
LNE.,Y"P
AesftEsryadt rilili*Bmrd

An Albcrts-Perspfttire o! the Migrstion of Srrfrcc Watcr prdo€cns rouroundllrter Aqtrifer.s: A Ut€rrrtrrc Revicw eud Brief Analiis

By

Tdrhnffiq|,ph.D.

May 1d.20Ol



An Albcrl| Pfrlpcctiv€ o|r rho Mlgrrtion ofsudrcr Wrter pdtogcls to
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The following is an o,v*rvicw ofthe is$lcJ !trd oorcl!$ions burd i! fhe peer-lsvicwed
tittta re on thc qdgrarion of qrfacc wrter pcdlogqN to grstl''dwatcf trquifafs. SlIt6;sno Smundliyftiel '3 t'&r af$c bydrologic cycto !4d aft dEccdy conrE(;t'cd to onc srolh€r.
nowtl'Er, dris does not lccasrarily tlsuh iE a oooclusi&r thar parhogcds in surfaff waterwill Ead{f, grouldw&t r squifcrs or are dllgc'ous to hume or jquati-c rsc?s if .nw togmunceitcf tourcG does ocruni. In tre clsc oftris sady, focrr$ tootis spdsificatti ar rhcpo(cntirl for psrbogcn oontahinlrion ofgoundq"rfi frn; & ling llutd us€d in rt;c oil 

-

3nd 8d\ indusfy in Albfir- Thcse &iltin8 fluids uso rEr.E od sll;ooe sal(i.. Concqn
hrs t oun cxDrcsscd ovcr $c usc of uruestcd water bcirg usad in &inirrg flulds a|ld ibpolcdtial ro aoqtamiddtc grolEd\rltct soqrosr.

Pslhbgetls lnclrde proto?_o!, bsct ri4 sod virus($.

Prorozoa - This goup i$chdes Gi.rdi! and Cryproqroddiuro. r*,o..,frho rlost
ll\c -tno$'n yfl(3,oorgonisl9 pmtozoc aE rclsti\,.cly l&gE by mic.oorgnism
st&dsrds (l - I 6 mi{rons. I milxln = I ninionrh Ofr rr<ter1. ttris me*L trcffr
rEldtirsty eesy io f tcr out gfwercr, protozna are mO{€ tGistant ro chlrAcs io
chqnicd cnlirorficots lhqn tr,adeda OI viruser.i

B.cl.rh - This carc8sry hrludro rqiclbqFnis&s likc L coli. Sahosilt&
Choters s[d oth.ft. Bactcrie r.od to bo s'lallE tlo prob?o{ (i}rft -2 i,e 9
lR iclvr3). Boc(.fio sr! not rs.ili€n? rhcn tsn$f€fcd to a ditrcrcrd chenical
enr'nodEetr| Thcy may Dot bc fiir('d tluorlh nar|fet Smurdlxatcr aquif€rs (will
(c?end or type ofpathogcn and gaology)-tr

viro$ci - Cortutro'dy hrov.T virusts idcluda Rdfcyirus aad H?qritis /c! Vinrscs
nrt cxrendy $!all (.02 to .085 micrqrs) whirh nrkcs tlrcn lc*s srsc+ptiblc ro
bcing rspgcd it 3 filrration proc€ss (r86ly gpt frlrercO ourl. Simifq to 6gcsrii
ano drtldmt !o proro.oq viruscs arc oot rerilient who[l plscad io s diffcrcnt
ch(lrdtsl cni.ironltt€nt.rli

Fi\r focto$t thar effcct t'afbogb migradotr Aom err&oc wdrc, !o goutrdwdf, (a!d
tr'rr48r gtt'1rrKtw&tc.r) aro:

I larbog.n lifo cxpcciancy,
1.. hydrosbhc Drossurq'"
L tcn?crst|1re''
.f. biddt.'n'ioil cdviro !en! (pH, rca,:tiod wilh $oit. nurdq* lqvols,,edox c&rdirion,



S. siza oflarhogeo vosus ilrrqtion consdruents"r
6. leflgrh ofilow prth in rfis squifer.

ConclrrsioDs Frort Lltarrtur.e
Tbc petr-rsviovrd lit€rohlc rElchcs a .onclu$jon thnt i i$ thooreticoly frs$ibls for soioic.t:l F ltogql to c-orrardnslc s Foundweig iquifcl. LirEffitrtlc dso 6how$ drd rlris ir
:lyy !?cEleiloi tlrj typ€ of psrbo8pq liE cdpect !1cr, tcmpqarirq nuuicr rc!,etg
]r.Erc 53u1. l('_. bydro3laric p{sstrc, h}drogeolo$csl sa{idg o:d duqbca of paihaRc6;
TiI: l: l!l11Y! 

** Ioered rhar spocificatt) cxu*incO rtrc "tt _a eg3 ;nd,.,Fy ,n^'oEr.r. r nus *rccitic conctus;ons froh rhc jilardwc is no! F)$siblc to mrltc 1,rlhboltrilrerFqttjon and qlss atrplicrtror|. lfsD intar!,retativc ondusion wgs ndc rr would bet!2t Featogfi {onlaroiDuion ofgrousdwrter is posdibtc ftoin driiljns lluid alrhoucb itwourq te \4ry unlikely to a{use ftoro dun naftrat }wcls of conumistion in
ttroundwatcr_berrusc ofpdhog@ lifa cl,pcclarcy in ttrc $ibgnfscc cdvirordnenr-

LrDc racto? tbsl doas Dot l€efi ro hrvc bc{o miscd by rllc pl'lblic, qtginctf o!gcologisrs is D.|tf,o8pD leatL Ttc literaDrE $ows thgt parbossrs, which r;v b€ iritialtvirappcd by I Seologicoi forniatini or d!6ric$l tcaclion*irt it . '�rcit. coufa &- r;i.ircleasod idro ds ersuddrater. Thi_$ rel€ase t!1& oould oe 0s loog i, ?00 dar6 aftor ;iliolenb-dcc and would Eot be dctcctcd by initilt or follow,lp t6dfu. Ifp6tho;; lc{k i;;rssuc. rt wilt rNually oacrrlin dghtlyp&c*ad geolo$cal laydj.
... .|n _a gdrcrar seftrc Ulc tron3pqrt of pothogeos tfuou$ goudwofci is cootDllrd bvsl rnc hydrotogrc proFrrres of rhc 6qulfer. rtlc alffocc ptopati:s ot' the virus at aruYoD ol w ei chclrktry 'ld thc pbrsical atd chqnicrl Frgmics of tbe individual

oqrnrer 8faros. _

Palhogcw otd F{ctors of Corrt&linfidoD
Fleel coiifo-ros, frccal sEEptoroccl- gisrdh and ctosaridiu[ bodeds e often tl34d ,r{8lcarors ot ciAtaminotion i! ftcah wsrE iquif('s. Tbc*c ildicstor *cics v6rvoclrfildmg on tbc $coDc aod slbit0ncc ofcor'ltofiinnnon i, coah ipccific c8o. In fu calear q|c orr and gl5 inds6r-y roigr8lion ofpathogcos to gmurdrr&<!.would bc
Laouropogenr bocousc of lhc uscofuDolatcd wnt(r in dilliBg tlui&, No spacific wort(nas-Dooa-conductarl dioond &c injcction of0rsc b:ataia. fb; waEi tlat Elskc$ uD theddlling llui4 which will cornc iato direct c,rotoa wi6 t " ;;;;;;i;,#;;
:yl:il 

l:'*t p I"'! :ur*s in lho locat ..e6" Se.$ sourca coutd uclude locet riw;Iares sln.rlrct bodica ofr}rtrf or groundwsrer lnd wiJl oontain SOmc Elcague Ofpnihorgc.ls-.Di*i!e &K' 6.d of pl&"rog padrcgffts into "f** p.o*;.irv, g.""i*"_aqxl lets thc lttt.*pecmrc) of pdllog($r chtr!'lcrt rcacriun ofpatt-og; wiri soii oO
y":,:uyjf "fl T*-t pa&oscri misnlioa b+,ono a iew -.gfi. n" pcil" 

--
rcrncqbc htcraallc indie{res rhri psthog€ds comiag into conrrct wjrh Eslllrdw crrqulcB rt most Oita$ not Euilrt{c to thc slbsurfacO solimdtrr€ola 

-

-__ _ .^19*Yt 'T&t"o of wotcr lBeat*6 !D6 rtrural) hovc somc dogEc of pathogcnconcerftation. Disilled or cornpld4ly hlncd $ater wouru bc rhc ody-pountii 
"

cr(celuorl um!$d eld suf,face water will n_{nrrqlly oontail orgldic m;!cr (including
lglbogcnc)- CrouEdwarcr c,Jnqfi!$ |€l4t(Xl to hun tr and cdvIronJrstal hcatth should nortocus olj whc*rcr i w?rc' sourca hr9 lRlhoga$s Eiddn ir. U,r ,atha ttr. *""corraloi? 

_
proogens abd tbe t}}c of p0dngc!}s. Tbc ,nrjoriw of pnhogcfls rm hrflnt,xs bcdl io



hu,asas sEdlhe nstuld-cnviroorael|L Msny ps$rogcrrs lilo in soil !ft!the i 6tirrl track
:j Y.Jna$. .I nc lcvct ol plthogcns r:rn indicste rhc S.s.'al quility ofq,arcr and d,crr(cnnooo IAat \vqtef is Conulniaitad with fl S,!c or dogree Ofpathogrds $af r.lould bedangcrous to rle nat0r"al cnvirsnmcnt a.nd to hDr4ao health.r

NatErdl Renov{l of Pethosetr$'T]rc rsin rnldlaflisrn ofrcrno*nt for perhoga1s fcsp.cirlly protozoa ed haflcria) k bvfftratron, whlch resultg in rr4qltion of padroFqis $ the infltaltion $rGca duc rO ohrsicalcroggutg 3rd rermEo! by a hiolo$aily scrive lay6. lftic DeftogE , is hctd fo, a ioflqonouStl tmc pcriods m the bioiogicat acive hyor rhc[ it w rcsuh in do(t3lilv nrd ft
IYT:r.rr 

! rhrcol. 
Iror rh5 acrivc bylr is pLrs€d thcr! is tirdc e,,idesce of lhyricatreoo\at srcc,F l! fific-grqioed sn€is *he!e pore diaFcterr arc smsfk(thon;;al

otgstugtr-_s.-The nigBtion of mjcctod (rlmuSb drillirg nfi) p6ltlro!€n.r hraugh q
grolmowarEr s_\alsn ts subjoct to the liitratioa mtc oftbe subswhct clo{osc-mcdium,w1q 

To.l3rtco Te. shrt rer tha, Fthofcns and ss , .e"uf r can rnord..fr_irii"s" p"ro,r,
flatcnflr r( rf Pong|blc tint *?r|"r \urll bc ablc lo lnovc withir ar aquifE, bur ye| ar thcsnmc li$c porhogsriJ wi not bc sbie lo fikc"r tbrougjr *"*. ffri" oAff ja*i*t"
F{'rc diameter ofrft z.one. Sh.!flolr groundururcr aquifeos *i*on ebona harrc potc
or!.rncc3g r{l_gmd libm apptboiis&rely I llm {wdl sodad Etedior'l to coarse gallcd srj
g ry:e:l io_otoolmltl {c!,at scs!.s}. Mosr $hillow .o4ujfcfs in A]bcfla arE ;posed of
&|ac|al. hu wblch r! poorty soncd wid s gr8in sizc ftnging toril sih to Eravcl Eiv$*ovalarr low porc dia'tflcr ofabo8 0.01 ,mr Tlc littrarurc acflcrally suggesB-drat'
ptDl,oio6 ire $fi{o too la€c to migrarc tbrough mooy grouridwata, a4oi6, baA*i" *a,(a3.nkc$/ to have prot_lcm6 ofmifl"Etion,nd \ilusca sre gencrally nor t oDrc|ld b]geological fltrdtion,ii "

. Anolhg rnecbsnisn for lqftogm rqtovsl fiollr a gqundwa{er systcd is tl)locelr
llpd:o" L_uln8 T*pon. FrhogE ,s rcay adh.rE or sdsorb to shtioDaor Fsrticlcsr,v|lhln tbc rock lcs{hiqg in rerarduiol ofpothogco Oow thmueh the ocdflr. Howcv€r.
::::*.'Flt:n 

p9.** h(rhly de."dr on rbc mrc of flow orMraulic coDducivity ofutc,oqul.rer. A$iltrs w h intErconDoc{ed fraqurss of vo;d Snccs wiU have fl iE6.ra3dnyorauuc cold!.ctiuty thcrcby rcduo.og the rirn€ allowcd fOr illera,cfios bct\xrcen dr rOC&prrucre3 rnd pattrogcos re$lting i'lmiordul qdsolption ofpathoEaas. Aquifos with \acrv
ttlt: r€ctunne dEpqnd oo irflETDome$ing pol! spacc fqr rv$e, tfeEpoa. lais (iwlr$ a'mmt tonuous psttr toi u$er to follow thafcby lelgthqdng thc arnount oftirre Sre wua

is ir- coollrt with rb€ rock rcdimq{. As r R6:ult p"t .g* id*,"ri;;iiir;;at;-
vii{ ra-Erovtrl ivm groundwater wiJl be orharrc(k. .i i,iii

" ,, Ioq!.a6od tortuosity sln bc scc' in morl ghallow r,aluif.n in Nbefta. Glain sj?c ins&alou non*. !0c iquilers in ric Quat mary. Tfiusry g|td tJFI,cr Cftrsceo]rs inctudcn[Le ro cqlts4 sard gl8tns, as irrett as gavcl sizcd BcditnErs. The euntefiary L pardcllsr
ac4 pds€O.nto$rty ofpoorly lortcd gtscis, rill wi|h a grein Eizc r@gihg ftoEl slrr to
BravoL vsr)qng gmul sizcs in th,)sc aquifE s crsrrc a lotrg tortuous plrh for wdai oow"
F:l-Dl TqSsvt8 pa&oger adsoeijoo. Poosity rangr for rbcs€ qquif€rs scross Alb('Is
H )f)]1 Tq q{ *gtpe in $c low 2ffl" rsngc. HydEulic condudvity raoges fioo : O.- u/s {Eacral Dll) to l0' l-,r's lmcdiurd to caarse grirod smd) wirh and avqirc offlppro malEtJ | o-'tts. Cosl seaot, which srs atso Feseot iD t[c T€rlisy and-t ]ppcr( rqaccous. trar e a torosiry mnge ofo. t-2% €cd x hydraut;c corductiviry of



1ryloi( 
indely^l o{ rws. tn s'r$nury. grs.id siz€ disE ibution, paroiiry ald hy&euticcoaoucrrqry 6l srralloe nor$aline aquifes in Alb€rta 6earc e {irv;rorl.e'ctrl forc.ate&seo ttow velocitv due to Ernrous flow pstterl'l $roughoot mod of the aouifrrE'Docreased hldnutic canducuvity wilt grve nrote r"r," t", piitoeqrii" r,"". "iiiii,rlano !o-\o!b ro stattorld]. partic]€s virhin thc *quil:errcOucing Uc cOoccntcation of

t cthogcns in the gtoundwdcr. r"' ltti

. Anolher importlnt .f.cctor alfcciitrg tic fste ofFsllo$r_r,s is FouEdwater edrcrsar! lo tncrarurat !6llrot€l ofpothogcns is the ilrtcr-actioD of fl'w fi:lvel lime wirh
Il:l:fi i"T.""l i1_- 

Forrrsmpre. srEvi\.al of br{td.ir iD svurdwEls, is g.*raly
b(,u-g 

ilo 
Dc hmitedi 90olo rducrion mry bc sloclcd trr ?0"C whfiiD $our l0 dr]\allnor.r&|r a.Ici'rl bsct$ir c.!n lreNist for 200 dala or'Eore es e rc61rlt oflbe akaocr-oi

urrmr,lsrel-ngrl lo,rrer t€inpelat,.Ee ord iccs q)rupctitio, for nulrifms. ]q5 a spccific a$c
319:. eg T.t^l."yb{iry ;n the subsurh€ ;rypr"rp"riaiurn r* p,.ozoif u. ""r 

-

l.*n olP'"uy sn ai"A but {s ooc}s{s (a typc of cyst) Erc npqlled'to sulviw dorheIor mooros m morst soil m. up ro a Jcar ia dc!fl w$er. cryproso{idiufi is likdy ro sbo,#
:rj:l:.d.r,rdrT 

at leqrwo-orde$ ofmlgDiud€ lorger thuo correspondhg faecaj.dcriv.dos€fiai pllnogh$ (low lordltrg .bility ald rd cJsr t}?c proreqiofl lrcr&sdislll). This
11c:111 T"tl ,h"t F "**a wi 

 

tuigrsro and poUoro grouoC*a1s. *q*Ees. T.hs.u IrBe$rz€rl'l|r nroly Fwenl dor,t:rncn! It only mcEA sumvai 6utd oc.ur tbr exlsldrd

Nurridlts rrd Suhrrfrca EtrviroElatrt l L.ordltlon!
Lcr&rn conditions-foa fic syfihcsis ofproroph$nic coastitlstls aqd thc libs"ation of
:1T_91-"Y1?-,[- I'f.Tr!{ss*:3 must exist for au oori,c raiaohal populorioo toqcvclop. r hc s)mricsis ofpotolaso requircs a carbon sotllcc (orgonic or inorganic).trltrogc'l, pn06phot!.1s. cllphr. nr eicr$/ source c{dtio minetais lrrtce miacrail oaAwatcr. Tha biochFoical litenrior ofcn-&gy iu rhe absErtce oili8b$cquirEs: 

'
. l ne prElN3rce otsn clctoan donor sudr qr oxidtEble orglarc compounds.r Ths plERc$cc of clcctron oEcGpt(trs such Lc molcgrlar ox-yge( sullh,lstc. niligrc

^ ,.- _talc """,Poun+ csrboll dioxidc o! sirrptc organic cornpourds.d'.
QrulrluuvEly mos lq|Jrf€i$ h{vc a crp{r,ilv !o s,ttr l|()rr ur lcs\l a imircd mjcrobid
flsll'.o{l 

i{1": ir.tbj_p'escnc ofo car;no soirrc.c ldi,solvod organix mono-c,irronatca,drssojt od Co2), elccror donors (dissdlvod HZ srd CH;. FE3 . )- eGron
f:'xs^15i1-rd 92 So4 and No3) srd *dre,-suppty. Th. svslabiliry of (or r;koeru ory numcot3 ntd e,lr<rg sourccs will plaoe perticaar conwl on microbioi growtr
31 ll.t-T-ty J+,jI" **t". mi8hr bc consid(trcd to supporr orsanisrE' whidr rm-{drs ontv
::L:y :t *Tq5. rosr Srows of baxcris se Ani'ueuished lv drcir nurrition0i 

'
rcqurrclncns .nd will not ind srjtabte conditjoflr m" olpfy oi"i_eoi *J i"rg,Jolrrccs id.aqrrifa$ bustbe obt ined fisln d$ F.oundwurer-itscl.f, vra sotub irado;fcompourds fro,! fic (ock mdrix or *r,.ou,rh inJeded ̂uerrar, .iis.-iisJ"Ii,i.ianrc
c{trbpounds c$ be sutilcian ro proviac .itr.6, ro. gonc pathogens. .

uc.nctst subaurfacc cEviro.rmcnral conditio:rs such as pil. rt'rp*ennq hydms;tancpleiturc. nutsicbr levc.ls. and rcdox conditiorx sll io0u*"" p"*,"gi i.ilrlil ;d*.

isT:]1tl,}loltE! u! 0 tltEl Srtup ofbrctdir dd olldllr ''uiorlA or rtEil.. dEobotizc !016!cwr9dud$t .,r d.psrr kfi srd/tr flang!!& .xidd,



Hrl::y*_"r q_r pg r.lrse v,iihin wnr* smw$ is possible (wi$ a $.cll dcfnedpri_oFrnltrdl} pi{ caa cllecj I rnicroorgsnisms rev6siHy absorted on unactoo*l 
'*

perucle\ whjch c{c.. a rc&rdddou ort cir uar+o,r "iiG;ffi-6;;";;i**t|nw rc{ocity. pH ofshallo\,v noo_eehnc fo''tlafion walcrs s/idritr AIbErta r[3rge Forr' S-5Io J. Howcver. t i.r iftponalrt to dote tbst ryhea dri in& t*f, .*t**- ,"r*-fi, i#--.on*rn thc Firho'godr h 'oii.d iD 3 rtud slsr{dr ro cldic aar{ n,ri". .iir"-.dlirr"-

lg.Yi:." " o,i.y.geot'8.J-l r ro herp redu$."*i.. "riltfi.s "d;il],...-r Dcrriore n js-posriblc for de pH withrr afl .,virorE c"rt of wticb t o-pajroffilrr*h{ 
lo-"-!3e" a".nsrcalty witbh a n nsc of I r _ss a*" *" aiiil,"Jlli

!_._ 
| bc ccolol:y ot riprnrn sobsr:rface zoo-cs;s *.r."*fii"f"*r""a-flinT*ner|rDSrnoo{]s scdimcnbJy sEuctu a,,n<l a6tqediaa swfacc and sr'ur;*nJ;;#;fffiH:*lrydrolosic 

tlow pafts thol
dtrorosional dynamic francvort *rar "oriuots suu"o.fa; tl"*rl,a *" "JJianonrDnlnt o(chao€e of wa&, bcrs/et! .hrmrets and nooOpf,u". io-i*J-iJiilm rf,"yTgrun9.D:'seol.of puhoScflic b$ctcrrq sod n us$'rn"y t Oi.*A iy"g"r*J
:::i"l:} 

*.hlch 
:rrydTs dl'laeion, adsorptron an.r otolucer ct,rninarior. Thir abstraclMII 'ro{ go rnro rhbdcpib of a'ajyang thrs &uadon, um tiinoec irrrcl 

-;;#;]:.

:ade. j' ..T,surviv-ar_ri're otport"g;E in s;uoa*rtr ;" ais..*, o]il-,ri,tll-* 
'"

]1f;'l 
ef tle snrcinc so',ndwucr eovironoenr_ Dispen,on .u*o-r l-#tiiil or

f::-- j",1".tu egli .tss!. dlss rh€ir c.@ctoder;on aicre^o orr* ti^. _a ti- 
"'

rrenepon dr*anc.. Tbo infiu.occ oa pfl{bogcn migqri"" f."r" a,in.e fil;'i" #,brn.d*taDce ard corccr4rfiior al ncoa ri inrerlink tor tt"*,+) r";;;;-";il;;i,,-
3lls"9,*ncc ol goundwarc' corlamlEqtion Fom ctdff;^g ihil rl,ir con;i-;;;Fr|hotstrs.

C,o-Dclrsiols and potentiEl InportaBce tD tie EUBf ro!0 I 999 forward &cr€ has bcca srbstmtial reqo*J. itTn U" n"fa aaa on rlonnaltsi$ ofdara, rdrtitrs to rbc auqcct ofDNd!grounowoter aqufors heq6*.o&!orio^,lo^*-conbmiMdon 
sod mi8r*lion id

tss_boc", snouo to.oor ui;"; * ""Ttril'#HjffiSffm""ffit#H*Tfl
'rrt. soac.rn is 'did erd Jonger.icrm problcms car *"k fr_r, p.dro;;-;;;;ii",,,1\4tfi groundw:rtcr.

", .i,.- 
Dr' wi[i1n w woqser tr th€ Llilcnity of Moniam has conducLd clcensiwsRmr{'s oa gourd\ra'cy p3thogorr o\c, lhe t*,.r lhirt, vean. uis mnclusioo oiucianlIn lnc t0.lt sclaral ycn$ are:

. 
.Vt!.*ca 

rerd :o bc tte latTesr conc*m for rlrDtcsring glD|lDdwora . TtN rc6or forour..rs th$ bacrfiiasadprorozordonot nnigntc asLdryorqEi*iy- 06.- 
^".

goulgwlle as vinacs. fhd fosult is thofre.' o*urs Frior r,o E rim;n'.lil;:ffi[:'ffiffit*Hff".."
o€crr. Dr, woirs$cr hrs sho,orr through sl,t"urfrca d;;;;;;*dl;rr",
:9yllc!l o.91 gftco oco:rr ar &c s-ame tare as *rc o*rog._JJ;lJif 

.----

- 
t5-olardwdcr. llc hr' slso tutcd !t'.r virus su!vi,=r is not hlgfi ;n .os{ ;;fcrs. r nc_undc:rgound hirnsport of4drogclic bldcria and "; _r";;;:-;;;by tha 8€n€ft1 oqu:rtion, wirich cou-idos dipcr..ion, adsorp;; il;;;;iclr41lDation.



. Tho survivdl timc ofprt[og.os ir gror6dwolEf is ,fifrrllt for tic spociEc ryeciG$ld rho spacific Eslndwlro {rwirermcnt.

Yh":t.3*I$g put e"T iD Sround$srrt il is imlortsnt to disooguish be*ccn
arlocdtDotuc pothogatoic micmorgurisrns" whicb cnter thc traudwalc, *{gugb
colrt3mjlrrDoni 6nd 1ulocbrhonic goundwarcr microoryanisrrs. whidr oftco rtuivr
naruf olt y ln gourldwater,

. Peldcge,.6ld Malrh€ss $t t4 thar thc sllo;hrkmia (qon-dative to squift{)
pdogafu Eicmorg,lri$r$ {rre u$rsly elidisstcd irt the gro$ldwarx, 

'

envtotur.r,L bul urdrf, oligoEoFtio (hcldng nufi(ars ,nd having 8 highq$s\Ivac oxlEcr coDtcnt) coDdirions dl.y msy slnvivc wfihour I sub$rqttial
dtcrci8c or lFid1 cwE sljgh imreqqc in nulrrb.n, ibring the ffrS ) _? dtys (p!EF
491.

Corctrrrio6
l1 is oot pos$ible iD hevo a straigbt ,nswff of yc or no !o 1r,/heiher p hogcos i! drillin*
llrds 4l (DolorninEr. gmuDdwatcr 4uifer.! Orouodwfier rs unliiely al serious risk ii
All1rod all cqrc6 ofddtling wiS unEcatcd .xlols ninat.d rvater. vcry rare 6cs c4uld exisr
lr,crc,sontalli!fiiofl ocruld ocqrr. protoaos arc molc likcly to ba s oonc€r1 ig$ r $rvivnlsl[ndpoint thro viruses o! baderi, bccsuta thay cjn dspr ro tjrc ncw coodinoai ofrlc
sulsrfiscc cavirDnr|cft (urlilc baa:ldia or virUSdS). Hor,€ver, uol ac bsgtef,ia aid
vr[9oq prob.zo8 e er(gr{uoly litoit€d to ony movodonr &toqth mfEa] qeoloeicat
conilruods. The only ,f&ticd ca6c ofconoqn is $to. protozm a" gt ccd into-fir,o_gatnqr 

Ylln..Yhcti p(''E diirnErl.rs 9re leger thor trotoiao.a Orgiri6Bls. .Ihc cxcct
PaEonI ot dnurng lnto this g?e ofDrai€ri.6.l in conjulction wltb a g$,rndwek 0quif6 his
4ol becn detEcrnft$d.

RctoEmaddatioos
An in!6s{igation on thc usc of dock ctltloriF^rtion ofwotcr tlrrks orior to Eud bciBc
mkcd (usitg dry Sodiu' Ht?ochlodd.) $oEld be r"Uenaf.c",. liithf invcstisirir; Ochot rcvcal aay n.gat "c irn}!.rs 06 thc phlsi{dl claracterigcs ofthe eillin* iuirlluud-ho $g hat 4dded ctst or additiooal lifie rcquircmenrs, Ho!vs,,tr, to d8lc,-rcsdE in drcllrl nre docs lot sunEaIr suci rcfiol basod ot scicdific !.ardrsr.

.lJ
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Tecbnalogies May Ease Frac-Rclatcd Watr! C{cccms $*, prge 2of3 i

lY,Ll"- py i9"k{qr* opporbnri* {orr'r*cj. tud Il:. **mm;mm"m;"** ielcoiorrr.s 8nd h6 ab.l{y io tnregfeto tho !roc6! tr{o tne bg! ics of oo,nlie}on6 md a,n1tl|rdir!3 ri ne Rao. B.,F .
M€€r,h,hlh. Cahery-oasad Aqoa pura v6{rtu!s tnd t3 ,m.ta* #i,h |1* E-_ _ " :t r)s z' . ,'lq,,,,ater uease rn ir";ed+ro! i;ffir's;d;iliittJ:.'r 

'''o'hnc lirirh Ld"on En'rlv co'P*aflon ro '8drce 
- -#la

The-low+ermeabttig rock aoquiros rdassrD ,rac$nng. sno a gn€b ,€E lrb can €alslr,ne 5{)O,OOo to € mifijon 
I

gr(on€ or water Water thst flows bet frM nEtu

lgr,ig;;;ru"il?'ffi s'LtrHB?m:#sS;#ffi mffi ,Tf"-"",*:,iHr"
"water gvrl?bl'iy is now a const?m !o ,,C, camgtetaco," and (aDosd opforl! dr €tso d6ct!.Lq. sad p!t.tc&.rornor. an Aqu. P|ri€ FFos,cB €fl9n6. r€t€n,T to ttr. e6mot b;aln.Jr. 

- - - -

Aqua PLr€! NO{r,lAD moDi,e svapor:lor cFtom ss€.s a orschanicd yspour recompj.casion Fmess to rtisl t us€drrdc.watsf $f roi4€. Ead urrt oonstsls of *me Imclduto c.cl s @mDr6ssor !n 
- - "- " - -- il(lo.mounl€d modub$ r pr€-trGeon€nr mi&,ic. so eraporaor

Hor ner sald about E6% ol tDc vider U|at nowo !ad( lrlD a frac lrc€ntl.d citn be .6cfd€d, e{minsthg tno nesd tovucx |n Degr wator and haol a ay D{lducad rrdld

ts€sid-es coct ard togEtjcat concofis for produ6! w,hoi€ wlSE are bcing tr4sd, tt qe alE qu€tioFr aboirt f|ompa{r or Bha{tow fto treatrne.ne on rrei.b} *at4n E,a hvdrocrbon n,'Ui.

The AlDo.ta Enargy rrd UtU[d., Ao*d rEccrlrv'es:,1mon6 on !b6[ow tac.br*o n"", ,,,r*, ** YF '16w 9t'{,acltirk€ r.poirkE mdst€firnt! tnd
rracruang oporarior's al}L;; ;E"fr;if;l ;6; 

I m6o 6@3 wE E bra(| nolklwblc incidets w'le|e shdbw
.rqnn N.'cw h, accordiT lc Pti i'cldlerr gwaotri ol Mtanc.d

i/Vh'h Inol! sr€ so!6f!t !ya)6 ol ,nodd nA tt?c tfe,lrlcvicar'*igr;;l';G6iEileft ffi lffi !ft :*|,*#trLffi*ffi.W
'W-e-do 

not hsve a robust d€ston Dro€n* !o corf,d.{.dy prcd c.t d,le sjr6. sttaF|o and glEwnr raio o, ttE slm,.noted?one as a tunc1bn of presJurB. Inja({hn rat snd ttn6.. MoLoflao sato ab+.it.rhanff,-;;ir;. 
'

TU.P_rovt tr Cqagt pocds$ for rhdlo\{ t?cruir-sdllxj|ntiors - a|1d lo .educa tie d9k of funo $hq d/,
iffi* 

* nw'oo*' ** - @sligi#algv ; in#.ffi,;-." fi i'Jffi '&**n

thc project jusl got ofl $G Wollnd. bst n ||t/ part!'lpe s efe !W yiDtqomi. said McL6{en.

#ffi #.WHi'ff"'"Hf.f"f fdJ-".ffi ;Hffi tsr'reneregne
l111,l9iYq t'e sry T t9 r€duo6 th6 o@nomd and anlronno rar rst(g a$octahd wtth i^cffici€nt /lr rrnnl|3 'on toetne'{. de3ign arld inptoF,lnt{,ocl.

k$ffiF,*{l"i @*
J Mclollnn me !..o.d .fi*. - onich \M0 bc dqrermin {t or t|e erld ot phs3e orl€ _ cosg brdudeEEljfiEj tr#H,*"Hgll"s,grsr'm comlle'ciat toots, aiqiq i'b ;i r-dr;;i; i 6#&i5';:ffiftS!g,"
I
i Advanc6C CrdoiodMotoqy hopes $ hav6 s€v(
\ ;-.qdErulqli-ffi"'#ffiffiffi:$#'ffiKffii?Wffi,ffi,#':/

btprh,{T,.&ilvoilbq/tdin.cort/irnrVprintcr.rg?adictc=dpbolo?F06062i0/o2FDoB2M-.. 
6A8/t006


