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INTRODUCTION 

This report deo.ls with ground-water conditions of a. Ill£l.p­
o.rea in the province of Prince Edwo.rd Island investigated by the 
Gcologico.l Survey of Cn.no.do. during the field sea.son of 1949. It 
is one of a series of ground-wGter reports which it is hoped will 
eventuo.lly cover o.11 of Prince Edward Islo.nd. 

As ground-vmtor conditions are directly rolo.tad to the 
geology, the surfo.ce deposits were studied o.nd mapped by E.B. Owen, 
assisted by w. T. Ho.tfiold in 1948. E. I. K. Pollitt, assisted by 
R, K. Mudford, colleotod the wnter do.to. in 1949, Thanks are here 
extended to these assistants for their hearty co-opero.tion. All 
a.va.ilo.ble information pertnining to the water wells in the o.rea was 
recorded n.nd water so.mples were ta.ken for a.no.lysos. The ole"Te .. tion 
of the surfa ce of the water in cert11in wells was non.sured. It is 
intended to repeat those measurements eo.ch yeo.r to determine a.ny 
fluctua.tions in tho water-to.blo, 

Thanks a.re here extended to the farmers throughout the 
o.reo. for their co-operation o.nd willingness to supply information 
regarding their wells. Valuable o.ssistanco was o.lso given by well 
driller s in tho n.r00. , po.rticula.rly Hr, Vaughan H. Groom of the 
Tro.sk Well Drilling Compo.ny. The writers nlso wish to express 
their appre cio.tion to Hr. S, G, Ives, mano.ger for tho Commissioners 
of Sewers o.nd Wa.ter Supply, Charlottetown, for his kind o.ssisto.nce. 

PUBLICATION OF RESULTS 

It is planned tha.t the essential information pertaining 
to ground-water conditions will be issued in reports covering each 
of ton mo.p-o.reo.s in the province of Prince Edward Islo.nd. Tho 
proper authorities will be supplied with the information perto.ining 
to their respective o.roo.s. In o.ddition, pertinent do.to. on most of 
tho wel ls in oo.ch mo.p-nreo. will be compiled, Owing to the great 
number of wells, tho compilation sheets will not ordino.rily accompany 
tho reports. Howovor , informo..tion regarding pa.rtioulo.r wells ma.y 
be obtained from tho Chiof Geologist, Geological Survey of Cano.do., 
Otto.wa. 

With each report are two mn.ps. Fig. 1 shows the distribution 
of difforont types of surface neposits, and Fig, 2 shows the position 
of o.11 ·we lls for whi ch r ecords are a"11ilo.ble, together with the clnss 
of we ll a.t each location. 

In order to f acilitate plotting and locating wel ls, ea.ch 
lot was subdivided in Fig, 2 into areo.s a.bout 1 mile square, These 
subdivisions were numbered vertically from north to south o.nd 
l ettered horizontally from wost to ea.st. Wells were numbered con­
secutively for oach subdivision. 

GLOSS ARY OF TERMS USED 

Alluvium. Recent deposits of clay, silt, sand, gravel, 
and other material deposited in lake beds and in flood plains of . 
modern streo.ms. 
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Aquifer. A porous bod, lens, pocket, or deposit of 
mnterinl thnt transmits wo.ter in sufficient qunntity to sntisfy 
pumping wells , flowing nrtesinn wells, nnd springs. 

Bedrock. Bedrock, ns here used, refers to consolidnted 
deposit s of grnvel, snnd, silt, olny, or mn.rl thnt nre older tho.n 
the gl no ia.l drift. 

Contour. A line on n mnp passing through points thnt 
have the so.mo elevntion nbove son-level. 

Continonto.l Ice-sheet. The grant, brond ioe-sheet thnt 
covered mo st of the surfnce of' Ce.nndn mnny thousnnds of yoc.rs ngo. 

Esonrpment. A cliff or relo.tively steep slope sepo.ro.ting 
lovol or gently sloping nrens. 

Ef f luent Stream. A strenm thnt receives wntor from n 
zone of so.tura.tion. 

Flood Plnin. A flnt po.rt in n river vnlley ordino.rily 
nhove vmt or , but cover ed with wo.t or when tho river is in flood. 

Glncio.l Drift. A gonernl term tho.t includes nll tho 
loo se unconsoU.dnt od nl!.l.t eri a. ls thr.t wero deposited by the continento.l 
i c e- sheet or by wo.t 6rs nssocio.ted with it. It includes till, deposits 
of st r ati f i ed drift, nnd scattered boulders nnd rock frngments. 
Several f orms i n whioh gla.cinl drift occur nre ns follows: 

(1) End Moro.inc (Reoessionnl Mornine). A mor e or 10ee 
discont inuous ridge or sor ie s of ridge s consisting of glo.cinl drift 
tho.t wo.s l e.id down by t ho ic e ut the margin of n moving ic e-sheet. 
The surfc.ce is chnr nct orized by irrogul ur hills und undro.inod be.sins. 

(2) Gro und Mornine. i'. widely distribut8d mornine con­
sisting of glncio.l drift deposited ctt the bnse of nn ice-sheet. The 
predomina.nt m.::rt0ria.l is t ill, which is cloy contc.ining stones. The 
topogrnphy may vo.ry from fl~t to gently rolling. 

(3) Ko.me Mo r d.no . Assort ed deposits of s o.ndy o.nd grnvelly 
strr.tified drift lnid down o.t or clo so to the ico mc.rgin. The 
topogr aphy i s simil 2. r t o that of an end mornine. 

(4) Drumlin . A smooth ovnl hill thnt hos its long o.xis 
pnrnllel with t he direction of ice movement nt tho.t place. It is 
oomposed mo.inly of glo.cinl till. 

(5) Esker. An irregular-crested ridge or series of 
discontinuous ridges of strntifiod drift deposited by o. gl acial 
strerun thc.t flow od bcner..th the continento.l ice-sheet. It is composed 
mo.inl y of s£1.11d and gro.vel. 

(6) Glo.cio-fluvio.l Deposits. Silt, sund, o.nd grnvel out­
wo. sh, deposited by streams resulting from the melting of the ice-sheet. 

(7) Glncio-laoustrine Deposits. Clo.y, silt, o.nd sand 
d8pos ited in glacial lo.kes during tho retrent of the ice-sheet. 

(8) Ko.me. An isolo.ted mound or conioo.l hill composed of 
strntified snnd o.nd gro.vel deposited in a era.ck or crevnsse within 
the i ce or in n depression along the ice front. 



- 3 -

(9) Mr~rino Deposits. Doposits laid down by tho soo. 
during tho submergence thnt followo d the withdrc.vml of tho lo.st 
ico-shocit. Tho deposits consist chiefly of clc.y, silt, c.nd st'.1.nd, 
and ho.vc emor god benches of s end r.nd grc.va l c.ssocio.tod with them. 

(10) Shorolino. .A discontinuous 0 scr..rpmcnt thnt indico.tes 
the former mo.rir,in of n glncia.l lr.ke or sea.. It is o.ccompo.nicd by 
scc.tterod dopon its of s r.nd nnd gr~vel loca.t od on former beeche s o.nd 
bnrs. 

Ground Wntor. 
below tho vmtor-tnblo . 

Subsurfo.co wnt or in tho zone of sc~turo.tion 

Hydrostntic Pressuro. The pressure tho.t e r.uses wa.tor in 
n well to rise o.bovo the point nt which it wa.s first encountorcd. 

Influent Str0run. A stroo.m that foods wnt or into o. zono 
of so.turntion. 

Impervious or I mpormcnbl e . 
sho.lo o.rc cons id c r od to be impervious 
not por!!l.it thu perceptible po.sso.gc o r 

Bods such o.s fine clo.y or 
or impornoo.blc when they do 
no ven cnt of ground we.tor. 

Porvious or Pnn·wo.blo . Bods c. rc porvious or per!!l.eo.blc 
whon they pormi t theporc epb.blc po.ssa.gc o r mo vement of ground wc..t8r1 

ns for oxo.mple, porous s r..nd s, grC\.vel, a.nd snndstone . 

Porosity . Tho po r o ::iity o f a. rock is its prop0rty of 
cont(:.ining int .. ;rsticos or v o ids. 

_!'ro-glc.cio.l Lo.nd Surfa.c e. Tho surfc~c c o f the l c.nd . as 
it existed boforu tho Iei'8=sr11.:ot covE": r od it with d rift. 

Recent J2yposits . Depo sits tho.t hc.ve b 0.en laid down by 
the o.goncios o f' vmt e r rend wind since tho d~sappearanco of the 
contirwnta.l ico-shoet; for cxcJnp l o , alluvium in strco.r.1 va.ll eys. 

Unconsolido.t8d Deposits . Tho rno.ntle or covering of 
loosG, uncem0nt0d mr.t e ria l overlyin g tho bedror.k. It cons ists 
if Glc.cic. l or Rooont cl.cpos its o f bouldors, grn.vol, s o.nd, silt, 

nn<l clo.y • 

Wo.tor-to.blo. The uppor limit o f the pnrt o f the gr o und 
seturo.tec1 with wntor. This r.my b o nor~ r the surfc.c e o·r mo.ny f oot 
bolow it. Wate r no.y be r etained abo v e::: t ho no.in wo.te r~t a.b l o by o. 
zone of' impervious mnte rio.l; suoh wat'or is so.id t o be pe rchod and 
its uppor limit to ho o. perchod wo.te r-ta.ble. 

W0l ls. Holes sunk into tho ground so c.s t o obtain a 
supply of wo.tcr. When no wate r is obto.ino<l they a. re rofcrred to 
o.s ~holes. Wel ls yielding water nre divided into f our clo.sse ss 

(1) Flowing Artosio.n Wells. '\Yells in which the water 
is under suff icient hydrosta.tio pressure to flow o.bovo the surface 
of the ground nt the well. 

(2) Non-flowine; Artesinn Wells. We lls in which the wo.ter 
is undor hydrostntic pressure sufficient to ra.ise it nbove the level 
of the nquifer, but not o.bov e the l evel of the ground ut the we ll• 
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(3) Non-nrtes'ia.n Wells. Wells in which the water does 
not rise nbove tho wnter-tnble or the nquifer. 

(4) Intermittent Non-o.rtesinn Wells. Wolls thnt o.re 
genero.lly dry for o. po.rt of' eo.oh yenr. 

Zone of So.turntion. The part of the ground below a 
wator-tabl8"S'D:"turnted with wo.ter. 

GENERAL DISCUSS ION OF GROUND WATER 

Almost ell the wo.t er r ecove red from beneath the earth's 
surfo.ce for both dom(;stic nnd industrial uses is mct <JO ric wnter, 
that is, wnter derived from tho o.tmosphero. Most of this wnter 
ranches.the surfnce o.s ruin or snow , Pnrt of it is cnrriod off by 
streams, pnrt evnporates either directly from the surface nnd from 
tho upper mnntlo of soil or indirectly through transpiration of 
plants, the romuindor infiltrntos into the ground to be cddod to 
the ground-wo.t or supplies. 

Tho proportion of the total procipitntion thnt infiltrates 
from the surfn.ce into the zono of so.turo.tion wil 1 depend upon the 
surfnco topogro.phy nnd the type of soil or surfnce rock. More wo.ter 
wil 1 be nbsorbed in srmdy or gro.velly ureas, f or oxc.mple, tho.n in 
those covered with clo.y. Surfo.c o run-off will be grea.ter in hilly 
o.reo.s them in those that r.rc· rdntivoly f'lo.t. In sa.ndy regions 
whe r e tho relief is gr eo.t , thr; first precipita.tion is nbsorbod nnd 
run-off only coJ'llJl10noes a.ftor continuous hea.vy ro.ins. Light, continued 
procipitution will no r mally furnish more vmte r to tho unde rground 
supply tho.n brief torr entinl floods, during which the run-off will 
noo.rly oqua.l the precipito.tion. Fro zen soil is quit EJ, impormeo.blo 
o.nd moisture fulling upon it will not usunlly find its wuy belO'w 
tho surfo.co . J~ccordingly, during tho wint 0r , ve ry little wo.t e r 
r 0o.ches the z.one of sc.turo.tion. Light ro.in,s fulling upon the surfnoo 
of tho eo.rth during th-::: e; r owing sGo.son mo.y be wholly a.bsorbed by 
gr owing plnnts. Th0 quo.ntity of moi sture lost through direct 
evnpo ro.tion depends large ly upon tompcrut ur e , wind, nnd humidity. 
Ground wo.ter in nrous ovorlnin by purvious mo.terio.l mny bo r echnrged 
by influent streams oo.rrying run-off from nroo.s ov E. rlo.in by r e lo.tively 
impervious mnt 6rinl. 

Tho 11vcrng0 monthly o.nd o.nnuo.l prooipita.tion (in inche s) 
nt Chc:.r1ottotown, Hami lton , rmd Summorside , observGd over pe riods of 
65, 16, nnd 18 yea.rs r 0spoctive ly i s ~ s follows:l 

1
Do.ta. from "Climntic Surrnno.rics for Se l ected Metoorologica.l 

Sto.tions in the Domini on of Co.no.du 11
, Vol. I, Metororologicnl Di vision, 

Dopo.rtmont of Transport , Cano.do., 

---
Yrs. Ja.n, F'ob. Mur. Apr. Ho.y Juno July Aug, Sopt. Oct, Dec. Annuul obs. Nov. 

c. 65 3. 76 3.01 3.15 2.78 2.66 2~58 2.98 3.35 3.40 4.07 3.75 3.98 39.47 
H. 16 3.03 2.60 3.75 3.27 2.52 2.60 2.94 3.45 3,12 3.12 3.75 2.97 37.12 
s. 18 2.68 3.ll 3.10 2. 75 2.86 2. 77 3.62 3.59 3,32 3.36 3. 70 3,80 38.G6 

c.-- Ch[.~rlottotown; H. -- Hmnil ton; s.-- Sununerside 
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If Summorsido is usod o.s an exrunple o.nd it is borne in mind 
that a layer of water 1 inoh deep ovor nn nreo. of 1 squo.re mile OI:lounts 
to o.pproximo.toly 14,520,000 imperial go.llons, it will be seen tho.t nn 
o.voro.ge of 561,343,200 imperio.l gallons or wutor ro.11 on eo.ch squo.ro 
mile in tho Sununersido nroo. in 1 yea.r. Although it wou1d not bo 
possible to determine the nnnuul reoho.rge of the ground-water supply 
or the urea, if it were o.ssumod thnt only 10 per oent of the total 
precipitation renched the zone of snturo.tion, it will bo soon tho.t 
tho annual rooho.rge for 1 square mile would be 5,613,432 gallons. 
If thoro is a daily consumption of 200 gnllons per farm nnd 35 
gallons per person in the communities , nn ostim.o.te of the total 
consumption for O'Leary map-urea (200 square miles) shows it to bo 
only 7.2 per cent of the ost imnted annual recharge. rr , on tho other 
hand, 360 gallons per farm o.re consumed o.s well o.s 60 gallons per 
person in the communities, then 12.B per cent of the recharge is 
used o.nnually. It seems reasonable to oonolude thnt precipitation 
is ndequcte to furnish suppl i es of ground water for O'Leary mo.p-o.rea 
o.nd possibly the entire province. 

The monthly ond o.nnuo.l procipitntion from 1947 to 1949 
o.t meteorologic!:'.l stations within the o.roa is given on po.ge 6. 

In most regions of the wo rld where precipitation is 
offeotivo there is on underground horizon lalown us tho ground-water 
lovel or "wo.ter-tnble~, which is the upper surface of the zone of 
wo.ter saturation. Tho water tho.t ent ers from the surface into tho 
rocks of the eo.rth is dro.wn down by gro.vity to where it either 
reaches the zone of saturo.tion or comes in contact with u relatively 
impervious lo.ycr of rock, Such n lnyor mo.y stop further downward 
peroolo.tion resulting in perched wo.t or nnd area.ting o. perched wo.tor­
to.ble. If r. wo.ter-to.blo is o.t or neo.r the surfo.ce there will be o. 
lnke or swo.mp, if it is out by o. valley there will be n streo.m in 
the valley. The terms "influent" o.nd "effluent" a.re us ed with 
rnf0rence to streo.ms o.nd their r olntion to the wc.ter-to.ble. An 
influent stroo.m feeds wo.ter into n zone of .so.turation r...nd nn 
effluent strerun receives water from o. zono of so.turo.tion. Tho 
ground wo.tor in the zone of so.turntion is o.lmost oonstc.ntly on 
the move, percolc.ting toward some point of discho.rgo, which mo.y 
be a spring or o. pumping well. 

All rooks nnd soils are to some degree porous, tho.t is, 
the individuo.l grains or po.rt icles of which thoy are composed a.re 
pnrtly surrounded by minute interstices or open spo.ces thnt f orm 
the rec0ptnoles and conduits of ground water. In most r ooks o.nd 
soila the interstices o.re connected c.nd large enough for the 
wnter to move from one opening to o.nothor. In some r ocks or soils, 
ho·wovor, they c.re largely iso lat ed or a.re to o smo.11 for tho wo.tor 
to percolo.te. Tho porosity of a mo.terio.l VQries directly with the 
size o.nd number of its interstices, which in turn dopond chiefly 
upon the aha.po nnd r.rro.ngom.:mt o.nd the dE:1gree of assortment of the 
constituent po.rticles. A fino-gro.inod rock such o.s sho.le , limestone, 
or dolomite mc.y ho.ve such smnll interstices tho.t the cont c. ined water 
will not flow reo.dily o.nd wells penetro.ting thorn mo.y derive little 
or no wo.ter. Such rooks nre considered impervious. More conrse­
gro.ined mo.terio.ls such o.s so.nd, grr.vel, or snndstone reo.dily yield 
their Vlf.'.ter t o wells nnd o.ro co.llod wo.ter .. benring beds or o.quifers. 
A clean wnter .. beo.ring gro.vel constitutes one of the beat sources of 
wo.tor. This is true whether the water is derived from the zone of 
snturo.t ion or from o. bed of gro.vel confined between or below bods 
of more impervious material. 
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The most common wells nnd those that in dri:f't-covered 
areas yield the lnrgest aggregate supply of ground water nre water­
table wells that is, they derive t heir water from the zone of 
saturation. Many shallow water-table wells become dry during the 
lnte summer, winter, or periods of extreme drought. In most oases 
this is due to the lowering of the water-table below the bottom of 
the well. The grouping together of a number of water-table wells 
within a limited area wil 1 also lower the yield of any one of the 
wells. This is especially true if the water-producing formations 
are of low permeability. When a wel l penetrates an aquifer confined 
by impervious beds, water flowing under pressure will rise in the 
well t o a level equivalent to the hydrostatic pressure exerted nt 
the point of its entrance into the aquifer. If the hydrostatic 
pressure is great enough to force the water to the surface, a 
flowing artesian well is formed. 

Springs aro formed by the wator-to.ble , or some aquifer 
containing water, outcropping at the surface of the ground. The 
water emerging 1'rom water--tnble springs is free water flowing down 
th,, gradient of the we.ter-tnble. In many cases these springs occur 
!\:l slow seeps along the lower edges of stream valleys. A lnrge 
number in one e.ren oould Ill!l.intnin a swnmp. A group of artesian 
springs occurring in one c..ren could provide sufficient water to 
maintain c. lnke or form the source of a stream. 

GENERAL DISCUSSION OF GROUND-WATER ANALYSES 

Tho mineral content of r,round water is of interest not 
only to consumers but nlso to industries seeking wut or of specific 
quality, Both the kind nnd quo.ntity of minerul mD.tter dissolved 
in o. naturnl we.tor depend upon tho t exture nnd chemical composition 
of the rooks with which tho wo.tor ho.s been in conto.ot. Po 11 ution 
is onusod by oonto.ct with organic mo.tter or its decomposition 
products. Annlyses of wel l waters for mineral oontent ure mnde by 
the Bureo.u of Mines, Depc.rtment of Mine s o.nd Tochnioo.l Surveys, 
ottnvrn.. 

In o.ny givon nren, nn o.ttompt is mo.do to seoure sample s 
representative of the waters of nll mo.in aquifers. The qunntities 
of the various constituents for which tests o.re mo.de nre given us 
"po.rts per million", which refers to tho proportion by weight of 
o~ch constituent in 1,000,000 po.rts of wo.ter . 

The following mineral constituents include o.11 that ar e 
corrnnonly found in no.turnl wo.tcrs in quo.ntitics suffic ient to have 
o.ny pro.ctical effect on tho value of the wnters for ordinary uses. 

Silicn (Si02) mo.y bo derived from tho solution of nlmost 
o.ny rook-forming silico.tc, although its chief source is from tho 
fold spo.rs. It is connnonly det ermined in the nno.lysos of wa.t er for 
use in stetllll boilers, cs silico. is olnss od us nn objeotionnble 
encrustant. 

Co.lcium (Co.) is derived origino.lly to o. groo.t extent, 
from the decomposition of lime f eldspars. The chief souro os of 
cc.lcium dissolved in ground wo.ter o. re from tho solution of lime­
stone, g:ypsum, nnd dolomite. The common compounds of cnloium o.re 
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cr.lcium cr.rbono.te (CnC03) nnd cnlcium sulpho.to (Co.S04), neither of 
vihich hns injurious effects upon the consumer., but both of which 
co.use ho.rdness. C~lcium cnrbonnte is nctive in the formntion of 
boiler scnlo. 

MD.gnosium (Mg) is derived originnlly from mo.ny igneous 
rocks nlthough its chief source for ground wo.ter is dolomite, n 
onrbono.te of oo.loium nnd mngnesium. The sulphnto of mo.gnesium (MgS04) 
cor.ibinos with wo.tor to form "Epsom snlts" nnd renders tho wnter 
unwholesome if prosont in lo.rgo nmounts. 

Sodium (No.) is found in o.11 no.turo.l wo.ters in vnrious 
combinntions,nlthough its sclts constitute only o. smo.11 po.rt of the 
toto.l dissolved minero.l mutter in most wo.ters in humid regions. 
Sodium snlts mo.y be present ns o. result of pollution by sewQge or 
of contnmino.tion by sea. water, either direct ly or with tho.t enclosed 
in mo.rine sediments. Modero.to qunntities of those constituents hnve 
little offoct upon the suitnbility of n wo.ter for ordinnry uses, but 
wntor containing sodium in oxco ss of o.bout 100 po.rts per million mny 
i-oquire co..roful opcrntion of stonm boilers to prevent foo.ming. Wntors 
contnining lnrgo qunntities of sodium so.lts nro injurious t o crops 
nnd ~re, therefore, unfit f or irrigo.tion. The quo.ntity of sodium snlts 
mny be so lo.rge ns to render n wo.tor unfit for noo.rly nll uses. 

Potnssium (K), like sodium, is derived originnlly from 
the o.lknline feldspnrs nnd mie ns . It is of minor significo.nco o.nd 
is sometimes included with sodium in chemico.l o.nnlyses. 

1£.2E. (Fe) is almost invo.r io.bly prosont in wel l wo.ters, 
but rnroly in lo.rg~ amounts. It is dissolved in combino.tion from 
mnny rocks ns well ns from iron sulphide deposits with which ground 
vm.ter comes in conto.ct. It mo.y also be dissolveQ. from well cnsings,. 
wo.ter pipes, o.nd other fixtures in quo.ntitic s lnrge enough to be 
objectiorto.ble. Upon exposure of tho wo.ter to the ntmo sphere tho 
iron sepo.rates o.s the hydro.ted oxide co.using a. yell owish brown 
discolorntion. Excessive iron in wntor co.uses sto.ining on porcelo.in 
or enrunolled wnre nnd renders the wo.ter unsuito.ble f or laundry 
purposes. Wntor is not considered poto.ble if the iron content is 
more thnn o.5 pnrt per million. 

Sulpho.tes (S04). Deposits of gypsum constitute the 
principo.l source of sulphntes dissolved in ground wo.ter. They 
occur chiufly ns the so.lts of co.lcium, mc.gnesium, o.nd sodium. 
Sulpho.tes cnuse permnnent .hnrdness in wo.ter nnd nid in the formo.tion 
of injurious boil er sco.le. Sodium o.nd mngnosium sulphntos nre 
lnxntive when present in quo.ntities of moro tho.n 900 po.rts per 
million. 

Chloride (Cl) is neo.rly nll e ither of orgnnic origin or 
derived from mo.rino r ocks o.nd sedimontso It occurs usually ns 
sodium chloride o.ni less commonly ns co.lcium chloride nnd magnesium 
chloride. Sodium chloride is D. chnro.ct eristic const ituent of sowo.go, 
nnd nny loco.lly nbnormo.l quantity in ground wnter suggests pollution 
from this source. However, in view of the mo.ey sources from which 
chloride s mn.y be derived, such nbnormo.l qunntities should not, in 
thomso lvos, be tnken o.s positive proof of pollution. Chlorides 
impo.rt n so.lty to.ste t o wo.tor if presont much in excess of 300 pa.rts 
p or mil lion. 
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Nitrates (N03) aro of minor importance in the study of 
ground water. Relatively l arge quant i t ies in a water may represent 
pollution by sewage , or drainage from barnyards, or even fertilized 
fields. It is reconuncnded tho.t o. baot erio l ogical test be made of 
water showing an appreciable nitrate content if i t is to be used 
for domestic purposes. 

Carbonate (co3) forms a l arge percentage of the solid 
compounds held in solution by t he average ground water. The two 
chiof sources a.re the decomposition of f e l dspars and the solution 
of limestone. Water oarrying carbonic acid in solut~on is the 
primo.ry agent in rock decompo sit ion. Carbonates a ro indicated in 
the table of analyses as alkalinity . Calcium and magne sium carbonate 
oo.use hardness in water, whereo.s sod ium carbonate cause s softness. 

Bicarbonate (HC03). Carbon dioxide di ssolved in wo.ter 
renders the insoluble calcium and mo. gnes ium carbono.tes soluble as 
bicnrbono.tes. The l o.ttur a.re decomposed by boiling the wa.ter, which 
chnnges them into inso l uble ce.rbonnte s t hnt form o. coo.ting on tho 
inside of cooking utonsils. 

Total Dissolved Solids {Re sidue on Evaporation). The term 
•toto.l diss;;IV6d solids' is applied t o t he r esidue obtained when o. 
srunplo of water is evo.pornted to drynes s. Wo.t ers o.re consider ed 
high in dissolved mineral solids when they canto.in more than 500 
po.rts per mill ion, but mo.y be acc ept ed f or domestic use up to tho.t 
point if no bettor supply is o.vnilable . Res idents o.ooustomed to 
the waters mn.y us e those that c o. r ry much mo r e tho.n 1,000 po.rts per 
million of toto.l dissolved solids without inconvenienc e, o.lthough 
p0rsons not usod to highl y minernl izod waters w.,ul d find them 
objcctiono.blo. 

Ho.rdness is n condition impnrt od to wo.t ors chiefly by 
dissolved co.lcium and mngnesium compounds . I t her e r ef ers to the 
a.mount of soo.p that must first bo used to pr ocipito.t e the o.b?ve 
compounds before o. lo.thnr is produced. The hnr dness of wo.t or in 
its origino.l state is its total hardness , o.nd is clo.ss ified o. s 
'permn.nont hardness 1 rlnd 'tomporo.ry ho.rdno s s ' • · Pe r manent ho.rdno ss 
romo.ins nftor tho wn.te r ho.s been boiled . It i s on.used by miner o.l 
salts thnt cannot be r omovod from so lut ion by boiling, but it co.n 
bo reduced by treating the water VJ ith no.turo.l soft eners, such a.s 
o.mmonia. or sodium co.rbono.te, or with mo.ny mo.nufo.ctured soft eners. 
Temporo.ry ho.rdness co.n be eliminated by boil ing o.nd i s due to tho 
presence of bicur bonat es of calcium o.nd magnesium. Wate r s conto. ining 
larger quo.ntitios of sodium co.r bono.t e t ho.n co. lc ium n.nd mo.gnos i um 
compounds o.re soft, but if the lntter compounds o.ro mo r e nbundo.nt 
the wo.tor i s ho.rd. The following tnbl el mo.y be us ed t o indio o.t o 

lThresh, J. c., o.nd Beo.le, J. F.i Tho Exo.mino.t i on of Wo.t ers 
nnd Wo.te r Supplies; London, 1925, P• 21 . 

the degree of ho.rdnoss of o. water: 

Toto.l Hardness 
Po.rts per Mi llion 

0 - 50 
50 - 100 

100 - 150 
150 - 200 

... .......... .. ......... .... • .. .. .. .... ......... . 
••••• ••• • • ••• ••••••••••• 
• • •• • • •• • ••••••••••••••• 

200 - 300 •••••••••••• •• • ••••••••• 
300 o.nd over••••••••• ••• ••••••••• 

Cho. r 1:.cter 

Very soft 
Modero.t e l y so ft 
Slightly ho.rd 
Modern.te ly ho.rd 
Ho.rd 
Very ho.rd 
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O'LEARY MAP-AREA, PRINCE COUNrY , PRINCE EDWARD ISLAND 

PHYSICAL FEATURES 

O'Leo.ry mo.p-o.ren is loco.tcd in the west pnrt of Prince 
county on Prince F,dwo.rd Islo.nd. It ha.s o.n o.ren of c.bout 200 squnre 
milos . The village of O'Lenry, the lnrgest of severo.l smn.11 
comm.unities within the o.ren, is 75 miles northwest of the city of 
Charlottetown. 

The surfo.ce of O'Loury mo.p-nroo. is r elntively flo.t. A 
gont ly undulo.ting to rolling effect in some po.rts is due chiefly 
to downcutting by streruns since the retrent of tho ice rnther tho.n 
to glnoint ion. 

The centro.l pnrt of the mnp-nreo. is covered mninly by 
olo.y till, and the lnrgest deposits of snndy till occur a.long the 
west shore nnd in the southenst corner. All but n vory SI!lnll po.rt 
of tho sho reline is covered by Pleistocene mnrino deposits, which 
nro r.iost widespread in the enstorn po.rt where they extend fnrtheDt 
inlo.nd. A few smnll gro.velly snndy till deposits nre found through­
out the centro.l po.rt of the mnp-o.ren. Recent deposits of dune snnd 
occur a.long the south shoreline. 

A prominent topogrnphio fenture is n series of discontinuous 
ridges or bluffs thnt roughly pnrnllel the present shorelino nnd cnn 
be trnced intermittently throughout the mnp-o.ren. These bluffs 
represent eme rged mnrine shorelines. In genernl they follow the 
25-, 50-, nnd 75-foot contours. 

Surf'o.ce elevations increo.se from sen-level to n mo.ximum 
of 180 feet in the contro.l nnd northern po.rts of .the nren, the 
increo.se being more grnduo.l in the ea.st. 

The nreo. is well dro.ined by Pierre Jnoques, Enmore, 
Trout, nnd Mill Rivers, o.s well o.s by numerous smo.11 creeks. Pierro 
Jncques River flows southerly o.oross tho west po:rt of the o.roo. o.nd 
Enmore River flows southwesterly a.cross the enst-oentro.l po.rt. 
•rrout and Mill Rivers flow eo.sterly a.cross the north po.rt. Most of 
the streams nro pormo.nont, but do not cGrry much wo.ter. The source 
of much of the wnter is in wooded ~nd swo.mpy o.reo.s undorlo.in by 
rolntively impervious clo.y till. A few springs, some of which 
issue from so.ndstone , nro sccttor od a.long strenm vo.lleys. Somo 
streo.ms ho.vo been dammed, o.nd o.re uti lized to opera.ta smnll so.w 
or grist mills. However, us more lnnd is oleo.rod o.nd swnmps dro.ined, 
mo.ny of the permnnont streams will become intermittent, o.nd it will 
become inoreo.singly difficult to opernte such industries. 

GEOLOGY AND WATER SUPPLY 

Bedrock Formo.tions o.nd Their Wo.tor-benring Properties 

Tho entire province of Prince Fidwo.rd Islo.nd is underlain 
by Upper Cnrboniforous or possibly Perniinn forriintions. They consist 
of sort, do.rk rod so.ndstone, soft, thin-bedded, rod sho.le, ho.rd 
pobblo-conglomernte, nnd irregulo.r bods of impure limestone 
conto.inine; pebbles of bright rod sho.le. These lnttor nre described 
1000.lly o.s li!l\f conglomerates. 
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So.ndstone, beonuse of i ts relo.tivoly high porosity, 
constitutes the most sntisfo.ctory bedrock source of ground wnter. 
E. D. Ingo.111 notes tho.t in most insto.nces ground wo.ter wo.s 

lingo.11, E. D.: Boring on Prince Edwo.rd Islnnd; Gool. Surv. , 
Co.no.do., Sum. Rept. 1909, P• . 30. 

encountered in S(l'ldstone during tho drilling of five deep holes under 
the.·direotion of P:ri ".:':"!obg:toal Curvey o!' · ee.~!i.da in 1908.;.9., Where 
sandstone was located under beds of less permeable sho.le, the water 
was sometimes under pressure and rose a considero.ble distance in the 
well. The greatest depth nt which fresh water wns encountered in 
theso holes wns o.t 1,560 feet in well No. 4, it miles from Little 
Sands, Kings county. Below the fresh wnter horizons, the \..inter wns 
increo.singly bro.okish nnd · fino.lly quite so.line. In holes drilled 
o.djo.cent to the seo.-oonst, the wo.ter encountered rose in the casing 
to o.n elevation corresponding to tho.t of the sen water, nnd the ris e 
nnd fnll of the tides produced a direct effeot upon it. 

Although soft, red sho.les are not o. so.tisfo.ctory source 
of ground wnter in themselves: their loco.tion in bedrock suggests 
the possible presence of o.quifers conto.ining ground wo.ter under 
pressure as ground wo.ter loco.ted beneo.th such o. shale bed will 
genernlly rise n considero.ble disto.nce in the well from the point 
where it wo.s first encountered . The presence of impenneo.ble shale 
beds neo.r the surfo.ce may result in the croo.tion of perched wo.ter­
to.bles. Beco.use of the limited extent of these aha.lo beds, sho.llow 
wells deriving their wo.ter from above the sho.le in such loco.lities 
o.re not sntisfo.ctory o.nd will go dry rapidly during d~ought. 

Beds of limestone o.nd conglomoro.te o.re not extensive· nnd 
o.re unimporto.nt o.s sources of ground wo.ter • . Their relo.tive im­
permeability onuses them to beho.ve liko the sho.le beds in tho.t 
ground wo.ter occurring immodintely below is under pre_ssure o.nd 
will rise in the well when encountered. 

O'Leo.ry mo.p-o.reo. is well supplied with ground water for 
both domestic o.nd stock purposes. Over 92 por cent of the wells in 
the o.reo. o.re bored o.nd 74 per cent obta.in their wo.ter from depths 
of 40 feet or less• A survey of Lho well recorO.s G~J.ow s th'.C:t over 
97 per cont of the wells ho.ve n permo.nent wo.ter supply• The chief 
sources of ground wo.ter in O'Leo.ry I!l!l.p-o.roo. o.re bodrock formations, 
o.nd of these the snndstone only is of any importo.noeo Of the 1,342 
wells o.nd springs in the o.roo. about 61 per cent o.re known to ho.vo 
their aquifers in so.ndstone. Although the oho.ro.cter of the bedrock 
in 37 per cent of the wells is unknown it is, without doubt, sandstone 
o.s no other type of bedrock wa.s found to be o. fo.voura.ble source of 
ground wo.ter. The term "unknown" is used when the ini'ormo.tion of 
the owner is scnnty in regnrd to the charnoter of the o.quifer, or when 
the well wo.s bored during n previous owner's occupo.noy. The 
informo.tion regarding the cho.ro.oter of the o.quifer .wns derived solely 
from the sto.tements of the owners o.nd the drillers. 

All drilled wells in the o.reo. obtain their water from 
se.ndstone but, o.ccording to drillers' reports, vnrious thiclalesses 
of aha.le o.re encounte red between the snndstone beds. This is 
clenrly shown by tho four deep wells drilled o.t Mount Pleo.snnt 
Airport. The impervious shale beds prevent the wo.ter in the sand­
stone from rising to n higher level or from percolating downwo.rd. 
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When the shale is penetrated by drilling, water is enoountered in 
nearly all underlying sandstone beds. The yield o~these four 
drilled wells at the Airport is as follows a No. 1 - 40-60 gallons 
a minuteJ No. 2 - 70-80; No. 3 - 90-lOOJ No. 4 - 30-40. The 
compilation of these wells is as shown• 

No. Elevation Depth Depth to Aquifer Quality of water 
water 

1 108 240 ·-15 Sandstone Slightly hard, olee.r 
2 105 290 -12 " " It " 
3 94 350 -25 " " " " 
4 91 150 -9 " " " II 

In the oase of bored wells, sandstone is also the prinoipnl 
aquifer. In boring wells it is necessary in many oases to drill 
through the linw conglomerate or the pebble-conglomerate before a 
satisfactory supply of water is obtained. Mnr:w owners report that 
after the drill has penetrnted a layer of' he.rd rook it drops from 
3 to 6 inches into water. Ac cording to information reoeived from 
well drillers the apparent "drop" is the result of the hand drill 
passing through the relatively hard pebble-conglomerate or linw 
conglomerate into the softer sandstone. The contrast between the 
different types of rook is all the more apparent if the sandstone is 
saturated with water. 

A few wells are dug through the overlying unconsolidated 
deposits to sandstone, from which water is obtained. Most of these 
wells are shallow, ns the sn:ndstone is fairly close to the surface 
and lies directly below the surface deposits without any intervening 
shale or congloroorate zones. 

Springs generally occur where porous lenses or beds are 
exposed by natural slopes, cliff faces, or stream valleys. Some 
springs used for domestic and stock purposes obtnin their wo.ter 
from aundstone. The best illustration of bedrook springs is to be 
found a.long the cliffs of the present shoreline. Here the water 
seeps downwo.rd through porous layers of rook until some impervious 
sho.le zone is reaohed. The wo.ter then flows o.long the top of the 
sho.le lo.yer, following the hydrnulio grndient, nnd issues nt the 
fo.oe of the cliff. Some of these springs nre under sufficient 
hydrostnt ic pressure to flow ns steady streams from the rock, but 
most nre merely slow seeps where the wnter-tnble outcrops nt the 
surfo.ce. 

Unconsolidated Deposits nnd Their Water-bearing Properties 

During the Pleistocene or glnoinl epooh, gl"Elnt 
nccumulntions of ice formed nt one or more centres in northern 
Cnnada. This ioe moved out in all directions nnd covered large 
regions with whnt ho.a been onlled the Continental Ice-sheet. As 
tho ice ~dvnnced, it picked up, trnnsported, and redeposited 
grent quantitie s of loose rook debris. This mnterio.l is unoon­
solidnted and is commonly called glnoinl drift. The ice-sheet 
ndvnnoed nnd retreated several times and nfter eaoh retrent left 
o.n nooumulntion of drift on the surfnoe over which it hnd pnssed. 
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This drift, together with dune sa.nd, strewn f lood plnin deposits 
of nlluvium, o.nd swrunp deposit s of muok and pent, oonstitute, to 
n lnrge extent, the unconsolidnted depo s i ts on the Islnnd. 

MJst of the glncinl dr i ft consists of boulders nnd 
pebbles of vnrious sizes, some foreign, but predominnntly of 
Isla.nd bedrock, embedded in n mo.t r ix of clny or snndy olo.y. This 
rna.toria.l is known a.s a. till. The f ollowing nre the more irnporta.nt 
types of unconsolidnted deposits with their wo.ter-bonring properties 
thnt occur in O'Lenry mnp-nren: (1) glno inl deposits; (2) mnrine 
deposits; (3) marine bench deposit s; (4) gla.cio-fluvinl depositsJ 
(5) recent deposits, consisting of boo.oh sund o.nd gra.vol, dune snnd, 
strerun o.lluvium, nnd muck nnd pont . 

Only 2 per cent of t ho t otnl numbe r of wells obtnin their 
wnter from these unconsolidnted depo sit s. 

Glncia.l Deposits. This ty pe consists of glnoinl drift 
vo.rying chid'ly from n clny til 1 to a. sa.ndy till in different pa.rte 
of the o.reo.. Grnvelly, so.ndy till i s not extensive a.nd is not a.n 
importa.nt source of ground wnter. Although the zone of sa.turntion 
with its a.ccornpa.nying wa.ter - tnble exists in ola.y till, the interstices 
in the till a.re extremely smnl l and much of the oontninod wa.ter is 
not recovero.ble by wells. Swnmp conditions a.re oormnon in clny till 
nrens. Sundy till yields a. nnre sa.tisfnctory supply of wa.t or, but 
is not sufficiently extensive i n the nren to f orm nn importo.nt 
source. No wells were fo und to dra.w their wntor so l ely from the 
gl~cia.l deposits. 

Marine Deposits. Thoso deposits cons i st chiefly of silt 
a.nd send with n few soc,ttered interbeds of clo.y. They a.ro very 
porous a.nd yield their wa.tor freely to shnllow dug wells. Perched 
wo.ter, a.lthough not conunon, is pre sent i n these C. reo.s. Such 
localities cnnnot be oxpooted to yield a. sntisfnctory supply of 
ground wute r unless the well pa.sscs through the pe r ched zone a.nd 
enters tho true zone of so.turc.tion. 

Arens ovorlnin by glE'.cio-fl uvinl a.nd mnr i ne bench deposits 
a.re of r clc.tively smnll extent nnd, a.lt hough they consist of well 
strr.tified silt, sa.nd, o.nd grnvol tha.t nr e very porous nnd should 
yield good supplies of wo.ter, do no t co nstitute importont sourc es 
of ground water. 

There a.re no drilled or bored wells in these rna.rine deposits. 
All the dug wel l s nre shnllow, but tho yield is fnirly consi st ent, 
Ha.lf tho totnl numbe r of. springs listed o.s the sol e source of wnt er 
supply of n f a. rm a.re f ound in these snnd nnd grnvel deposits. The 
grentest number of wells with this type of nquifer a. re l ocated in 
lot B. 

The wnter - benring pro perties of o.lluvia.l deposits nre 
vnrinble, but in general such deposits form fnvournbl e aquifers. 

~~deposits nre very porous and should yi eld 
sn.tisfnotory supplie s of ground wa.te r to wells tha.t penetrate the 
wo.ter-tnble. They provide the water supply for tho fishing community 
of Wost Point, from sha.ll ow dug we lls. Although the supply is not 
groa.t, the wnte r l eve l nppeo.rs to r emain fnirly consta.nt nnd no well 
i s known to become i ntermi ttent. 
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The possibilities of obtaining flowing-artesian wells 
in O'Leary map-nrea a. re not good. The porous sandstone beds as 
well ns t he deposits of Pleistocene marine sand and gravel provide 
nn excellent i ntake urea for ground wo.ter, but the relief is so 
slight there i s very little possibi lity of the ground wo.ter 
eventually returning to the surface at l ower elevations in flowing 
artesian wel ls. 

Springs occur throughout the nroa, but only those springs 
nre shown on t he mnp which constitute the sole souroe of wnter 
supply of n farm. 

WATER SUPPLY OF THE VILLAGE OF 0 ' LEARY AND OTHER COMMUNITIES 

All communities i n O'Leary ma.p-nrea obtain their water 
from privately owned we l l s. With the exception of West Point the 
supply comes mai nly from sandstone. All wells have a permanent 
supply of water . 

O'Leary 

O'Leary , the l arge st of nl l the oommunities, has sixty-six 
wells . All but t hree of these wells are of the bored type. Over 
65 per cent obtain t he i r wat er from depths of from 21 to 40 feet. 
All known aquifers nre sandstone, and although the aquifer is not 
listed fo r fifty wolls , it i s presumed nlso to be snndstone. The 
average depth of clay til l in O'Leary is 13 feet. 

St. Chryso stom 

St. Chrysostom has twenty-eight we lls. Twenty-seven of 
these wel ls ar e bored nnd twenty-one obtai n their.water from depths 
of 40 fee t or loss. All known aquifers ar e sandst one. 

Coleman 

There ar e fourteen wells in Coleman. All but one of these 
wel l s are bored, and nine receive t heir water from between depths of 
21 and 40 f eet. All known aquifers ar e sandstone. The average depth 
of clay til l in Colemo.n is 15 f eet . 

West Point 

West Point hns el even wells. With one exception ull wells 
nre dug. Depths are ma.inly l ess than 20 feet. Reoent dune sand is 
the source of water of all dug wells. 

Portage 

Portage ha s seven we lls, five of whioh are bored. Depths 
r ange from 18 t o 121 feet. The known aquifer is sandstone. 

ANALYSES OF WATER SAMPLES 

'l'hir.ty>-one samples of well waters from O'Leary ma.p.-a.rea 
were analysed f or their mineral oontent by the Bureau of Mines. The 
s runplaa were ta.ken from depths of from 0 to 138 feet, and nearly all 
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o.re f r om snndstone. J'"ll wntors were found to be suito.ble for 
domest i c nnd fnrm uso • 

.Amount s (in p~rts per mi ll ion) of d issolved minorul 
mut t er i n wo.tors col l ected i n O'Lenry mo.p-0.reo.1 

Qunntity 
Const ituent Mo.x inum Avero.ge Minimum 

Toto.1 d i ssol ved solids •• • •• ••• 357.0 177.4 80.0 
Silica. • • •••••• ••••••• • ••••••• • 21.2 8.9 2.0 
Cnlcium •• • • •• • •• ••• • • •••• ••••• 57.9 32.0 2.1 
Mo.gnosium ... .. ...... ...... .... 22.5 1.2 1.1 
Alko.lis (sodium nnd poto.ssitnn). 44.0 14.8 6. 9 
Sulpho.te .. ...... .......... ' ... 37.9 9.8 2.9 
Chloride ...................... 43.2 17.1 o.o 
Nitro.to ..... .. ......... ...... . 32.8 10.3 o.o 
Bicnrbono.te ... ................ 219. 8 127.7 48.8 
Total ho.rdness ...... .. ... ..... 191.6 109.5 14.l 

Conclusions 

This inveatigo.tion wa. r ro.nts tho f ollowing conclusions: 

1. Ground-wnt er suppl i e s of O'Lenry mnp-o.reo. a. r e o.bundo.nt f or 
domestic, stock, o.nd fi e ld use s . Mo st f a.r ms hnve wel l s i n their 
po.stures nnd potn.to fields, which suppl ement the wnt e-r supply f or 
co.ttle ns wel l ns pr ovi ding nn ndequnt o supply f or irrigntion of 
field crops. 

2. Prec i pitnt i on o.ppenrs suffic i ent t o ensure ndequnt o supplios 
of ground wo.te r. 

3. The chi ef source of gr ound wo.t or is so.ndstono. Tho so.ndstone 
is so~ o.nd nllows penetration by hnnd drills. In order to r enoh wo.t er 
in so.ndst one, it is oft en necoss nry t o bor e through overlying hnrd li?IW 
oonglome r nte nnd (or) pebbl e-congl omero.t o. 

4. A few wel l s a.r e dug i n mo.rine s o.nds o.nd gravela 

5. Dune snnd deposits provide nn nmplo wnt e r supply f or the 
community of Wo st Point. 

6. No suito.ble aquifers f or ground wo.t er nr e pr e sent in gl ncinl 
til l o.roa.s. 

7. Conditions thnt produce flow ing-o.rte sinn wells o. r o not pr 0s0nt 
in t he mo.p-nreo.. 

8 . All 
o.bundo.nt nnd 

9. The 
suito.b l o f or 

villnge s o.nd coilll!lunities in -OtLeo.ry mo.p-nreo. hc.vti o.n 
permo.nent wo.t er suppl y . 

qunlity of ground wo.tor <lerive~~$t"o-ne--..iA. _ 9.uit e 
dome st io o.nd fo. r m use . -
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10. Tho presence of l~rge forosted crea.s a.re of vita.l importa.noe 
in mo.inta.ining a. sufficient sup ply of ground wnt er. It wa.s no tod tho. t 
the forest s in the mnp-a.rea. a.re gra.duo.lly being depleted a.nd vorj 
little effort is being me.de towa.rd reforest a.tion. It is suggested 
t ha.t, wherever possible, sane pla.n of r eforesto.tion be co.rried out. 
Thi s would undo ubtedly ensure a.n a.bunda.nt supply of ground wa.ter 
for the future. 



:1 
O

'L
ea

ry
 1

.!a
p-

A
re

a 
1

7
 

1 
_\_

9 
a

n
d 

S
n

rl
n

e
s 

... 
v 

\I
C

L
.L

 
.n

v
. 
~
 

V
.L

 
I 

L
o

ts
 

in
 A

re
a 

T
ot

al
_ -

I 
')

 
6 

7 
8 

9 
10

 
1

1
 

12
 

l':
\ 

14
 

1'
5 

0
1
L.

 
S

t .
C

. 
c.

 
'I

.P
T

. 
P

. 
· 

T
o

ta
l 

nu
m

be
r 

49
 2

56
 

15
5 

23
2 

18
1 

84
 

51
 

4
4

 
10

7 
3

7 
20

 
66

 
28

 
14

 
11

 
7 

13
42

 
B

or
ed

 
45

' 
2

4
9 

14
3 

2
0

0
 1

72
 

80
 

4
4

 
3

7 
10

6 
36

 
20

 
63

 
2

7 
13

 
0 

5 
12

40
 

9
2

.4
 

' 
D

ug
 

_,,
. 

1 
5 

8 
28

 
7 

2 
6 

1 
0 

0 
0 

0 
1 

1 
1

0
 

0 
70

 
5'

.2
 

: 
D

ri
ll

ed
 

1 
2 

3 
2 

l 
0 

l 
5 

0 
0 

0 
3 

0 
0 

1 
2 

21
 

1
.6

 
S

p
ri

n
g

s 
2 

0 
1 

2 
1 

2 
0 

1 
1 

1 
0 

0 
0 

0 
o

-
0 

1
1

 
0

.8
 

I 

.. 

W
el

ls
 0

 -
20

 f
ee

t 
de

ep
 

2 
23

 
1

5
 

42
 

24
 

12
 

1
7

 
11

 
43

 
8 

6 
1 

8 
1 

1
0

 
1 

22
4 

1
6

.7
 

2
1

 -
4

0
 

28
 1

68
 

66
 1

33
 

11
3 

5~
 

3
0

 
24

 
~·~
O 

23
 

9 
43

 
13

 
9 

0 
l 

76
9 

57
.4

 
41

. 
-

60
 

11
 

48
 

42
 

4
5

 
36

 
1 

2 
9 

3 
4 

1
5

 
5 

4 
0 

2 
23

5 
ll·

' 
61

 -
8

0
 

6 
13

 
23

 
10

 
7 

5 
0 

2 
5 

3 
l 

4 
2 

0 
0 

0 
8

1
 

.o
 '

 
81

 -
10

0 
-

2 
4 

6 
1 

1 
0 

1 
0 

. 
0 

0 
0 

1 
0 

0 
0 

1 
1

7
 

1
.3

 
10

1 
-

12
0 

0 
0 

l 
0 

0 
0 

0 
0 

0 
0 

0 
l 

0 
0 

1 
2 

5' 
0

.4
 

o
v

er
 .

1
2

0
 

0 
0 

1 
0 

0 
0 

1 
4 

0 
0 

0 
1 

0 
0 

0 
0 

7 
0

.5
 

. 
d

ep
th

 u
nk

no
w

n 
0 

0 
1 

1 
0 

0 
l 

1 
0 

0 
0 

0 
0 

0 
0 

0 
4 

0
.2

 
! 

W
el

ls
 t

h
at

 y
ie

ld
 h

ar
d

 w
at

er
 

32
 l
~
 1

14
 2

15
 1

54
 

71
 

i~
 

2
5

 
70

 
23

 
1

7
 

4
4

 
l~
 

6 
1 

7 
10
0~
 

74
.8

 
. 

S
o.

rt
 w

at
er

 
1

7
 

41
 

1
7

 
27

 
13

 
19

 
3

7
 

1
4

 
3 

21
 

8 
9 

0 
33

 
2

5
.0

 
S

a
lt

y
 w

at
er

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

l 
l 

.o
 

l 
0 

3 
0

.2
 

W
el

ls
 w

it
h

 a
q

u
if

er
 1

n
 s

an
ds

to
ne

 
28

 
18

3 
98

 1
25

 1
18

 
50

 
36

 
3

1
 

73
 

24
 

10
 

·1
6 

12
 

7 
1 

4 
81

6 
6o

.8
 

In
 m

ar
in

e 
sa

nd
 o

r 
0 

0
. 

0 
12

 
l 

2 
2 

l 
:1

 
0 

0 
0 

0 
0 

0 
0 

1
9

 
i'

.4
 

-
g

ra
v

e 
'o

 
In

 r
ec

en
t 

sa
nd

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1
0

 
0 

1
0

 
0.

7 
U

nk
no

w
n 

21
 

73
 

57
 

95
 

62
 

32
 

13
 

1
2

 
33

 
13

 
1

0
 

50
 

16
 

7 
0 

3 
49

7 
3

7
.1

 

N
o

n
-a

rt
es

ia
n

 w
el

ls
 

46
 

25
4 

15
1 

22
8 

16
9 

82
 

50
 

38
 1

06
 

3
6

 
20

 
63

 
28

 
14

 
1

0
 

5 
13

10
 

9
7

.6
 

N
on

-f
lo

w
in

g 
a
rt

e
si

a
n

 w
el

l•
 

1 
2 

3 
2 

1 
0 

1 
5 

0 
0 

0 
3 

0 
0 

1 
2 

21
 

1
.6

 
S

p
ri

n
g

s 
2 

0 
1 

2 
1 

2 
0 

1 
1 

1 
0 

0 
0 

0 
0 

0 
1

1
 

o
.8

 

W
el

ls
 w

it
h

 p
er

m
an

en
t 

su
p

p
ly

 
4

5
 2

53
 1

51
 2

23
 

17
0 

81
 

50
 

4
4

 
10

5 
3

7
 

1
9

 
66

 
28

 
14

 
1

1
 

7 
13

04
 

~9
7.

2 
~
e
l
l
s
 

w
it

h 
no

n-
pe

rm
an

en
t 

su
pp

ly
 

4 
3 

4 
9 

11
 

3 
1 

0 
2 

0 
1 

0 
0 

0 
0 

0 
38

 
2

.8
 

O
'L

. 
--

O
'L

ea
ry

 
S

t.
c.

--
S

t.
 

C
hr

ys
os

to
m

 
c.

 
--

C
ol

em
an

 
W

 .P
t
.
-
-
-
~
V
e
s
t
 

P
o

in
t 

P
. 

--
P

o
rt

ag
e 



C
D

H
 

r
l
 

(l
) 

A
.O

 
E

 
c 

ct
 
;l

 
(/

)
 

;...:
; 

c.
 

I
)
 

a ~
 

A
N

A
LY

SE
S 

O
F 

VT
EL

L 
·;/

A
TE

R
S 

FR
O

M
 •

• 
'1: 

i.
~N

'Y
 •
•
•
•
•
•
 

]M
P

-A
R

E
A

 •
••

 i
'r

~P
9,

 •
••

••
• 

C
O

U
N

TY
 

+>
 

0 ...:
i 

s: 0 .....
. 

O
l 

O
l 

¢
) 0 ~
 

0 

r
l
 

r
l 

¢
) jl
::

-
+:

> 
~
 

¢
) 

~
 

0 
<D

 
<D

 
ri.

. 
~
 

..
c
-

.....
. 

+>
 

~
 

A
 

O
' 

'O
 

H
..

--
<D

 
4D

 
s:;

 
:..

 
0

. 
0 

r
l 

O
l 

...
...

 
c
iJ

­
(
)
 

(
ll
 

...
-.o

 
r
l 

....
.. 

...
...

 
U

) 
(
/
)
-

C
o

n
st

it
u

e
n

is
 
a
s 

A
n

al
y

se
d

 
(p

a
rt

s 
p

er
 
m

il
li

o
n

) 

§
_

 
P-
,~
~ 

0
(1

) 
r
l
-

Hr
x. 

aJ
 

~
u
 

3 -M
 

ra
..

-­
CD

 
ti

)
 

s
:
;
~
 

w
--

-
.Cl

! 
~
 

D
l
­

...
...

 
Q

l 
r
l
Z

 
Q

l 
~
 

Il
l 

r
l 

aJ
 

c
(
-

<D
 

+:
> 

<D
 

't
j .....
. 

H
..

-.
..

 
0 

r
l
 

r
l
O

 
..

.c
­

o 

CD
 

.
µ

­
d 

ti
) 

H
O

 
+

>
Z

 
.....

. _
 

z 

CD
 

+->
 

as
 s:
:-

0 
!'

)
 

.o
o

 
s.. 

0 
as

 :X
: 

o
­

<
rl

 

P
.
~
.
I
.
 

~
 

.µ
 

t'
)
 

-r
l 
c 

',
s:

:o
 

~
 

as
 

r
l
O

 
as

 
~
 

O
l 

r
l 

aJ
 

h
u

rd
n

•s
s 

a
s 

C
aC

03
 

(p
ts

.p
e

r 
~
i
l
l
i
o
p
)
 

m
 

tn
-

4
) 

C
")

 
c
o

 
'0

0
 

M
d

' 
0

0
 

..c
 

Il
l 

C
l)

..
-.

. 

<D
 

1
0

 ' 
c

.o
 

'O
U

 
H

 
d 

O
U

 
...c

 

O
l 

t'
)
 

~
a
:
i
o
 

c:S
 
~
o
 

4
' 

t:;
 

cs
 

0 
'0

0
 

8 
s.. 

0 
«>

 
-=<

: 
4

-
-
-
-

11
 

I 
-
-

Q
 

I 
II

 
I 

r
l 

0 
't

j 
O

l 
r
l 

Q
lO

'l
 .

....
. 
+

lr
l 

+
:>

O
'l

rl
H

..
.-

. 
o

..
.-

.O
C

JE
 

8
'0

 O
l 

A
 

~~
 

~
-

<
i:

-
~
 

O
J 

as 
as 

u
-

O
l 

S'J
 as

 
,,:

.'
-
' 

as
 

01
 

...c
 a

J 

l 2 

p 
.1

1.
 

P
a
te

 
~'

 Lf
 ery

l 2
9 

S
s 

!.~.
 K

en
ne

dy
 

~ 
'L

'a
ry

 3
8 

? 

3 
I 

R
. 

S
:::

u 
ll

m
an

 
IO

' L
ta

ry
l 

3
7

 
I S

s 

4 
~h
e.
::
:?
io
n 
~l

ec
~O

'~
ar

yl
 1

38
1S

a 
tr

ic
 C

o.
 

5·
 

IA
.. 

C
ra

sw
e
ll

 

6 
(k

. 
W

eb
b 

7 
r. 

J
e
ff

re
1

 

8 
b

h
e
.r

b
e
ll

 

9 
p

h
a
rb

e
ll

 

1
0

 ~
. 

1~
cF
e~
de
n 

1
1

 ~
.
 

M
am

s 

12
 [

L
. 
~
c
o
r
e
 

~
p
-
s
p
r
 i

n
g

 

5'7
 

9
2

 
I?

 

6 

1
0

 

6
5

 
lss

 
75

 
S

s 

P
o

rt
a
g

e
! 

5
0

 I Ss
 

P
o

rt
a
g

e
 

12
0 

S
s 

1
1

 

1
0

 

1
3

 

22
 

IS
s 

S
p

.I
S

 

3
~
 

I?
 

S
l>

-s
et

id
st

p
n

e 
sl

 -
se

h
d

 

2
3

6
 

20
1 

3
5

7
 

3
1

7
 

1
8

3
 

15
7 

24
3 

·. 

27
8 

19
2 

14
4 

1
6

0
 

1
3

0
 

s.
9 

9
.4

 

1
1

.6
 

1
5

.0
 

f 
8

.2
 

1
2

. 6
 

2
1

.2
 

1
2

.8
 

2
0

.0
 

- 9
.2

 

1
1

.0
 

7
.2

 

4
2

.6
 

I 
1

6
.5

 
1

6
.4

1
· 3

.7
 

3
5

. 5
1

1
4

.4
 

1
3

. 
~/
11

2 
.3

 

4
1

.9
 

1
8

.4
 

1
0

.8
1

3
7

.9
 

p 

3
9

. 7
 I

 2
2

. 5
 

I 
9

. 4
:0

1
1

3
. 2

 

2
7

.8
1

1
9

.4
 

2
7

.0
 

1
7

.7
 

9
.3

1
1

0
.7

 

7
.8

1
 

9
.1

 

4
0

.3
 

5
7

.9
 

4
1

.8
 

3
1

.5
 

e.
1 

1
1

4
.0

1
2

1
.4

 

4
.6

 
1

9
.o

 
e
.2

 

3
.3

 
1

0
.8

 
6

.6
 

1
.7

 

3
7

,0
 I

 1
1

.4
 

8
.1

 
1

2
.3

 

?
.l

 
1

4
.8

 

29
 .

2
 

1
.7

 1
1

1
.2

1
 

9
.5

 

3
0

.7
 

I 
o.

o 
I 

21
9

.8
 ~
8
0
.
2
 

1
7

.1
 

1
3

1
.0

 I
 1

2
7

.6
 ~
04

.6
 

2
2

.0
 

1
5

. 6
 

1
.8

 I
 1

5
6

.2
 ~
2
8
.
0
 

0
.4

 I
 1

5
1

.0
 n
56
~0
 

15
 .e

 
1

3
2

.8
 I

 1
1

7
.1

 I
 9

6
.0

 

1
1

.2
 

2
3

.2
 

1
7

.7
 

8
.7

 

1
2

.5
 

8
.4

 

1
4

.2
 

o.
7 

I 
1

2
4

!9
 

2
0

.0
 

9
.8

 
1

1
9

.6
 

1
0

6
.0

 

o.
o 

1
9

7
.6

 
1

8
2

.0
 

o.
o 

1
4

6
.4

 
1

3
7

.6
 

o.
o 

1
0

2
.7

 l 84
.2

 

2
.?

 
1

3
6

. 4
 

l2
0

. 
6 

o.
o 

9
2

.7
 I

 7
6

.0
 

1
0

6
.3

1
6

7
.9

1
1

7
4

.2
 

8
8

 .a
 5

9 
.o

 1
4

7
 .a

 

1
0

4
.8

1
7

5
.4

1
1

8
0

.2
 

9
9

.3
1

9
2

.3
1

1
9

1
.6

 

69
 .
5

 
7

9
.5

 
1

4
9

 .o
 

6
7

.5
 

7
2

,6
 
1

4
0

.l
 

1
0

0
.5

1
3

3
.3

 '1
3

3
.8

 

1
4

4
.5

1
1

8
.9

 
1

6
3

.4
 

1
0

4
.3

 
1

3
.6

 
1

1
7

.9
 

1
e

.e
 

1
.0

 
s
~
.
6
 

9
2

.3
 

4
6

.9
 

1
3

9
.2

 
~
 

a
)
 

7
2

.9
1

 
?.

O
I 

7
9

.9
 
~
 



G>
 

J..
 

r
l 

co
 

~~
 

C
l)

 
z 

s.
 

v s:: ~
 

+>
 

0 H
 

s:: 0 ..
-i

 
U'

) 
U'

) 
CD

 
0 s:: 0 0 

r
l
 

r
l CD

 
!i

t- +>
 

~
C
D
 

J..
 

0 
CD

 
CD

 
µ

. 
'--

4 
.c

-
.....

. 
+>

 
;::s

 
0

. 
O

' 
CD

 
<:

 

"O
 

J
..

-
CD

 
CO

 
S::

 
~
 

0
. 

0 
r-

1 
U

') 
..

-i
 

r
lO

'O
C

ll
r
l 

Cl
l 

U
')

..
-i

.P
rl

 
.p

 
11

> 
r-

i 
H

 
<

rl
 

0
..

-
iO

a
s

f;
 

8 
'O

 
U

'l 
0

. 

aS
 -

o 
C

J 
..

-i
 0

 
r
l 

..
-i

 
~
e
n
 

C
l)

-

to
n

st
it

u
e
n

is
 
~s
 A

ru
ily

se
d 

(p
a
rt

s 
p

er
 m

il
li

o
n

) 

3
-

c:--
-1 
~ ~

 
0 

CD
 
r
i
-

H
ti

. 
CZ

! 
.....

.._ 
(.

) 

§ ..
-i

 
C

ll
­

<D
 

ti
)
 

s:: 
::s

 
~
 

~
 

U
'l
­

..
-i

 
as

 
r-

i 
z 

as
 

.!I
: 

C7
l 

r
l 

as
 

<
(
-

CD
 

+>
 

a
s
-

µ:
 "

1'
 

0
.0

 
r
i
 en

 
::

s-
Pl

 

CD
 

'O
 

.....
. s:
..

­
O

r
i
 

r
i
O

 
.c

-
.. (.

) 

CD
 
~
­

aS
 

t'
)
 

i.
.o

 
+>

 :z
; 

o
.
-
i-

z 

CD
 

....,
 

Cl
l s:
:-

0 
t'

) 
.c

o
 

M
C

 
C

ll 
:z:

 
o

­
.....

. 
.. p.

..-
.. 

.p
 

t'
)
 

..
.-

iC
 

s:: 
(.)

 
o

rl
 

CZ
I 

r
l(

.)
 

as
 
~
 

U
') 

r
l
 

CZ
! 

<
(
-

llH
ar

d
n

•s
s 

as
 

C
aC

03
 

(p
ts

.p
e
r 

m
il

li
on

) 

°' 11
)
-

<D
 

e
t)

 
s:

:o
 

'O
 (

.)
 

H
 

aS
 

Cl
l 

(.
) 

.c
 U

') 

O
') 

a
:
i­

<D
 
~
 

s:
:.

 
'0

0
 

H
 

c1
' 

a
l 

(.
) 

.c
 U

') 
• 

~
a
l
 

-
01

 
I'

)
 

r
l
 

O
') 

0 
"
"
 

q
) 

(
.)

 
~
 

s:: 
as

 
0

'0
0

 
E
-
1
~
 

CIS
 

ll'J
 

.C
 

CIS
 -

I .
 

I 
'° 

as
 

cs 
(.

) 
-

,,. . ..._... 
L

--
1

--
--

--
--

+
-+

-+
A

..
:.

..
.-

+
--

:•
1

--
--

--
t•

r•
 --

-:
•r

-
+

-
--

" 
~

--
'
 

• 
I 

13
 IG

. G
al

la
n

t 

14
 

P
. 

G
al

la
n

t 

14
 

14
 

15
 I 

\f
. 

G
o

rr
il

l 
I 

6 

16
 I

 A
. 

P
h

il
li

p
s 

11
2 

17
 I

 w
. 

F
or

d 
12

 

ia
·1

w
. 

M
ac

in
to

sh
 

12
 

19
 

J.
 B

uc
ha

na
n 

11
 

20
 

w.
 S

h
ie

ld
s 

6 

21
 

J
. 

A
rs

e
n

a
u

lt
 

5 

22
 

w.
 S

te
w

ar
t 

7 

23
 

R
. 

Jo
ne

s 
7 

24
 

C
ap

e 
W

ol
fe

 
1 

S
ch

oo
l 

S
p

-s
p

ri
n

g
 

18
 

IS
s 

35
 

I 
? 

36
 

IS
s 

26
 

S
s 

Sp
 

S 

22
 

S
s 

6 
s 

70
 

' 
Sp

 
S

s 

30
 
lss 

42
 

? 

75
 

IS
s 

S
s!

-s
an

hs
tq

ne
 

S 
l·

sa
dd

 

17
8 

13
2 80
 

22
2 

l
~
 

14
2 

10
4 

15
6 

13
6 

12
0 

22
6 

12
2 

7.
8 

8
.5

 

1
4

1
.4

1
2

.5
\ 

11
6.

4 
4

.9
 

12
3

.0
1

9
·7

p
.2

0
.8

 
19

9.
0 

[3
4.

9 
I 1

.1
 

6
.9

 
3 

.3
 

6
.4

 
o

.o
 ~
24

.o
 

~0
1.

6 
r;.6

1 
7

.6
 

5.
3 

6
.6

 
0

.1
 

3
.8

 

7.
3 

1
.5

 

9
;5

 
1

.3
 

2
.0

 
2

.7
 

1
.$

 

5.
6 

20
.0

 
1

.6
 

7
.4

 
2

6
.7

 
1

.0
 . 

5
.0

 
29

.5
 

i.r
; 

6
. 7

1 
153

 .5
 1

4
.0

 
6

.2
 

2
2

.7
 

1
.8

 

23
.4

1 
4

.9
 

36
.i
~1
a .

. 5
 

1.
9 

9
.5

 
, 

8.
o 

·8
.6

 
1

9
.6

 
2

.9
 

17
.2

 1
5

.2
 

7.
1 

5.
3 

1
0

.l
 

7
.0

 

24
.0

1 
4

.1
 

1
1

.8
 

8
.6

 

9
.3

 

4
3

.2
 

o
.o

 

o
.o

 

27
.4

 

14
.5

' 

o.
o 

1
4

.0
 

2;
.a

 

1
9

.5
 

o.
o 

I 
70

.0
 

20
.4

 I
 9

5
.2

 

o
.o

 0
.4

4
.4

 

o.
o 

03
0.

8 

0
.7

 
4

8
.8

 

3
.0

 
2

2
.5

 

o.
o 

4
4

.0
 

o.
o 

95
.6

 

o.
o 

0
4

.5
 

o.
o 

I 7
0.

5 

57
.4

 

?8
.0

 

11
8.

4 

... 0
7.

2 

40
.0

 

10
0.

4 

11
8.

0 

78
.4

 

16
7.

6 

57
.8

 

10
3

.3
 1

0.
3 

11
3.

6 

87
.1

 
4

.5
' 

91
.6

 

19
.0

 2
1.

8 
40

.8
 

75
._1

 1
5.

61
 9

9 
.7

 

10
4.

5 
6.

21
11

0
_.7

 

9
1

.1
 

5.
3 

96
.5

' 

6.
71

 
7.

41
 

14
.1

 
4

7
.9

 4
7

.7
 

97
.6

 

65
.1

 4
5.

31
11

1.
4 

73
.6

 
6

.2
 

79
.8

 

13
3.

51
16

.5
11

50
.0

. 
~
 

56
.61

 7
.4

1 
64

.0
 
~
 

a>
 
~
 

I 
__ _

J
 

.. 



• 
AN

A
LY

S
E

S
 

O
F 

W
E

L
L 

'rl
A

T
E

R
S

 
FR

O
M

 •
•
•
•
 'J

:4
'~
~

:('
l" 

•
••

• 
Jl

11
1U

'-J
U

t.t
..R

. •
•
•
•

•
•

• 
'\ 

.. 
n

·n
 .

. 
v"
"'
~ 

..
...

. 

Co
n~

ti
tu

en
i
s 

~s
 A

n
a

ly
s
e

d
 

(p
a
rt

s
 

p
e
r 
~
i
l
l
i
o
n
)
 

r
l 

: 

r
l 

(I
) 

s:: 
(I

) 
3 

.µ
 

0 
!!

:-
'O

 
H

,..
_ 

(I
) 

(I
) 

ca
 

<
.-

i 
+>

 
(%

) 
Cl

> 
s:: 

~-
.....

 
1

7
)
-

.µ
 

'C
J 

(I
) 

s:
:-

CO
M

 
C1

l 
fo-

4 
(!

) 
M

 
>

 
a

.
o 

d
-

I
I
)
-

o
rl

 
d 

d
-

.....
 

.µ
..

-.
. 

0 
!'

)
 

rl
<

D
 

e..
 

C1
l 

0 
(I

) 
(I

) 
r
l 

C1
l 

o
rl

 
()

 
O

J 
o

rl
 

a
l 

(I
) 

t1
) 

r-
l

:Z
 

..c
 

""
' 

H
..-

.. 
as 

t0
 

. 
.o

o
 

0
..

0
 

v 
(I

) 
r...

 
fo-

4 
...-

1
0

'0
C

7
lr

l 
o

rl
 
0 

c
-

()
 0

 
s:: 

:::;;
 

a3
 

0
.0

 
0 

.-
I 

M
o 

S-1
 c

: 

E
S

 
s:: 

+>
 

(
)
 

...
c:

-
o

rl
 

al
 

C1
l 

...
.. 

.µ
.-

I 
r
l 

o
rl

 
o

w
 

r
l

-
w

--
~
 

C1
l 

r
l 

C
l)

 
.-

I 
(.

) 
+

>
Z

 
a
l
~
 

d 
;:

l 
~
 

0 
s:: 

+>
 

;:
l 

.µ
 

C1
l 
r
l 

H
 <

.-
i 

or
-1

 
C

l)
 

Hr
... 

a3
 

a
l 

r
l 

a3
 

::l
-

..
c
-

..-
1

-
u

-

C
l)

 
z 

H
 

0 
p

. 
O

' 
0

..
-4

 
0 

Cl
l 

i:;
 

t
l
l
-

t-
-+

--
0 

...,_
,, 

~
-

l:i
l 

0 
:z

 
.....

 
-

0 
(I

) 
~
 

8
'0

1
7

lA
 

il
l 

A
 

-

25
 

A
. 

M
ci

nt
yr

e 
8 

21
 
' 

24
2 

lo
.: 

35
.0

 
2.

7 
44

.C
 

2.
5 

14
.3

 
o.o

 2
15

.0
 

26
 

J.
 C

le
m

en
ts

 
8 

31
 

SS
 

1
~
 

6.
~ 

21
.8

 
2.

2 
19

.3
 

8.
2 

12
.5

 1
3.

3 
so

.a 
27

 
A

. 
M

cD
ou

ga
ll 

'I 
so 

S
s 

l
~
 

6.
iil

 
38

.5
 

1.
5'

 
1
0
.
~
 

4
.5

 
8

.1
 

o.
o 

13
4.

2 

28
 

F
. 

K
il

b
ri

d
e 

l
l
 

30
 

S
s 

20
0 

6.
~ 

47
.2

 
2

.2
 

16
.c

 
9,

9 
21

.6
 1

6.
8 

13
4.

4 

29
 

J.
 K

el
le

y
 

1
1

 
30

 
S

s 
13

0 
a.

~ 
18

.7
 

8
.4

 
9.

c 
5.

8 
12

.7
 

o.
o 

ll
8

.J
 

30
 

w.
 D

un
ca

n 
6 

20
 

S
s 

98
 

6.
4 

12
.3

 
s.o

 
9

.,
 

7.
0 

6.
4 

o.
o 

85
.4

 

31
 

J.
 w

. 
R

ay
ne

r 
6 

35
 
' 

16
4 

5.
f 

19
.3

 
l
l
 .. 5

 
24

.2
 1

3.
6 

21
.0

 
1.

4 
11

8.
3 

. 

S
s·

 s
a

n
d

 s
to

. ~
e
 

~
 

.µ
 

!'
)
 

o
r-

IC
 

s:
:o

 
...

.. 
Q

1 
r
l 

(.
) 

a
l 
~
 

17
) 

r
l 

Cl
l 

~
-

--

17
6.

4 

66
.2

 

11
0.

0 

11
0.

2 

97
.0

 

70
.0

 

97
.0

 

H
ar

d
n

•s
s 

a
s 

C
aC

03
 

(p
ts

.p
e
r 

m
il

li
o

n
) 

C1
l 

C1
l 

I
l
l
-

IQ
..

-.
. 

-
(I

) 
:"

) 
(I

) 
l'0

 
C1

l 
!'

)
 

s:
:o

 
s::

. 
r
l 

C1
l 

0 
'C

J 
0 

'O
 (

.)
 

as 
co 

o 
H

 
aS

 
H

 a
J 

+>
 s

:: 
as

 
a

l 
(.

) 
C!

l 
(.

) 
0

'0
0 

...c
: 

...c
: 

E
-1

M
 

17
) 

17
) 

Cl
l 

Il
l 

d 
C

l 
~
a
l
 

...c
: 

ca 
o

-
~
 ..

.....
... 

-
-
-

87
.3

 l
l.

l 
98

 .• 4
 

·-
~
.
4
 

9.
1 

63
.5

 

96
.1

 
6.

2 
10

2.
3 

11
7.

8 
9.

1 
12

6.
9 

46
.?

 3
4.

6 
81

.3
 

31
.2

 3
2.

9 
64

.1
 

4
8

.2
 4

7.
3 

95
.5

 - C
'­

(l
) a>
 
~
 

1 
..

 

I ,- ' I \ I I I I I 


	wp_306_c
	wp_306_t

