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Abslftlcl
Acid drainaq6lrom distudance ol lh6 Halifax Formalion is common in Nova
S@uadu€10lh6 pyrilic nalure ollhls bedr@k, Thls pap6r d€u menls an inv€sli-
qarlon oirhe rcleolgoundwale.inlolh6produclion andlransponolacid drainage
trom aquarry in the Halila Fomation.Th€ r€sulls hav€ idplicationslor r€medi-
ation ol €xlsling acid drainag€ sit€s as w€ll as for managing deveoping quades
such that acid drainage is mlnimized. lt ls dncluded that ercavation b€low lhe
groundwalorrablo a6el€ra16s lh6 rale ot acid qonsralion allhe sunace.lroi and
sulphat. s6B lohd to be rolaliv€ly mobllo in goundwal6rwhll€ aluminlm and
didiryw€Gloofd to b6 r€lativ€y imnobi€.

Le dEinage acide, 16sullal du d6rangem6nt do la {o.mallon Halilar", €stcommun
€n Nouvele-Ecoss6, ce rappon docuoenran€ dadn une invgsliqaliondu 16ede
I'ea! sous-l6traino dans la produclon et l€ lransporl du drai€g€ acide. Celle
6lude a 6t6€ntr€p se dans une cariAr€ d6la'fomalio. Hat(at". Les dsullanls
idenlilienl des impLicalions alln de @m6di€r les sil6s do drainago acide 6n
exisianco, er alin d€ d6v€lopp.r d€s ca.iioies qui minimisenl le dEinaq€ aclde-
Eniin, on conclutque les louilles sous la napp€ d€au a@Alorenl laviiesse d€ la
oroducllon d acld. sur Ia sudac6 d€ lale(e, Le ler el le sullare sonr relalivem€nt
mobi€s dans Ieau souslercine landis que Ialuminlo e1l'acdit6 sonl r€lativo-

Introduction

In Nova Scolia it has been recogdi2ed lor
severaiyeaG lhal sev6r€ waterqually im-
pairmenr can occur when bedrock ol rhe
Halilax lormalion is dGlul!6d- Draioag€
lrof, such dislurbances isahaGclerlzed by
vev low pH and elevaled melals concen-
lralions. Th€ polenlial lor wid€spread
water q!ality inpanm6nl by dislulbanc€ ol
tho Haiitd Formalion is highlighred bylhe
iacl lhat lh€ lomation undedios approri-
mat€ly r6n percenl ol lh6 sourh€rn half ol

SLates oilhe lormalion possess awell-
dellned cloava96 and ar6 easily 6xca-

val6d. Th6roiore, small boifow plts prolii-
erale n ruralar6as as doeslhe useol the
maleialin roadb€d enslruction. Tho pls
and 6ads in some ruralareas rep6s6nl a
potenlial netwoft lor inpui ol acid drainag€
lo the environmefll. Kinq (198s) look 17
samples ol sudace .unoll aod slanding
wal6r in a seleclion oi 10 quades and pils
in th€ Haliiar Formalion. SampLes geneF
aly exhibiled el€hl€d melals coicenlra
lions and low pH- lron conc€ntralions

.rangod lbm 0,2410.120 ng/1, aluninum
1,1 lo 47 mg/L and PH 2.610 4.2.

Klng (1987) supporled ea.lisr wo.k by
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lhe Envnonm€nlat Prorection Setoice ot
Envnonm6nt Caf ada (unpublished) which
sugq6sled thal the quafiy discussed in rhis
paperwas a mapfsou.ce oI acjd dainaq€

wat€Nays. khg (r937)
arsolound that lhe djac€ni hqhway. buil
wlh maleria lroo lho quary, conlibured
as much acid d.a nag6 as th6 quarry,
. olh6r rypes oi construcrion aAivirlos
have aso q€neFted acid dEinaoe tbm
Hal'lax Forha on statgs. The €aniirsra.d
besr docufr€nled casE is thal al rh6 Hatitd
Inlehational Airpod_ Th€ Atpon is bcated
on a topographic high s€parating lwo
malor  walersheds:  rh€ shub6nacadi .
Fiv€r and th6 Salmon River.

Sel t  ( r951)at |nbuled a major t ish k i l l
in lhe Shubenacadie Fiver lo (onslruclion
acrivjry in slare_ Th€ Environmentat polec-
rion seryiee (1976) altribul€d sevoralish
kils in fie riv€f, b€lw6€n 1957 and 1976,
lo acjd drainage caused by const.uction
acl vily al1h6 ailpod. Airporr @nslruction
has aho led to p€rodic dis'uprion otware,
suppr'6s ro. llr€ towns ot Etmsdate, Lantz
and Enli6ld, whlch draw warsr trom the
river Clhompson, 1s7a).

Por l€FDt ton (1gss)  Eugsesled tha l
l ish in  lh6 Salmon Rrv€r  svstem wprc
hishly slr6ss6d by acid drain;s€ ircm th€
a4on runway drainag€ syslen andd.ain-
age rrcm a ta€e stato rotuse pie on the

Lund ar al (1987), sludi6d th6 rcte
Played by grcundwate. in aciddrainaoe ar
the aiDon site. They eponed lhat go_und
warsr qlatity in distulb€d b€dock has
been dr.fralicaly imp" red by acrd g€ner
aJon. hor erampte, groundwater sanDt€s
dEwn trom disturb€d a.eas vietded non
con.€ntralions rangng lrom 344 to 2220
n9/L, aluminumtrom 128ro445 mq/L and
pH varuos tDm 3.25 to 3.75. M€anwhito.
groundwrl€r s,mptes iioh undrsruded
bodrock in the a.€a show€d tron con@n_
lralions lrom 0.1210 0.32 mg/L, atuminufr
concontrations ot tess than 0.Ot mo/L and
pH values ol 7.7. The authoE ab; sble
lhar a signiticanr Fodion airhe acid dain-
age trom the silo bypAses an on-site
rreaimenl plant vja gEUndwalor ilow.

Asid€ l.on ihe anpod, studies ot acid

draimge in Nova S@tia have tocus.d onty
on slntue wateB as receivinq and trans-
port media. The ellecl ol widespread quaF
ryins ol Halilax Formalion b€drock dn
groundwaloi quality js unknown, as js tho
rolo ol goundwaterin lh€ tEnsporr oi acid
drainage tiom quaries_

ln J985 a study was initiated, rhrouah
lunding by th6 Envirofmeniat p@t6di;n
Se&ice andlh6 NaluralScienc.s and En,
qin€ging R6s€arch Councit, 10 asssss
acid and m6tal loadinss t@m 1wo adjacoor
quarnes in the Halilax Formaton dsarrhe
Halitd lnreharionat AilPorr, One ot lh6
puPoses ol the work was to undercrand
the bls play€d by groundwalor in acid
g6neralion and drainagetom acid p.oduc-
ing qlarios in this lo.malion. Tho resuhs
would have implications with Especr lo
remedialion ol acid drarnage rrom s stinq
qua(es and evallation ot polenliat €nvi-
o.m€nral mpacl I'om oroposed auarryrnd
of consrruct on. Thrs papd deats wilh rh;
groundwal€r ponion o, lhe studv.

Dara on wal6r €nredng and teaviis lhe
quarEs was used to (a) delo.mine lh6 con-
tibulion ot qroundware. rolh€ auatirv olsur
lace dEiiago tom one ot tho alaf;ies and
(b) nv€slgare fi6 movemgnt, ro qroundwa.
rer, or the moi6'i€s oi acid dra nao6.

Th. dala coll€c1ed i.ctud6di
lhe quan ly and ch€mislJt 01 sliiac€
waler enlering the quary,
groundwatef ch6mlstry and t6vets, and
ths quanti9 and chemistry ot s!ri&€
waler erillng the quairy,

Methodology
SlurlySite'rh€ sludt sh6 is a 4.s ha qualy known as
rhE lrest quarry". tr is adjacenr ro rh€ Halitd
Inrenaiional Aipon @mpJ6t and is in rhe
upp6r re&hes ol rhe Bennery abokwater
sh€d.  Bennerv Brook is  oa ot  lhe
Shub€nacadre Riv€' syst€m. EpS (r926)
datermifed thd ac'd dratnase was erilerino
rh€ Shubenradieniverv a Bennery Bbok:
h slbsequenl unpublished stldies it was
@ndud€d lhal th6 presenr srudy aGa, which
comFs€s ress lhan on6 percsnt ot lh€
Bonnery B'ookw,re6h6d.wisrh6sourc€or
the majo ty oi th6 acjd and m€tat toadings al
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rhe mollh of lhe book. Th€ @aiion ol lha
srudy3iea is shown in Figlre 1,

Surface Water Monllorlng
Flow was monitored at lwo locations in th6
sludy area, as shown in Figure 2, Total
quarry ou{low was n€asur6d at a slngle
wsl dsiinsd channsl al lh€ norrh €nd ol

Figure 1: GeneralLocariod Map
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lhe quarry, Sud-e llow ibm wirhin th€
"quefry origin?led-li6m nuine.ous small

goundwalef dischatq€ areas which repre_
senl areas shere bedrock was excaval-"d
ro a l6v6l b€low lhe local groundwalef
table. A lay6rof ion hydrcxide sluds€, !p
!o al6w eonlimeteE thick, was common in
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The only w€lldelined sur,ac6 inflowlo
lh€ quarry, a stream on lhe eastsid€, was
arso monnored. During dry periods this
was lh6 only source o'suriaeo waler ent6.
hg lhe quarry. Al such times h was possi
b  e  1 o  d 6 1 6 r m t n €  l h e  q u a i t n y  o t
sroundwater dischaeed wirhid lhe quarry
by sublEclins sudaco waler tnflow Ib;

Flglre 2: W€$ Auaiiy toca|on
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sudace wal6r ou low. Net chemicat toad-
ngs 'rcm grclndwat6r dlscharg€ were de
iohined by thg sam6 mothod. That is,
loadifqs lhrough the inilow were s!b,
tracted trcm lolal outtow toadings.

Flow moasur€menls w€re taken lhrce
limes p6.w6ek al lhe lwo moniloring sites,
waler samples were laken at borh sires

I
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onc6 p6r w6€k- Samplos w€@ analyzed
Ior pH, conductlvily, colour, magn€sium,
lotal o.ganic carbon, su phate, calcium, ar
senic, copper, i@f, zinc, acidly, nlckol,
manganesg, chlo d€ and alumi.um.

Groundwaler Monilofing
Five muli l.v€lnonilorins wells, MP-1 to
MP-s, wero installed in and around lhe
quany (Fisu.€ 2)- I'ey w6r6 localed wilh
lho aim ol obserying changes in ground-
wal€r quality near and wilhin lh6 quarry.
Foflhe pulpos€ ol localing the wolls lt was
asshed lhal lhe direclion ol shallow
groundwalerilow in lh6 ar6a lollowod ro-
pography. MP-1 and MP'2 w€r6 locat€d
jLsl oulside rhe lopoqraphically highesl
end oi tho quary to oblain background
gro!ndwat€r  sampl€s,  Tho 16hain ing
thre wells were compleled dn€dly inlo
the dist!6€d bedbck ol lh€ quaryro de-
lermine the 6ii€ct ol rhe dislu|banc6 onlhe
goundwaier. Pi€zomelric s!dac6 con
louE on Figure 2 show thar th6 assumod

dn€dlon oi goundwator llow was gener

The borehol€s w6re 15 ch in diaf,elor
and w€B drill6d lo deplhs Enging lom 9.5
lo 12.2 m, Each @ntain6d fire€ d scfete
sampling i.leNals erc€pl lof MP-4 which,
due lo an eror dr ng construdion, con
lained only two. Th€ d6pth to the top oi th€
shallowest sampllng inl.ryalvarled lon 1.1
1o3.1 m inlhe liv6 monhoing wells-Widlh oi
lho intoruals rang€d l@m 3.7 to 1.9 m.

Fo!. sels ol groundwalef samptes
weie taken iom €ach l6vo in oach well
lrom S€plember 12 Io Docember 30, 1 9€6.
GDundwaler was analy26d lor the same
paEmol€rs as surlaco wat€r- l. addllon,
,r snudissolv.d orya€n concontration was
m€asur€d du.ing th€ lasl thr€€ sampling
peiods- Onlylhe data lom the shallowesr
lovels ar6 discuss€d as it was assumed
thal lhey w6ro moslsimilarlo groundwater

TabrE l: Concentarions ol Setected lonsin Groundwarorand Ouary Dratnaqe

--. (me{L}

(meg/L)

(*"9/9

(meqa)

('.9tr)

s.D.

s.D.

s_0.

s.D,

s.D.

s.D.

0.137
0.060

0.019

0,002

0.134
4.442

0.095
0,016

0,129
0.035

0,078
0,115-

0.106

1.063
0.090

o.724
0.026

0.029

:o24
o.o21
o.o22

0.134
0.054

0.636

0.648
0.060

0.504
d.026

l oou-,-,

0.123

2.133 0,309
0.305 0.105

7.630 3.670
4.924 0.454

10.073 1.540
1.662 0_191

o.a6T 0_212

0.453 0.168

6.817 1,300
1.156 0.411
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Results
Mean and standad doviario. eslinat€s tor
ware. qua ry ot groundwate. dischae€ as
il reached the quaiiy ouillow (catcutar6d as
oullined above)were d€t.rmined usinq six
s6ls ol dry-wsath€r sampt€s. Esrimales
were arso obtained lorrhe shalowesl lev,
els ol lh€ liv€ monitoring wels. Tabt€ 1
pras€nts th6 r€sulls tor seteded wat€r

lbn, sulphale and hadn€ss concen
lrations lncr€assd lrom rho backsround
wer s to th€ wel s located in tho quarry, with
a ma*6d incr€as€ in MP-s.Atuminun and
hydros€n ions are lhe only paiamdt6B rhar
are mor€ concEilraled in g.oundwat€.dis-
cnaEe ar rh6 quary ourttow rhan d Mp.s_
Chloiide conc€ntfalion is simitar in Mp-1
lhrough 4, inc.6as6s shapty in Mp.s and
B int6rmediate atlhe quarry oulitow.

Slandard deviations g6nera[y indicat6
rha her€ was very itte variation in sale.
qualily in the w6ls and in groundwar€rdis-
chaee as ostimal€d alfte quarryou low,
Nolable exc€ptions ar€ shown j. iron.on-
cenrrarions in MP-1 and Mp-2 and hydro-
gen ron @ncenlralioc in MP.3 and Mp-s.

Avorag€ walef quatily ot rhe 12 wal€r
samples lom th6 shattowest lev6Js oi rh6
thr6squairy fronilortno wetls was !s6d as
an eslimat€ ol the chemi5try otgroundwa.
leras rl dischargeswithin lhoquary. tt was
compared with lh6 average wat6rqua ity al
lur€ quar'' oulitow lo l6sl ior siqnn cant
cnanges In waror quatiry slbsequenl to
g.oundwater discharqo. In addilion, water
quamywas conpaied betws€n each mon-
ilo.ing w6lland botw66n s. €cled qroups

Comparisons wer6 done usina a one-
railed l-lesl (Sokatand Roh[, t96a)which
pFvid.s a measure ollh6 probabJtilv rhat the
difi€ronce b€rw€en too moans is s6nrti€nl
The on€tailed aspocl rn@eo.at€;hro the
l€sl rhe pbbEbilty lhat $e diro.tion ot th6
dillgrence b€lween two neans is indicarivd
ot ihe aclual dir€ction. For att rssls a sioniti-
cancs l6v6lol0,O5, or t€$, was !s6d a;rh6
c bno.lor cj€cting lho nul hyporh€sis thal
Ih6twofr€as are 6quat.

Discussion
The basic steps h acid g6n6ralion t@m
pyril. (F6s, ars as lollows (s1unm and

FeS, + 7/2Q + HrO _>

l l l

F€! + 1 tao2, H' -, FeA\ l jztda

Fo'! + 3H2o-+ Fe(oHb + 3Hr

tzl
t3l

FeS2+ 14Fa"+3H2o >

1sFe.z+2sorr+ l6H'. l4l

In Equarion 1 th€sutphide porlton otrh6
min€ral is oxidized to sulphate white dis-
solv€d iotrous i@n and aciditv ar€.eleasgd.
Soluble lercus ion is oridizedloteric non
(Eqla1ion 2)and subsoquanlty hydbtDed lo
if elubl6 ietrc hydrox jde (Equat on 31. Mors
,cidiry is rel€sed as lerc hyd'oldopr6cip-

Py.ilo may also bo oxidizgd by te.ric
rcn as shown in Equaiion 4, Nordsrrcm
(1982) slaiod that in the earty stagos oi
acid generalio. pvire is oxjdi2ed bv oxv-
s6d. As pH drcps betow s.o r6ri; idi
becom€s solble and is th6 prima,-y oxi-
danl, Sing€r and Srunm 0970)conctuded
lhat  lhe 169en€ra l  onot t€n ic ion,  throuah
orid:lion ol lerous non (Equation2i, sthe
ralo dslemining slep in advanced actd
drainage prodlction. tt shoutd b6 noted
Lhal pyrite oxidation (Equalion t) lak€s
place al a low€f oxidalion poronriat than
ihat al {hich lorcus iron is orididized
(Equation 2).

.. As grolndwat6r moves iion deprhand
ls dischaEed at rh6sudace oilhe qoarfy ir
!nde.goes qual i ry  changes ret  €ct ing
cnangrng oirdizinq mnditions. at some
Pohl pyr(e becomes unstabte and rhe re-
acrion in Equalion 1 beshs looccur. Th€re
is a signiiicant accumutalon ot non tn
quarry g.oundwater (m.an ot bactg|,-un!
derE 0,0045 m€qtr, flean oua.ry we[s
1,111 noq/L) indicaring rhai iher; is nol
enougn oxyqen pr.s€nt, even neaf the
s!dac6, lo oridi2. lercus iron {Eqlation

Revu6canadienne d6s ressourc€s hyd q!6s
vot .15,  No, 4,  1990
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2), Theelo.e, only lh€ firsr si6p or acid
q€neralion o@u6 below th6 goundwatgr
table whi6lhe slbsequont, more rapid
stops, are inhibited by lackoioxygen.

Th6 signilicant incr€ase in hardnoss
rrom th6 bac*grcund 1o ihe wells (m€ans
0.133 hoq/L and 3.770 fr6q/L, respo6-
lively) @mpares closely wilh that ol sul-
phato (moans 0.130 n€q/L and 3,115
moq/1, resp6ctiv€ly), However, H" con-
cenlEllon does not show signiiica.l in'
cr€ase ev6n though it is produced al th6
sane ret6 as sulphare in rhe ea y srag6s
ol .cid genBrallon. This indicatos lhal lh6
disolulion of basic calciun and magne-
sium salls lrom bedDck is suliicionl, atlhis
srage, to bufier a I acid inPuts.

Subs€q!€nl io groundwaler discha.g6,
oxyq.i ls no long6rllmiring. Conaentration
ol H'lnc@as6s siqnil cantlylbm lh€ point
wh€r6 groundaale. is discharg6d {mean ol
quary werls 0.095 m6q/L) and where ir
exns lh€ quarry (m6an 0.464 n6q/L). Pa.l
orlh€ incbase is imn€diale andprobaby
due lo rapid @iv€rsiof oi i@n l.om lhe
l€rcus lo the i6dcloh (Equation 2) and
subsoqu6ni precipltation (Equation 3).
This is ifdicaredbylhe thick non hyd.oxide
deposils al lh6 dischalge sites and byth6
decrease in  i ron con.ent ra l ion i rom
groundwal€r10 the quatry oulllow (quarry
oud ow m€an 0.309 meq/L),

Stumm and Moqan (1970) slated lhat
as pH dec@ases, leric iron nolongerpr6-
cirlilales and ih€ mor€ rapid st6p in th6
a.n qeneration piocess can lak€ plac6
(Equation 4). Th€r€lore, assuminq that py-
ril€ is availab 6 on lhe surlac€, elevaled
fon mnc€nlfalions in groundwater dis-
chargo willshonen the disrance beia66n
ths dlscharge poinr and rhe point atwhjch
the maximum ral6 ot acid generetion ls
allalned on the surlace ollho quarry,

From rha above it is apparent thal lh,e
pathway rhrough which groundwaler al-
r€cl€9, by quatrying mov€s has an impoF
lanl eiiecl on th6 rale oI acid generalion.
Goundwal€r llowing benealh a quatry
may b€.ome on.ich€d in iron as it ilows
thrcugh lrosh bed@ck lractures. How€ver,
lhe amounr oi acidily q.n€rat€d by the
quarry adivlry wll be l6ss6n€d ii lhe iron-

Canadian Wat€. Fesourc€s Journal

€nich€d goundwat€r does not dischaqa
ro th6 quarry sudac6. 8y restrictinq the
deplh ol quarry Excavallonlhe qoation ot
discha4e aFas aor non{ich grcundwater

R€sl ciins €xcavallon depth wiLl nol in-
convenionco quarry op€aloB as ii woutd
liGts66fi. Many otlhese quairies are only
worked lor a shon lim€ and do fot hav€
adequale drainag€ sysl6ms. As such,
many ar6 opefat.d oi a lLlo groundwalea
basis becauso ot dralnag€ poblems lhat
aris6 onc6 th6 groundwaler table is en-
@unt6r6d. Installalion and mo.ilori.g oi
one or mor€ moniloring wels ar the sit€
6uld pfovld€ inlomailon on groundwaler
l€v€1. Wilh lhis inlormation th6 op€ralor
@uld 6.suro ihal a m€ter or lwo ot bed
6ck colld b6 lefi intacl belween the bot
rom ol rh6 excavarion and rh€ lop ol lhe

Aluminum concentErion is nor siAdll-
€ntly difisrgnt between the background
a.d quary wel ls  (group mea.0.0s3
meq/L) indicating lhal ahinum is not an
impo.lant buiter in qlarry sroundwat€..
Ait€r dischaq., auminum @ncentration
increases siqnif icanlly (mean quar.y d.aif -
ag€1.071 meq/L)asaiuminumdlssolut ion
lrom b6d.ock becomes an lmportant buller
of acid geneEled on lh€ sudac6. This sug-
q6sts ihal grolndwater sdpplies n rh6 vi
clnity ol slale qua(les may ba mor€
16sislanl io d€gradalio. by ol€vated alumi-
num conc€nl.alions than sudace waler

The obserued lrends in aluminum also
have implicalions with resp€cl lo monlloF
ing ior lhe oilecls ol quarry d.v6lopmenl
on qroundwat€r and fof collecling back-
qround gbundwarer inlormation pior ro
q!arry d6v6lopm 6nl. Aluninu m concenlra'
tions, and alsopH, maycompar€closalylo
background valu€s €ven thoush sround-

_. wat6r quality h6,:b-e€n signilicanlly m-
paclod lrom qlaflyins, Ac.ordifs to the
dala lrom rhe quary used in this srudy
co.c6nt.ations ol ibn, sulphale and hard
dess aG mo@€lt€clive indicators ior eval
ualing grolndwater qualily impanment by

Slgiilicanlly elevaied conc6.lralions
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ol .hlo de al MP,s with respect Io the
olher iour monito nq wells (m6ans 6.617
afd 0.124 meq/L, resp6criv€t) indicale.a
hydfaullc conn€ction wirh rhe adjacenl
highway wher6 salt is usod ior hiohwav
de. ic ins. In .notherpan or  th is  s tudv lh  nd
r937)rt wasdererminld thal rh s pa; ot th;
nrghway was a sou.ce of highty aciditied
dra/nage because oi th6 slato lsed in its
consnudio.. ll s rherotore probabe lhat
sqn Iic:ntly higher conc6ntralrons ol i.on
and sulphat€ al MP-s wilh r€spect io th6
orhe wo quany *€ r atsooris nal6 in rhe
vicinily ot the hrghway. M€an ircn, sut-
phate and hardness concenrralions trcn
MP-s wer6 2.133 meq/L,7.630 meo/Land
10.073, respoctivety whit€ tho ne;ns tor
sampes i iom MP-3 and 4 were 0.601
meq/1.0,8s9 m€q/L and O.6js meq/L, ra,
spectivery, As such, ir is suaqosied thar
wal€r quality dala tbm Mp 3 and 4 are
nor€ repres€ni:tiv€ o, groundwal€r ai.
rected by quarryinq ot Hatia Formation

Conclusions
The pr6s6nce ot grcundwaler discharqg
areas wilhin lho quatry hcreas6s the ite
ol acid ge.6ration on $esurtace. Ferous
non accumulalss rn quarry groundwarer
and atlerdischaqe G raprdlyconven€d Io
reinc rbn and preciplar6d. with th€ res![-
ing d.op in pH, leric iDn b€comgs solubto
and lhe rat6 ol acid gen6h on is &c€teF
ated. Th6.etore, acid d@inag€ trom a new
quary may b6 minimiz€d by restriclinO
quarry excavahn to a d6prh above lh6
local groundwalef lable.

Aluminum concenkation and pH ol
groundsater h ay nor be aig6p ate tor tor .
lso In €varuating rh€ impact ot qu.rryins
on groundwaler. kon, sutphal€ and hard-
n6ss concenlrations are mofe tiketv ro
change signilicanlly as goundwater i; at,

Due lo conraminarion ot Mp-s bydiain-
age lrom$€ hishway, wat€r aualiv data
tumrh6 oth6' lwo qlary moniio nd wels
ar€ Fo.6 slilabJe loicomparison with
grolndwat€r trom olh€r quarios In fte
Halil4 Formation. Wal6r quarty in lh€s€
1@ monitori.g welts are characle z€d by

a hisherpH, high€rnon @dcenlrarion and
lowe. aluninum, sulphale and ha.dn6ss
concentalons than surlac€ watEr €avino
lhe qua.ryoltllow.
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