wasanal 
changes to the water levels. only two had related 
changes in lpceifie conductance. Seasonal and daily 
d m  collected at the ROMP TR 19-2 well in Hemndo 
County indicate that a change in the pmt ianc t r i c  
surface in the aquifer will result in a change in the 
specific conductance of the water in the well. Thc wcll 
is used to monitor a s h m  section of the aquifer thu is 
ncsr the salfwacr-freshwater interface. At Ihe Clyslal 
River well site, waer quality was .ffu:ted by water- 
level changes only in the pan of the wcll that is open to 
Ur deep m e  of the aquifer nur Ihe saltwater- 
frcshwatcr interface. 

Three wells were selened to comnarr Ihe 
drffercxer in ramplmp mwllrthat nu& be cdused by 
d t f f m g  well chnractenrucs a ssmplrng msthodr 
Condtsons u each well urn s u e d  pna to leltlng 
by wing borehole geophysics and continuous water- 
level and speeific-condueunce muden. Robsblc 
now  nu and 1 0 ~  when water quality seemed lo 
changc w. identified. Thc f i  phase of wing 
mnsistcdof s a m ~ l i n ~  hom the nredetuminedmnes bv 
pumping through a i n - ~ n .  po lh tny~  c h ~ k d e  h p  
p i p  Thcdrop pipe war w! et thc rhallourst depth 

first. Samples were collcctcd at one. two, and three 
p i p  volumes and then at various time intervals 
thereanerdeoendine on the time neccrran for the well . - 
lo stsblllrc. N drop pap u s  lmglhcned, and the 
p m c s  *as repeated mtllall zonesuereiampled The 
second phase of the test conriacd of pumping the well 
fmm land surface at rater up lo 1% gsllmin. When 
possible. m p b r  wcre collected at one, two, and three 
casing volumes: at one, two, and three well volumes 
(casing plus open-hole section); and u various time 
intervals when necessary to allow the wcll to stabilize. 
Thc cffccts of lids1 water-level fluctuationr on the 
quality of water in the well were documented at all 
sifts. 

Sunplmg at the three t o t  ucllr indra td  a 
rrnglc m p l m g  method mlghl on produce thc der,rrd 
results. A sampling method where water is pwged at a 
low rate and sampler m collected through a drop pipe 
in a flow m dar not gurnntcc consistency or that 
the sample is repmenlative of the formation at that 
ronc. hop p i p s  may be useful in large diameter. deep 
wells with small open-hale sections. but they arc 
unreliable in wells with lawe om-hole sections or - .  
muluplc flow z m r .  When pumped thmugn the 
casings. wells with long g c n  borcholrr might not 
produce water f m  the dcrired intcrval of the 
formation, or they might prodwe a comporitc isrnplc. 
Transition-zone monitoring wells should be 
consmwtcd with shon open boreholes that arc 
completed to a single now mnc of the aquifer within 
the mnnition zone. In m a s  wcre multiple aquifers or 
now mnes ciirrt, nested wells should be constmctd to 
monitor Uu caire vertical sction of the vansition 
unc Mon~tonng wells should be rrlectcd that do na 
erhlbn changer m wacr quabr) that zrr rclated to lldal 
war-level changes. In proprly consuucted 
monitoring wells. samplca should be collected after 
purging the well rvfiiciently to allow specific 
conductance, pH. and temperature to stabilize. 

A vansition-zone monitoring rrtwmk 
eonsiaincof 163 wells at 142 silcr was established f a  
lhis stud; Thcrc arc 50 primary sites with 57 wells. 
Thcmainingwellr were iteonduy or backup wells to 
be used if primpry wells kern inaccessible. The 
Imation. consrmction.and wucr-quality data for wells 
wlcctcd fmthe monitoring nctwork were supplied to 
Ihe SWFWMD fmimplcmcntation into a pemmcnt 
cmlal ground-water quality monitoring p m p m  
under the SWFWMD Ambient Gmund-Water Quality 
Monitoring Rogrnm. 
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Table 8. Secondary monltating wells in the t r a n l i o n  mns 
I b a t $ o m o l r i l n u r  rhawn in $urr 10. ROW. R e p i d  Obwnnlon .nd Monilw-Well Ropm: SWNN. Svwlnrre Llmestm: H m .  H ~ h m  
rormal#m: T*MP.T.mp. L l m w m .  OCAL OI.i.Lirnntorr: A Y P X  Avon Pul Fmal#on: WCRWSA. West Covt Rc8ion.l Wurr Suppl) Autha~ty: 
".""rnh,. --.nodual 

\-3? 9,-, 

1 26.111W1 RminNurwnlM-3lll Lhwlale 220 180 i n l d i a l  
2 26.53l l~ lU2601 B s b c r l l l m d l C ~ . X ? I 2 6  Chrlalr 404 42 l n l m d i u r  
I ?MJ(Y(B?@XW USGSC.3 Olrlone 151 ln&i.lr 

?h.h'BOB21307M ROMPTE 3-I L. HUTH -lone 400 380 L n W i u r  
4b 26M)BOB?l3070 ROMPTR ?-I SWNN % h e  6ZU 6M U m r F h d m  

b 2658U011??02101 En8k.d Yam DltlnO -14 
bD 'A,8UO8:10?10: Ln,k.mdU.nt D a s t ~ @ I r A  
8. 2IOImIOYIYII P a W m r 1 0 s C I G S *  
1 C  ?lOtl3Ob2OW.' PmOulol-A U I G S n  
P ?m.lrw?:r$?ol ~(vuur .e~.o* 

IIO??Y*1111,101 L" l~ , , l ,O lT~L. ,  
?INOIW!??OILII A-lrntORI 

II : I I I W W I I O I  GDL U ! 
so 2 4 U m 8 W  I0.l GDI T! 
1. ?10U.W'26 MI L'IGS.?' 

10 su-w And ConcI".b". 
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Tab* 8. S.mnda rnonilwing wells in he Usmil ion ZoneOontinued 
- ionrdurs ur L w n i n  6tw.m. ROME Re8bn.l Obwnrion .ad M n ~ - W c I I  R-: SWNN. Suw.mx.Limnm; m. Hw~hon, 
Fmnula: T A W . T m p h t a r ; O C * L .  &.I. Umnm:AVPX. Avon Pw% F a n a t i a ;  WCILWSA. W e I C o v l R t # c d  W u r  Supply Aulhonty: 
4. "unkr. -.nod.u1 

w ~~ I 
M b n  nU7t.r Nun. 

73 2 7 ~ 1 1 0 1 7 0 1  rr*elandnPb Hubm &iIMb 124 -- UWcrFlmdm 
74 21J6WXZ4WI CL-Dm 43 l G l r n )  RnOlu 110 - UwFlondm 
76 175W1(6JY I I  WmMm R d l u  110 - UpprRmdm n nrnunznlml s m s  lm W I I I S ~ Z ~ ~ ~  240 a~ u w n o n d m  
79 2 7 J s l W l U m l  log S a m , H h  P i d b  110 - Uwflondm 
?A nMsJxaB3JMl 
Ub 27J95sJxa2335802 
81 2W0015082411m1 r r -axun3  
82 2 8 m m 1 ( ~ 9 0 1  
81 ZKCY*WUMI ROMPTR IMBar jM8nRad 

84 ZSC53€023W S k b R c d d o l p  
x ~ 1 1 m a m 1 0 1  mnraubsu~rurm. 

87 2MIISU324UJOI R O M P T I I I L 3 m  
8 U  2MI3ZM24JZWI ROMPTP. IC2OCU 
Im 28013DMUJW02 ROMPTRleZTMIP 

89 180I350824IJIOl U - h 5  
91 ZWWMZUIW2 C L u w u a l l 7  
91 2 ~ 2 4 5 I P O I  L k u i d  
Ph zmnJwdUrm01 B n d " c r d * . l l a  
93b 2WJ7MUrm02 BnderOl lLdolp 

M 2 M m M J J O I  SI. P n a b w  E-lm 
95 2 ~ 1 0 ( U M 3 0 1  8 l O B I I M R d  
98 2801J3D57~101 RDMPTR 13.1 

Im zarmaarmw ~ I I * C ~ I W ~ A W  
101 ZVB7Ml424801 TrponRosddolp 

10)  28III3D57U3DI B-Viru 
101 28I223MZULUII Mahali%lFhUm 
tm. r n l U r n 4 I 4 Y I I  C o u w ~ o r , ,  
IMb 2 8 1 4 4 ~ 1 1 1 X n  CouWRuo.llA 
I& 28lJl2W2423MI NerPonRrky.l42 

107 MIY?C6UlIMI W d N e w M R * k y # 8  
110 UII9~7WUtOPOI ROMPTII 17-1 SWNN 
111 28IPlKBUIJMI W i - E M I I  
I14 28ZtCKS239ZMI Myrolu,S@mII 
I18 28~?C61370Dll FT&w"." YwXh Cq 

119 21321?C62MJw)I ROMPTII l%2I*.p 
Im m 3 n m m m  W C U S ~ ~ ~ ~  
I11 28UIK#ZUOIOI ROMPTP.l%3AVPK 
122 m m x m 1 6 1 m 1  mtlwhorn 
IU Z M B I ~ I U ~ I  ~~P~~ 

1% ZM311(11l310U)l mumbwiyL.LI 
I21 W 5 M W Y M R  S.lurmuMZI 
I 2 9  IIYllrm2YJWI w D m o u y W ~ ~ ~ c + l l  
131 7M9-Wl B q W M M m  
3 2  Z M l ~ l m l  OvUoY 
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APPENDIX-.WaIer-malib Data 101 me Transltlon-Zone Mmnorlng Wells 
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APPENDIX- -W~I~~-QYBI~ I~  Data for the Translion-Zom Monitoring Wells--Continued 
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APPENDIX-Water-malty Dam tW tM TranlonZoM Monltulw Wens-.Continued 
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