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AsSTAACT

The hyctrogeol-ogf.e propertf"es of a shallow subsurface rzdloactlve

waste mÊ,nagenent sLte ¡¡ere studled. by neans of test drlJ-15-ngu aqulfer

prformance testLngu hyclrraulle haad arul rc,jor Lon dlstr-lbutlon st¡,rdl-eso

and radlotm,eer nnonJ.torlng" The stud.y area is Located at the WhlteehelL

Nuclear Researeh Est¿.bi-lshnent 6J nlles northeast of HLnnlpeg, $îanLtoba

and lneludes a s3.te where ndloactlve ¡rastes are stored. at depths up to

seventeen feet below ggound suf,face, The nost lsza¡ilous rrastes are

l-solated. ln subsr¡¡face concrete or steel contalners fron whlch leakage

Ls un15-ke1y, The groundwater zone ls rega^ntled as an extm, contal-nnent

nedl.ur¿ Ln the event of J.eaka4e.

ELel-d dutLes conducted durtng the LnvestLgatS-on l-r¡dlcate tt¡at the

generaS. fJ.ow systen has not r¡arLed sLgnlflcantly over the laet four

J¡aars. The analyels of data obtal-necl durLng thts four-year perLd

and the lnstaLlatl.on of add.Ltlonal wells ard pLezoneters Ln the sttdy

â¡'ea Ìrere used to d.eflne the anom,lLes Ln the fLow systera" Theee fLow

gradf.ent anomJ-ies alter the expected. d.l-rectf.on arul/or rate of ground-

nater f?ow. Hytlrochemlcal. lntterns co¡îrobo¡¡ate the ground.w¡rter flow

¡nttern Lndicated þ hydm.ulLe head dlstrlbutlons"

Groundwater flow mtes and resldence ti"r¿es ¡{er"e ileter¡rtned^ for

a porüIon of the conflned sandy aquffer ln the etudy arsa. H[ow mtes

were calcul"ated uslng the obser.ved, hydraullc gradlents, an average

effectlve porosf.tyu and hydr:auLl-c conduetivltLes obt*.Lned. thror¡eh
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analysls of erqulfer per-forna.nce pumpLng tests" Water-level d-:¡awdornr

rîesponse tests provlded genem.l_ *onductlvlty values" Monltorlng of a
rudlot::acer injected lnto the aqulfer allo¡*ed d.irect measurement of
groundwater flor+ veLocities"

The feaslbiSlty of h¡ncrogeol-og5.t' manS-pulau"on of a ground*rater

flow syst'en f{as prüvenc lrlanlpulatlon schenes wetre suggested. whtch wouLd

lnvolve t'he punplng of ¡+ater fron or lnto basal sand d.eposlts in üre study
area. I'hls rpthod ras rrsed to t*",.s¡gs the hydr:au'l"c gf:adtent ln a
portlcn of i.he r^rþ.i.t*,sh-,r.r Ìrucrear Resea::ch Estabr.rshnent waste

þnagement' Aæa" staggereii ground,,rater nlgrati.on paths lndu.ced hy

control,led punplng -$re:re suggeeted. To incr.e¡¿se the fLo¡¿ ç..adrent
and aLl"ow earller wlthdr:a.waL of ih+ contanlnant from the flow system,
pumplng r'uter lnto {,he tass.!. sand aqulfer ¡¡as also conslde¡¡ed"
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ÏTflTRODUCTION

Ege_æ and Ob"ìectLves

The whlteshei-l Nuclear Research Esta.bllshrrent (mnn) located Ln
southeast Ìlanltoba (fgg. 1) 3.nc¡.atea one of Ca¡adaos two u,jor
m'dl'oactlve waste ¡mnåSenent a^reas" Hydrogeologfe studLeE of the WNRE

gener:al study a,rea ar¡d the waste $Enagernent (wM) Area began Ln tp6g"
Rl"eld studies contj-nued through to the end of rgr?.

ThLs thesl's descrtbes the results of fLeld. strdles conducted at
the HI{RE btween }byu lplo and septenÞru rg?1" the thesLe prj.narl]-y
deals ¡rLth the detar.led- straH.graphy of the present wM Areao rnch,ded
are the d'esl'gn and' lnstå,l.latLon of a ç¡eIl- netwo¡.k in the ÞIfi A¡ea and.

the testlng of the hydraulle Þhavr.our of tt¡at are¿. und.er pu'prng
eond'1tlons" The study Ls one of the very few d.etaLled Lnvestf.gatlons
sf snaLln shaJ'low groundwater envLronænts to b conducted. 1n westenr
cgngd8'n Analysf's of the dsta was used. to d.eternlne the condLtions by
whLch the groundwater zone can be nanlpuJ.ated to obtaln hydrogeol0glc
contaLnnent lf radLonucLlde contanL¡¡,atlon ¡rere to oecur,The stgd.y Lnvolve¿
the er¡aluatlon of h¡dmu]-tc head cltstrtbuti.onu ground.nater chenlstey
and tenrreratu¡¡e data, and trlttun t¡:acer data" Â r^jor portj.on of these
data srere obta'Lned flo¡n I'nst¡:unentatLon 1nstal1ed by prevlous investi..atorsu
The contLnuerr correctlon of fr-eld dat¿ resulted 1n a ¡Ìore detar_led
LnterpretatLon of the ge'oundssater flow systen ttran was prevlously possLble,

1



kserlptS.on of the Strdv Area

The general str:d.y a^sea Ls a forr squaå"@ ntLe tæet Located. along

the ul-nnL¡eg Ri-ver about, /J núJ-es northe¿st of wfnnlpeg (rtg. e) 
"

The waste lbnegerænt Area ll-es w.lthl_n the general strd,y area a¡d ls
approxl-m,tely 0.0J sqr:are nLLes ln area" Flgrrie 3ls a photograph of
a portj-on of tbe study a^rea and the parlmeter and tnstallatlons of
the Hl{ Are&,

PLeLstocene glacf.al aJrd glaciola,custrtne deposf.ts coropr"S.se

thls sttdy a,roa@ The d.eposl-ts overl5.e the kecamblan erosLon sr¡r:&,ce

of the western CanadLan Sl¡ield., In general the asea Ls one of low

reLLef ancl swanpy ground., A sa^ndy rlse approxlmteLy 3.J00 feet east of
the WM Aæa prduces an eler¡atlon d.lfference of approxfunately 20 feet
relatlve to the adjecent ¡¿'estem lowla¡dE (¡tg, b) " The relLef r¡arLes

btween &p0 feet above sea l-eyeL at the wlnnS.peg River Lo Ç06 feet in
the sandy upland.s,

ReLmer (rçzo) desertbes the clLmte of the area ae havl_ng an

ennuaL mean d.ai.Ly tem¡ærature of approxj.mtely lJo F. Ten¡erature

extrenes of *53"50 F ann loSoF have been recorded., Beswlck (rgzr) reports
a precf.pf.tatLon nean of 20 tnches per learu Tbe $leatest anorurts of
precl.pltatLon have Þen obse:ryed ô¡¡rlng late sprJ.ng and early
sunnero

The Waste l{anagenent Area 5.s a J00 by 400 foot slte where solld.

e¡d' contaLnerLzed 1f.quLd nastes having 3.ow, lntemediateu and h1gh leve1s



3

of ¡ndJ-oactl-rr3-ty ae"e :r:etaÍneri" Lo?Íe i_ntermedåaten ald hi6h leve1s

of aetlvlty ar"e descrlpti-ons of nuclea.r çrastes dependf_ng upon the

volune of material lnvolved and the anount, and for-¡rs of ra.dLonuclld.es

present" The prastes are d.eposS-ted. and. stored. ln varlous cont¿l-nexs

ani trenches 1n the Plefstocene deposlts at d.epths up to 12 feet belor¿

ground suaîface" stor:age and dLsposal faclll-tles conslst of concrete
bunkersu relnforced. concrete standplp€sg open trenches 

'¡hlch are
covered after f111lngu a,nd two 100 ga11on stalnress steel tanks (rte. j).

soLld wastes havf-ng a rorq level_ of radl_oactlvity consl.st of
el-oth and p,pers irtadlated through accidental spills ar¡d drr wastes

fl'on the research facilitles. Drsposals of such packaged and dry
¡'¡astes an'e 1n unlined. trenches excavated 1n the sr.¡¡:ficlal cJ_ay of
the Haste l,ianagenrent A¡ea (¡tg" 6), After fllrlng, the trench ls
covered ¡rlth the prevlousLy exeavated nu,ter:ral. Llquld" rastes
consf'sting of verT Lor¡-leveL actlrrated organf-c coolants a¡d. assoclated.
solvents a^r'e stored above ground tn mild-steer. cans for shor-L ¡nrrds
and. then lnclnerated""

solld and r-j-quid. ¡rastes of i.nternedlate- and high-revel
actlvitles an"e deflned as speeÍal dLsposal-s a¡¡d are placed in concrete
lnrnkers or asphalt-l1neä rer.nforced concrete standprpes, specíal
dj-sposeJ-s consLst of dry nastes havlng an Lnter.med.late 1evel of
activltyr bottled radlloactlve liquid.s, and. exper.lnental_-loop ton
exchange colunr¡s and fllters" Flgri::e ? i:; a ¡:tr,_ogr:a,.pl.r af
the reLnforced. concr.ete standpf.pes. The standprpes rra.r7 f'on
L8 to J6 inches r-n dlaneter anrr avera€e r_0 feet ln d.epth. The br.¡nkers

are d.lvlded by vertlcal concrete waLls"
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I'fost acldf-e J-1.qu1d ¡rastes rravLng a hf-gh level of actlvlty
result from fuel reprocesstng expee"1ments" They are stored. at the
ÏIaste l{ana€ement Area Ln 2-U-tre flasks encased" Ln ¡nt1d- and staLnless

steeL cans suxround.ed. þ vernåculLte, The verrnlcullte 1s a sa^fety feature

trrovldLng ab'sorptlon and an lon exchêJlge capaclty of approxtm,tely

0"7 nliltequf.valents per eÞn (¡uïns, 1p@)"

I\¡ture contaLnrent of strongly acl-dl-c LreadLated lf.quors at the
Hlf .Area wlLl b Ln tsro L00 gal3.on st¿lnLess steel ta¡ks set at about IJ
feet below grotmd level a^nd. equS.pped wl.th fluLd*Level senaors and lntake
a¡d outlet plpf-ng" The tanks are doubLe-*raI1ed a¡rå set Ln concrete.

Rlgure B l-s a photogeaph of the above-ge'ound feed a"r¡l sensor ].lnes and

protectS"ve br.¡nker"

the tfitrRE HeaLth a¡rd Safety Ð1vLsf.on conslders the grogndwater

flow systen only as a seeondary lLne of defense Ln the containnent

of these radl-oactive øastes" rt f.s appropr3.ate to rega^nù the hydrogeologtc
envLmnnent in the H},l ar"ea as a contalnment, ned,iun" The type and. degrree

of the containnent ås the focus of this thesis,



PNEIñT OUS TNIIESTTE.ATIONS

shawf-nLgan &rgtneer'ng r,r.nttea (1960) supmleed the
prellnS'nary geologfc assessment of the whLteshell Nuclear Resea¡ch
Establlshnent (mlnr) " Aggegate ar¡a,LLabllrty stt¡d.l.es a¡ul. laboratory
¡nrmeab5.lity tests ¡*ere carrLed. out, by Tenpleton Engineerlng conpany
&LnLt'ed (tg60)" sherþ-tube and spJ.J.t-spoon sanpJ.es ære obtalned
a¡d two tþf.nch d.r.aneter well points were insta,lled. J.n the general
st'dy aJrea,e The r¡eLls a^r€ now elther ab¡d.onerl or plugged." rlttle
od the Lnforætron gathened at that time we of use r.n the pres€nt
3"nvestlgaff.on"

Geophysf-car. Rngr.neerlng and srnnrays tlmr.ted. (rg60) cond.ucted.

a sel"Enlc profrle f.n the southe¡m portfon of the sttdy *reae Thrs
wo*k lnd'J-cated a broken roetr/tear.ock contaet" Thls has subsequently
ken ehown to be the overburaenr/karoek contact,

hreons (tgØ) em.mtned the HHRE reactor bur.r.dr.r€ ercar¡ation"
Growdæter flow had d"evel0*d. r.n a fractured. a¡rea fn the southeast
eof,'er of the excavatron. A flLow of J to 10 ga'l'ns ler aS.nuto was
obsemed' to move up*rarti' fr"om the fractr¡re, sunps ar¡d. d¡ntnage ¿itches
were reegnrændedu

CIfmmon (rpdr+) sonducted a tuc.ef guornd.water stur{y ln the
vd"eÍ'nst'y of the wM Area, Hj.s strdy eonststed. only of surface obsenrations
of the terraln condr"tÍ.ons ar¡d thrree sÌæ.lr.ow testholes bored þ a snal1
portable &ugeff. He dr"d not obtaln sufrr.c*ent dåtê to d.eserr.b the m.jor
strail.gmphlc chE¿raeterlefi.es of the a,rea or the pæo¡ertles of, the
groundwater flçw systen"
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tund (196f) conducted- a shal_1ow rradiot:acer lnjectlon exper{.nent

at a slte adjacent to the Wl,l Ar.ea" The resuLts Lndlcated. anore,lously

h3-gh grounil¡¡ater floç¡ veLocltles" Thls to some e¡rLent pronpted a nuch

nore cletaLled hydrogeologfc study of the area which bgan in the sprlng

of 1968" this stud"y was rx¡dertaken þ facuJ-ty and. grzd.nate stud-ents

of the Unlversity of l,tanltoba"

l¡f1lIs and Zr,ra¡'lch (fgZO) deserlbed the catlon exchange potentlals

ln the stud.y aJ.ea" So11- sanples were collected. at depths up to J0 feet
fron flve borehoLes ln the WI'l Area,

The Ðeparünent of Ea:rth Selences undertook a cornprehenslve hydr.o-

geologic lnvestlgatlon d ttre general str.ady a¡ea 1n L968" The groundwater

flow systen was lnstrunented" wLth auger-lnstalled. plezoneters a¡d

water-tabLe wells (tr'tg, g), Th¡.ee r:a.dLotr"acer lnjectlon sites Þrere

lnstalLed." The results of fleLd stud.ies conducted durlag 196g ard

1969 were descrlbed by Beswlck (19?1) who colLected. ¡rater-level dats

and ÞgÐn the tr:Ltlum tr:acer monLtorlng prograrune' Bes¡d.ck also

conclucted. a nunrber of ptezonreter response tests and gro¡ndwater

tentrær:ature obee$r¿tlons 
"

Chaga^rlarnud.f (fgZr) conducted selsnrlc a¡d. sr¡dace reslstlvlty
proft3-es å,1ong the east/west and nor-üh/south roads in the ¿ùx.ea€ The

bed,rock d"epths d.eter.ntned by Chaga^rLamrd.l sEere used" in the prepa^uatlon

of thls thesls.

Papers þ Cherry, et a1u (tgZO and 19?1) arut Cherrry eg?Z) nave

descÌi-bed the geochenlcal processes ln the groundnater zone a¡¡i!. the

propr*bles of, the r¡a,rlous segnents of the groundreter fLow systen Ln

the area"
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The contlnuatLon of fLeld data col-lection dr.rrtng thls strdy nnde

posslble a conprehensLve view of the 3.ong-terrn fllow systen behavLour"

Up to four years of recorded data ¡*ere ar¡aLlable"



ItrTHODS OF INVESTIEATION

DrLll-lng and Sanpl-lng

Durf.ng the thesls lnvestlgatlon 2l pLezometer nests were

lnstalLed ln the stucly areâo They were plaeed ln areas unaccesslble

to the equf-pnent used by prevlous lnvestlgators. Thls brought the

plezometer network to a tot¿I of 6? pJ.ezoneter nests, or approxlnately

240 indlvldr:al. pLezoneters and water-tabLe wel1s (f:g" 9)"

The plezoneters srere constructed of 0"0/ foot lnstde dlaneter

polyvlnyLchlorlde pLpLng hand-slotted at the bottom ttrree feet" A

flberglass wrap se:¡¡ed as a screen ln the lntake zonec Constructlon

detaLls are shown 1n Flgure L0. Most of the plezo¡neters were placed

ln boreholes drLlLed by an auger nrowrted on a tmcked vehlcLe.

Seven of the plezoneters and. ptezoneter nests were Lnstal-l-ed. ln

boreholes drLlled by a truck-rnounteC aì:ger" The auger fllghts vrere

four to six Lnehes Ln d.la¡neterg both soll-d- and holtor¡-sten augers

were used. ÌIashed sllLca sand was placed about the pLezoneter lntake

årea a'hlch wa s thenLsolated. from c¡verlyj-ng r:nLts by a concrete

seal pLaced LmnedLately above the slotted length. Durlng the pl-ezoneter

tnstalLatlon dlsturbed solI sarrples were collected fro¡¡ the auger

füght,sg a,n error of + e¡s foot jn the welJ. 1og l-ntervals ls assuned."

Rlve se::eened weLls were lnstalled in the lilrl Area tn j.921

using a trrrck-lnounted cable tool drl-ll, Both suctlon and tlart-valve

baller sanplLng were used

stratf.ppaphle f.nfornatlon

¡¿el-L as splf-t-spoon corJ-ng. DetalLed

the lfM Area ¡ras obtalned,

I

AS

Ln
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Deslgn andt Inst¿llatlon of Wel1s

Four of the flve screened wells lnstelled. encLrcle the WH Area

whLle one ¡*e11 Ls set at Lts centre (tr''tg, 11)" A 6-ineh dlaneter

water-table weLl ¡cas Lnstallect ln a borehore adþcent to each

screened well" The screened wells and water-table wel1e are of a Large

enough dLaneter to recelve contlnuous cr¡a,rt water-Level recorders.

Ho¡revev recorlllng well Rw-2 ls 2-Lnches ln dLameter as opposed to

the 4-Lnch caslnge of the fui¡r remaLn1ng wellE. The 2-rncb plpfng and

eand poLnt were praced Lnsld.e the outer 4-lnch eervLce casLng and.

the ceeLng pul]ed, ALl ¡¡el1e except RW-z wEre equipped wlth Joh¡son

Etal.nlesE eteel wEll screenE teleEcoped lnto positlon lnsLde the

well easLng, The well scregn slot slu€s lrere seleetsd on the tasls of
cutnuLatlve welght ¡nrcentages of eleved fornatlon sanplee" FS.gure 12

Ehows Eom of the constn¡ctton es¡reete of the fLve wells" fttgure Ll
å.e a photograph of the nultL-slot ecreen uEed ln well RW-5,

Hr¡npLnE leste

ThrEe aqulfer ¡nrforu,nce teste were conducted ln 19?l usi.ng s{elle

nw-l enat Rw-3, Thle lnvol.ved. the punplng of eLther woll whlre rnEter

levele were meear¡red ln t'he adJacent water-table wellsu sereened welJ.e,

and pleøometere of the l¡¡¡¡edLate a,reao Meagwrenente werE confi.nued.

after punptng etoppd unfi.L sseoyetT of the pS.ezometrle Level cæ,e at
leaet 8J per-cent conpleten By erraluatlng the ratEs of drawd,own snd

recov@&? 1n thE punped well and obeerrred, wellse the hydm,ullc

cÌ8s^ecterLstlcs of the aquS-fer underJ.ylng the WH Area were deternlned,"

The e4ulfer porformnce teete provlded tra¡remtselblllty values B,nd

etorøge eoeffLclents for the a,ree, rkithLn dæ,wrlown efÉectn
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RW-L was pumped at 1 galJ-on trÞr månute fov z!"0 honrs wLth

a mxlnun dLstance of hydrauJ-l-c head Lnterfe:ence of approxf.ætely

6fr feet, RH-3 çras puap€d at p gÞuons per mLnute for 10"5 hours

¡+Lth a np,xLnurn dLst¿nce of hydraulic hea.d Lnterference of

ap¡rrorinately 1000 feet" The punping of RW-J created the greatøet

dnwdown effects Ln the baeaL aqulfer underlylng the wM Area,

Prlor to each test a centrlfuga}-jet punp wes lnstalled above

grourd wlth the punp f.ntake ln¡nedl-ately above the screeno A dlrect
readlng dlscharge neter ¡r'ae attached to the gate-r¡alve controlled

dlsctrarge L1ne (RLg. 14). A traller-mounted generator supplled.

the eLectrlcal powero The dlscharge waÊ checked by the rate neter

and þ s3.nple bucket measurenents. Dnawcto¡*n anrl recovery ln the

obsen¡atl-on ¡+el-Ls Here neasured by electrLc tape arul by stevens

Typ r contLnuous-chart nater-Level reco¿rflers" An electrlc taæ

was used. to neasr¡re dm.wcto¡¿n Ln the punpf.ng welI" !Ì[gpr€ ].5 eho¡ss

the equlpmont used ln the RW-l puurping teet"

Hater-level Dara¡cdown Tests of pLezon€t€r Response

Å second nethod. used to determl-ne the hyilæuLLc ctra^¡a,eteristlce

of the deposlts Ln the study ar6a Ha,o a baLl_-d.own sesllonss test for
plezoneters whLch was deveLoped by Hvorsl_ev (rg¡r) " Each p1_ezowter

¡Eas fl-ushed and baLled prlor to the çrater-level dm,¡ødown responae teste"

ThJ-s reduced the effect of possl-ble pl.r.rggtng at the pleøoneter tj_p.

Each plezoneter was then beLled to a depth suffLcj.ent to allo¡s a

successlon of reeovery neasurenentg. freasurenents of the recovery

water levels eontLnued untll at least 90 per cent of the orlgtnal

water' l-evel was obselr¡ed.
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å recovery raü,o 1n terms of hydrauJ-i.c hea.d Ln feet, was

determl-ned for each pl_ezoneter folLowlng bll-_down, Usf.ng the

rate of recoverye the hydraulLc conductLvlty of the forwtlon
l-nmedlately sunoundS.ng the pf-ezoneter lnt¿ke a"rea was deterrnlned"

N5-nety per eent of ar-l the plezoneters were tested¡ thus,

ap¡rroxJ.nately 1p0 lndfvldr¡a1 response tLne graphs were dm¡rn

and anaLyzed"

ïn order to d.efine the hydm,ultc gr:a.dients of the stnd.y a^rea'

water Levels were neasured ln each plezoæter beglnnlng in 196g"

The cor¡tinuance of thr.s data collectlon has provj.ded. a J_onger

record of the Þhavl-our of the ground.nater flow-systen thar¡ ¡vas

a¡¡alIabIe to earller l-nvestLgators"

us3-ng the water-r.eveI data corlected. rn r9?0 ar¡d 19?r, a
better areal coverage of the flow systen was possf.bJ_e" This also
al-lowed a more conprehensLve d.eserl_ptlon of the system based. on a

Longer perlod of hydraulLc hea.d. recort"f.ngs"

Ground¡+ater Chenlstry Analvses

water sannpJ.es were coll_ectecl f¡.on the lntake zone of each

plezometer usf-ng a polypropylene sanpling tub and a vacuu, pumpo

The samples werÊ l-sol-ated fro¡a the atnosphere on renor¡aI to the
sul:face and sealed. in polypropylene bottles,

Field pH rneasur-e¡nents were ¡m.d.e uslng the Ra¡tlo¡neter nuLl_
balance pH meter, model ptsl-lr" Groundwater sanples were collected
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fþom the pf.ezoreter Lnt¿.ke zone through a polypropylene sanplf.ng tub"
Each sanple Ìras trransferted d"lrectJ.y to a sanple bottle Lnnersed. Ln ar¡

Lce-water bath, Constant pH truffer soLutLons were used In the fLeld

for calLbratlon and. deternl-natlons" Down-ho1e electrolytLc

concl.uctlvlty was detem,lned usf-ng an extended. cabre so]_ubrldge

cond.uctlvlty ce11 and. ¡reter, rndeJ- B3-?.38, The conductlvlty p,robe

l¡as lowered to the plezorneter lntale zoûxe i electrolytlc cond.uctivlty vras

measrred ln mieromhos p€r cn"

Measurenent of Groundr¡ater Tenpe¡:atur.€

The groundwater tenlmr:ature at each plezoneter was neasured.

us5-ng a whf-tney extended-cabLe ttrernrlstor, mdel Tc-5a, The

tern¡rcratule celL vras 1o¡rerecL to the pj-eøoureter lnt¿ke zone and_

aLlowed. to adjust to the donr¡-hole tentrær:atr.rre" .4,1r read.inge were

rneasured ¡rlth a prec3.s5.on of 0,010 C"

Sampl-lng of TrLtLu¡n Injectl,on Sltes

The three trl.tlun lnjectlon sltes Iæated 5.n IÌLgure ! were ponLtored

for a ¡erld of t*Eo yea,rso BeswLck (fgZf) dlseussed the flrst sLx nonths

of fnjectl-on sLte nonltorångu No s1gnlflce^nt novenent of the injected,

trttiun wÐ,s t)bser\¡ed at that tLne" Thls thesls d.escrlbs the resr¡Its of
the last lf years of nonltodrg,

sanples eol-l-ected fron the tnjectj-on sf.te p5_ezoneters were

analyzed for trltlun content uslng a Nuclear ChLcago t{a^rk rv llqui.d.

sclntLl-1oneter, The sanrples were obtaLned uslng d.own-hole polypropylene

sanplf.ng tubs ancl standa:d 250 millilitre vacuun fLasks. A portable
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vacuu¡n pu¡np was brought to the fleLd. drrJ-ng samplf_ng" Each lnjeetLon

s3.te plezoneter rras equJ.p¡red wf.th a 1Þr.rmn@nt tuþ a,nd. flask unLt"

These unlts we¡e elther totalJ-y or partf.ally replaeed Ln Lgzl

followlng b1Ilng and flushlng of the lnjectlon slte píezoneters"



STRATTGRAPITT

Geneml- Studv Area

A Ia'custrl-ne cJ.ayu lacustrl¡e sLrte cl,ay-loan ü.L10 arul

k¿ch asrd nealshore sand and. graveJ. compr:lse the sr¡dLeLaL r¡nlts

of the str.acly area (Flg" 16), The bsaL sa,ruty drlft and. a portlon

of the upJ.ands sand and. graveJ- com¡n"j.se the basal ea^nd aquifer,

The bedrock Ls Preca¡nbæla^n granite"

The lacuetuLne cJ.ays and sllts a^nd. cLay-loan tlrl overlle
t'he basaL sand.y drj.ft ln the western hâIf a^r¡d southeastern secü.on of
the stud.y area (EtgE. 17 and 18), The up].a^rgl sand,s añd. gr&ve1s Ln

the norbheast thln westnald. grradS.ng Lnto the bsar sandy drlft,
The b.ss,l sandy dr1ft eonsiEts of nedLum and poorl.y sorbed.u clean to
sf.Ltyu f,lne Ea¡cl.s ancl gravels. Thln cray anct sLlt tnterH.dLng has

ben obsewed, The bsaL drfft Ls equívaLent to the BelaLr ¡t¡"1.ft

descrlbd. by McPherson (t968).

The be,sal sanct aqulfer consåsts of t¡uo stm,tfg¡aphl"c unite¡

the ïasal sandy drLft west of the upla.ruls hj.gh a¡rd. the bach and

nearshore sand.e a,rd gævel-s Þtween pLeøometer nests p*21 and p-22

(Flg" 1?) whleh grra¡te southwa¡rd f.nto the b.saL drlft" The sa¡d.

aquffer ls conftned by the Less ¡emeabre overJying elay*læ,n tll].
and tnpermeab],e g:*anf"te bedrock, The thLckness of thf.s serrd.v two*

part aquifer ls shown þ the lso¡ach m,p of FS.gure Lp" The d.eter¡nLnatû.on

14
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of thlckness and 11tho1-oglc varl-atlon of the bsal aquifer ls an

5-nportant featr¡re of thls thesl-s work"

Geologic cross sectlons Â-As ênd B-Bs (mg" L? and 18) are based

on d.r111 logs obtal-necl d.ur"l-ng lnstal.J-atlon of plezometers and ¡uelLs

btween L96B arrd 1.97I, The J.ogs are descrLbd Ln Âp¡mndlx A"

Bedrock Suyface

Bedrock ln the study area ls a relatLveLy lmpermeablle Precamtnd.an

granS-te. In the gener:al ar.ea outcrops along the Wlnnlpeg Rlver and

errposures along access roads to the HNRE slte show no open fllactures"

Tenpleton Englneerlng Cornpany l,lmlted (1960) descrlbed the bedrock

whlch outcrops northeaet of the alea aÊ a 'td.ense, pl* granlte wlth

oecasslonal ¡n;aflc zones". Fa,rsons (tgØ) reporberÌ tbat a snalI portlonu

approx1rnateS.y 16 squane feet, of the total þdroek snrface erposed at

the UIIRE reactor bulldtng excavatlon appsared to be fl¡actr¡red (tr'tg" eO),

The renalnf.ng exposed bdrocku approxfuateLy 10e000 squa¿.e feetu was

soLld. and relatlvely srnooth,

Ttre bdrock surfaee contows of ST.gtue 21 ¡eere prepa.red fÞon

the geologf.e logs d.escrLbed- earLler and the selsnLc a¡d. resLstlvlty

proflles of GeophyslcaL EngS-neerlng and. Sr:rrreys LLnl-ted. (fg6O) a¡¿

Cllaea¡glaÍn¡d.l (19?0) ô

Waste ila¡agenent Aa"ea

Spl3,t-spoon cored sanpS-es of the stæ.tlgraphy ln the HÌ¡l á,rea

g{ere coLlected d.urtng cable-tooL drLlllng ln 1971"

, ,-¿T

I lr
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Flgure 22t a generallzed thr"ee-d.1¡nenslona} stm,tf.graphfc cross sectlon,

l¡as constrr¡cted. fron the geol-ogtc logs of these dr"iLlhol_es. sone

stratlgr:aphf-e lnfonnation r.las obtalned from the bonehole sannplJ-ng ca^reled

out d.r.¡r'l.ng earller pJ-ezoureter lnstall-atlons ln a¡rcl near the l{Þf Area"

Ff.$¡$e 2J shows the llthologtes arll facles lncticated by these test-
dr111Lng progr:anunes. Appendix A j-lsts the geologtc logs of the lalge

dla¡neter screened wells installed. Ln !9T.
Sur:flclal r¡nlts 1n the lnredLate vlcf.nlty of the t&t Area conslst

of B to L0 feet of dasf< grey 3.acustrtne c3-ay and another 10 feet of

clayey silt-tllL" ConplexJ-y lnterbdded and textu¡ca1Ly var.lerl sa¡rd,s

and gt:ave1s conprlse the basal sandy drlft ¡¡hl-ch underLles thls sl-l_t-tllL,
The aver:a6e thlckness of the basal sandy aqu5-fer ls 20 feet" Fï.gure z+

3.s a photograph of a typicaL cored seetlon fr.om the basal sa^ndy clrLft"

&
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GROIÍN"ÐWAT@ FT,OW SYSTE¡,I

HvcirauLLc Head Ðlstrlbutlon

Water-Ieve1 data record.ed. fron the ffi{HE plezoneter netr*ork bt¡*een

1968 antl L9?2 al.Lowed" a long-tern re-evaluatLon of vertl.caL recharge and

clf-scharge gmdlents a¡rd laternl flIo¡* novenents, This aee-evaLuatlon of

head dlstrlbutlon supports the lnterpretatLon oS Besvri.ek (tg?L) for the

port'lon of the systen Lnstrrrmented dnr.ing his investlgatlon, A gener:al

stablJ.lty of the flow system i s lndllcated,

FS.gure 2J shows the water leve1s recorËled. Ln the basaL sandy

aqulfer and the uplands sand and gravel" Ftgr¡re 26 shows the conflgr:ratf-on

of the water tabl-e" The zones of rectnrge, d.f.scharge, and. transLtLon

were d.eLlmlted (¡'tg" 2l) afíer contrnrlng the basal sa^nd. and" water table

head distrlbutl,ons"

Rechargfng flow gr"adLents occur r,¡here the ¡ca$er 1evels in the

basal santl aqulfer are Lo¡ser thaJ¡ that of the ¡rater table" Ground.rrater

noves dorús{aJrd to¡¡sJd.s the basal- sandy aquifer r¡nder the J.nfluence

of thls hydrauJ.ic g::ad.J-ent" Ground¡rater noves uprra:rd. ¡qhere the water

level or hydraullc head ln the bsal sa¡rds 1s greater than that of the

water table. Dlscharging vertical gradf-ents occur where ground.water

noves 1n this upward d-lrection, TransLtl_on zones exist ¡uhere the

hydraulic heads of both the ¡¿-ater table and basal- sandy aquifer are eq¡a1,

Flgure 2J shows lateiel east to west ground.water flor.¡ ln the basal

sand aquLfer" A stlght norbheast to southwest latem.l ¡oovenent fyon

the northcentr:al porLlon of the study area jolns thLs ff-ow near the HM Á,rea.

1,7
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Though the prS.nclpaL J.ater:a1 fLo¡r Ls to the lllnnipeg Rivere a portion

Ls dl1.ected nort'hr"¡a¡r1 by the hydlaullc head "Lon" i¡nmediate]-y a.d-jacent

to the ¡¡estetrn transLtlon zoneo A major por-llon of the groundr.rater

flow which rnoves later:a11y beneath the Ifirf Area ls d.lrectecl ar,ray f1.oni

and ¡rutalleL to the 't^ilnnlpeg Blver by thls "Iow,,, Ground.r¡ater resldenco

tlne 1n the area o,f anomalous head. d.istributlon 1s sJ-gnificantly lncreased"

The head dlstl'Lbutlon ln the basal sandy aqulfer ls lnfluenced.

by stratlgaphlc va-rlatlon. Geologlc cross sectlon B - Bs (tr'tg" 18)

shows that the trasal sand.y drlft thlns beneath the less perrireable overlylng

tlLl, Hydraullc head 1n the basaL drlft becones hlgher than that of the

¡'¡"ater: tabl-e, The head deoreases as groundlrater moves boneath the centraL

discharge area lnto the western transltLon zoneo The head in the basal sa.nd_y

drift is then lower than the water table; a rrectra^r.ging þdr:aullc
grad:lent ls established.. Latetal ge'ound.r+ater flow contlnues to a final
d.:Lsclurge zone at the I'Ilnnlpeg Rtter.

Groundwatel" ¡novenent in the basal sand.y aquifer along geologlc

cross seetÍon A - Ar (r:g" 1?) co1ncld.es with the hydlaulic gra.ù1ents

geneuated- þ the upla,nd.s ¡aater-table aqulfer gra.ding lnto the thinner,

¡qol'e pooxly sorbed" basal sand.y drlft, The cha^nge to a thinnero confi¡ed.

aqulfer baú1ng ,poorer hydrauJ,lc clra¡acteristlcs '-br.sates. a dlscharging ,::

hea.d ln the basal drlft. Hlgher hea"ds occur ln thls por-bion of the

centraL d.lscharge area because enel.gJ¡ 1osses along glou{,¡êv¡ater flLorç,,Iiåes

fron the uplands recharge a^rea a^re less, As cornpared. to geol-oglc ctoss

section B - B!, the losses a¿'e Less because the sanrly deposits along A * Ái

are thlcker and ertend to the uplands :recha.rge z,onee
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The nor"Lheast to southwest lateral flLow ttlat occurs ln the central

dlscharge a^rea l-s a result of the hydmulS-c head d.lfferences ln the basal

sandy aquifer as obseled along eross sectlor¡s A - Au ancL B - B'" The

groundwater ¡'lowu' nea-r the westertr t:=^nsLtLon zone ls an a.d-d.ltLonal

compllcatS-ng factor r¡hlch uLtlnateLy r€verses thls trend.

I"fajor lon dLstributlon as wel-l as pH values and total dLssoLvecl

soll-ds (tOS) concentratl-ons l-nctLe.ate anonalous fLor* condltlons ln the

area of the grorurd.water o'Low" 
" Thl-s !1111- þ d.lscussed- ln the fo11owlng

sectlon.

Dlstrtbutlon of þfajor Ïons

l"bjor lon d.lstrlbutlon and electroì-ytlc conductlvitles were

cor:related, to the geo3.ogË.e cross sectLons" The vrater quaS-lty varlatlon

duplf-cated- the eross sectlonå,l florø patterns (trtgs , 28 æd. 29) " IÞflnite
j.ncllcatlons of ve¡:LLca1 and lateral fLow a¡fe .aplu^rent Ln the lnc:reaslng

hydrochenicaL concent:ntlons" The lnc:reases a,re in the cll.rectlon of

groundwatef novenent" I'fajor hydrochenJ-cal anomalLes 1n the area

coreespond to hydraullc head anonal-les, The anomLous groundwater o'Iow"

near the western transltton uone was lnd.lcatecL"

The groundw¿ter flow syste¡n was also lnterpreted through

contou¡rlng the TDS concentratlons and pH of the rrateu tabLe(Flgs. J0 and l1)"

Flg;u¿"e J2 shows the contouued pH values of the basal sandy aquf-fer.

Zones of vertÍca1 clischarging and rectra,rgfng hydïauJ.lc grndlents a.nd.

the two tr:ansltl-on zones are refLected þ the hydrochemical contoÌtrs"

Northeast to southr.+est lateraL flow ln the centr:aI dlscharge zone ls

also lndicated by the pH and. TDS contours"
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Hlgher TDS concentratlons 1n the nater tabl-e of the central dJ.scharge

zone conpalfed. to the adjacent rectra"uge zones lndicate upr+ard. novement,,. 
-.

of groundleter fþo¡n the basaL sa^ndy d-r'lft through the gLaciaL and. glacio-

lacustrlne deposlts. DlssoLutlon of add.ttlonal anions and- catLons

acconpanled by lon exchange occu¡fs as grorxrd.water noves verticalLy through

the overlylng loarry cì.ay- a¡d sii-t-tlll-s ¡nd Lacustri,ne clay, trrapo-

tuansplratlon produces a final concentratlng effect. the end. result Ís

a hlgh TDS coneentuatlon ln the water t¿b1e,

A major porblon ofàchenlcal dlssolutlon and preclpitatlon sequence

that ouLglnates ln the upland.s recharge zone and. terminates at the

Winnlpeg Rlver rras studled, Appendlx B d.escrLbes a theoretlcal chenlcal

evoLutlon aequence starblng ln the uplands rectrarge area al-ong cross

sectlon B - B' a¡rd endlng at, the nater table of the centr:al dlscharge

zone. An lnd.lcatfon of the msklngpotential-ofehen'¡ica1 pr.ecipitetes upon

i.on exchange surfaces ln the c3.ays of the I'Ili .Area l¡as obtalned""

Groundwater Te¡npe¡¡atur.e Ð1 str:lbutlon

Guound¡rater ternpeuatt¡r'es ln the stud¡r a¡ea va¡'led. fro¡r 5oC lo /oC"

The na:<lnun r,rater-table tenper:at¡.¡¡e obses¡ed l¡as |oC in the uplands sa¡rd.

and gravel, The mxlnun tenpeuature Ln the basal sandy drlft was 5,BoC"

' Flgtses ll and 34 o.*e the contouued. temlær'atüre dlstrlbutlons" Hydro-

ther¡nal gr:adlents werþ correlated wlth the gt'oundl+ater flow trnttern.

Temper:ature va¡'latlons Ln the water-table zone lnd.icate the central

d.lsctnlging grzdlents and the wester'¡r tr:ansltlon zone and. ground.çater

"Low", The norbheast to south¡¡est late¡:al- flow in the basal sandy da.tft
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appears to have some effect on the r¿ater.-table temper-ature, Anonalous

tenpera.tule distrlbutlon in the basal sandy drift occur ln zones whtch

also have anomalous hydr.aullc head dj_str:lbutlon"

Dlstrlbutl-on of Natlrm,l Deuteriu¡n

The deuter:iun content of r*ater sanpJ-es colLected. fron the

plezometers along cross sectLon A - ÂB was d.eternlned. ard. the resul-ts

related to the geologf-c cross section" As shown 1n Flgure 35, tl+0.5

ppm deuterium is the appa^rent ¡uaxlnun concentÞtlon l-n the upla^nds

recharge zone, The deuteriun concentratlons appeag to lnerease

nestwa,rd- aI-ong the fLow system to a ¡p.:<lnum of LLþ6"0 ppm in the

lacustrlne silt of the lonlands r"echarge ar€ao sone comelatlon of

l-ncrease ln deuterlun content¡+itl: groundwater flow dlrectlon aptrpars

posslble though natu:¡al d-euterlum concentm.tlons are nornally

lndepend-ent of the flow gr:adlents,

Ground¡qater flLow Rates

The groundwater flow *ate ln the basal sandy drlft was calculated

uslng the Darcy equatLon ln the mdLfLed forn as d.escrj.bed by Todd (tgSg)

It7

where

v = (n) (an/ax) (t/ø)

l-s the average veloclty of the groundlrater flow,

j-s the average hydrauLic conduetl-vlty of the

stratlgraphlc rurLt,

Ls the hydraullc gradlent aeross the see¡u.ge atrea.o

Ls the average effectLve porosf.ty"

v

k

¿hål
ê
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In ea,rU-er tnvestLgatlons (Cfreryu et aI, , Lg?O) the above

equatlour ¡*as used to estinete hydrau}Le conduetivLtles þ calcr:lattng

average flow veLocíty "v" from the nean a¡xnuaJ- preclplt¿fi.on and the

percentage of preeS-p5.tat1-on eontrLbutlng to a partleular recharge

segmentu Employlng thl-s mss-blance coneeptu the nodtfled Darcy

equatfon was used to detennl-ne the most probable hydraulLe conductl-v3.ty

Ln the bsåL sandy drLft of the w?{ Area" usj.ng preclpltatLon deta

obtalned from Relner ßgf\) and observed hydmuJ.tc gæ.di.ents Ln the

h.ssl sandy aqulfer, thls çras calcul.ated to þ 1 x 1.0-5 to 1 x i.04

feet per second. Thle LndLcated a generel flrow mte of l0 feet per

yea"r, As recharge m,tesu æchar€e segænt &rease arid. d.l"scharge effecte

on fllow vo].ume e"re s,pproxLm.ted, the mass-Þls.nce rethd of caLcuLag.ng

rate of ground.water fllow my k subject to eonsLd,eæ,ble Lnsecu¡Bcl-es.

ïn thf"s study the hydm.uLj"e eonduettvl"tj.es of the kear sandy

drÍft were cal.eul"ated from sereened-weLl pumpl"ng tests and ball-down

responÊe t'est5"ng of pf.ezometere, The effectå.ve hydraul.3.e conduct1vLty

of the basel drLft J"n the HM Area was ealeuLated to k 5 x l0-5 feet

per seeond, Thts 1s further dtseussed l"n a LatEs. seetJ.on"

Å hydmaul5.e gradlent of 2,3, x 1O*3 ktween pf.eøonøters p*] and

p*9 (Ff.6, p) near the HM Asea and a hSrau3"f.e eonduetlvl"ty ef' j x tO*5

feet per €eeend wese uçed lm Equet*En 1u The h¡er*øenta3" hydmul"le

çenduçt3,vl"ty wam dete*måned frpm aquåfer F€sc'çsmenee temtå.ng

Ef, tfic b.asal eendy dr*ft 1n the H3'f Ar:eau An average effectÍve poroe[ty

sf 0,)j waø euggested hy Baftht$"es$" (tp?l) fer butk sendy depoeåtø of
g1sçfal' s31ø3.n, The fl"çw mt'e ån the bmcel dråft aqulf,er was eelcuLatød
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to be 9 feet Ïler yeal'between pJ-ezoneters p-l and p-p" An increase in
the hydraulie gradient by as I1ttle as 0,001 wouLd lncrease this flo¡*

r-ate by approxlnrately 70 per cent" Uslng an average effectLve hydr:auJ_lc

grradlent of J x 10-3, the flow rate across the lJlt å.rea is calcuLated. to

be approxlnrately 1"5 feet per year. Thr-s ls a noïe reaLlstlc, general

value of groundlrater fl-or¿ r:ate in the area..

The trltium injection sl-te monrtoring progranne provÍ-ded_ an

estlmate of ge'oundwater flow r:ate ln the basal- sandy drlft at i.njectlon

slte I. Results gathered over the last year of study lnd.lcate flow rates
j-n the range of 15 to J0 feet per year, The use of tritlated çrater as

the lnjected mdiot::acer ls acceptableg the observed rate of trLtlun
novernent 1s equlvalent to the rate of groundsrater fltow (thels, Lp6J).

Flgure 16 shows the extent and dlrectlon of the trLtium movenent.

A progÏesslve lncrease J-n the tritiun concentratLon at the l-ntake

zone of va¡rlous piezoneters ln the 3-njectLon slte was obserwed.. AlI
lncreases were deterrnLned over a t,wo-year trltlum monitor:lng progt:arme

though the last one and one half years were the nost slgnlficant"

ïncreased. trlttum actlvl-ti-es are given in relattve un:its t i. e n e one

unlt ls equivalent to a L00 per cent increase over original actlvlty leve1s"

Figures Jl and lB show the ground¡¡ater flow dlrectlons Lndicated þ
trltiutlt concenttratlon lncreases at the numbers II and. III lnjectf-on sltes.
These sltes are d.escrl_bd by Beswj-ck (tgZt) " At the rnost northern of the

two slteso sanpllng pf-ezoneters were set ln the basal sand,y d.ïlft"
Injectlon site III lrunedlately to the south 1s conprlsed, of plezoneters

set ln the clay-loan til-I" Both sLtes are located in the hydr:aulic
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head, "1ow"" At slte II a nor*thwester'ly ground.water fllow is lndicated"

.At slte III no deflntte flow dlrectl-on ls apparent, The anomalous flow

d-lrectlons corl€spond to the anonalous hyd.r"aul-lc hea.d. distrlbutlon of

the groundwater rrlowrr 
ø



H]DRAUIIC PROFtrRTTES OF' THE STAATTGR"APHIC UNIÎS

Ilvorslev Responee Tests

Horlzontal- hydr"auJ.lc cond.uctlvltles of the stL"atlgraphlc unlts
1n the stud"y a^I€a were calcul-ated ustng the water-level d:ra¡rdown nethod.

descrtbed þ Hvorslev (t95t)" A seml_-logarLthnic grraph of hydraulj.c

head ::atlo u the cornlurison of rerp,lnlng drawclovrn at sone point ln
recoverT¡ to orlginal d:lar¡down, versus tlrne after recov€ry began was

pr:epred for each plezoneter tested. A va1ld head. ratlo r,es d.etel.nined

fron thls strlaight-llne graph. Tf-ne correspondlng to the valLd hea.d

ratlo t+as determl-ned" Head m,tlo and tlne were used l-n llvorslev€s varlable

head formrla shown Í.n Eqrration Z,

lz7 *n=frr, rn (m,/n + f3.* o?*¡ozJ\][" an¿J[a"i..(Þ- "rñ
where Kn ls hor:LzontaL hydr:auLLc conductlvlty,

n l_s a transforretlon ratLo equf-val_ent to one u

du Ðu aJld L are shalre factors :¡elated to pf.ezonreter ¿laneter and

length of lntake a^reau and

H/Ho ts the ratlo of reminlng d:car*d.olrn to origf.nal drar¡do¡¡n at tlme

U-\whlch is the tine after reeovelT bgfns otr tr4 inten¡a1 of recoverT,

1n l-ndfcates the natural logartthin of a quantlty"

These faetors are descrdbed in Flgure 39 ann Appendf.x c"

A seni-logarlthnLic plot (Flg" ¿+0) lndlcates any devlag_on fro¡r

nor:¡nal plezometrlc response as deparbures fro¡n the slope of the stralght

25
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J-i-ne jolnlng successl-ve response test coorrål-nates" Slop d.evf-at5-on m,y

be caused þ well-screen pl-uggingu lnl_tlal high permeabi-1lty response

ln an auti.flclaIIy sa"nd-packed wel-L or pf-ezornetæru etc, potentlal

sourees of sL0pe devlation a¿"e descrl_bed in F3-guÏe l+1.

The sta¡ld¡^rdl Hvorslev equatl-on for deterninS.ng hydxaullc cond.uct1.vS.ty

uses the baslc tfune Iag whlch cor=esporuls to a head" ratio of 0"3? (Ftg" 4O)"

thl-s equatlon lras replaced by the va'rlable head for:nula (Equatlon 2)

because of the latteres rnclependence of the tl_ne lag factor" usLng

Equatlon 2 a¡r lnLt1al steep sIo¡re ln a seuri-logarat}ln1c graph ca¡¡ b
negleeted. lf orlgÍna1 d¡a¡vdou.n is large enough to conpensate for the

aburomal portl_on of the graph.

Deterrnl-natlon of hydrarrlS.c condueti-vlty was s3.nplifle¿ þ uslng

an Ol-Lvettl-Underwood Program¡na LOl. for ¡¿hlch a ttrree-part pïogÞnne was

devel-oped " Cor¡ductlvf-ty values were statlstlcally ana3-yzed uslng a pro-

eedure.devel-oped for the kograruna 1ol b,y w1lltans (rræ¡, Hydr"aulic

conductlvities wer"e entered Ln logarlthnle forrn¡ thuss reans and

standard devlatlons were not weighted" r¡nevenly due to very hlgh or
very 1ow orders of magnltude"

Flgures lr2 and 4J show the rresults of the Hvorslev tests. MeaJ¡

horLzontal hydr:aul-1c cond.uctlvLtles aræ Il_sted_ beLor¡"

HYDROSTRATTGRAPMC

IJNÏT
T"IEAN HYDRAI.IITC

fl/sec
CONDUCTTVITY

cn/sec

Lacustrlne SlLt

Ia.custr:lne Clay

Clay-loanr Tf.ll_

Basal Sandy Dtc.ft

Lacustr{ne Sand

2"dt x 10- 6,22 x I0'

6"37 u to-3

3"20 x L0'7

I+"ZL x !o-6

5"BZ x IO-5

2.09 x ß'9
1,05 x LO-8

1"38 x 1O-7

1"91 x 10-6
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ïÍeans and st¿¡darrd devlatLons of the hyde'aullc conductLvltles

ar¡e e)q)r'essed Ln thelr logarlthmic equlvalents (Flgs, l+2 and þ3)"

For e:canple¡ the rrean hydr:aullc conductlvlty ln feet per second. for

the basal sandy drLft ls 7.86 or the J-ogarlthln j"LLþ - LO, Tn whol-e

nt¡rnbels thls value becones 1..38 T 1.0-7 feet per second, The standa¿'d.

d.eviatlon ls 5.13 x 10-1.

Gnphs ln Flgure lt4 show the ranges of hyd::aulic conductJ-vlty ln

the sancl.y deposlts ancl clay-loan tllLo T,ow values of cond.uctlvlty

alte d.oÍúnant ln the tll-i.. The fe¡r hlgh r¡alues are probably d.ue to

secondar¡r permeabiS.lty features such as f)cactures.' l4axlntu¡n hycl:laullc

éonductlvLtles ln the sa^nd.y d,eposlts var¡r from,LA-? to tO-5 feet per

second.. Cedergren (tS6Z) suggests a horlzontal hydraulS-c cond.uctlvlty

-\of 10-l feet per second. for deposlts texLt¡tal-J-y equivalent to the

basaL sancly ùa'lft of the ]IM Àr'ea. A hydraullc conductlvity of L0-5

feèt per second. 1s the geneual orrler of nagnltud.e i-n ter-¡ls of ¡nost

probable conductlvltles suggested. by the nass-baLance a¡d nodified. Darey

e quatlons d"lscussed. ea.rIler a¡cl the aqulfer purnplng tests d.escrtbed. belowo

Aqulfer Punplng Tests

Reconllng weli, RI'I-J lras punlled. for 10.J hor:rs on August 24 u !9?L.

Flgr¡re 45 shows the extent a¡d. conflg¡rratlon of the d¡awd.own cone. The

v¡ell was pumped at a controLLed. rate of 9 gal-Lon per minute wlth a

naxlnu¡n flLuctr¡atior¡ of 2 gal1on per ninute" InitiaL avallable drawd.olm

was 2! feet. Speclfic 
"u,pr"ity 

of the welL at a ti-¡re of one hour rrras

apprordmateLy 1,1 gBlLon IFr nlnute per foot of d:ca¡,rd.own, Ftgure 46 shor'¡s
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the drawdown and. recovery data flonr RH-l pJ-otted 1n the sta¡da¡ri senL-

logarJ-thmic ranner d.escrlbed. by Jacob (L950)" The Jacob sti:a5-ght-11ne

analysls 1s va1ld as long as the assunptlons of constant aqr:lfer

thlckness a¡d non-leaklness ææ ad.hered. to" The drawd.own and. recovet.¡r

for a perlod of one 1og cycle ¡vere deteirnlned fron the stral"ght-1f.ne

graph. This produeed the drawdown/recovery ¡:ate.4Ss, A tæ,nsntsslbllLty

of 2J0 gal1on per day per foot ¡+as ca],cul-ated uslng the ¡¡ethod shown

1n Fignre l+6 (.lofrnson, tg66).

Sl¡nila;r gr:aphs of dsawdown versus tlme were pnepared. for obsenratlon

we1ls RlI-1' RÌ,I-2g Rtl-4, and. piezometers P-L?(p) and- p-5(28) set at JZ

and, 28 foot depths respectf-vel-y (rug". ¿l? thr.or¡eh 51), LocaL tr.a¡¡s-

nlsslblllties were determlned fþon the graphs. The values appl-y to the

areal- extent of the d::awilown cone prod.uced. Transnlssfbllltles calculated.

from these data a¡'e between J00 and 9CI0 6a13-on per day per foot, Using

an effectlve aquifer thlckness of 20 feet a¡rd" the reLatlon

lt7

wherre

b ls aquifer thickness ln

the hydraullc conductlvlty was calculatecl to

for a transmlsslblllty of p00 gallon per d.ay

of 500 gall-on per day per foot is equivalent

T

K

T=Kb

ls transnlsslbll1ty in gaIlon per day per foot,

is hordzontal hyd.raullc cond.uctlvLty l-n feet

per second"e and

feetu

be I x L0-5 teet 1rer second

per foot" A tra.ns¡nlsslblIlty

to a hydraullc cond.uctlvlty
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-(of 5 x 10 / feet pel' second us5-ng an aqulfer thlckness of 20 feet"

Thls ls sllghtly greater than the røximum HvorsLev hydlaullc cond-uctivity

-(of J x !0 J fee*, per second calculated for the sand deposlts ln the

study affeao

Some high transnÌsslblllties a.ïe expected ln the cl-ean e coaïs€

sand and gravel lenses of the Ull Area, As the basal sandy drlft ls

nelther honogeneous nor isotroplee no constant value of tmnsmlssl-blllty

or stor:age coefflcient ls poss1ble. The heterogeneity of the bgsel sandy

drlft assul'es var'led transmisstbillties and. stolage coefficlents.

However a transnisslbility of J00 gaJ-l-on per day per foot 1s a realistlcu

general vaLue for the basal- drift of the bll{ Area" The storage coefflelents

caLcuLated fron the dr:awdorm data (Ftgs, 4? throqh 51) ¡:anee frorn 104 to

fO*3an¿arretyplcaI of sandy conflned aquifers (tuaLton u Lg?O)"

At the end of purnplng reconllng weLL RH-J, the dr:a¡Edown cone sho*¡n

ln Figure 4J negated or reversed the verLical- hydr:auJ.ic grad.lent in only

a por"tlon of 'the ltrl{ Area" To reverse the verLLcaL gfadlent Ln the enü_re

ljl4 Area by pumplng RW-3u a nf.nlmurn dïa¡qdown of 3"J feet at obser¡¡atlon

weLl Rl,I-L was necessarJro Thi-s woul_d. have requlred an addttlon€'J. zz hor¡rs

of contlnuous punpf-ng at 9 gallons per nLnute.

Elgures J2 through J6 a,re arLthretl-c graphs of dm.¡Edown versus

tl¡ne for the observatlon we1ls RII-1e RW-Z' BBI-¿+' a$d Rhl-5 a¡rd the purnped

well R!l-J, LowerLng of the hydraulic head dlstrlbutl-on 1n the basal

sandy drift aqulfer ls sho¡*n. The behavlour of water-table Levels ls
also sho¡+n, Observation well Rl{-4 and. the edjacent water-tabLe well

Rl'¡T-¿t (trig, 55) appear to b hydr:aulica1ly connecfed., Thl-s 1s a very
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unexpecteti result ln 1lght of the l-ack of water-table response elsewhere

Ln the HM Area. Hydraullc connectlon nay be the result of a¡ adjacent

aba:rùonecl borehole left þ ea-rIler Lnvestlgators or fi:actures a¡d' desic-

catlon cuacks tn the overl-ylng unLts.

tlell Rl{-[ was pumped on August ?6, t9?L fo]lowlng the lecoverT of

the dr.awctown câused ìy pu¡nplng Rtd-J. lielI RII-1 whlch had a static Level

at groundl. sr¡r:face ancl an avallable dra¡d.orm of ?J+ feet l¡as lnltlaIly

pu¡ûp€d at a :rate of 2 gallons per ¡ulnute' After 108 nlnutes the pump

broke suctlon and. the test end.ed.. HgUre Jf shows the extent a¡d.

conftgua'atlon of the dlanctolrn cone,

Followlng the recoverT of RIf-l' lt was a€aIn punped but at a 
ir. -.

r.ecLuced rate of 1 gaLlon per rnlnute. The test continued. for 2L hours.

Efgure J8 shows the senl-logar:tthntc gfiaph of dlawdorm ve1.sus tlme"

During the i-atter part, of the test, the slope of d¡ar.¡d.o¡rn versus tLrne

decreasecl. Thels (fg+O) suggests such d.ecreases are attrlbutable to

recharge florr Latelra} gl'or:rd¡rater flo¡v or fl'on¡ ver*tlcaJ- J.eakage'

Obsen¡atlons of nater-tabLe level-s a¡rd. water levels ln the over'Iying

t111 d.urlng the Rtll-l purnplng tests cl1d. not concluslvely lnd"lcate vertical

S.eakagee Long-terur punplng tests by Grtsak tn tg?z (personal communlcatJ.o::)

lndlcate that ver-tlcal Leafta€e becomes slgnlflcant as pumplng contlnues,

The tr.ansnisslblllty deterurined fron the punp welL draltd.ol¡'n

(¡'te. JB) ls apploxi-mately 40 ga11on pel: d.ay per foot" Thls lon vaLue

ray be a result of lnsufflclent vrelL d.eve3-opment. A inea¡ stor:age

coefficlent of ? x 104 lras calculated. uslng the Jacob graphs pre¡uled.

for obser¡¡atlon plezonreters P-5QS) , P-5?(4L) o and, r-s?Ð as show'n in

ftLgures J! ttrrough 61. The nean tuansnlsslblllty calculated. flon these

gre,phs Îras approxlnate3.y 200 gaì.lons per day per footu a rrore reallstlc

naLue eonslderlng transntsslblLlttes lnd.lcated. by the RI^l-l punplng testu
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After pun:plng RH-l for 21 hor¡rs, the dra¡ed.oç¡n cone had eneornlnssed

the I{I4 Area (Flg, 6z). The m,te of ex¡nnsl-on ha.d dec:¡eased conslderably

as the areal exüent of the dr:a¡.rdorrn cone ?¡,as suffl-clent to supply the

l-ow pumplng rate of 1 galJ.on per mlnute. Drawdo¡¡n r¡aLues reco¡rùed for
+"he basal sandy dTlft were ::e1at3.ver.y 1ow conpared to the drawùown of
the RII-I test. Thls was a result of the poorer aquifer cha:racterlstlcs
at weLr nl{-l, The specr.ff.c capacrty of RH-l was only 0,1 gal_lon per

nlnute per foot of drawdown at a tL¡ne of one hour after punpln8 began"

lLgures J2 through J6 show the effects that pumpl-ng of well RH_I

has on the drawdowr of the bsar sa^ndy drlft hydæ.ullc hea.d and on the

behavior¡r of the water tabre" No hydrauLLc con¡¡ection bet¡veen the basal

dr{ft and the overlylng tlr.r and. clay was obse¡fl/ed,

wel1s Rw-2r RIüJ&' and Rw-J were not used. for long-tenr a4ulfer
perfonrp.nee testLng durS-ng the str:dy" Wells RW-z and RWJ+ do not have

a sufficlent' ¡Eell yleld. RW-5 rqas not developad at the tf.ne of sttrdy"

The foll-o¡rLng table sunnn^$.zes aquLfer ct¡a¡acterlstlcs calculated
from test data obtalned by the pumplng of welr-s RII-I and. aw-3"

PrEZ0I'BIER 0R tIELr puttprNc rEsr oF'Rld-l rur,æ¡uc TEST oF zu;
'BSERVED 

T* S*r* 
_ 

T*_ 
_ __-_ 

õ*o.... 
.

Recorrllng l{e11, R}I-L 38 ffi
Reconålng HeII Rff-2

RecoerlLng tlell RÞI-J

Recordf.ng ttelL RW-4

Plezo¡netey p-tZß2)

P[ezo¡neter P-5(28)

Lþ50 0.8 x 104

6"3 x Lo-3

1"? x 104

l+,1 * 1o4

250

630

920

360

2"4 x 1.04

1,0 x 10-3

6"6 x L04
Plezometer p-5?@I) 

ZAO

Pl-ezoneter t-5Q9) ZZO

x1)ransmlsslblllty ln ga1-1on per day trær foot 'n#Stoæ€Þ Coefflclent
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DLscussl-on

Hvorslev reaponse testfng placed eacb stratlgraphlc unlt l-n a range

of horlzontal hydraullc conductlvltles. A eonductlvlty of approxlmately

3 x fi-5 feet per second ¡ras the m,:d.r¡um value detennlned by thls nethod

for the sand deposlts ln the area, Thl-s ls equlvaLent to a tmnsr¡lss1b1.1lty

of þO gallons per ctay per foot rqhlch ls Ln the mnge of transmLsslbllltl-es

calculated from data obtal.ned þ tåepurnplngof wells RW-l and RW-3,

The aqulfer punplng tests allo¡*ed, the calculatlon of approxlmate

transnl-ssl-bl-lttles and storage coeffLclents of the basal sandy drlft 1n

the ln¡nedlate vlclnlty of the HM årea. The transnlsslblll.ty f-n the

vlclnl-ty of RI,l-L ls approxLnate3.y 200 gai-lons per day per foot" Thls

Ls equf-valent to a horl-zontaL conductl-vtty of L.3 x fO-S feet per secondo

H1-gher transnlsslbLLltLes were lndlcatecl by the punplng test of

well RH-1. Unexpectedly hlgh values ¡{ere obseared ln the dl-rectlon of

pl.ezometer p-t?(32). Hydr:auJ.lc conductlvLtles as ggeat as I x L0-5

feet per second were lndLcated " Though tm,nsmisstbllS-ty and storage

coeffl-clent caLculated usl-ng drawdown data fron a partf-cu1ar observatlon

well depend on the aqulfer characterlstlcs of the entf-re drawdo¡*n cone

al'ea, the characterlstlcs between the punp well and. the obser¡¡atl,on well

are partlcuLarly f.nporta.nt, ThLs suggests that a hlgh conductf.vlty zone

ma;r exlst between plezonetet P-I?(32) and the punp well RII-J" Storage

coefficlents of 1 x 104 to J x L0-3 were calcuLated and are ln an

acceptable r:ange for sandy conflned aqul-fers"



HYDNOGEOLOGTC PROCESSES TN Ti{E WÂSTE MANAGEPENT AREA

Flo¡¡ Condl-tLons

As the tr{Î¡l Area l-s loeated ln the dLscharge øone s naturaL dLssolved
groundprater constLtuents Ln the tj-11- and cl-ay must b carrl-ed upwari to
the water table" Thls process ls conflvmed. by the hyd.rochenlcal patterns

dl-scussed earlier. Tt can therefore be concludedL that lf :ea.dlonuclLdes

were to enter the gror:nd.water Ln the d3.sposa3- zone e they also would be

ca:rled upward" contaml-nated li-qutdu f.f not stgnifl.cant1y more denee

than the natural groundr+ater, wouJ-d Þ transported upwards to the water

table a¡d the root zone,

Itlovenent of contamr.nated 1J.qu3-d,s cour-d. possi_bJ.y occur along

the outside of a standpLpe or bunker where the annulus between the

erter"l-or of the contaLnlng lnstal"J.atlon and the soil ls lnproperly sea1ed,"

BaekfLLLlng wLth sand.y m.teni-aI or Iar-ge blocks of t111 or clay wourd.

have the effeet of a hlgh perrneabl-llty ctn^nnel dLrectl_ng ltquld
contanÌnants to the water table and root zoneo A hlgh rate of ra.dlo-

nucLlde tr:ansport. m¡st be eonsldered posslbIe"

Owlng to the lack of detal-led lnfor^matlon on nethods of
backflLlLng containnent facllltl-es i-n the !{li .Areau a calcuLated rate of
ge'oundnater fJo¡v along the exterl_or surface of the standpipes or
bunkers may be an orrler of nngni.tnde ln ertror at best. Assrqlng the

exea'¿ated clay or tL1l r+as replaced aror:nd the exterlor of the

contaLnlng uni-t and llghtIy compactedu a vertlcal hyd:raulic conductf.vity
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equlvalent to or gleater than that of thebsal sandy aquJ_fer nlght

apply, The mater"l-al r¡ouLd be Cl"nir.¡rbed and all 1oçr perrneabLl1ty

f,leLd cha"m,cteristlcs wouLd, be destroyed"

If contarlnated llqulds were to Leak sloç¡1y lnto the dS.schar.gtng

flow system of the WM Areau they would nove upwarrù through t111 andrlor

elay provlding the contamlnated Liquld was not slgniflcantly nore d,ense

than the groundr*ater. ff the clay-loam tllL and lacustrl"ne clay are

eonsldered a continuous unit, the vertlcal hydraulic conductlvlty

should be no greater than 5 x 10-8 feet 1nr second-. ïf consl.d.erably

larger vertlcal hyd-t'aulj"c conductlvLties were to occur as a contlnuu¡n

in these unltse lûore water would be te"ansported upwa^rd to the water table

ln the cent:raI df-scharge zone than is avalrable to the system fron

preclpltation ln the upS.ands reeharge a.rea, An average effectlve

poroslty of 0"0J ls acceptabl-e, The average dlstance from the bose of

the clay-Ioan tlll to the *rater-tab1e øone ls 20 feet" There Ls an

average hyd::au1j.c head dLfference of I feet, The naxl_nrum rate of flovr

as determlned f!'on the mdlfled. Darcy equation f-s J feet per- yearo

If a 1-5.quid contamLnant has a dens5.ty slgnlflcantly greater than

the groundwater, it eoul-d flow agalnst the dl.scharglng gradlent and

enter the basal sandy drl-ft aqulfer, A westward flow to¡vards the

anonu,lous "1ow" near the wgstern tr:ansltlon zone would- occur-o The

maxlmttn }ate of Sroundwater flow ln the basal sandy drlft was calculate¿

uslng Equati.on 1 and a hydr:aullc conductlvity of 8 x 10-5 feet per second..

A flow rate of approxlnrabely 2J feet per year l¡as lndtcated usf.ng an

effectlve porosLty of 0"3j and a hydraultc gradlent of O.ooj, the

hor'izontal gladlent between the I'Ill Area and the western transltlon zone,
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rf a contamlnated Ii.qur-d were to nove rateralLy in the bsar_ sandy
aqnlfer at a flow r:ate of 2J feeL peï year, lt would reach the lrydrauJ_lc
head "Low" rn approxlnrately r50 years" At. this tine the already drluted
contaminant would þ further mixed, The effect of the ,,lo}¡,, would. be

to alter the flrow rate and' flo¡¡ dlrectLon of contaminated. groundwater
novf'ng la'ter:a1ly westwarrci fro¡n the klH area. The groundwatei: would be

dfu¡ected northnarrå and par:allel to the wlnnlpeg Rlver by the late:m,I flo¡r
ln the basal- drtft of the anonaLous areac Groundr¿ater resld.ence tlne ln
the basal sandy drtft wourd be slgnlflcantly rncreased,

ïon exchange in the deposlts underlylng the lITvl Area .may

cause catlon r-etardatlon lf the dlr-ectlon of contaminant novenent is
to¡rarri the water table or the Hlnnipeg Rlvern Exchange of one 1on for
anothel on the cLays a¡d silts could remove the long-llved radlonucl_ld.es
sr90 ana cs13? from the ge.oundwateï flo¡¡.

Ba'ck and lla¡shaw (tg6Ð lndlcate that sr and cs have a relatlvely
laIge afflnlty for belng adsorbed. However the nurrber of excl,u¡rge sites
on the clay partlcles erre Limlted. rf sirnll-ar coneentratlons of exch¿ngeable
catlons aIe present in water, a tend.eney for seLective preference of the
exchangeabLe lons occu's u Baek and Ìfanshalr suggest that

Ba++>st*) ca#) ¡rg#
and

."o) Rb+> K+> ,"o) L+

whe'e ) tnar""tes "a g'eater exchange affinlty than,,o
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If the ¡çater contaLns large quantlt,les of coropetltor lonsu the

abl1lty of a glven ion to occupy exchange sltes on the clay or sllt
partlcles can b reduced, The eapaclty of a poïous ned_lun to a.d.sorb

sr and cs can be apprecl-abLy reduced lf the por.e water contalns Na+,
j-l- , LLca , anð,/ot l,lg- tn concentratlons much greater than the sr or cs.

Natural strontlun ls also a competltor wlth rzdlostrontlumu

In the cent::a1 dlscharge area, the gror:ndwater contalns relat1.vely

hi-gh concentratlons of the conpetJ.tox lons" The concentratlons of Ca#,

Mg#, and Na* ln grour:dwater novlng upwa:nd to the HM Area water table

through the clay-loan tLll and clay are approxlnately lo0 ppn, 200 pprnu

and f0 ppm respectlvely, Thts couLd apprecf.ably reduce the cation

exchange calnclty of the elayey deposS-ts wf-th r:espect to sr and cs.

Irll11s and z¡¡arlcn (rg?0) f-nvestlgated the exchange potentlal

of the clays and t111. Dlsturbed sanples nere collected from ftve
borehoLes near the lJIvl Area, The sanples r^rere d.lsaggregated ln the

laboratory¡ all fleld structure was d.estroyed" The tests were conducted

under controlLedu laboratory conclltlons" Thelr results lnd.lcate €Eeatey

lon exchange potentlal ln the lacustrlne clay as opposecl to the clay-

loam t111" The afflnlty for Cs was slgnlftca¡rt whlIe that for Sr r+as

relatlvely J-ow.

Hc¡rever the precipltatlon of carbonates and sulfates along the

jolnts and cleslecatlon cracks of the srrflclal cLay and. t111 ru¡lts may

bLock the Lon excha"nge surfaces" Thls would slgnLflcantly decrease the

ex¡rected lon exchange capacltles, Bes¡elck (tgZt) an¿ the Tenpleton

Englneer'j-ng conpany rlml-ted (tgøo) reporb calcl-te and gypsun coatlngs

on nunerous Jolnts and fr:actures in the upper 10 feet of sur:flclaL

d,eposlts ln the I,lM Area.
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Ïon exchange 3-n the basal sandy da-j-ft nas consld.ered ln view of
the c]-ays and- sllts that are present" though the cJ.ay to sand rag.o of
the basaL da-lft ls nuch lowev than that of the overrylng tiLl a¡d

lacustrine c]-ayu even a smaLl percentage of flne clayey sand and clay
can provlde slgnlflcant catlon exchange potentlal. Pa^rsons (f96t) tn a
dlscussLon on the chalk Rlvern ontarlo soll-s states tbat ,,rorlghJ-y one

haLf of the catlon-exchange capacltv ß87 due to the d.lspersed clay

nlneral" (t%) and the renalnaer fi{ d.ue to ab.sorptlon on the flne sand

and sLLts (gY")". The flne slltyu clayey sands ln the bsal sandy drlft
of the iüT'i Area nray provlde llnited capaclty for reta^:rcling the westvrard

movement of radlonucllde contamlnants, I{here elea^nu coar"se san¿s are

lnvolveclo 'Lhe ion exchange and absorptive effects ¡¡oul-d. be negliglble,
I'lelrltt and t'{awson (tg6Z) also suggest that the r:ate of nuclide

transpor"t' may be consLdet:abIy less than that of the groundr+ater 1;lor.¡"

Thls ls due t<¡ reta¿riatLon of the nucLlde novement by ion exclrange

effects as descrlbed earlLer, Ivferr"ltt and, I,lawson state that ,,the rate
of move¡nent of sr90 through the solL ¿þf the perch l¿ke dr:aLnage basln

near chalk Rlver, ontarlg/ ls 0"02f tlæs the rate of nove¡nent of lhe
groundwater". App:r"ently the sandy sol_r of the chark Rlver an:ea d.oes

not have a stgnlftcantly grreater fLne sand and c3-ay content than the

besel sandy drlft of the IINRE. The lon exchange potentlal of the ChaLk

Rlver so1l cannot be nuch gt'eater than that of the basal- drlft aqulfer,
It 1s posslble that the resLdence time of radlonucl-ides i.n the sandy

drlft nay be nany ttnes that of the groundr*ater ltself,



CONTATN}M\¡T BY },d,NIPUL.ÀTTON

As lndl.cated above, the natr:::aI hydrogeologlc envLronnent l_n

and near the Þll,î Ar.ea nould provide a relatlvely hlgh degree of
containnrent of ÏadLonucLld.es lf contaninatlon of the groundruater

zone shouf-d occur. Two problems, howeveru could. artse Lf appreclabl_e

quairtlties of rad.lonuelLd.es were to enter the groundnater zone Ln

the clay or tllL. E[rstly, upwae.d nigratlon to the soll zone could

tm,nsporb flsslon products to the root zcr¡e allowlng them to cycle

thlough the ecosysteno And. secondlyu lf d.ense 1Lquf-d waste ¡,rere to
l-eak lnto the groundrater øones 1t could dependlng on lts denslty nove

downrard agalnst the dlrectlon of natuæ.L grounlwater novernent" The dense

cont¿ninant mlght coneelvably enter the beal sancly aquifer, If eLther

of these events occur¡ed, rened.f-aI neasr¡res ¡could be d.esf.rable. One

alEmceå fs to m,nlpuJ.ate the groundwater fllow pa.ttern to achleve a deslr.ed

directl-on and r:ate of nj.gratlon of the eontanlnants"

At Least four gene::aI types of nanlpul-ation schenes are posslble

uslng the pumplng wetJ-s lnsta,Lled in the WM Areas

1) If r:a-dlonucIldes were to nlgrate upwa^:rils to the ¡rater table, the

nLgratlon di¡¡ectlon could b reveused by reducf.ng the hydraullc

head 1n the sandy aqulfer" The hea.d cor¡ld be lowered by punplng

untlL al-1 water levels ¡neasr¡red ln the ohser¡¡atåor¡ weils set tn the

hr*al. i.rrlu.Ifer and enclrcllng the Hlf Area are equa1 to or 1ower

than those rpasured in the adjacent water-table wells" p*mprng

3B
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would. continue for a porlod of d.ays or untlI the clrar¡d.onç

ln the basal" sandy aqulfer s5-gn1flcant3.y J.oriers the wal'er-

table l-eveL through vertlcaL Leakage, Punplng wouLd be

. d.lscontlnued before tho contamlnar¡t was dr:a¡m lnto the basal

sand.sn It woul-d. be resuned. upon recovelJr of the basaL sandy

aquf-fer hydraullc head dlstrlbutl-on"

2) If potentlal contanlnatlon of the soll zone is such that

burrowlng anlnaLsu vegetatlon, ot surface runoff r¡ou1d. tend. to

cause dlspersf.on lnto the food chaln, lt ra,y be d.eslr:able to

cover the ground- sur:face r¡Lth an lnpermeable cover or

pave¡nent. Thls procadure nould. lead to f¡¡r'ther dlfficultles

d.ue to the d.ischargtng ground.water unless the upvra:rd.

groundrrater g:.cad5-ents are nuI1lfled or revexsed by

red.uclng the hydrauLlc head ln the basal ffindy agulfer"

Punplng wouLd, produce thls lowered hydrauJ-lc head. 1n the

ranner d.escr{.bed. above.

il If ¡:ad.lonuclld.es move dow'nr+a:rfl lnto the sand.y acluifer

because of denslty d.lfference r f.t nay be d-eslr"able to

a) renove the ftsslon products by purnplng the r+eIls set in

the basal- dplf,t. Installatlon of low-yleId. large

dlameter vreLLs set at depths of 15 feet 1n and. nea^r.

the I'IM Area l¡ouLd be necessaJîy 1f slmultaneous rernoval

of flsslon products fron the lrater tabLe ls d.eshed.

Thls would. accelerate renor¡al of ra.dionuclldes fron the

flow systen though only to a sllght d.e6p'ee"
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b) controL the mLgratlon dtnecfi.one and ratee þ
changtng the hyclraul-lc hea"ct dlstrl.butLon in the

aqulfer" In orrùer to take advantage of the eatlon

exchange pro¡mrtles of the aqulferu cu:¡¡ed. or evan

sta€gerecl nS.guatlon paths røy Þ lnduced" Thls would ereate

l_ong tr"avel dlstances Ln a relatLvely sre,J.I a^reao

HydnulLc gta.dlents ¡sou1d be produced ln the dLrectlon

of the punpi.ng wel1"

I+) Tf lt Ls deslred to prevent down¡rard rnigr:ation of d.ense

eont¿mLna¡rts, the upwa:d hydr:au]-lc gr:adlent l"n the il.Ll-

and clay coul-cl be Lncreased þ f.njectlng ¡rater Lnto the

bsal sandy aqulfer through the screened. ¡reIls" this ¡eoul-d.

Lncrease the aquifer pressure nuch above natr¡raL l_evelsu

Natural hydr:auLlc grradf.ents ¡rould be strengthened. arul a

hyd::aulIc head "nound" r+ould Þ produced Þneath the wll Area"

Dense eont¿nlnants r¡ouLd nlgm.te towa¡{.s the ¡rater table wlth

the ¡¡ore effectlve dlscharglng hydraullc gra.dlent,. The

eontanLnant ¡Eould be prevented fþon reachf.ng the ¡rater table

by aL1-owlng the "nou¡!d* to d.ecrease tt¡rough dlscontlnuing the

f-njectl.on punpf.ng, The procedr¡æ could be repeaÉ,ect as requ5.red."

All of the above re,nlpulatl-on echenes depend on one bsLc

factor-controlllng the hydmulic head in the sandy aqulfer, The

reeuLts of the punping tosts lndlcate that such control would k
feasLb1e" some exanples of control præedurea a,re descrlbed below.

upon d.etectLon of a nueLlde contanlr¡a.nt Ln the fllow systenu

wells nw-l, Rw-J and RH-J couJ.d & pumped. at the res¡rectlve rates



t+L

of le Ir and 4 gallons per nfnute" Thl-s would rower the hyd-multe

head of the basal søndy aqutfer,

Plmplng could tre eontLnued untl-l the water-Ievel eLevatLons

measrd at obser¡atLon wel1e Rw-2 a¡d RWJ+ a¡rd the obser¡atlon

pf.ezoneters about the }JH Area are lower th¡¡ the LnL$.a1 æter-

t'able eLevatLonE neaswed at RWT-I, RwT-z, Rwr-3, RwrJ+s and Rwr-5.

rnt'ermLttent punpj.ng would follow the generaL lowerLng of, the

hydraulf-c head bl-ovr the vrator t¿bLe, contf-nuoue punp$.ng cor¡ld

create strong recharge gmdlents causlng the contanl.na¡t to nlgrate

down¡¡a¡rcl to the basal sandy drift, Thl.s shouLcL Þ avotded as ùhe

grotüld.water floç¡ velocltLes Ln thLs aquifer a^re sl.grd-fLcantly htgher than

those ln the overlyf.ng clay-Ioam tLll a^nd lacustrLne elay"

The ædlonuclld.es ¡rould dlffuse Latera11y ln the vrater table

whLl,e the wells ae:e bê1ng operated" After ln1tla1 rnea,surenent of

the water-tabl-e leveLsu obsewati-on ¡rater-table ¡*eLLs nea^rest the

co¡rtantnant locatl-on eouLd be punped at veqy low ¡lateso The

potenttally actlve punp water couLd then be monltored and. 1f necegsa3,Jr

dlscharged to a coverecl trench LLned. wLth a hj.gh catf.on exehange

capaclty c1ay. A elna.llor+ trench Ll.ned. with a thf.ck J.ayer of

nontnorLLlonl-tic clay f.s suffl.eLent. sueh a¡ enrergency retentlon

basf.n ls descrlbed by Relchort and Fenlmore (f962)"

Thts basln vaouLd aLso recelve discharge vraters fron the

scrsened weLls Lf the contamLnant nl&:ated to the basal sandy

drLft. weLLs down-gmd.Lent of the cont¿nlnant would. be punped

at theLr raxL¡nuur yleld. ¡*hrle those up-geadfent would rem.in off"
The drawd.own cone would. S.ntercept the contanl¡¡ant and prduce

reLetLvely laxge volu¡ee of actLve d.f.sctrarge water,
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spreadS-ng nontmorllloni.tl-c cLay over the ¡qatær surface of

the energency retenti-on basLn at lnter¡¡als dr:rlng the retentlon
perlod wouLd. acceler:ate the l_on exchange processo When the

aetlvity of the effluent is reduced beLoø the mxLnun permS.sslble

actlvlty leveL for waste effluents contaLnLng Sr9O o" Cu137u

effJuent could be dlscharged. to the ground.water flIow systen,

actlve clays reroalning l-n the trench ¡voul-d. be contatned in

the

the

place,



SU},IÎ4ABY OF CONCLUSTONS

The rnajor. resul_ts of thLs study are e

1) The general $eoJ-ogy of the study area as lnd.lcate¿ by the lnvestL-
gatf-ons of Bes¡rlck (L9z0) and cherry, et at" (rgn) between 196g and 19?0

was genelìal1y eomobo::ated. The stratf.graphlc r¡nlts were d.efLned by

addltlonal test d1.f-J-lf.ng and forrnation sanpllng" The thlckness of the

basal sand-y aquifer ¡ras detemLned and, the bedrock surface eler¡atlons

were napped' Loner bedrock elevatlons and thlcker sand.y deposfts were

obse:r¡ed than had been prevlously lndlcated"

2) The boundarles of the flow systen were deflned an¿ the fLo¡E

gmdlent estabLlshed'as stable over a four-year perlod" The transltlon
zones wer¡e dellneated.o New plezo¡neter tnstalLatlons a1lowed. nore cornplete

cover.age of the stud.y area.

3) A hydïauLlc head "low' tlas lndLcated nea,r the western tnansltlon
zoneo The anonalous head dlstrlbutlon ln the area of the unIow,, was

obtalned frorr the additlona3- plezoæters lnstalled Ln 19?0 arrd. tg?L"

4) Fhjor f.on di-strlbutLons Lndlcate the ground¡rater fllon dlrectlono
TotaL d.lssolved sol-lds and- pH lndlcate the transltlon zones and the

hydr:aui-lc head o'l-ow" 
" A northeast to south¡rest rater:aL flow in the

basal sandy da-lftwas also estabrlshed. A prevlousJ-y suggested east to
west later:al flor¡ tn the basal sand.y aqulfer was corroborated.

5) The stratlgnphy of the aïea lras d.eftned tn greater detail, rt
1s comprised. of a sur:flcLal silty clay and cJ_ayey siltu an underrylng

t+3
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clay-J-oan tj-l-10 and a conpl-ex texturall-y vari-ed basal sandy drlft" rn

the southeastem quarter of the HH Àreau the basal drLft aquLfer bocomes

flner and sl-lti-er wLth lncreased clay lnterbeddlng, The maj-n portlon

of the basal drLft ln the southwestern quarter of the Wll A¡ea 1s cornprlsed.

of coarse u elean sand.s and gmvels; varlabLy sorted a,nd. slzed r¡aterlaLs

occut ln the northern haIf.

6) A maxlmum transnisslbS.l-1ty of 900 gallons per day per foot was

calcuLated from pumplng test data for the basal aqulfer ln the WM Area.

A more representatLve transnLsslblltty ls J00 gallons p€r day pr foot,

The stor^age coefflclent of the basal- drlft tn the HM Area 1s between 104
-?to 10-'" The maxl¡nu¡n hydeaullc conductlvf.ty ls 8 x 10-5 feet per second,.

?) FLow r^ates deternined. by tritLu¡n tuacer monltorlng are between

15 and l0 feet per year in the basal sandy drlft near the I{}t Area"

Fl-ow rates of 15 t'o 2J feet per year were calcn-Lated uslng rrepr.esentatlve

hydr"aullc conductLvi.ttes of J x to-5 to I x 10-5 feet per second., The

conductlvitles were obtalned fron the analysls of punplng test data"

The maxl.mum Hvorslev hydraullc conductivlty determined for the basal

sancy deposlts of the stuùy a.rea rras approxS-nately 3 x to-5 feet per

second" Â f"?¡w sa'î;e of at' l"east L0 to 15 feet per year ln the

clean sand lenses of the basal sandy drlft aqulfer was lrutlcated.

8) Hydrogeologf.c nranLpula'uion of the i,IM Area flow s¡rsten J-s posslble,

The hydraullc heed ln a portlon of the b,sal sand.y drlft aqulfer was

lowei:ed by pumplng and a partlal reversal of the natr¡ral hyd::aul3.c

g::adlent ¡*as created." varl-ous nanipul-ail.on schemes were suggested by

whlch ¡zdLonucl-ide nl-gr:atlon couLd be controlled by punplng water fron

or lnto the basal sancly aqulfer,
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F-igure 2. Location of the \AINRE study area. Figure 3, The WNRE \¡/aste Management Area,

l'
I

I

I

ü

I

I

å

g

I

I

0

_ü

WINNIP

IAC DU EONNET

W.N.R.E. PROPER TY

-ræ

t(ffi
\\

@\
\

) Pluch4ÊTER
NEST

]F CR6S-SE

,tE, ELEVATIof{
SEA LEVI

HWAY

/ li-
/ .'¡

ïrlt(t
\)'

*"(tl
:ST HOLE AND

4 LOCATION OF

{CF¡TOUR 
L.INE

L.AGOONS

- MAJOR HIGHV

3 Mrt"Es



/t

mOi'€ilTY gC('El}4Rf 

-

r-r
L.J

GÐ

o

ACCf,SS FOAO

w'ASrE ¡'{AI{ACE}ÆMT AñEÁ

6v"lll,r\G 5O3

sl}.G-E PEZCMETER

PIEZOI,IETER T€ST

Figure [" Topography of the WNRE study area.

@FEET
,$-æ-f--...F@e rot¡ 6CO 9æ METERS

f g gg/ Topogophlc contcx¡r(feo$

L^
O



N

o

Suilding 503

Burner ç¡. tloa¡
Concrale Bu¡kers
Burisd sloinleæ-steel Tonks wllh Liquid
Concrete Jilg g¡ onci p ip¡ e

Figure !. Waste containment facilities and wells of the Waste Management Area.

a

!Ê-ì
lBi¡t

IFJI
Êsl

7
nt-t

u

300 Fest Trench (l',4ed. Level Wosts)

T:'anch (Lcw Lerrl '.,Voste)



Figure 6. Soiid wastes of low-level activity, method of disposal.

Figure 7 " Concrete standpipes, W-aste Management Area



53

Figure B. Subsurf ace containment site f or iiquid waste
having a high level of radioactivity.
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Figure lJ. Tnstaliation of well screen at Recording W'ell RW.-5.

Figure lI¡. Flow rate meter and discharge pipe.



Figure IJ . Aquif er pumping. test of pump well RW--l "
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Figure lÇ. Isopach contour map of the basal sand units in the study area"
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Figure ?1" Contour map of the apparent WNRE bedrock surface.
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Iligure 2J. Fence diagram of the wNRE waste
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Figure 2-4" Split-spoon cored sample of the basal sandy d.rift.
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Figure 26. Contour of water-table elevations.
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Figure 31. Contour of water-table pH .
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Figure 32. contour of groundwater pH in the basal sand aquif er.
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Figure JJ. Contour of groundwater temperature in the water table.
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F-igure Ji-¡. Contour of groundwater temperature in the basal sandy drift.
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Figure JJ. Deuterium concentrations along cross section A _
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¡-igure 45. Drawdown cone inflluence at end of aquifer performance test¡ pump weli Rw-3.
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Plezoneters fnstalled

before 1971 see

Beswick, L97I

APPENDIX



108

mrlrP wffi,t rry [:?t-lRH:é)

ïntøweL Í.n Deserfp$S.on
føet b"goL"*

0 - 2 Top øo1Le f3.11

2 ^ 8 Cley, very sf.ltyn Xøeuetrlne Clay

stlty eley-tLll a.ppa,eløne@

ln ¡u,rtu eslour 2"5 Y, 5/2

8 - 23 TlLle carborate ¡rebbl.øee Clay-loøn TtLl

clltye eol.our 2,5 Y 3"5/2

23 - ?& Bor¡lêer ¡øvøænt

34 * 25 Se,M,e v@ryeCIs,reeu anguløæ Be€el $ød'y m.ft
greaf.tte ¡ebbleee wd" $o

pooæly eoe.0odt

25 - 26 thneLt$.onc v€ry c@ireø BeÆeL Søwly M.ft,

ea.d' srel gravel

26 - 2? &,M,s e@,rs€e M.u to wøL} Ee@L Se,@'y Drl.ft

s6trt@d,o eå}ty

27 - 28 ge,rxle fLnø gre,3.ned,ø weLl Bssl gøndy H.f,t
eorted,u ef.lty

28 - 28"? S&d.s eæsses d$etr¡æM. B@ÆeL S^u[y m.f,t

Stmtl.grephåo
unlt

* bu 8u lu mblow ground Level.w



L0g

FTiÞiP wET,t I%l 1.-ä_(eogLsê)

fntenraL l-n Deeer3.ptåon Stæt16reffie
foet b"9"1" r¡eLt

?,8"7 - 29 SeM.e eoers@u ryvelu poorly Besel Sa.M'y ÐBg.ft,

eor:ted.r euþ*ror¡rd.ed. ø 5î6 øLLt

29 - 29"3 TLtL-ILke lnterÞd.u bud Bessl SaM.y Ðtrl.ft,

29,3 - 29"7 Ssed.o c@,rs@, ryveL, poorly Bssel &ærty Ðråft

eorbedu sub-rsund.ø 518 etLt

29,7 - Y Þd.e vory'fÍneu well-soeted., Be@L Sa.M'y Dæ3'ft

10 to 2O% ef.]"tø eolous

2"5 Y 3.5/2

30 - 3L,5 Sa^Me flne to c@rs@, M." to Be6eL $andy Ðr1.ft

lnorly sortedu ellgbtLy ø1Lty

3L"5 * Y Sa^M,e very fånee slltye eolenr Base3. Sænd.y mlft
2,5 y tþ/2

P. * 35 No samples tekenu drtil.i.ãg BeæI tunðy h1f,t
lndLeated fLne sX1ty sand

35 - 37 Sard, very fLnes sLltyu st5.ght, BeseL sady ffi.f*,

aLayu t11.1-Lfke Ln ¡n,rt

37* Sard.e veryfS.nee o3.3-tyu eoLeur Besel Se,rud.y ffi.ft,
2,5 Y 3,5/2

3ry HoLe eM.ed.
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¡ruw wen¿ lry 1-?1 Leont@¿)

SCREffi{ Sffis JohnEon StaLnl.ess SteeL

SCAEENED INTERVAÍ,s 26"7 fcet bng,l" t" 3L"? feet bug,l"

sffrr SIæ a #30

SffiEEN SIZEg &-tnch d.Laneter
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PUIïP $E%t m z*Zg_J:trø-z)

fnfu¡:vaL Ln DøsenLpèLon
feet b"9"1"

0-3 Topso13.ef3.1J.

S€ættgraphle
m¡ntt

3 - 9 Claye laaLnated.s eflty, Leeustråne Clay

pebbly nea¡r lnterr¡el b"seo

eoLour 10 lA 3^

9 - 23 Tf.lle carbonate pebb3.ese Clay-læm 1å3.J.

coLoræ 3"?5 T t+/2,5

23 - 26 Bo¡rld.ere and. eobblesu

levenønt zone

26 - 30 Serkte veqralltyu p,oor1y Basal. Sandy D¡C.ft

eortedu sllght cLey

3A - Y. Sa.M.e e@ffsee gmvel, sub- BaseL sandy W.ft
rou¡d. to suÞanguJcr, 20Í6

slI.te eolour 5Vt*/t

P * 9+ sa^M.e 'æry ftne s ta tu ?;Ùfi Be"@L $andy IH.ft
s3.1tu eoLour 5Vt+/t

9+ - *,8 No sanpl.ese dr5.J.1 "el-3.p¡ed.*

throueh



LL2

PUUP HIf,& IH 2-21 úgontsd)

IntemL S.n keerj.pt5-on Stæ*leæephle
feet bug"L" gnåt

Y"8 - l+A Sarude veæy fånos veff slltyu Ba@l Sa^M.y M.ft
thln ellt end elay S.ayerse

coLour 5 Y 5h

40 - 4.1 S&d,e @d." to eoags{le sltght Be€eL Sa,@y Ðrlft
øf.lt, wdu to we3.1.-eorbed.u

sub-roud.ed gralns

L4'L HoIe end.ecle ap¡nre¡¡t, bdsock

contact

SCREffi StrIe Brass-þekctd Sand. FoLntø Up¡ee 2"17 ft" bmrS.apwrep¡red.

SCnmIiED INÏERVALa J8 feøt, b,g"In *,o t+1 feet b"g,l"

SfÆ[' STæ e fM
SgAEm{ SIZEg Z-Lneh dlaæøter



LT3

Hre ¡fEIÃ rry q-?!_(Ew=3)

IntewaL S.n ÐeserlptS.on
f@et b.g,L,

0 - 3 Top øo$3.u fLll

Stætå.gæa¡ùf.e
T¡Ìtq *

3 - 1@ C3.ays lø.m$¡æteðø @ål,t @13.øe føeuetrSnø 8Xøy

eol.our 10 YB 3^.

LO - 1.9 T1118 ea.rbonate ¡ebbl.eoe 03ey-3.oeø T3.3.3.

eolor¡r 2"5 Y te"5/3

L9 - ZI BouLd.ee Xev@@nt

2L - ?J+"3 S&M'u e@irse to very @ee,rs@o Bsea]. Sandy mft
soE@ gtrav@lu eub-round., @d."

sorted.u eltght ef.Lt

2Lþ,3 * ?.1+"5 Tå11-11ke 5.nterÞd, boråM. Besel. Sa.M'y ætft,

2h,5 - 26,2 Sa'M,e æd." to e@[ro@s 8@mø Be€e]. Se^M.y mft
grøvo} and. eobble eå.øeee

weLl-eosted. suÞrou¡¡d. sa@ at

bee of Í.ntewaL, Lnå.tta1Ly

pooaly eorted. ad. ø13.ty

26"2 - 26"5 S^d.e nEd" to e@^rÊB@ø elas BeÆej. Semd'y Ðelfè

arst s1Lt bÐutd'e tLLl.-1lke

26"5 - 26,9 Se^Me eoa,rseu poorS.y sorôed., BeÆel Se.ru8y Ðryj.ft

gravøJ. aM' pebbLe etzese e3.1ty
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nnrp wetl !w 3-?ålbeeg8d.I

Inteæa1 3.n &eerlpè$om Stæt$øraphi.e
feet b"6"3." untt

26,9 - 28 Lost i.ntewaL, dLetre@de B@s&l SaM.y DrLft

(assreæd.-f3.ne EæLned eard)

28 - 29.5 SaM.e flne to ædå.nøu rourd. Basal Sa.M'y ÐBlft

to sub-roud.e weJ.3.*sorbød e

traee sLlt

29"5 * 30 Sad.e @d" to c@ra€e M."- Baeel SaM'y M-ft

eorbed.u e3.Lt bt¡nð

30 - 31."8 SaM.e very flnee sllty Baeel- Sad,y DF¡.ft

31"8 - Y"6 S&^M.e e@s.rse to vøry eoø"rer@e Besa3. Sad.y mf€
pæ1-y sorbed.r eub-rotM.ø ellty

P"6 - * $eM'u very flneø v@ay slltyu Besel Sand.y Drl.ft

eo.or¡r LO yR te/L

N Hole end.ed.

SCREEN SHIa Johneon StaS-nless SteeL

SCRffiNEÐ IN?ERVALg f.9 feet, b"g"ln to 2p feet, b"9"1,

SttT SIZEa #2$

SCRmN SIffi¿ Å+-åneh dLameter



n5

nJH'P Wm,t m r+-?¿ @=þ)

TntøreL $n Ðeeenlptlon
fcet b"g,l-.

o-3 FlLL

Stætåere!ùåe
unJ.t

3 - I Cleyu Xeeåmet€du colonr trøøwøtrå.ne Cløy

L0 w, 3/L

I - 21 lLLLe ea,rbona€e 3ebb3.øee Clay-3.æø Tå.J.3.

norel eplþa,ra.nee

2I - &"5 Sade verJr e@,rseu grave1 Basal. Se.dy M.ft

to pbb3.e slses, angula.r

gm,nit3.c gmf.ns aM. eub*rou¡d.

pebbl,ese sllght s5.1.t

&,5 - 30"tu, Saed.@ ver3r ftnep we3.1.-eorted., Bese"l Sa"M'y Dr5.ft

æssåveg sll.gbt sf.3.tr eoLot¡s

5 f I+"5/L (occastonaL pbH.e)

30"1ù - 31"9 Lost LntewaL, asEuæd s@M' @1 Sandy M.f,t,

es lmæcli¿tely above

3L"9 - 3?"9 Sand.e very fj.nee @salv@s Føse]. SeM'y mft
s5.3.tye sLlt a@. e3.ay layesång,

eolour 5 Y I+,s/L

37,9 - 39 Sand.e eoa.trs@e anguS.aru gæn5.tÍ.ee Baeal Sanðy DBXft,

sone grs,vel sS.zese s3.1ty, eoLour

5 y t+,5/L



1J6

S,¡¡æ w¡,U, rw e-?f--ken'tlé)

In*ewaL 3.n kcer3.pt3.on S*ratlgm.Sd.e
feet b,gu1, rt&{t

39 - 39"5 D1eturkd aaapleu eLay Baeal Sady H.ft
f¡:age@nts M cæ"ree çnod

and gravels angula^r

39.5 Hole ended.

SCREÐ{ SHls Johnson StaLnless Støel.

SCREENÍ{D INTERVÂI'¡ 38"1. feet bu8"1" +,o 39"1 feet bog,lu

StO{'SIZEI #N

trnEEN SIZE¡ l¡-lnch d.Lawter



TL7

rtmp welr r@ tu?t (nw-qì

lntewal Sn Ðeecr3"Pt9on
feet b"9"1"

0-1 Îopso1}

Stmt,lgraphåe
u¡n{ t

t - g Sl.lte e3.a¡reyu elLt, bllss løe¡¡etrtnø S1lt /
preclpf.tate etreeksr colour Tææustråne Clay

3"?5 Y &/2"5 to L0 w 3/L transltf.on

9 - 21,"2 Îl.lLe earbr:ate 1øbbl.ess Cl-ey-loam TIJ.J.

veey elayeye slltYu slLgfit

sstrde eoLolrr 2"5 Y 5/2

2L"2 - 21"7 SLLts cosrae gra'nltLe gand.e G1ay'-løn T1II

sub*an€uler gfavelr c18Y

bor.md., eoLour 2,5 Y 5þ

2L"? * 22,3 sarde very flneu weLl-sorùede Baegl Sagly Ð81'ft

eLlty, slLght elayo 5 Y ì+.5/L

22"3 - 2l+,3 OJ.ey and s1lt J.ayerå.ngu very Besel. Sa"nd.y m.ft

flne eand.u well sorbede soree

gmve3. sLzes, eolotul 5 Y L+"5/L

?J+,3 - ?.1+"6 BouLd.er ¡øveæent

?J+"6 - 25"9 Sand.e fl-ne to c@^ra@o @d." BeEal Sa^dy nåft

to poorly sorteclu øL5.ght

sL3.tu so@ gravsl s,nd

pbble sLzes, eolour 5 Y 5/t
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¡tnæ wgtl, ffi q-?t Gontu¿)

Interol. Ln Doser9ptlcn StratS-greStåc
feet b,g"l-, un$t

25,9 - 27"1e GraveLe sub-round to angula^e, Baea3. Sand'y Drlft

granlticu s3.Lt/eLay bot¡M.

??.4 - 3l+"6 Gravele gx?^n{.t1eu sub-nmlruå.a Bese1 Sand.y M.f¿

2O% sLLt s e@irse send.e coLot¡r

5Y 5/L

þ"6 - 35,3 Sa^d.e euÞrounde gomê graveL Beæ'L Sa^dy' Ilr1ft

sf.zese hleþ sLLtu gæ"nttle

35,3 - 37,3 Gm.yel, sub-anguLar to rouruû.r Basal Sandy M.ft

s1Lty, sone ¡rebble sløese

gm.nftf.c, eolow 5Y 5/L

37"3 - 38"3 Sa'de ftne to coa,rsee sub* Baes,L Sandy m.ft

r@ud., red, sortedn sU.gfrt' sLLt

38"3 - Ié0"6 Gravele sub-anguJ.ar ts sub-round.e Besel Sandy mft
greÐltlcs ned.o to coø.rse s&nde

eflt/cLay bound.

l+0"6 - l+2"5 Ser¡d eyuù 6æve1.u m@d." to vøry Bes&l Sad'y m.ft
coa'rse sandsu med.u to poor3-y

sorted,e slLght s3.Ltu suÞround.



rlg

rzuHp trEL Pw E_21__.(eont,ed.l

ïntemral 1a Þserlp€1-on StæatLgm@$e
feet bugnL" ua3.t,

t+2.5 - le5 Gravele @@&FS@ eande eÌ.ey/sj.lt B@s@& Seæd.y Dr1ft

bound.e eolors 5 Y l+"5/L

,+5 Hole end.ede ap¡nrent, Meæk

eontaet

SCREEN SEI'g Johnson StaLnLess Steel.

SCnEffED INIERVAI,3 Zt+"6 ft" buguln to l+2.0 ft. bog,}.

Sf,ûT SIZE E 2" j8 føet #)0 -*"6 feet b,g.L,

1..12 feet blenk

J"@+ føeb #LZ

0"33 foot coup3.lng

J,08 feet #19

î,75 feef. b].ank

1..50 fEet #30 *{s2"0 feet b"gul"

SCREEN STÆe l*-Lneh dS.ewter



1_20

msrnor,ep-6t

IntewaL S.n

feet b"gu1"#

0-1 Topcoll.

Deeer3.pt5.on Sèratlgnø$r1e
uelt,

L - 5 Clay, lamLnøted.ø ellt @11eø Tæeuøtrlnø GX.ay

ps'eelpLtøtø atrøekeu pløet1.et

col.our 2"5 Y t&,5/2

5 - 30 TLl.Le ce.rbons.te grebbleeu very CLøy-3.æø TfL3.

elLty/eendye clay bnd,5.ngu

colot¡r 10 m ¿+/t g¡re¿gng down-

ena,r& to 2.5 Y 3"5/2

W Borü.dør gwvemønè

30 * 36 T1tr3.@ ee above Ctray-loan Tf.3.1

36 - ,&6 Serd,e fLne gæLned.u @d,u eo¡'t@ ' Bøes& @dy Drlft

s1Lty, gree"tør S quøæ&ø gratne

t+6 HoLø ønded, prob,blø þdræk eontææt,

* bog"l, *kLow ryound løvel*



mgrHcnnp-62

IntewaL tn
føøt h"E.l,.

0-L TopøoL3.

Ðøcertptton

T2L

StmtlgraphS.e
t¡aLt

L - 3 Glaye laøl.natedø e3.1t Mllee Løeuctr3.nø 01ay

plaet3.ee eolour 2"5 Y 3"5/2

3 - P T1.110 ea,rbonete pbbleøu aLlt Glay-]-oaa 1L3.1

bal-l.e to tZ feetu send.y ELlt-

tlLL appearane@ to 2O feeto

none e1ayeV \o 9 feetu eolour

10 Yr r+/t

Y.! Bot¡lder ¡øveænt

3? - 97 SeBd.? flne graÍ.nedu welL eoetedu BeseL SaM'y M.g*

ø3.1tyr groater fi qwætz gralns

37 Hole ørufled.
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mSn'Xm,gP-6q

Intemsl 3n
feøt b.9,1"

0-1 Topsoll

Døeer3.ptlon StratS.graphle
nnf'*

! - 9 Claye LeaLnateds e1lt b3.3.se LaeustrS.nø Clay

precLptt¿te strøe^ksa t3-L1-11ke

ed. pbbly 3.n pröe eolour

2"5 Y, 3"5/2

9 ^ 25 TLLle ea,sbons,te pbbløe, s1lt GLay-lwm 1111

streaksu sandy s3.lt-tLLL

apIþe'aa,nc@

25 Hol.e eM.ed.ø boulder ¡evømønt

ÎESTHOIEP*&&

0-L TopsotL

L * 6* Claye sLlt b,ll.se prøelpttatE læ,euetr1ne CLay

streaker thf.n sexld leneess eolour

10 Tn 3/t at laæsnatton pla,nee --
2,5 Y 3/Z øt brokøn surfe,ces

6* - ZZ Tl.lle ce.rbns,te pebb3.øs end. Clay-loeø T1.11

gravel nea,r oLay/tf.13. aonte,etu

slltyu colorr ?,5 Y 3/2

22 - ?5 BouLd.ørs and ea.dy tf.lL Clay-læm T111

25 Hole endeôo bouldør ¡øvøænt



123

mstxor,,gp-6q

Intewe,l 3.n
feet b"g.L"

0-1 Topsoll

þeer3.pt5.on

L - 7 Claye el.Lt blLss prøeX.pttaf,e løeusts3.nø C].ay

streaksr pl.astlca grades to

pl.aetLc and. masEÍve, colour

2,5 Y t+"5/2

7 * ?j+ Tf.Llo ca.rbonate ¡wbblesu e]-øy C1øy-læn Tf.Ll

LayerS.ngr fine sa,¡d lenEest

p!.astl.cu colour 2"5 Y Lv"5/2

gradLng downwarrit to 2.5 U t+/Z

2t+ - 25 Boul.dør trøwenent

25 Hol.e erud.ed

Stretå.graphte
unåt,
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rgsrHcrræp-66

Interc.l- i.n
feet b"gnlo

ÐeserLp€I-on StratS,graphle
um{t

0-L Topeo13.

L - 8 SLLt, earbonate ¡øbbl.est

eLa¡reyu g! plastS.er eolour Laaustrlne Sllt

10 Tn 3/z to 2"5 Y 3/2

I - 29 Claye Laplnatcd.e meså.ve a.nd. Iøcustrlne Cl.ay

plaetlcu colour 3"?5 Y 3/2

eradLne d.own¡ua¡d to 5 Y 2"5/L

2çE BouLd,er ¡nverent

29 - 3l SeM.e flne grmf.ned.u e3.3.ty Basa.l Se.nd.y Dælfå

3t Hsl.e endedr probble buXder ø@é€@€-.@

leveænt
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rnstHo¡,gp-6?

IntewaL Ln
føøt b"9.1"

0-1 Topeoll

kserlpè1on Stretlgraphte
ueåt

L - 7 Sg.lte poeølble easbonate Ïæ,euetæ$.ae SLlt,

etrea^ke, ela¡reye pS.asttee

colow 2"5 Y 3"5/2

7 - 2L CIl.ays laaLnetedø så.Lt bLLes Tæ,eustæåaø Clay

pLest3.e, colour 2"5 Y 3/2

gradLng downward. &o 3"?5 Y 3"5/3,"5

2!! Bot¡Ld.ee ¡øveænt

2L - 37 Tf.L1e c}øyey sand-t1l1. eplÞera,Beee CLey-loas TLl-l

pI-ast3.e, colour 2,5 Y 3"5/2

37 HoLe ended.

SI{ALIôW WEÍ,L RWT - t ([eeondl.ng Batee lable)

0-L Topeo1.l

I - I ClayE preetpttate e&reeker løeeef"r3.ne Clay

s1lty, pLastf.eu eoLour 10 YA 3/L,5

eradLng dossswerd. to 2" 5 Y 5/2

B * 12f TllLe ef.ltye eerMnate ¡ebb1-es Clay-loam T1LJ.

12ta Hole end.ed
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srfAtrow wEtt nwT - 2

Intewal l-n
feet b"9.1.

0-1 TopeoiS.

SHAIÃOW WEIL RWT - ?

ïntewel Ln
feet b"g"L"

0-2 FLL1

ÐeecrLptlon

L - 6 Claye sj-ltyu plaettc ø Løeustrå-ne Clay

colour ffi Yn 3/T

6 - L2 Tll.le c3.øy strealcs, 'i),-1;-¿'"'1-o=rarri T1Ìì

earbonste ¡rebbIes

LZ HoLe cnded^

2 - 10 Clay, LamLnateds pLs.ettee L&euøtrlne C3.a3r

eolour 10 Ta 3/t ts Lo YR 3/2

Lo - L2*

12f Hol.e end.ed.

DescrLptnon StratS-graphle
rur3.t

ÎL}le earbnate lrebblese Ctr-øy-loaø TlLl

sf.Lty

Stretlgraphtc
unl.t



L2?

srßI,T,ow wEr,L RWT - &

ïnter¡a3. Ln
feet b"9"1"

0-t TopeoLl

SHALTOW WETL AHT - 5

Interva3. ln
feet b"gnl."

0-1 Topso5.3.

L - 6 Ctay, eå,1t, b,i.Leu pree3.pttet@ Iøeuetrfne Clay

etreakeo coLoua tO yR 3/X

6 - tZf TlLls carbnate pebbl.eso CLay-3.oan TILJ_

clay atr sLl.t strsaks

12* Hol.e onded

ïÌceerlptlon

Descrlptlon

Såra4t6raphle
unLt

Strat5.gmphfe
uæ1È

r - 9 $lLte sllt t*rr.s amd stremkou r,aeustri.nø srt-b /
preeS.pLtate str@eksu eo].our Ie.custrtne åløry.

L0 YR 3h (rcry eLa¡ney) t¡mneLH.on

9 - t21e T1Ll, e¿rbonate ¡rebblese Clay-].æ.m Tlll
eoLor¡r 2,5 y 5/z

Lzt Holø ønd.ed
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THEORETTCAT HYÐROCHE}.ÍIC,¿,T, EVOLUÎTON

sEguENcE, WNRE STITDY AREA

The corrcelatlon of najor lon dlstrl-butlons a¡rd. totar
dissol-ved solf.ds to the grounch*ater flLow pattern r¡as sho¡¡n

along geologlc cro6s sectLonsA - Ae and B - Bs" The flow system

effects cf coneentm,tf.ng the najor l-ons Ln the ¡rater table of the

eentlal dlscharge zone trer€ dleeussed, The followlng Ls a theoretlcaL

sequence of groundwater chernlstry changes that ri.:,;i occur as

water noves from the uplands rectrarge zone to the ¡rater table near the

wH area a10ng eross sectl.on B - 3ro

Phase r Becharge to groundwater fr.ow systen r.n southeffr

uplands, cross seetion B - Be" precLpLt¿tion

lnfr-rtrates suaflcr.ar. sands. parLlal preseure

of Co2 Ls.L0-1.5 atnosphere" Ground.water

tenparature Ls JoC, Dlssolutlon of dolonite

will- oceur unfi.l syeten f_s at equillblum,

System ls at near-satt¡ratLon wlth eaLcLte 
"

Phase rr catlon exchange oceurs Ln the r.acustrlne clay of

the southern uplands recharge a,reao l¡å-¡nontnorillonlte

assumed to be present ln suffLclent quantl.tles to

enable long-tern Lon-exchange effects; Ca#and 14U.Þ

are Lost fron the groundurater flo¡r çrLth the Ca#

lons havlng the greater exchange potentf.al,
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Phase fII

Phase IV

Phase V

Phase VI

Phase VII

Dl-ssoLutlon of avallabl_e gypsutn CaSO4 , 2HOH

fron the clay-loam tLll" System does not attsj_n

equl1Lbr5-um"

Dlssolutlon of epsonite 
WO-U " flf0H fbon

the cLay-1oa¡r tll_l" ptæse IV occurs either

ln LmædLate successlon or slmútaneously

wlth Phase ffI,

D1seoluti.on of syl-vJ.te KCL from clay-loan t1..1.1,

Any contrlb,utlon of sylvlte fro¡n the bsal sa^ndy

drLft 1s aseuned. to be neg3.Lgi.bile"

Hl-gher fJo¡u velocl-ties and lov¡ errapor:tte and

carbonate content of bsal sandy drlft pemlt

only sL16ht chenLcal elrangeu assuned. negti.glble.

Grot¡ndwater enters centraL lovrlancts d.isctrarge zone

fron baeaL sa&ù]r ,€.¡rj ft agui.fern Epsontte t**r* , ?TIOH

le f\¡ïther d.l.ssol_ved fron the clay-Loan tlll.

F\¡rther dlssolutlon of arraLlable gy?sun fþon the

clay-loan tIlL" ûverse.tuïafi-on wLth reslæct to dolonite

and calclteg undersat¡¡¡natlon wLth respect to &(psuüto

Cation exchange 1n the sur:ficLal laeustrLne cJ.ay

of the centæ.l Lo¡*lands" NalnontnorlllonLte

assu¡ned. to be present tut r¿Lth ever-decreaslng

exchange potentlal" No ç# fost,

Phase VIII
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Phase fX

Phase X

Phase Xf

Phese XII

Groundç¡ater reaches the ¡qater-t¿bI€ zone of the

central då.setrarge area, The systen ad.justs to CO,

partlal prîessures of approx5.rately 10-3.5 atmosphere"

No preclpltatLon of caLcite or dolonlte"

The lonLc strength a¡rd totaL dlssolved. soLLds of

the ground¡rater a^re doubl.ed. Ln that portlon of the

¡rater-tabLe zone Lnnedlate to the zone of aeraü.on,

Evaporatlon Ln the unsatr¡rated zone and. captllary

f:rlnge affects a two-foLd lncrease over the inltlal
concentratlons

Preclpltatlon ln the lacustrlne clay/siIt
sur:FlcLal unlts" Calclte preclpltates foraed¡

posltlon va¡Aes ¡rlth çrater-table fluctuations"

Systen supersatum,ted wl"th :neslreet to rypsurn"

Prectpltatlon of rypsun ln capl_3.1arXr firtnge

of central Lowlande d.iscbasge a.rea,o All
avallable Cafr'renoved ffon sol.utlon"

GameLs and Chrl-st (f96Ð ard. Rozko$üskl (196?) deserj.be the

Lnfl.uence of saturatlon lndex and co" psJrtlal pressures l-n a

groundwater flor+ systen" IfaJor Lon d.Lstrlbn¡tlonso pHc ar¡d total

dlssolved solLds ¡¡ere cal-culated, l_n the rrnnner of Cherry Qgn and 1g??).

The followlng tabLe shows the ctra.nge l_n chenlstry of the

gloundwater as 1t noves through the st¡ratlgr:aphlc unlts of the a^treao
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P I iASi:
MAJOR IONS (ppr)

pH
Pco2

otm.

S,.i t,¡ rcri ion

I ndex

Ionic

S trengtl

Toto I

Dissolved
Solids (ppm

t+
C.;

l+
M3 ,O+ lCC

r+
hN( +

K CI

r r0é ó3 t.) . ll 5rj8 7 .07
_l(I0 "

lolo :ol )vp
o.015 67 7t.0 0.9: 0

]t 2 r1J.l 69 0.0r 0.at 0 0"010 632

][ 192 456 0. B3 t.3 1.3 o.o29 1278

N /ó 55? 1a
l -L I ).3 0.033 r3 9B

v 6 ó
S lisl
Redu ti or 0" 033 t4 lo

u 179 955 1.4 l.% 0.4 0"050 1914

YT 292 I 05i ?.0 1.4 ).72 o"o 57 2114

u[ 172 129 t.3 8.3 ).Æ 0"O53 205 4

X i.i.¡: ')o^ 8.90 I 0-3i t46c t['ì.9 ).45 o"052 19 62

X 344 358 211 11 79? 258 l2 l2 ¿950 37.2 ).fr 0.104 3924

I 83 1.02 Bó B .20 7.9 l.c )') O'084 2922

X[ o t9l I 0 0 0 o"o76 2 6 40
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HVORSLEV IIATER-LEVE, DnArrimUN l.fETHOÐ

FUR fl-1,ICI]I."åTTNG HYDAAIJTIC CONDUCTTVTTY

ÀPPENDIX C
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TIfr I-IVORSÍ,EV RESPONSE TECI{NIQUE IN T}tE

ciii flI[*{TÏ,îli oF }fYDRAiJtrc coNDUCr'fVITy

The t¡arlable head form¡la for eal"cr¡.Ì,atf-'n.g, hydraullc conductS.v5.ty

ls a result of nodlfylng Hvorslevss tasLc equatton for deternlnlng

hydrostatl-c tLne lag o'T" 
" Bastc tlnre 1ag Ls defl.ned as the

tLne requl::ed. for eqr:a].1zatr.on of the head d-Lfference þtween the

water table or pLezornetrlc level and the head. u,H', in the plezometer

when the co:respondf-ng dl.scharge

ß7 Q=FKH
h

Ls np,tntal-ned"ôr sïle! 3.n eqn" /!7 tt the actj.ve hea.d at a tj.EÞ u,t,,"

FÌLg' J? demonstm.tes that H = z - y wheee u,ønu ls a functton of tfuneg

loêu s z * Ho at t - o" "F*o l-s d.efl-ned. as a shape faetor d.ependent

upon the dLnenslons a¡¡d conflguntion of the well-poLnt d.taneter

"d" e pleuoneter dla¡neter nDrr, and length of weLJ_-point lntake a,rea '1,uo 
"

Relatlng d.f.sctrarge "e" to "A", the @roas-sectLonar. area of
the plezoreeteru

/î/

the dlsctra¡'ge per u¡rLt a.rea f-s proportlonal to the change ln actl-ve

hyd:raullc head wLth respect to tlme, By substltuffng eqn. þ7

.Q=S
Adt
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for *Qo' tn eqn, LS7,

&7

and comblning wlth een. /J7 u

þ7

FK¡1H * dy
dt

V*AH

where ûrvlr E the total volume of flow

the drawdosrn o'H" u the bslc {J.ne 1_ag

ß7 I-I=AH- ê rfrhfr

requS.red for equaLlzatLon

@y be expressed as

*A
R;

of

þ7

øqn" [o/, a

hydrosta.tS.c

ltÚ

At a eonstant

of egn. ßg

for deteraLr¿atlon of the

H=z-y=dy
TTdt

dy

dt

Hor

By exchanging eqn, f8/ tox ,,A,' ln een" L67 u

FK¡H dy
ËTffih ðE

fLnaL differentlaL equatlon

t1-ne lage can be developed"

plezometrle pressure and a "t" of øeroe f-ntegratlon

[tt7

ylelcls a natural LoearlthÐic

and actlve hydrauJ.Lc head at

Ho*
T-

reLatlon bets*een

tLl'ìg toto'"

t
F=1nbz7

3.n1tla1 d¡:awdown head
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calculatLon of the bsl,c tf.ne 1ag l-s fþon a semj.-Logarlthnlc plot
of head ¡¡atLo H/Ho versus tLne *to,(R[g"40).

The Hvorslev equatlon for d,eternlnl.ng hydrauri.c conductÍvl.ty

vla the tlne Lag consta,nt "Tro l_s gtven as

Å"t7 A
TiT

l{e

However, 
"qn. þ37 was not used

vy eqn, þ7" The l-atter æthod

baslc tlne J.ag as shosn by eqn"

ln the WNRE stud.Les but was replaced

can b eae1Ly ¡rodlfled to lncLude the

a47 "

AIyT Krr*{

Ïn thLs casee *T* 1s d.etermLned through use of the prevf.ously mentl-oned

senl-Lo garLthmf.c p3.ot of head ¡¡atLo a¡rd tf.æe,

Eqn. þ/ çras chosen for 3.ts f.ndependence of the tf.ne lag factor"
Thus, one sour{re of deparLr¡re fron the etraLght ltne graph¡, an initlal
fast response not reflectr.ve of a,e.tnia3 perneabJ.tltye was clearly
li;'¡.¡J:¡i,,tlf 1oêo s the Lnltlal steep slo¡re of the gËaph ea¡r be negLected

provided the value of Ho f.s large enough to eompansatc for the

inltlal head respons€o

Equally f.rnportant ts the act.ual head ratio at ¡*hLeh the slo¡æ

abruptly changes. rf a sharp decreaee in slo1e does oacuru it, wlll
b prlor to a head rafi.o of 0.3? (fttg" 40)" r,awson (rg68) hae chosen

to calcul-ate b,sl-c tlne lag by consf_derlng only those straf.ght-llne
segnents beloçr a head ratLo of 0"65, Thle alLows for posslble Lnl.tf.aL
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devlatl-ons" r,awson (1968) suggeeted that the'onean val.ue 6t ú w
calculated fron an eqr.raL numbr of eo respondlng stralght-ltne
segments coverlng the entlro range of ¡rernf-ssable head. raffoe

/9"65 - o,gJ",

NeverÈ,helessu f_f the slope bs"eaks after 90Ø eqtnlLzatLon has

oceuned, tt wtll requ1re tr¡lce the anount of ttne to ati,aln g%

equaJ.lzatlon as lt, dtd to attal-n 90fi (rl.g,, uo). Thuse f_n deternining

external lnfLuenee upon the pf.ezonetrlc response, the polnt of
departure fþon the straf.ght lLne nust be eor¡sLdered r¡tth rcspect to

the equal-i.zatlon ætLo at that polnt, That, Ls, tf devl_atlon occr¡ga

after y/Ho * 90Ø.u then the response ¡Ey be unrelf.abLe Lm that port1_on

of the graph,

Factor 
"and 

Transfor¡m,tlon RatLo

The effectlveneEs of the Hvorslev technlque ea¡ þ examLned ln lLght
of the shale factors l-nherent 1n the ptezoneter constn¡etion and the

st'ratj.çmphy lnvoJ.ved." the tests Ln the study area LnvoLved the

general shape factors du Du and L" The pieøoneter lnt¿ke dtawter
*Dooranged fron 0"06? to 0"J0 foot ¡qhl1e the actual pj.eøoæter

dla¡Beter Bdil rangecl flon 0,06? to 0"20 foot" Hhere the sand p.ck

about the ¡¡ell-polnt, fl.lter Ls lLthologlcally dLssLmtLa^r to the

su:roundl-ng h¡rdrostratS-graphLc r¡nLtu the value of *D* is assu@d. to
equal *he totaL dlaneter of the well-polnt fllter; luê" 0 a pleøometer

wi.th d = 0 "067 whose weIl-pof.nt fllter rles Ln a clay r¡nlt will have

a "D*u not of 0,062, t'ut of the wl-dth of the borehole, Hlth a
well-point fl-lter in a eand unLtu unÐ', equalg u,d* the dLaneter of
of the plezoneter"
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The Length sf ssel.L f.ntakc @L" v&rl_ed fron L"J to 2"0 feet,

wLth a very few values of I t,o J føet " The water-tøbre wells

and pLezoneters were treated u as ¡¡ere the large æJorLty of pleøoøeters

test'edu 5.n thts 1"5 to 2,0 foot rangeø usi-ng the actr¡al water-tablø

plezometer lntake length of approxlretely L0 feet would. decrease the

horlzontal. hydrauS-lc conductfvLty Kn bg a nu.xlnun factor of three

i,!';'''",'- L o 2o0 for the water tabLe pf.ezometer ln the orS.gfna]. test,

By varyS.ng d or Ð, ahanges up to factors of two wel-e recorded for the

nalues of Kr,

The relatl-on of these gener:al shåpe factors r.n a unLf,ono, sandy

solI (d = D) ls seen to be an approxi.m,tton of the Ðachl-er fornula"

In thls easee the fornula Ls appl3.ed to a eylLndrLeal Lntake or ¡¡eLl

poLnt lnstead of the norral- appLtcatf-on bsed. on seni-e1rLpsoldaL,

equS-potentLal eurfaces, The flor¿lLnee are synnetrreal wlth res¡rect

to a hor-{-zontal plane through the center of the we]_l poi.nt wlth

aen, /:57

h17 q= îîil .KH
J, + (L/Ð)1ffi

app3.led to both halves of, the well f.ntake,

The accuracy of thls equatlon wLll decrease wlth the decreaslng

ralto L/D. For lncreasLngLy rar8ewLuee of t/ou eq.n" l3 6/ ts suffj.cLent"

Ltr/ íVt " Nnq*
tn (zt/n)

Thl-s adJustnent for t,/D Ls refleeted ln the varl.atlon of @qn, &7
to adjust for r¡arues of mr,/D that are greater tt*n r&,

ã? . tn (zvt,/n)K.=n
Hln_
Ho

fi?7
8.L"(tz-Ð
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The tr"ansformatlon ratlo "no' was set at a unit value of one"

he7
L

n = (r¡/rv = t) t

å. slgnlflcantly larger value of "m" would requlre a horlzontal hydr:au13-c

conductlvltv "Kn" that Ls lnposslbly greater ttran the vertj-cal conductlvlty"

Ïn a¡ experf.mental case the transfor¡natlon ratlo ln Equatlon 18 was

allowed to equaJ- 10¡ 1,e., the horlzontaL conductlvlty was consldered l0O

tlmes greater tha¡ the verllcaL conductlvity" The reeul.t was a doubling

of the horLzontal, eonduetlvity ealculated uslng "m', equå.ls oneo lJhere

the value of "n" was Lncreased to 100u the horLzontar conductlvlty

lncreased threefoLd,

The second.ary permeabf-llty of an overlyLng clay or tlL1 unlt would

conslder:ab1y d.ecrcase thls ratlo through an lnereased vertlcal conduct,lvlty

(wtltS.ams and Fbn¡olden, 196?)" Thus the cholce of m = L Ls based on a

,deeÍslon that it ¡qould be f.mpr"aetrcal. to assign a nore exact vaLue to

the K¡1/Kv ratlo,


