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ABSTRACT

A multi-cornponent onol;,5i5 of o shollovr groundwcrter flolv sysiem in gloc!ol

drift ot the Whiteshell Nuclecr Resesrch Estqblishmenl, Mqnitobq is described. The

investigotion includeC ge,:logic test drillïng, defin!tion of the hydroulic poientiol

distribuiion, hydrochemiccl crnalysis, studies of the temperciure disfribution in îhe

groundwoter zone/ rodiooclive trocer siudies of groundwoTer flow, observcîions of

secondory perrneobil!fy chorocteristics ond mqfhemcticql modelling of the geohydro-

logic regime.

The strotigrophíc sectiort consists of seven glcciol deposits rvhich cre: o

locustrine sond qnd grovel unit, o locusfrine silt unîf, c locustrine cloy unil, o cloy-

loqm till, o bosol sondy drift, qn unclifferentioled sondy till, onci q iacustrine sqnd

unit. The glociol deposits rest on Precembrion metomorphic ond intrusive r.¡ck.

The g;oundwofer flow sysfem is bounded on ihe eost by o topogrophic high

formed by the iocustrine sand, on the west by the Winnipeg River qnd in the subsu;fqce

by relotively impermeoble Precqmbrion bedrock. Groundwoter poientiql distribuÌion

exhibits four moior geohyCrologic zones. From eosi to west these ore: on uplancJ

rechorge qreo conslsiing of ihe topogrcphicclly high locustrine sond unit, o strong

cenlral ciischoi'ge ctreo, o sirong cenirol rechoi'ge areo ond r: lc$¿l'rncl dischorgc oreo

confined to the bon!<s ol ihe Wtinnipeg Ri',¿er. Preciorninontly lolerol flow occurs in

the rr,o¡-e permeo'r:le bcsci sc¡ncly driít wiih lqterql poientiol grcclÌenis existing only

locolly in the overlying r:niis. lv{,o>rirnunr hor!zonlcr! T¡-qc.rr velocilies delecied ut



three sïfes ore less ihcn l0 feeï peryecr. Groundy¡ote¡- flov¡ ïhi'ough ihe less perniecble

upper cloy-loom iilland glccio-locustrine silt ond cloy uniis occurs vio ioints ond

scnd lomìnqe.

Voriations !n elecfrolyiic ccnducti:,,ity ond distr!bution of Co**, Àr,gt*,

No*, ond SO4= exhibit distinct ïncreoses in ihe directions of grcundwsier nrovement.

The increose in moior-ion concentraÌions wiih ciistonce along ihe flcrv poth in ihe

locustrine sond uniT ond the bossl sqndy drift is less pronounced thon in ihe cloy-loom

tillond the glocio-locustrine silt ond cloy unîfs due to o more c¡ciive flow sysiem ond

limited cvcilc¡bility of soluble mine¡'cls in the scndy depcsiis.

ResulTs of the modelling suggesi thot the locotion of ihe boundory beÌween

the cenlrol rechorge oreo ond the cenïrol dischorge qreo is o result of o pronounced

thinning of the bosol, highly permeoble, scrnc'ly drift. Strong rechorge grodients în

the centrol rechorge oren could not be simuloted in ihe model.

il.
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INTRODUCTIOi'I

The obiective of this siuCy is to define the gioundwoter regime in the

Environrnentol Conï¡-ol ,Areq, Whiteshell Nucleor ft,eseci'ch Esloblishmont {Wl.lRE),

Pínowc¡, Monitobo. Since Mcy, 1968, field qnd laboroTory in,¿estigoTions hqve

been conducted to provide hyclrogeologïc informotion os o bosis for design oncJ

locqtion of rodiooctive lïquid cnd solid wqste dîsposol fqciiiTies in the giocio! drìft

which underlies the oreo. Drift thickness ronges from 30 Io 75 feù. The drifi is

underlqin by reloTively impermeable Precornbriqn crystalline rock.

The field study included investigotions of the geclogic fr.:rne-'vcrk, sub-

surfoce permeobility distribution, hydroulic potenfiol disfribution, teraperoture

distribuiion in lhe groundwoïer zone, groundwcter-f lov¿ velocifies ond mciior-ion

disfribution in ihe groundwoter zone. A two-dinrensïonol, steody-sïcïe model of the

groundvrcter flow sysïem wos used fo refine the fielci !ntei-pretotion of subsuriqce

pernreobi llty disiribution .

The V'1NiìE is locoted ó5 rniles eqst-northeost of VV!n'ripeg on Ìhe Winnipeg

River (Fig. l). The Environmentol Conlrol Ares (Fig. 2) occupies 4 squore mìles of

the WNRE site. RodioocTive v¡,sste is prese;rlly Lrcing dïsposec{ of in only cr smqll

portion cf the oreo ( Fig . 2).

This thesis reporfs on the l'rycirogeologîc env!ronnre¡rl of ïlie crec. Specific

oppliccrtion cf the results fo:-odloccliv'e lvosle cJisposoi v¿ill bs iirc srlbieci of o fr¡fure

reporl.

-j-
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Four prev?ous geotechnicql studies of the plontsite hove been conducied.

Showinigen Engineering Limited ( i9ó0) suminqrized the resulis of on initial geoiogicol

ond geophr-sicol invest!gotion oí the WNRE siie. Chorron ( ì9ó4) conducted o

reconnoissc¡nce survey of the rodiocctive wqste dispos,:l copcbîlities of lhe ground-

woler regirne . Zworîch ( l9ó8) is continuing studies on !on exchcnge chorocterisfics

of ihe glocici drift in the Environmontul Control ,Areo. Lund (1967) invesï!goted

groundwote'' flow velociiies ct one lccoiion us!ng o triiicted heovy-woter trqcer.

Appcrreni onomolïes in the resulïs ot- he¡'siuC;, were port!olly responsible fci- prompiing

fhe present invesiigation .
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GEOTviCiìPHIC AND HYDROLOG iC SÉTTING

The En'¿ironmentol Conirol Areo is locoted on ihe wesle¡n edge oi the

Conq¿lion S[iield. Sedimenlory terroîn in ihe oreo originqtecì frorn Wisconsinc¡n

glacïctions of The Pleistocene Epoch ond ossccioïed episodes of Glqciol Loke Agcssiz

(Elson, 1966, l'4cPherson, 1968; l9Z0). D"glc¡ciotion oF the oreq occurred between

11,7A0 qnd .l3,000 
yeors BP witlr subsequent inunclotions by Glcciol Lcke Agossiz

pi'ior to 7300 yeors BP ( Elson , 1966).

Relief in ihe Environmentql Control Arec vo¡'ies betwcen 905 feei cnd

840 feeT qbove meqn seq level ( Fig. 3). The regionol topogrophy ( F¡g. 2) is c ploin

with ísoloted highs. Aeriol photogrophs of the Wl.lRE site ond surrounding oreo (F¡g.

4 snd Appendix A) illustroie the lov¡ relief ond morshy chorccter of the terrcin.

Oblique modified !nfrq-red photogrophs (Fig. 5 ond Appendix A) show./egeTotion

pctterns delineqting oreos of both bog orrd sond outcrop.

ln relolion to worldv.'ide climqtic conciitions, WNRE is within ihe region

Dfb. { Koppen ond Geiger, I93ó), chcrocterized by qreos necrr the cenier of o

continent with temperoture extremes grecter ïhqn ihe world cverõge for ihe lotitude.

Recorcled temperofur-e extremes cri Wi..!ß.il o¡-e -53"50 F. oncl l08o F. (4. Reimo:r,

personoi connrnLiniccticn). l/.eon doily åe;rnperalure di'ops belorv 'Jzo .F. 
during the

first pori of No'¿ember ond rises above 32o F. neqr the encl of Jy'rarch with an onnuol

mec¡n doily ternpercilure cî approxirnoiely 35o F"

-4-
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Precipitoficn vqries greolly +riil-r o ¡'neon of 2C inches per yeci-, the

grectest poi'lÌon occurring during the summer mor¡ths (Smith ond Ehrlich, 196T¡.

Recordcd exiremes are a low of .I2.5 
lnches in .l961 

and c high cF 2ó.ó inches in igóB

(4. Reimer, personal communicotion)



I¿ETþIODS OF INVESTIGATION

During the in!tíol sicges oi the siuCy, o bose r¡lüp prepqred by Showinigon

Engineering Limited ( l9ó0) wcs used in coniuirction with stcndord l:ló,000 seriql

phoiogrcphs to coordinote field studies. The field siudies were conducTeci during

the April-September periods of '!9ó8, l9ó9 ond 1970.

hy:1g3_ljry:ter of G llcig I 
-Dli 

ft

The geologic fronrework in fhe Env!ronmeniol Conlrol Areo wos defined

by 76 iest holes drilied by q truck-mounted hydroulic drill equipped with o six-inch

diqmeTer solid-stem ouger f lights. Distr.rrbed somples were collected frorn auger f lights,

wiih somple depths estÌmqfeC to rvithin + I fooï. A smqllporioble porver Crill

(lúob¡lAugers Limited, Minutemon À{odel) equipped with three-inch quger flight

wos used for t'r'o preliminory tesÌ holes but ífs use wqs discontinued due io the boulclery

chorocter of the glociol till qnd poor quality cf scmples. Geologic logs of test holes

vriih interpretqtions qre listed in Appenclix Ð.

Shelby tube cores 0.25 feeï insicle dicrneier onci trvo feet in lengih were

token ïo dr+fine in deToî! ihe texTure of ih', glocïol drift oi-id to investigoie Ìhe

frequency cncl chorocter of joinTs and fi'c¡ctures. lrnmediqTe!y ofter sonrpling f he

cores v/ere soqlec! using p!astic sheet!ng in the fubes. ì'he somples were then storecl

qt roorn lernpei-olure unîïl inspection cculd be rnqde. A fluorescent d¡,e, scd!um

fluorescein/ 'rr'es inicciecl inio ihe giociol driil prior to coring in on ctiernpT tc

siudy ihe physicol choracter of tl:e ioirrts.

-ó-
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lnspecticn of cores in rvhich sodium fluoresceirr vros fhought to be present wos

conducTed under ultrcrviolet !ight.

ï=s:lg-!::s:-gr 4 þl"Js tþ L

To define ihe hydioulic poteniiol distributÍon in ihe glociol drift, ó0

observaiîon sifes consisfing cf 2ì0 piezometers and wcter tqble obse¡'vqiion wells

v,'ere insto!led in the giccio! drift. Woter levels were meqsured periodicolly.

Piezometers of the siondpipe design (Fig. ó) were consfrucled of poly-

vinylchlcride (PV'C) pipe. Piezometers installed in l9ó8 qnd l9ó9 hcd on inside

diorneter of 0.94 inches ond those instolled in 1970 hod on inside díorneTer of 0.80

inches. The botlom two feet of the stondpipes were perforoted ond screenecl v¡ith

fine-mesh stqinless stell screen in l9ó8 qnd l9ó9 qnd with fine-mesh fibreglcss rnctte

in 1970. The intoke qreo wos pocked with coqrse s!licq sond" Benfonite or very fine

silicq sond wos Ìhen ploced obove the coqrse sond pock os o seol cAcinsl grout. The

hole v.,crs seqled by o grout mixture of sulphoie-resistqnT cemeni.

Three piezomeiers using nrild steel standpipes r^¿ere !nstclled in l9ó9.

These piezometers v,'ere nol entirely sotisfoctory becouse of difficulty preveniing

silt cnd sond from entering ihe stonc{pipe os well crs corrossiveness oi the groundwoter

to rniic.! stecl. The P\€ piezorneiers generully cltcrined equilibriunr v¡ithin o v¿esk

.afier 
ir¡slcrlloiion (F¡g. 7 ond Appendix C) ond we¡'e subsequcntly flushed ond lested

for response ond refurn to equïiibrium. The use of PVC stondpipes rncde The instqllo*

tions idecl for hydrochemicql ourposes. Represeni-ciive piezomeTer hydrogrcphs crre
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shou¿n in Figures 8 - 10. Hydrogrophs cf olloiher piezcmeters instoiied frcm l9ó8

to l97C ore included in Appendix C. Piezomeler Iocqt!ons cnd elevotion; r¡ere

determined by t:'cns!i ond level wiih hor'!zoniql conTrolof opproxi,-noiel'z l0 feet

and verlicql cont¡'ol of 0. I feei

Hydi'oulic concluctivities of ihe glociol drifi v¡ere obtoined from piezometer

response tesTs using the methods of Hvorsle'r ( ì95.l; 1954).

Iy_deSbgff liy g{çg:jlf r m ojn s t rI

Groundwoter somples were coliected from the screened zone of piezomefers

usirrg o norrov¡-diqmeter downhole sompler ond by vocuum pun¡p. Somples were

isoloted from the ofmosphere immediqtely ofter sompling ond stored in polypropylene

bottles until onolyses were m,rde.

The resulfs of onqlyses for Co**, Mg*, No*, Cl-, ond SO4= cre robuloted

in Appendix D. Concentrotions of HCO3- ond CO3= were cqlculoted by the procedure

dìscussed by Bornes (19ô4) fror¡r titrofion dcrto ond ore listed with toiol dissclverl solids

in Appendix D. Field pH meosuremenls were obtqined using o null-bqlcrnce pi^i

meter (Rcrdiomete¡'lvloclel pHM-4) following the pi'ocedure of Bqrnes ( l9ó4). Electro-

lytic conduciivifies vvere ¡'neüsured i¡r fhe v¿oter of ihe intake oi'eq of piezomefers usíng

on exfended-cable down-hole cc'nductïvity cell(Sclubridge fu'pdel 83-338). Field

pH and corrclucÌi,rity resulis sre olso lisîecl in ê.ppendix D. Groui'.dwqïer temperotures

were mecsured qt intervols in p!ezometers v.,!th on c;<tendec.l*cable therrnisto:'

(Whiiney llodel TC-.5A,) ond ore sunn:crized grcphlccl!y irr,A.ppendix E olong with

rneTeorologicol sunrmcries for ì9ó8,- l9ó9 qncl 1970 obtoined frorn ihe Ënvironn:enfol

Control Section, WNRE
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Heot kqnsfer irom ihe ihermístor ond connecTing ccrb!e into the ncirrow-

diqneler stcndpìpes resulfed in difficu!ties in obtcïnïng reproducible volues. Con-

duction of hecr from surf'rce down ïhe sfondpipe ond convecïion wiihin ihe siondpipe

ere olso believed to giecily reduce fhe relîobìlity of ïl-,e daiq.

rlg-:ls-I"l-E:egl':i*
Groundwater flow velocities ivere sîudied by in jecting tritioted heovy

v¿oter inro the glociol cjrift qt three locqlions in the siudy oreo (Fig. 3). The

iniecfion experirnents were initiqfed in July, l9ó9 qt o sile ïmrnedicTe!y norïh of

fl-re present Active oreo. lniections ot the other two sites were niqde ín August,

1969. Eoch iniection site comprises one 3.5 inch-diomefer iniection we!l ond up

to 4C sompling lubes concentroted predominonrly in the onticipoted direction of o

flolv. Sornpling tubes were corrstrucied qnd insto!led in ihe sone monn-er us p!ezomefers

except ihot the perforoTed qreo wos increosed To 3 or 5 feef , depend!ng on tlre sompling

zone desired. The locotions of iniection wells ond somple tubes ore shorvn in Figures

ït - 13.

Sumples were obteined from som¡rle tubes by vclcuurr¡ iines set in the

perforoted crreo of fhe sonrpling lube. Tritium qnc¡lyses rvere conducîed using o

liquid scîntïllotion counter supplied by fhe Environmentol Contrcl ßranch, Wl{RË.

Beto octivity ilucluciions fcr selecteC scrnple tubes cre presented ïn A,pperrdix F.

the

si ie

snd

Prior to inlccïiori of triiiur-n, hydroulic connecticn of cllscinple tr:bes to

iniscticn we!l vvcs confirmecj Ì:y ¡:ressure iniection of pui"e woter. At iniecTion

No. l, o triol irriection of "cdiur,r f luo;-escein rvos conducted to lest iniection

sompling procedures
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A,n iniecfion well was olso înstalled crpproxinlotely 5 feet ecst of ai.ezomeler

nest No. 20. Only sod!um fluoresceín wos íniected qt thïs point, lire primory purpose

of the expei-imeni being io toke Shelby tubes within the inieciion zone crs o mecns

of invesligoiing seconCcry permeobility chorocteristics of the fine-grcined deposii's.

Stgody-Stcte ¡Vo th e mgti co I lv{ode I I i ng o f rhe Gro yjìdwg l:fjgg"' T"_

A compute¡'progrcm initlolly prepored by l'loriis (ì9óB; l9ó9) for IBM

Syslems 3ó0-ó5 using the finite-ele¡'nent l'echniques ouilined by Zienkiewicz end

Cheung ( ì9óó) wcs used in ihe onolysis of the groundwcler flow potferrr qnd subsurfece

pernreobility distrib'uticn. The progrom solves ihe iwo-diniensìonal steacly-stcTe flow

equolions for groundwc¡ter flow !n soturoted, onisotropic, heterogeneous porous mediq

with on irregulcr woter toble ond impermeoble flow bcundc¡ries or iheir equivolent.

'The progrom wos odapted for specific opplicotion io the flow regime in ihe Wl'lRE

oreo with solutions for tire hydroulic potentiol distribuiion being plofTed by o Calcomp

plotter. Progrcm listings qnd conrmenls on ihe progrom cr"e conipiled in Appendïx G.



STRATIGR,APiIY

The strotigrophic secticn in the Ënvironmentql Confro! Areo, V/NRE, ccn-

sisls oF seven units overlying Preccmbricn bedròck. These cre: o locusirine sond ond

grovel unit, on inierbedded locustrine silt, o locusti'ine cloy, o corbonote-rich, cloy-

lo.rm ï!ll, o bcso! sondy cjrift rich in Preccmbriqn-CerivecJ pebbles ond boulders, o

sondy iill, ond o unif of predominonily fine io mediurn-groined sqnd. The iotql

lhickness of these units overlying ihe Precqmbriqn beclrock vories beTrveen 30 ond 75

feet. The surficlol geology is shown ìn Figure l4.qnd geologÍc cross secticns ore

shov¿n in Figures 15 - 17.

The sïrotigrophic section in the uplond orea is much rnore vqrioble thcn

in fhe weste¡'n ploin. As shown in Figure I5, tlre northwestern portion of the uplond

is underloin by only one strotigrophic unit, o thick deposit of relqtively uniforrn fine

to medïunr-groined lcrcustrïne sclnd. The unil includes o fevy fhin inïerbeds of silt cncj

cloyey silt which ore probobly discontiÍìuorrs. This deposît extends weslwcrrd benesth

fhe cloy-loorn iill qnd is terminoteC in the northeastei'n porlion of the uplorrcl by the

unlt whlch oÌrpeqrs io be o scndy qnd in ploces s!lt¡'till. Flgure Ìó shorvs ihot ïhe

southern porTion of the uplond is underlein by o rnuch d!tferent strcrtiorophic sequencû.

The thÏck seciion of sund shown in Figure l5 is noi ¡:resenï, orid o locus'irine sonci cnC

grcvel clepcslt ovsrlies the lccusirine clcy.

- ll -



West of iesÍ hole -i8 (F¡g. ìó) the suriiciql sgnci ond gro.rel deposiis pinch

oui ond ihe seciion consists oi, in descending order, lactrsirine clc.ty, cicy-loom îill,

qnd o bosol uniT of fine to coorse-grainecl scnd.

The stroligrcphic sequence eo:i of the uplond hos nol been defined by test

dril!íng. Hov¡ever, bosed on the iopogrophic seîting, the poorly droineci chorocter

of the ierrqin, ono'the confinuity of both ihe cloy-loom till un!t ond ihe locustrine

cloy under the uplond (Fig. ló) it cppeqrs likely rhot ihe oreo is underlcr!;r by boÌh

of these units.

A north*souilr geo logic cross seclion ( F:g . I I i I iusirctes the re lctive !y

uniform chorqcte¡'of the sirotlgrophy in the more centrol portions of the En',,ironmentol

Contro I Areo .

Locustrine Sond ond Grqvel Unit

The locustrine sond ond grovel unit consisl's of up Io l5 feet oi iine to

coqrse-grqined s'rnd with minor silt beds ond grovel. The deposil is r,estr!cted to on

isclqied topcArophic high in the southeostern portîon of the o:-eu (Fig. l5). Groln-

size chcirocierist!cs suggest relutively high h¡-droulic conductivities, probably in the

rc{r¡ge oi I x '10-5 to I x l0-2 ips.

Lacusfr!ne Si li Unit

The lccr-rsÍ¡-irie sill unit obser'¿ed in the Envirc¡nmenïcl Conirol Areo

represents o lole phcrse shullor,¡-v¿citer deposit of Glc¡cioi Lcke Agcssiz il,4cPirerson

ì9óB). This unil ccnsisis of rnassive !o lar,",!naiecl vei'y iirre scncis.. s;:ncJX silIs, silts,

-i2-
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cloyey sTlts cn'd siliy cloys wiih o maximum thickness of ì5 feef occurring necrr the

Winnipeg River, ond wedges out itt the cenlrol portion of the ãres. Whe¡-e the unit

is less ihorr rv¡o feet ihick, it is so¡'newhot obscured by ihe effecis of -scil fo¡-rnqtion.

Eosily erodei rnosses resembling prin'rory bedding structures weie recognïzed

in cores of this unit ( Fig " iB). The sirucrures ore generolly one tc fhree !nches in

length onC less fhan ì /2 inch in thickness. They nroy represent scours subsequently

filleci rvith coorser silt. They we¡'e not ol¡ser'¿oble unless the co¡-r:s v¿ere wcrshed w!th

o high pressure streqm of woïer. The lower contoct of :he silis to ihe deep-woler

cloys oppeürs gr-odr-rtionol over severql feei.

ln the pcorly drqined lvestern pcrt of the En,¿ircnríreniolControiAreo

underloin by the Iocusfrine silt unit, perched wqler fqble condiiions fr-equenily exist.

Woter-toble observqiion wells locqted odjocenf to c.¡recs frequeniiy covered b;, rvciter

indicole thc¡f the woter tqble !ies fhree to fi.¿e feet belcv.,gi'ound level. This pcnding

is thought to be due to locql inïerbeds c,f silty cloy necr the soil zone r¿hich refoi-d

downr¡.,o¡'d percolqfion of surfoce wote¡'.

Lcrcustl¡rì! C_!oy Un¡t

The locusirine cloy unit wus depr-rsited during o high*r,voter plrose of Gl.:cicl

Loke Agossiz (À4cPherson, 1970). The ihickness hcs c! mqxinrr¡m of 25 feei near the Wirrn!peg

River. Corbonqte pebbles ore preseni ïhroughout rhis unit but beccr¡e rnore common in the

lower portions. Fi'ognrenïs of till-like nic¡teriul up to Irl inches in diarn,,_=ier (FiCJ. i9) were

noted in isolaied csses, Anguior buíf-coloured c,rlculeous s!li closis cie ver)/ commcn
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neor the bcfiorir cf ihe unit (Fig. 2C). i'he pebbles, tiil oncl sili ciosts..:-,e probobly

due tc¡ ice rcftir:g alihcugh Welíer ( ì9ó0), l-iills (lgó:ì) cnd Elson ( ì9óó) ho,,,e

discussed pcssible q lternaie origins ior such feetures.

LcmÎnae of fine io very fine sond ore present Throughoul the unii of ongles

up to 9f to the bedding (Fig. 2l). These lominoe moy cut horizontol or shollow

dipping lamÍnoe of cloy cnd silty cloy o( may be confornnqble ic them. A proboble

origin of the sonC !qminqe is infílling of slurnp or dessîcoiic,n crqcks forrned by

fluciuctions in tfre loke level.

' The lower contocf of the cloy is mqrl<ed b¡r a strolified =one up io ihree

feet Thick of pebbly, sondy silt, ond'silty sondy cloy ( Fig.22).

Groin-size onolyses of ihe glccio-locustrine cloys ccnducted h'y Zworich

( l9ó8) on five somples coilected from drill holes neor the present radioqctîve disposol

oreo (Fig.2'¡ indicqfe o ó0:30:.l0 rqtio of cloy, silf ond sond, respeci'îvely. li is

expected ihqt ihe icrgest porTion of the silt qnd sqncl occur os lcminoe rvithìn ihe clay

unit roiher thorr a homogeneous.un.ii.of cloy', silt qnd sond.

lnspecticn of Shelby tube cores faken neor piezonrefer nesî No. 20 (F¡g.

2) indiccrie well-detined iolnïing ihroughoul this uni'i. The ioints rnoy rppeqr os thin

dqrk llnes cutting lq¡ìrinoe (Fig. 23) or os plones ccqted.;¿ith carbonaÍe qnd gypsum

precipilc,tes (Fig.24). Rootlets foilow the ioint surfsces os deep crs l¿l feet (F¡S. 20).

The resulis of Hvorslev response tests indTcqte thot the lccust¡'!ne cloy unÌi

is char,rcte¡'ized L,y hyclr.,:ulic conclucli.ritîes ïn the ronge of I x I0-10 to I x l0-7

fps of cleprhs below grcuncl sL¡rfcce grenter îhon I4.5 fer:t ond by condr;cïivilies !n
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fhe ronge oí I x 1C-I0 io I x l0-5 fp, ai cieptl'rs less thcn i4.5 feet below grou;rd

surfqce. Lc¡boraiory tests conducïed by Ternpleion Engineering Coriipcny Limited

( 
.I950) 

on smoll somples obtqine,J frorn ihe lc¡custrine clcy necrr the plcnt (soúth

holí, section 2'l) yielded vqlues in the ror¡ge ì x l0-10 ,o 3 * i0-9 fp.. This suggests

thut ioinis, iroctures or o'rher secondory in situ chorocferìslics cf the locusfrine cloy

unii significontly inci'eose the hyCr-culic ccnduciiviïy. A more cietoilcd cnolysis

of the hydroulic conduciivities ossocioted with the iocustrine cloy is discussed in o

loier section.

*¿:lg:tfll*Ul[
The lccustrîne cloy unii grodes thi'ough o sïroTified zone of pebb!y, sandy

sllt, and silty sondy cløy, o few feet thick into q pebbly, ccrbonole-rich, cloy-locn

till. The deposit ronges from 0 To 30 feet in Íhickness" Grcrïn-size qnalyses (Zwarich,

19óB) of cornposite somples shour opproximotely equol proportic.rns of cloy, s?lt qnd

soncl neor the upper contocf v¿ith the sond conlent !ncreqslng fo orrer 50 per cent neor

the lower contact. Pebbles qnd cobbles ore predominont!y ciolomitic v¡iih fhe remoinder

comrnonly beîng highly wecthered Precombi'ion moteriol. The lower conTcct is mcrked

by c povement of Preconrbrìan col¡bles ond boulders. Consideroble difíiculty pene-

troilng this lcyer vrqs eiîcountered ct moay locqtions. This urrit cori'elo¡'es wiih ihe

Libcru Drifi rncrpped ond described b;v McPherson ( l?óB) in ïhe c¡reu west of tlre

Winnipeg River.

-loinT plones cac.rie<i will-r corbonote precipitqtes ( Fig" 25) vrere commcnly

observed in Shelby \ube corcs tq:<en naor ihe upper cc,ntcct of this unit.
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The resulis of llvo'-slev response tesTs indicote th,rf the clcy.-lcom till is

chcraclerize|by lrydroulic conduciivit!es in ihe rcnge of i x 1A-7 rc I x lû-4 feei

per second (fpt), Joints sppeor to rrccounÌ icor o significcnt secon,C<ri'y cermeo!:ility

nefwork olihougl', onl¡, q'fev.r irregulor io!nf-frqcture feaiures were observed in fhe

Shelby tube sornples from this unit. A more detoileci onclysis of the hyciraulic

ccnduciivifies cssccioted r¡ith this unii is presenfed in o loter section.

Bosol Scndylrift Unit

The bqsol sqndy drift unit underlies the cloy-loum till unii ir¡ The western

third of the srudy oreo (Figs. l5 - 17). The deposit vories in tlrickness irom 0 to

l5 feet. Texfurolly, it vqries from a silty till to unsorted grovel qncl scnd to a rvel!

' sorfed fine to coarse-groined sond w!th few, if ony, till-lil<e fecrtures. Composîï!onolly

ihe unit is chorqcterized by ongulor rock frogmenis of Precqmbricrn Shield lithologies,

Sedirnentqry rock frogments were observecl only in isolcted cuses. The upper coritsct

of the bosol sondy drifi with the cloy-loom till is defined by o boulder pavement.

McPherson (1970) stqtes:

The mr:in basïs for dis'iinguishing ihe Belcrir Dr!ft is iis
occurence o¡r surfcce crs o sondy end moroine or outy¡csh, ifs
chorcrcTeristic rnïnerologv indicotTng it wos primorily derive.C
fron¡ ocid igneous rocks, qncj iis strofigrophic positiorr in flre
subsurface being strotigrophiccrl!y icwer thon Lqke Agossiz
sediments ond l.ibqu Drifi.

By this definii!on, ihe bcsoI scrndy drlfi unii ccn be strctigrcphicolly

correlqïed with the tselai¡' Drift.
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The results of Hvorslev resPonse tests indicote thot ihe boscrl son'Jy.drift

is chorocierize,,J by hyCroulic conducliviiies in the ronge oi I x ì0-7 to ì x ì0-4 fps.

A detciled.snolysis of the hyd;-crulic ccndt ctivifies cssocicieC',vith this unit is pi-esenied

in o !eTer section.

Undif ferentiq led Sondy Ti I I

ln ihe eqsterir portion of the oreq the locustrine sqnds qre overloin by c

deposit v¿hich is oppcrently o sondy ond in ploces siliy till. Only limited test hole
'

dqto is presenliy availcble in this orcc, moking correlqiion of this unity to the wesfern

portìon of the oreo inrpossible.

Lqcustrine Sand Unit

he locusfrine scrnd unii consisfs cf up to ó0 feei of fine to medium-groined

sond !n the norïheosfern portion of tl're oreo (Fig. l5). ln the lower ¡rortions, severc!

interbeds of silt ond cloy, often contoining ongulor corbonote rock frogrnenrs. The

locustrirre sond unil is overloin by the cloy-loom till, oli'hough îts sfrcrtigrophic

relctionships To ihe bosal sqndy drift círe noi cleqr.

The resulis of Hvorslev respcnse tesi indicote hydraulic conducTi.,,ities !n

the ronge of I x l0-'7 to ì x l0-5 ips, hyCreulicotrly sìr'nilqr io ïhe bosal sundy Crifr.

Preccrmbricrn Becl¡'oc k

Underlying The glacicl clriii in ihe ViN!RE crec sre groniie anC g;'cnodioriie

of Preconrbricn cge {Ternpleton, ì9ó0). Thc bedrock contocT clefined in Fios. l5 - l7

hcs bean ossumeci Ìo cccur rv!thln c íoci or tv¡o ot the mcixi inunr clepil'i r,enetrqied oi
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ecch oi ihe test holes drilled to reiuscl. This qssunlpiion is supporied by fhe resulis

of o geophysicol ìrvestigoiion oí'ihe Environmentol Control Arec by P,ekiricrh (W7A,\,

by the relotive unircoi-mity of penelroticn depths wTihïn rnc,st porï¡ons of the õreo. The

simïlority oi the sieody-stote mqihemoiìccrl rnocle! crnd ihe f,ield cioicr ciso support ihis

lcccjtion ior fhe inrpermecble lov¡er bounding surfoce.

Templeion Engïneerïng Compony Limited ( l9ó0) concluded on the bosis

of four diomoncl-drili holes in the soufhern hqlf of section 2l thc¡t o deposiT of n'broken

ond rveqthered granite bedrock rolher thcn glociql till" rests on the solid bedrc¡ck

surfoce. Resuits of the present invesiigotion indicafe thct il¡is is c misinTerpreïotïon

of the deposit here referred to qs the bosol sondy drift.

' Although lhe overoll bedrock surfqce in lhe Environmentol Ccntrol Area

has been defined to be genily rolling, locol relief of over 20 feel over o ho¡'ïzontol

disfcince of l0 feet wos observed ot tríïium iniection site No. 2. McPherson (i97A)

nofed locql relief on lhe bedrock surfoce !n drift covereci areüs neor Pinqwc, Mnnitobc

in e>'.cess of 100 feet.

The bedrock is assumed to hcve neg!igïble permeobility. Exominotion of

oufcrops neqr WI{R,Ë ond the sieocly-sl'ofe maThernnticcrl nrodei support ihis ossurnpïion.
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hydrologic regime in ihe Environmentql Control Areo by ìnterre!oiing siurdies of fluid

poteniic I disïribufìon, hydrochenristry, subsurfqce ternperoiure vqriqtions, groundwoier

flow velociiïes and Frocîure flow chorqcierisïics

GrounclwcrTer Fiorv PqtTern

, A piezometer network of 2.l0 piezometers and wqfer-io'irle observation.

v¿ells wcs uÌi!ized to estoblish the hyCroulic potenfiol disfribution (F!9s. 2ó - 28)

snd the mcgnitude of tronsient heqd variolicns generoled rvithin ihe system by i^rcter-

toble f luctucjtions. ftepresenicjtive piezorneîer hydrogrophs ( Figs. B - l0) illustroTe

the response Ìo seosonol precìpitotion and indicote short te¡'m reversols in hydrculic

polenliol grodienis in The cenf¡'ol dischorge crrecr due to woter*toble fiuciuotions.

A corresponding increose in rechorge head is observed in the central rechcrge Grec.

These tronsient eifects rvould not be expecfed to affect the iÍow pofiern ns the con-

dition is short-îerm ond ropidIy returns to ihe oi-iginol groCi.ent c!irecticn.

Dqiq used for prepcroiion of fiow diogrcms (Fígs. 2ó - 28) '/1ere taken

frorn piezomeler hydrogrophs (Flgs. I - l0 qnd Appendi>r C) os cn svorcge value for

l9ó? snd 1970. \'olr-res ío¡' l9ó8 rvere cl!sco;Cecl due to.Jbnoirnolly high rsinfolls

whiclr resulÌeci in irighly fluctuoting volues (Appendix C).
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The flcv¿ pcrtiern !nterpreioiions (Figs.2ó - 28) were mcde sccordïno io

the mefhods of von Ever,Jingen { l9ó3) to occount for q l0:l verticcl excggerofion

ond Freeze ( l9ó9) io o¡:proxirnote refrcclions oí equipotentiql lines ot permeobiliiy

field boundci'ies defined by iesi drilling. The.potentiol dïstribuiion inCìcctes iwo

orecs of rechorge referred to cs the uplond ond the central rechorge oreris qnd two

c!'eos oí dischorge referred to os the centrol qnd lor^¿lond dischorge orecs (Fig.29).

The uplond rechorge creq occLrrs within the ouTcrop qrec of ihe locustrine sond ond

grovel. The lowlqnd dischorge areo is confined to the bcnks of the Winnipeg Rive¡-.

Verticc¡l dischcrrge groiients in ïhe cenirol dischcrge qrec hcve a mcrxi,.num of 0.3 ft,/ft

wifh q hecrd crvove ihe over-oge wofer-Tqble level of up fo ì2 feet qnd verticql re-

chorge grod!enls in ihe cenlrcrl rechorge oreo hove o mqxinrum of 0.2 tt/nt. !-lorizcnicl

poîenTiol grodients qre reslrÌcted to the buscl sondy drift c¡nd the lc¡custr!ne sond v¿ith

o locc¡! horízoniql groclient existing in cr ncrrow zone qlong Ìhe boundc:-y betweeir ihe

centrol discho;'ge ond centrql rechcrge qreos.

A flc;w potlern interpi-etofion (Fig. 28) olong c norih-soulir cross section

olong lhe lveste¡-rr bounclory ci Section 28 indìcqtes i-ecliurge to'¡he b,:sol scndy clríft

excepT neø¡ tþs norihern edge of the stt'dy crea. The sondy drift unit pinches oul

ond s¡-nsll clischcrge gradienïs crrtr pr'êserrf .

The hycl:oulic. pcienîìsl disiribulîon suggests iv¿o scoles of f l,ow regirnes

in the Ënviron'nenial ControlAreq. The srriollesi scole tlocc¡l'flovi systenrs consÌsfs

of rechcrge in fhe uplond rechorge arec crnd o'ischarge !n ihe centrql d!s':ircrge oreo,

ond rechcrge in The cenfr,f,l díschcrge qieo d!schoring inîo the Winnipeg River (Fig. 29).
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The. lorger scqle 'regionol'flov¡ syslem consisls of rechorge în fhe uplrrnd

rechorg'e orecr qnd dischorge into the Winnipeg River with icierol grc,urrd-woter flow

continuing uncier the centrql dischcrrge flrea. This co-ex.isfence of ficv, s¡,slerns hcs

been Cescrïhed by fuleyboom (1962) ond'Ióth (1966j, cs welI cls othí,jrs.

The secrsoncl stobîlity of rechorge-dîschor-ge bor.'ndories wos sluClecl in

defoil by instol!ir:g o line of piezomerers ot closely spcced inte¡''¡cils ccross ihe centrol

dischcrrge-cenlrql rechcrge orec bounciory in section 28 ( Fig . 29). Durîng ihe period

of strrdy from sumrner, l9ó8 to foll, 1970, ihis bor-rndûry w,f,s not observed io.¡ory

significontly. Cn the bosis of these dqïo, ii hcis been qss.'rned thqt the rechorge-

dischorge bcunclories qre sfqble wiih respect lo seqsonol flucfuqlions of precioiÍotion,

evcpcl:cns!p!rotion, ond freezing .

Hydro-chemis_try_

The mcior-ion chemistry of gi'oundl,rofer ín q shollow flcw syslem results

from numerous geochemÍcol processes. The results of studies b¡, such investigc;fors

os Meyboom (1962), Tóth ( 1966), Porsons (ß6n, Rozkov¿ski (1967), Chcrron

(1969)¡ ven Everdingerr (1970), ond Cherry, ef cl (1971), sugcesi ihai the most

importoni geochernicoi inf luences crre: ( c) generciion of gqses in the soii :or,es

of rechorge ãrecs/ (b) solution oi porous medic minerqls, (c) precipitotion of

n:inerql phoses within the pore network, (cl) ion exchonûe between ihu poie solulion

onC cloy minercls in the porous meCiu;'n, orrd (e) o><idctlorr-reCr¡ct!on leccl!ons.

These processes ore inierdepenclent onC crre ofiecled by minerol ossociclions in ihe

Porous nieCÏo, the relotlve orde¡- of geologic ur:ils along lhe groundv¿ater flovr puîh
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ro,te ûrc ground$icier flow cr¡d the lenqih of the groundwcr?er tlc,rv pcih. Using ihese

guidelines, the rrcior-ion distributions qnc' eleci:'ol'¡lic conduciivity in the grcund-

woier regims in ihe Envi¡-on¡'nentol Conlrol Areo were investigoied os o meons cf

refining ihe flow system inferpreloiion bcsed on the hydreulic poteniioi disfribufion.

Hydrochemicol cross sections (Figs. 30 ond 3't)',vei'e prepored fo,'Co+*,

Ng" , No', Cl-, HCOg-, CO2 ond SO4- ond eleciricol conducÍiviiy ond exhibii

hyCrochemicol patterns which correlote very closely with the flov¿ pottern inlerpreio-

tions obiqined frcm hydrcrulic heod doio (Figs. 2ó - 28). In rechorge creos the

conduciivily increcses dcwnwcrds fo o moximum c¡f ó00 nrillinrhqiZrn. ln the cenïrol

discherge creo conductivity increoses frorn c nrin!mum of l0 millimhas/cm neor lhe

Preconrbrion bedrock lo greoter thon ó80 millimhcs,/cm neor lhe lvater tqble. A

conrplex hydrochenricol potiern is developed in o zone olong ihc bounciqry ot- ihe

cenTrql rechorge ond centrql dìschorge boundary (Figs. 30 - 32). This is probcLrly

Cue to o sluggish flow regïme with long groundwqler residence times resulting from

lov,,hydi'oulic poientiol grcrdients couptecl rvifh low permeobilîty nrcteri,':1, os',vell

qs short-ternn rev'ersols of grorr;rdwoier potentiol disiribuiicn n'est of this zone.

Groundwcîer în lhe lacusirina sand depos!t cncl the bcscl soirdy drTft up to

lhe centrql rechorge-cerrtrol dischorge oreu i:ounCory hcs very iovr concenïrqlions of

disss[veC solids. Somples tcl<en frorn sl:qllcr','piezo.'nefers in ihe uplcnd i'echorge

oreo indicofe ihcìt essentially oll rhe dissolveci sc¡lids cie pic[<ed u¡r in o¡ neor the

soilz.-¡ne. The sulisequent lock oí moior voristions in fhe dissolveC rnlneral loud in

these de¡:csits is <.lue to ihe low remoin!nS, H2Cr)3 ag;'essivity as well qs ihe lock of
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roloiivaly so luble sslfs in fhe predominanily qucrfzo-fel'JspoThic sond. The more

permeoble deposiis woulC clsc tend to ollolt'o more cctïve flow regìnie ivïi[r i-esulting

shorier residence time ond therefore fresher woter.

WesÏ c¡f the centrol dischorge-centrol recho:-ge creo boundoí)/ in ihe bqsql

sondy clrift, conductivify ìncrecses over severot hunclred yords To o moxin:um of 450

rnillirnhosz/cm. This ropid increose results from dov¿nwqrd influx of highly m!nerolized

v¡cter from the upper units, possibly enhonced by increoseC c¡voiloþility of fine-

groined soluble n¡oleric¡ls in lhe drift unit.

, ln fhe lccustrine cloy ond cloy-locm iill uniis in the cenTi'ql rechorge

qrea4downword seepoge is occomponied b¡,,increoses in Not", Co#, lúg++, ç¡-,

ond SOr=. In the centrol dischorge qreo/ upwcrd seepqge is occomponied by
4

similor increoses. This is otïributed to ihe qvo!!obïlity of soluble sulphcte cnd

chloride solts in the fine groined units.

The hycirochemicol potterns ( Figs. 30 and 32) indicote thqt precipilofion

infiltrqies in the iocusTrine sond o¡rd moves downy,'qì'd cnd lc¡lerolly rvith dissolved

solids i'emoiníng belorv 50 mg,/1. A porfìon of the rvoter in the cenlral cJïschorge

orea is forced,.rpvvords into the overlying upper tiilond locuslrine cleposits v¿ith totol

dissolved sclids reoching 20C mg/l necr ihe woter tobie.

' Wqter infili'rcrting in the cenTrcl rech:rge ai'eo ropÏdly picks up o nroximurn

of ó000 nrg,/l'dlssolvecl sollcJs qs ìt descen.'ls to Tl'¡e bcrsal sqncly drifÌ un!i r,¡he¡-e iT

is some'¡rlrof cfiluteri by ihe íresher ivesirva;d Íalerol flovy ironr the uplonC reclrcirge

ores. The conrbinecj flows iicrvel cver ihe Precc.iinbrlcrn surfoce fo clischorge in cnd

neor the Vt/innipeo River.
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' Field pl{ dcto hqve been obtoined (Appendix Di cnd *iillbe incorporoted

!n c future repori decrling more intensiveiy with ihe hydrogeochenricoi recrime in tl-¡e

WNRË oreo.

Groundwofer Temperoture Distriburtion

Groundwoter lemperoture vorïqtions wïth depth ond fime were studied during

ihe spring qnd sumrner of 1969. Typicol voriqtions (F¡g. 32 qnd Appenciix E) indicofe

thot seosonol tempei:cture voriotions offect ihe groundwqier temperoture through the

full sectiu.n of glociqi drift ot WNRE.

There is on opporent correlation of the ronge of temperctures qnd dischor-ge-

rechorge zones. From grcphicol results (Appendix E) of l3 piezomeier nests in dischorge
(

oreqs anC I nesis in rechorge zones iT wqs found fhqt the meqn of groundwotei'tempero-

tures were I.l Co cnd i .6 Co respectlvely for ihe first week of July, 1g69. At this

time the opproximote meon groundwoter temperoture lvqs 5.2o C. Ternperoture dctq

from wofer-tqb!e observol'ion wells wos not included in this tesi.

Iss:rlel":.ii:::*gs:
To obfain recl velues of horlzoniq! gi'cundrvoier f low veloc!ïy, tritio'red

heovy t'¡oTer v¿os in[ecied inïc The flolv s¡'sfem oi three selectec.l lcccflon:. ( Figs.

ll - I3) in the Envîronrrenfql Cont¡:ol Arec¡. fniecîion site I (Fig'. ìì) vrcs insiqlled

in lhe bcrsol sondy clrift in the centrol dischcrge Grec¡. During the irr!ecrion process

the t¡-acer vros observecj to crrrive oi somple poinfs l3 or:d i5 locc¡led opproxirnotely

B feet iro¡n ïhe in!ecficn pcint. Â.rri.,,cls of the frocer cl othe¡'sonrp'!e polnts locqted
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B to 48 feet fror.ri ihe point of iniecti'-rn were noÌ observed during the pei'íod July,

1969 lo Augusl, I970 qlthough flurctuotions ín tritiurn concentrc¡ticn rvere noied in

the active somple poìnts. The movement of the iritium ïs confirrned by ihe groduol

decreose !n ïritir.rm concenfroîion (;\ppendix F) ql the !niect!on pcÌnf . Hydroulic

connection of c!ll scrmple tubes to ihe iniection poini v¡os confirrned prioi'lo iniection

of the trocer by pressui'e testïng.

The frccer is known to hove been successfullT iniected inio ihe ground-

woter flow reg!me in lhe h,osol sondy drift. The dotq sho'rv thot the l'¡terol roies of

groundwoter rncveme¡'rt hove not been sufficienl tc move the irccer complefely away

frorn ihe oreo of in!ecTïon. HydroulÌc poteniiql doto require thot ihe trccer iront

move wesirvord ond ii is very unlikely thoi îhe trqcer froni coulcl move.undeiected

between the scrrnple tubes fo fhe west. Since somp!e tubes qre preseni fiom B to l5

feef west of the iniectÏon site, it cqn be sofely sssuíned ¡hcrt v¡est-lc¡terol ground-

woter velocities ore considerobly less thon l0 feef per yeor ot ihis locqtiorr.

lniecfion site 2 (Fig. ì2) wos instclled in fhe bqsql sondy di-ifï in the

ceniro! rechorge oreo. Arrivals of the trocer during ïniecticn vycrs obseried in

scmple tubes 26..43, I ond 4. A¡'rivqls of the lracer ot oïher sornple tubes locqted

E fo 58 feei Frcrn the po!nf cf iniection were not cbsen'ed during lhe perlod Augusî

1969 to Augusi, 197A, olthough decrecses i¡r fritir,rm concent¡-oilons'"vei-e observed

in tl;e c¡ciive scrrnple luh,es and ihe inlection r.¡ell. The procedu¡'es üncl resulls were

very sii'nilar to ihose observecl qt inieciion s!ie I. This inclicoles c¡ moxirnum

hori;rr:ntcr! f lcw vclocit;, cf less than I û fee!,/,r,¿ç1-,
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' lnieciîon siie 3 (Fig. ì3) vrcs inslolled cCioceni io iniecÌion slle 2 in ihe

cenirol rechoi'ge oreo qnd brocketecj the conioct.cf the iccust¡'ine cloy ond the cicy-

loom till units. Arrival of the irocer w'qs observecj in somple tube ó Curing inieciion.

Arrivcrls of tritium st sonrple Tubes B cnd 48 feet frcm ihe iniecti:n poinî v¡ere nol

cbserved during the period August, 196? lo August, 1970. However, very low

triliunr levels did occur sporodicolly !n vorious sornple fubes, probobly due io

ccntcminoiion during sompling. Similorly To inieciion sites I trrd 2, this indicqtes

moximum westv¿ord horizontol f low velocities of less ihon 10 fee"l/yecr.

: The experiment wos designed to detect horizontcrl f low velocit!es ond

wos not copoble of detecting verficul flcw. The sornpling orrd iniecl.ion rnefhods

resultecl in o loi'ge moss of triiiqted wqter (Figs. I I - 13) which, if moving hori-

zontqlly, vrould necessarily poss through oT leosf one somple poinf .

The possibility of hydroulic frocluríng due to the pressure iniecfion rnefhocl

would increose Ìhe flow Velocity becq'¡se of incr¿osed permeobil!t;z ond woLrld not

hove caused qn qnomolously low volue for the ílow rote. À4overnent of the t¡'qcer

wcrs confirnred by fluctuoting t¡'itium levels in crctive holes (Appendix F).

A previous trccer study in 1967 by B. Lund ( i96n gcrve s horiz-oniol ilorv

velociiy of 43C feet per yeor. The study wqs cond'-'cted from sur'Íqce io cr clepth oí

20 feet in the cenire of section 28 (Fig. 3) in q¡'ì qreq of exTremely low lqiertrl

h¡.droulic poteniiol grocl!ents. The velocity determined by here is ncvr thought to

be due to flow in the unsofuro'led zone qs o result oi o giounCwoler 'ntounc!t bl'ilt

by the inieciîon of tritir:tecj hecvy v,'cte¡'roiher thcn flow through ?he scturcrted

z.one.
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Trocer I nvesligot!c.ns of Seccndory Permeob! I i iy Choi-qcierisii cs

r Joinis in ihe lccuslrine cloy ond cloy-loom'tíll units were cbserved in

She'lby fube cores ond d!sturbecl scmples. '!n on atïempt to deiine ihe effecfs of ifte

io!nts on permeûbllity in the fine-groineC deposits, o fluorescent dyc, sodium

fluorescein rvos iniected into fhese units ond then Shelby fube cores were token of

the iniecied rnqterio I .

' Exqmínotion of cores under ultrqviolei rqdiotion showed no visible dye on

icint surfoces or in the bulk of fhe mqleriol. The most permecble ioínts ore coc¡tea'
I

witlr corboncfe qccuÍlulc¡iïons crnd the cooting moy mosk the pr-eserrce of il-re dye.

lniergrcrnulcr flrw of groundwoier in ihe cloy unït snd uppercorbonqte till unit is

probcbly negligible rvith respect io f low fhrough ioints. Photpgrophs of frqctures

( Figs . 19 - 25 cnd Appendix A) suppori rhis vïew.

' Further sfudy on the problem of quonïitotíve deferniinqtion of frqctu¡e f!ow

is being corisìdered. This ospect is r¡ery importorrt to rodicqclive weste disposol os

ion exchonge copccities of o geologic medium will be drcstically reduceo' if v,,osle

solutiorrs do not hove occess io intergrcnulor pore spqces.

Hvors ler. ßs:sqr{"ri:
Of ths 210 piezcnreters insfclled in the sreo of investigotion, I70 were

subiecleC to response tesTs bosed on the principles crnd niefhods described by l-lvorslev

( 195 j; 1954). The roïios of verficc¡l versus horizonto! permeol>íllf ies v¿ere qssumed

unity for ollthe hydr"cslrcrficrcphic un!ts. Dcto sumrnsrized by Dovis ond De\/iest

( l9író) onrJ Bc.,lchfioi-i ( 
.I970) 

suggest ihst ihis crssumpf!on is r¡orrnolly occepiob!e
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wilhin 50 per cent for sendy unconsoliCoieci deposiis nct contoining fine-grcined

inierbeds or orienfecl pioiy rnîne¡'ol orientctions. The K.,,/K,^ roiîos for ïhe fineYh

groÎnecl deposiis were ossurned to be uniiy due tc ihe relqtivcly orthc.gonol orienic-

flon of ioints qnd lqminoe pionrinent în ihese.depos!ts, olthough the octuol vqlue

of Ku/K^wcs nol determined.

Hyciroulic conclucf!vilies obtqined irom woter-level respcnse tesis con be

offecied by: ( l) woter-!nioke geomeiry/ (2) iexturol vo¡-!olions wiÌhin fhe inTcke

zone, (3) disiurbünces of the formfllion during pïezonieler inslollqtion (4) noture

ondiefficiency of fhe groui seqf obove the iniqke ZoÍr,3¡ (5) gos occumulotions in

the intoke zone, (ó) ony oriifici,rl restriction or enhoncerneni of the hydroulic

conc.!uctiviiy of the forrnqtion or inlqke zone resuliing fronr piezometer instolloîion.

Becquse of these qnd ofher foctors involved in wqfer-level response tests, the

resulting hydroúlic conducTivities ore Iïkely not reliqble fo rnore thun one order of

mognif ude.

Figures 33 qnd 34 summorize the perrneob!lities colculcted fronr the woier-

level response tests. Dotq which oppeqr tc hove been significonily qicfecÌed by one

or more of the abo'¿e foctors hqve been omiited. The exclusíon of resuits vyqs usuaily

bosecl on obvlous evÌclence of seclime¡rïqtion or clogging or poor grophicql corì'elcr'ions

of wol'er-leve! ¡'ecovery wïÌh time.

AII of tl'te 7 piezorireiers in the locusfrine sqnd unit frorn rvhich reliqble

wote¡'-le,vel response dcta we¡'e oL;fcinecl yielcect hyclrouiìc ccnductivîîies in The

ronge I x l0-7 tc I x t0-4 fps. üi the 3¡i pìe:rerneiers in lhe bcsul scndy drifr frorn
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whích relioble doio were obtoined, 22 yielcjed'¿o!ues in rhe rcnge I x l0-7 io

I x l0-5. The renrqinder of the conduciivities ore in the rc¡nge I x 1C-7 io

5 * l0-10. Auger somples irorn these units hove been compored vlsuolly to giccicl

ssnds from so'-riht¿estern l/ronÏTobo. The visuql texturol correloÌiorrs su¡rpcrt fhe

conclus?on fhst conducfi.¿ities in the ronge 1 x 10-7 to I x l0-5 ore ch,rrocteristic

of most zünes within the two units.

, Of the 3ó piezometers in the cloy-locm tïll frorn which relíoble water-

le''¿el response dota were cbtqined, 20 yielded hydrculic conductir¡it!es in lhe rcrnge

of l.x I0-9 to ì x l0-7 pfs. of the remoinder, g ore in ihe ronge I :< l0-7 to

9 x l0-ó cnd 9 in the ronge I x l0-9 to I x 10-10 fpr. There is litiie doubt thot

[oints in the clay-loam iill occount for mosl, if not ol!, of the lrydroulic concluctîvities

lorger ihon obout I x ì0-B fps ond thoi the wicle ronge of the dofa reflects hefero-

geneous chcrrcrcteristÌcs in Ìhe pernreobiliry syslem. Vqiiûbìlity in lhe chc,racier

oncl frequency of ioinTs in till ot nurmerous locqTions in wesïern Cqnqdq hos been

observed Lry A. Vonhof (personol cornmunlcoticn, ì 970).

Hydroulic conducti.¿ities in The !qcustrine clcy un!t vory wíthin lhe

reloilvely wícle rcinge of I x l0-10 io I x l0-5 fps. Fig. 35 inclìcqtes ihct l0 oF

the 3l piezomeÍers loccied ïn àhis unit at dep'ths beiwecn 5 cnd 
.I4.5 

feet belcw

ground surfcce yïeld hycfioutic conducîïviiies grecier ll'¡cn 'l x l0-7 fps. Of ihe

i4 piezornelers in this unlt af depfhs beiow 14.5 feet,only orre yielcleC c¡ hydrciulic

condr:cliviiy gi'ecter ll-rqn I x ì0-7 fpr. The l",yclruulic concjuciivily,Jaîo suggest

thot the lorvei- pcrlíorr of the locust¡'ine clcry ond the clcy,-loonr l'il! hcve rather

sîmi lur hydroulic properties.
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, ; The signíficontly higher frequency cf iorger hydroulic ccnCucii'¡ities neorer

the ground surioce con be cccounteci for by ihe increosed occurrence of ioints,

dessicolion crocks, qnd chcnnels cuosed by plont roots ond burrowing cninlols.

The seqsonol v¿oier-toble fluctuotions in fhe orec underloin by the Iocusti-ine cloy

is betrveen 2 qno' 7leel below ground surface. Decline of the wc¡ter roble below

7 îee't probobly occurs dur!ng yeors of exceplionolly low precipifolion. The cloy

froction of sedimenis in the Lcke Agossiz bosin oenerqlly contoin abuncloni mont-

mcrillonile ( iúshnir, 1970) which chqrocfer!sticolly undei-gces nroicr volurne chonges

on rvetting ond dryìng. The zone of wqter-toble fluctuoiion is subie.,ci to numerous

cycles of wetÍing ond drying unci is iherefore comrnonly u zcnÉ in which dessicolion

crocks ond foinïs develop.



STEADY-sTATË MATHEMAIICAL fulODEI- OF THE FLOW REGII,{.Ë

The steody-siote mqihemcticol model (lu4orri:, I9ó9) wcrs used to: (o) reíine

the interprerqi!on of thc gi-oundvroter flow potTern, (b) tesÌ and refine the field

inferpretcrtion of the subsuricce permeobitity disti-ibuiion, (.) fest the sensifiviiy

of the flow regime to rvcfer-tcble iluctuofions, (d) test the ossumpiîon oI cn imper-

meoble bedrock conlqct ond (e) deterniïne if this mqfhemoticol r¡x"del wos useful

in predicting flow pcitterns qs a rnethod of initiol sioge plonnirig of hycirogeologic

rnode ls

, The boundory conditions defining the Iimits of the model (Fig. 35) ore:

(o) the bedrock surfoce !s q lower bounding ìmpermeoble surfc¡ce, (b) the lcierol

bounding surfoces ore verlicql and coincîde with the fopogrophlc higl: of Íhe locus-

trine soncl to the eost ond the Winnipeg River io the vrest, (c) the wcîer tsbie is

conslqnt ond qcls qs o free-surFqce ond (d) steody-stofe condiiions exist.

The models lested include isot;'opic cnd onisoTropic homcgçneous/ isoiropîc

ond qnisotropic 2-loyei'ond isoïropic ond qnisotropic 2-loyer rviih voriqfions in

permeabiiity within ihe boso! sondy drift qrrd ïhe locustr'!ne sond cncl gro.zel. Most

combinqtions of permeobilîty rcrfios fro,'n one io 10r000 r,vere modelleci. ln cll ccses

the locustrine silt unif, lqcustrine c!oy ond cloy-loørn tillwere consío'er-ecl io hove

unif ','erf!co I psrmeabi lìty.

By trsing a wciTei'*toble ccnfigt¡rqtion deierrnined from the observqtion well

nelv,'ork (Fig. 2ó) c¡ nrocíel wc¡s developed 'vhich very ciosely appro>rirncrted the

-3t -
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bonditions observed !n ihe f!eld. This mcdel (Fíg. 35) v¡as developeC using unit

perineebility for- the cloy-losrn t!ll, cioy ond silt deposits ond o permaobiiity oí

.lr000 
for the soncly drïft ond lqcusïrine sond deposits. This model o'oe: not, hovrever,

sinlulc¡te ihe r,rognÏluCe of rechorge grodienfs exlsiing in the centrcrt iechorge ui:eq,

olthough qll other feotures ore very sîmilcr.

Studies currently in progress ore ctter.rpting io delermîne whether improved

correlotir¡ns beïween the model qnd the ilow system con be obtq!ned. The modelling

technique is qlso being used in on onolysis of cross 'section B-B' ( Fig. 27). The

,ur,ilt, described cbove inclicote ihcri (o) olthough from o smcl!-scole,,,íewpoinï

eoch hydrosiroTigrophÌc unii is heterogeneous in texture ond perrneobility, it is

l

only the lorge scctle permeobïlity contrcsts between ihe uniis which ore f!'re domincint

.internol 
foctor in the developmenT of the flow pottern, (b) ihe initiol ossunrption

fhof ihe bedrock is relqiively impermeoble is occeptcble ond (c) the locqtion of

the bedrock cont'rcf os indicoted by rhe drilling dcto is reosonoble. A!lhough mony

different conductîvities hove been ossigned fo the bosol scirdy driit ond ihe locustrine

sond, ihe results obÌ.rÍned f¡'om the mociel using a unïfornr conductivity conïirrue fo

be ïhe closest representoiicn of fhe hecd disïribution.
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SU¡/¡IÂRY O F CONC i-USl Ol.l 5

The strotigrophic secïion iounC in lhe WNRE Environmentcl Cc'nirol Areo

conforrns gener-olly to the Pleistocene slrotigrophic succession defined by McPherson

( t9ós, 1970).

The glcciol drift sequence' includes o locusïrine sond qncl grsvel deposii,

o loTe-phose deposit of G lqciol Loke Agossiz silfs, o deep-wcrier deposii of c!oy

cnd silty cloy, o cloy-loom till, o bosol sondy drift rich in Precombriun-derived

pebbles und bouldersr cn undifferentioTed soirdy tíli, ond a uniforrn lcrcustrïne sond.

The glocic!l d¡'ift is underlqin by relcrli,¿ely impermecrble Precemb¡'icr¡r groniie ond

gronodiorÌte.

The groundwoter f low potlern is chqrocterized by o weslvrqrd f io.¡i to the

Winnipeg River with four zones of rechorge qnd dischorge. Fronr ecsi to v¡esï

these qre: on uplond rechorge orec consisting of on outcrop of the iccust¡'ine sond

cnd grovel which ocT, cs o groundwsTer divide, o centrol dischorge a!'ecr/ o centrol

rechorge qrec ond o lowlond Cischorge qreq confined To rhe bonks of the Winnipeg

River which is The grounclwcîer divîde îo lhe west. Trccer studies qt lhree loccttions

suggesT moxi¡-nunr groundrvoter flow veloc!ties to be iess thon l0 feer pÈr year.

Co*+, lfu**, Not, SO4- qnd eleclrolytic conductivity increosed in The

direc.lions of opporent grounclrvofer rnovelrenf and correl$ted rvîth f low directions

!ntei'preied f¡'om fl're hycirarrlic poientic¡l disïribuiion. Vcrlues increosed loierolly

in the rnore perneo'cle bqscl ur,!ts frorn fhe uplond rechorge cr¡'ec ïn The ecst to the

Winnipeg River. Vq!ues irr ihe iillond locusirins r.;nits increuse uplvcro's in ihe
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'cenirol dischoi-ge oreo qr¡d 
'lcwnv¡¡rcl !n the rechci'ge qrecs. ,A more complex

hydrochemicol poftern hos developed oiorrg q zone betvqeen the ce¡rl¡c¡i dlschorge

ond cent¡'ol rechorge sreo boundLlry dus'to stognoni flov¿ conCit!ons. The excellenT

correlctions cf hydrochernisiry ond ground'¡¡qTer ilow pottern cre dr-re i¡ ihe relotively

csfive f lo'lr regirne in ihe Envîronmentcrl ConTrol Area, locl< of solirbiliïy constroint

for rnost mcrior ions, ond highty controsting hydrochemicql fqcies in eoch geologic

unii. Hydrochemistry confirmed f low potiern lnterpretot!ons which rvould otherwîse

hcve required ccnsiclerobly more detqiled instrumenlction.

: Lobor-atoi-y studies of cores tqken from the locusirine ond uuper iiil units

índicote ihot groundwqter flcrv is occurring moinly clong ioïnt surfoces ond sond

!cmince. This is supporlec.l by ihe qccumulotÏcn c,f corbonqie precip!Ìuïes cn ioint

surfoces cnd oxidizecJ zones. Aitenrpts to quontiiotively describe ioini-frocf ure

f low by nreons of fluorescent dye trocing lvqs not successful.

A steody-stoie molhenroTical rnodel of the groundwoier flow reoin-''e using

boundory cona'itions defined by iest drilling qnd lhe hydroulic potentiol cíistribution

suggests o permeobìlity rotio belween the locustrine cloys ond cloy-loom ÍÌlldeposiis

ond the boscl soncly drift ond iqcirsl'rine sond ond grovel units cf l:lOCC. The nlcclel

sr-rpporis the conclusiorr 'ihcri the v'¡oier-tcble con,litions oird fhe dlscharge-rechorge

boundories ore reloiively stoble" The use of this rnodel ,,vith preliniinory hydr,r-

strotigrophic dofo moy ollow o i¡-rorê eccìomicol opprocrch io sirnple hyclrogeoiogic

investigcrtlons.
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The coniple;'nenícry use of severql hydrogeologíc techniques hos ollolvecl

o reiotively Cetoiled interprelction oi the shollov¿ groundwoter flow s;vstem in glociol

cirifi qt WNRE. Sonre of the more genercrt conclusions resuliing f¡onr ihe invesiigoiion

ore sumrr¡orized os foliov¿s:

l) A comprehensive understonding oí the strotigrophic f¡-qmework is q

prerequisiie to the design of o piezometer rreTwork c¡nd the interpreioiic.n of the

resulting poten tîol clistribution .

2) l{ydrochemicol potterns cre q result of florv poTferns on.:l sirctigrophy

cnd,triuy be used in sorne coses io oid in groundvrcrfer flov¡ interoretations.

: 3) lnfluence of ioints ond smoll sqnd lorninoe increose hyclroulic conduc-

tívities of otherv¿ise low-permeoble moleriols.

4) A finite-element steody-stote model of groundwoter flow r,roy refine

interpretctions of field dciiq qnd reduce the cosi of detsiled fieiC st,:dy.
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Fig. l8 Sofi pockets of eosily eroCed silt in
primory bedding structure. Somple
5 feet.

the upper unit - possibly
tqken from o depïh oi





Fis. 2t Steeply dipping lqminoe of very fìne
cqrbonole precipitotes give c whitish
Bedding is essentiqlly horizontol .

sond in cloy unit -
tone to tlre lqminqe-

Strotified Ìronsition zone
ihe cloy-locm till.

Fig. 22 betrveen. lqcustrine cloy unit ond



Fis. 23 Joints cutting lominqe in cloy unit. Joints hqve been
occentuofed ortificiolly for il lustrotive purposes.

Cqrbonqte ond gypsum precipitaies on r,erlicol frocture în
locusïrine c loy unit.

Fis. 21



Fis. 25 Corbonote precipitoTes on icint surfoce in cloy-loom iill
unit. Somple foken frorn q depth of 20 feei.
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APPENDIX A

COMP¡ LATIONI OF PHOTOGRAPHS



















APPENDIX D

GEOLOGiC LOGS OF I'EST I-ICLEs



TËsl_ r-r.c-!ijl

Depih ( fi. ) Chci-ocierisTics lnierpreiotion

0-ì Tcp sci!.

'l- i5 Firrely lonrinoíecl cloy ond siiry'cloy; gvcsum lccust¡-irre cloy unit
ílokes ond iron concreTions pr-erent throughoui;
colou¡- 2..5Y browns cnd oiive browns.

l5-ìó lni.erlcr.yered sondy, pebl,ly cloy, sondy silis.

16-36 Scr,dy, silty, cloyey till; corbonoïe pebbles; cloy-loom till
colour 2.5Y iight cli.,,e brov¡n ond yallowish

' bi-cwn neqr ló feei becoming 2.5Y4/2 belcw.

3ó-39 Till ond inlerbedded ¡'nediu¡'n to cocrrse sond; boscl sqncly Crift

39 End of hole on rock.

l'ESl' H OLE itz

Dópth .( ft.) Chorecterisf ics lnierpreiotíon

0-l Top soil .

1-12 Cornplexl;,2 lomincted cloy v,,ith cc¡rbonote locustr'înc clc,y ur:ii
pebbles qnd sond groins common in upper fev.r

fcef; gypsum flol<es comrlìon !n upper five feet;
colour 2.5Y4/2 dcrrk grey brown with iighter
gi'ey lomincre, mol'iled 2.ïrY shqcjes in upper 5
feet.

l2-.l3.5 Loyered siii¡, ss¡d5; grodctîonql from cloy tc
l¡ll-lrke nroïeriol,

l3 .5-23 5i lty sond;, clayey ii ll wi ih cqibonot-- rock c loy-ic'o¡ ti ll
frcgnienis; si lt conîenf irrcreirses slightly

. clorvnwcircl; co lor.ri 2.5'{4i2 beconiirig
2.5't4/,:l ne':¡r 28 fe¡:i.



Tt.ST l-¡O LE i2 Corrt'd.

2B'4C Very p,rorly so:-ted grqvelly, scnds wiih till- bosci sanCy drift
like inierbeds; rock frogmenis ond scrncj of
igneous origin; colour S\,4/Z olíve gr-ey.

40 End oF hole cjue to cuger breokcge

TEST iIOLE #3

Deplh ( fi. ) Clrq¡-oc,.erisf ics lnterpreïcrlion

0-2 , rop soil .

2'12 . Lcrminqted cloy vriih isolqted pebbles qnd sorrcJ locusTr!ne cloy uniT

Sroins in upper porTion; occosicnql lominoe of
, very fine sond beïween 5 ond l0 feet; sili
I content increqsed slightly neqr l2 feet; colour

2.5Y/3/2.

12-21' Sondy silf y c layey tí ll with cqrbonote pebbles; c loy-loom ti ll
co lour 2.5Y4/4.

21-21 .5 Coorse grqve I qnd cobb les . )
)21.5-'24 Mediurn fo coorse pebbly soncl, colour 5YN3. i bcsql scnCy o'ri'it

l24-30 Very soncly slighrl,"- silty till; colour 5yl.l3. )

30 End of hole on rocl<.

TEST i-IC LE íi4

Depth ( ft.) chorocteristics lnferpreiotio'

0-1 Top scil.

1-7 Lfir¡¡inqlecl sïltv cloy; pel;ble confenf inc¡'ecrses lacuslri¡re cloy unit
rvith dep,th; ti I l- l!l<e zones; g ypsum f le[(es
conimor¡; colour ?-.SY gíûys.

7-14 Highlyvoricl:rlescnd-silFclo,r, lcr¡,e-,ed ccnL:lex.



TË5T hlCLl î1Conf 'ci ì

l0-23 Sondy silty clc'yey tili wiTh ccrbonate pebbles; clcy.-lconr iil!
co lcur 2.5'i3/2 .

23-Å.2 Quor-tzo-feldspcihic sond, mecjiurn io fine, bosc¡l sondy driif
rvith cloy inferbeds q fe,,v ir':clrcs ihick in
lorvcr '15 feet; colour JYì{/3.

42 Ënd oí hole on rock.

TEST HC L.i #5

Depth ( it. ) Chqrqcteristics lnferprefotion

0-1 iop soil.

l-3 Cloy; lominoted; pebbles common; coloui. locusirine clcy unit
2.5\'5/4.

3-21 Till; corbonote pebbles predominote; colour cloy-loorn till
2. 5Yí/A.grodirrg downword ta 5y5/4.

21-46 Sond; medium tc fine pgorly sorted grovelly; bosol soncly drift
igneous origin; sandy t¡ll-like loyer neor. the

, upper contoct ond cloy inferbed believed
present necr bo!ïom; colour 5YN3

46 Enci of hole on rock.

TËST HO LE #6

Depih ( lct. )

0-t

Charocteristics lnterprelotion

Top soil.

l-ó clay; lcmlnctec{; silt;",, pebbiy; colour 2.sy4./2. locusi.rine cloy unii

6-28 îíil; ccrrhoircte pebbles preCoririncfe; becunies cloy-locm till
progressirreiy more scndy cicwnworCs; pebble
conlenï decreclses Corvnwcrds; color.ri- 2.5Y¿:i.4
be.;onrinc 5YN/'3 orcur¡c! l5 feet.



TËSî iio Ll ;i 6 Conr'd .

28''47 Very poorìy scrted medium, grúveil;,..,^6¡, bcsol scndy drift
igneous cr!gin; below 40 feet Crille¡-repcrtc;l
t¡!l--l¡l<e drilling condifion b,_ri scnrples were
noï obtoined due to bculde¡-s.

47 End of hole on rock.

TËST I-IC LË. #7

üepth ( it)

0-l 'tr'op soil .

Choroclerislics lnÍerpreiotion

1-3.| Soncly silty cloyey till with corboncife pebbles; cloy-loom rill
. sond oncj silt confent increcsing downword;

co lour 2.5Y4/2 .

3l-37 5ilt, sond, pebbles, boulders; colour 5YN/3. bosol sondy drífi

37 End of hole on rock.

TEST I.IO LE #8

Depth ( ft. ) Chorocterisii cs lnterpreicrtion

o-l Top soil.

l-5 LomincrTed, motiled, clcy; ccrbonole pebbles lqcusirir¡e cloy unii
preseni; colou,r 5Y4/3.

5-23 Ncrmoi; till wiih corl¡onote pebbles; colcur cloy-loorn till
5'ft/3 grod!ng io olive grcy.

23-36 Sond; mediunr very poorly sorted; mony cobbles; boso! sondy cjrift
lcwer ie'"v leet become very fine silty sond;
colour 5YN/4.

36 End of l¡o Ie .



]!.:Ili_ÐJ-i i::

Depth (ft. ) Cho:-qcteristics lnie,-pretoiion

0-'2 Top soil.

2-5 LcmincÍecl, mcïtled , c,,ay; gypsunr f ickas iocusirine cloy unii
cOrÍi:'r'ìon; co lour 5Y4/2

5-26 l.lcrnio I li I I witl¡ carbonqte pebb les; beccmes c loy-loorn ti | |
more sili¡' in lowc¡- poi-iions; colour 5yS/4.

26 End of hole on rcck. NOTË: seconC hoie
drilled five feet frorn TËST HCI_É #g olro
ended ql 7-() feet on rock.

TEST I-IÕLE #ìO

Depth ( ft. ) Chorocterisfics lnterpretotion

0- j Top soil.

l-5 Lqminofed,. nroTf led , cloy; corboncrte pebbles locustrine clc¡, unit
present; colour 2.Sy light browns.

5-23 Till; norrnol; colour Z.Sy4/4. clc;y-loom iill
23 End of hcle cn rock. NOTE: second liole

drilleC five feet owoy from TES-I HCLr #.l0
olso encied ot 23 feet on rock.

1.E51 HO LË # r I

Dcpth(ft.) Chorocteristics Inierpreioiion

0-l Top soii.

I = I I c lcy-; r:rc:sive , rrroitled; ¡:ebh les crbseni; lccusirine c loy, un it
co loi;i 2.5Y3i2.

]l-17 Till; normol; colour ?.5Y4,14. clo,,,-loc¡rn till

17 EnC ci hcle on rcck"



TËST HO LE # i ì Coni'd .

i New hole started 4 ieef awsy "

13-22 T¡ ll; noimo l; corbonote pebb Ie s ¡:recionrînoie . c lcry-ioonr ii Il

22-30 Sond; fine io very fine wel! sörted, nc basol sondy drift
pebbles; co lour 5YN/4..

30 End of hole on rock.

TEST I{ O LE # I2

Chorocteris¡'ics lnterpretoÌíon

Roqd fi ll.

2-ll cloy; lominoted, niofiled, lighi grey siii locusfrine cloy unit' bolls (ongulor frogments) in dork cloy.

11-22 Tiil; normol; colour 5Y4/3 groding to 5YN,/4. clcry-loom ïill

22-4A Sond; upper three feet is coorse poorly sorïed bosol sqridy clrift
silty; 25 to 40 is fine well soried dense cleon
sond; colour SYN,/4.

40 Encl of hole, no more ouger ovciloble.

TEST FICLE #ì3

Depth (fr.)

0-2

Depil-, ( ft. )

0-.4

Chorocteristics lnierpretc lion

RoclC li ll.

4'7 Vcry fine sond ond s! lt. locustrine si lty unit

7-16 Clsy; mossivc; nc pebbles noïiced; rncrn;r lccusTrine clcy unit
. Sypsum flckes; colour 5Y4/-"

('
ló-18 Trcri-rsiiion zone.

18-29 Till; normoi; ccrboncrle ¡-ebbles predominote; cicry-loom till
colour 5Y5/3.



IËilÇLiii:
Depth {f i. )

0-3 Roc¡cl fí ll .

TEST HO LE # l3 Ccnr'i .

29-35 Scrncl; very fine silty scnC interloyerec{ vrith i:crs:i sondy drift
bloc[< silty clo¡; becciries grovcjlly in lc¡st ioct.

35 End cf þ,ole or¡ rock.

Chorcrcierisf !cs lnterpretotion

3'"2? Ciay; lor-erecl mqssive ond lominoled z.¿r,ei; lccr.rsl¡-ine clo,v unii
peb'h'led confent increosing with ciepth;
onguloi' si ii i-rogments inc.r-eose r^¡i th depîh;
gypsum flokes ccncentroied oround 20 feet;
Iomi¡roe of very fine soncl; colcur SY5z/4 oncl
5Y4/3, sond lcrminc;e 5Y7/1 .

29-30 Cloy; mossive; very compccï; slighf ly sondy; locusT¡.ine cloy unii
colour 5Y4/3.

30-38 Till; hor-d r very sílty; corbonore cncl grcnitic cloy-loorn till
pebbles; ver¡'boulde¡y in the lc{sf foot.

3B Eircl of hole cn rock.

TEST I-IOLE #]5

Depth (ft.)

0-4

Ch<rrocterisf ics lnÌerpreiotion

Roc¡d fi il .

4-ìl Clcy cnd silty cioy; iine scrnci lqnrinoe Þreserlt/ lcicr.rstrine cloy unif
pebb ! y

1l-25 iill; u¡rpei-¡roriion hc's deficienc;z ¿f scnc.l br-ii clcry-lc,:,n iill
opprocches equol proportioris necìr lcr'¡er bcundcrry.

25-3Û Till; slighl'ly l.^ss clcry than cbc',ve onc"¡ei'y l-'c:s..rl scìncly o'rift
boulrJeiy; scrne pcrîions cl'i ll Ii!<e sc¡nc! .

3C ÊnC of hole on rock.



Depth ( ft. )

0-2

1t-1{-ijp-L =.!-19
Nlc driiling iog cvoiicrbie.

TEST I-iO Lî /í17

Cl¡orocTerisiics lnicrpreTotion

Top scil .

2-8 Scr¡d cnd grovel, interbedded. locustri¡re soncj oncl grovel unil

8-1ó silty clcry crnd cloy; lorninoted, pebbly; locusfrine clcry unit
colour 5Y greys qnd o li'¡es.

1ó-/¡2 Till; ccrbonoïe p-^bbles predominote; colour cicy-loonr till
5Y4/1 dork grey.

4?--45 T¡ll; siighrly more silty thcn cbove; drills bosol scridy drili
very bou ldery.

TTST IIOLE P-I

Depth (ft. )

0-l

t-2

Chorocterisiics lnTerpre toticn

Top soil.

Silty sond. lcrcusirine silf unít

2"15 Clc:y¡ lcminoted; mqny gypsum f lol<es ond ,-nuch lccusirine cloy unii
iron stqirring; pebbles cbsent neor surfcrce
buï become ccmrnon neor l5 feet.

l5- 15.5 Gr,ive lly loyer .

ì5.5-"23 Till; nrottled, vriîh corbòno'ie pel-rbles; upper clcry*loom till
iwo feei si lty ond grc¡ve I Iy. lovrer rnoÌerio I

normol till composition; dork grey fine so¡rcl

layers present in upper 4 feet.

23-"3n Sond; ciecn iine gi-oinecj wiïh minor grcrv'el; bqsql sundy drift
L'ecomes:i!iy cnd cloyey near 27 ond resernbles
o scndy fill ncor 30 feet.

30 Encj cf ho le for piezometer instollqtion .



ïEST iloi_F_ ?_?.

Depth (ft.) C hcrro c ter'ïs iics ln ierpreto f ion

C-l Top soi!"

l-E Clc:y; lcnrincted; mcny g,vpsu;n flckes snd iron lqcusir'ine cloy unit
siciniirg; corbonqie pebbles precJorninont oveí
highly weoTl-rered igLreous pebliles; cclour
2.5Y3/2.

B-21 Tiil; normcl wíth dcrf< orey íine srrìd lcryers cloy-iocrm till
less fhcrn 0. ì inches thick; neqr I feeï ill!

i ûppears L.or'ded wiih scnci ond grovel; cclour
2.5Y4/2 .

21-29 SonC; poorly sorted/ grovelly; igneous l:qsql ssrrd)r drift
f rrrg nlen ts .

29-30 Sondy Ti I I .

IE,-.ìl_irglF_Li

'Some os Test t-lole #8

TEST !-IOLT P-4

Scnre os Tesi l-lole #10

1'E5T HOLE P-5

Some os Tesr' þ!ot,e íi4,

TESi HOLE P-ó

Sorne es Test Ho"!e ill l.

TËST I-ICL¡ P-7

Some os Test l-lcie flê.



Esl,jgl,t*P_ I

Depth ( ft.) Chc¡racleiisiics lnterpratotion

O-2 Top sci i.

2-14 Cioy; loaiinotecl; oypsum ilokei cornnrorr; clcr-k locusirine cloy unii
grey brown.

14-21 Till; silty,, ignecus cnd ccrbonote pebbles. cloy*locrrn till

21-27 Sond; very poorly sorted, grovel!y, boulclery, bcsol sondy dr-ift
silty; possibly sonc.iy till .

27-29 Ti ll; norrncl; moinly cor-bonote pelcbles.

29 End of hole on ¡ock.

TESI HOLE P-9

Depth ( ft. )

0-2

ChorocTeristi cs lnterpreioiion

Top soil .

2-.9 Clay; motiled, lomïnoted; dork grey bi'own. lqcusïrine clo¡, unii

9-15 C loy-t! ll tronsit'lon; bosed on dri I ling fee i

ond somp les.

15-23 f ill; nornrol; olive brown. cloy-loom iill

23-30 Soncl; verv coorse grcrvelly dirty; in L,ottom )
ihree feet cpprccrclres o sondy till. )

s0-4r sonci; gr.,veily, bou ldery;less sili crnd "l"u)) 
bosol scndy drt'fi

thsn obove. )

Êncl of lrolo due to difficuiï d¡-illinc in
lt,:ulc{srs.

41



TEST r¡-io LË P*10

Dapth ( fi.) Chorocte¡'isiics lni'erpreTction

t-2 Top soii.

2*.l3 Cioy; geî-¡e:-olly non-inoïtlecl nrcssîve; no :i!i lccus,.rine cloy unit
lcrogrïei.'i¡r; slighf ly sílty; n:irror gypsum f lcikes.

13- l5 T¡'ons! iion to ii i I .

15-23 Till; normo l; c li,,,e brorvn. c loy ioorn ti ll

23-32 scnd; silty, cioyey; groveliy; possibly o sondy bcrsql sondy drift
till; upper three feet qre very till-like.

32 End of hole on rock.

TEST IIO LE P. ] ]

Depih (ft.)

a-2

Charocter isiics lnierpreloiion

Tep soil.

2-18 Cloy; lominoted; Iccks usuol mottling crnd silt iocusii'ine clqy unit
frogments; poTches cf white cnd grey rncieriol;
co lour 5Y4/3.

lB''27 Iill,' ne¡¡¡qi; corbonotepeb[:lespi-edominoie; c.icry-lcom liil
co lcur 5Y4/3 .

27-30 Tiil; becornes ver)/ sondy neor 30 feet; colour) bosql s.rndy drift
5'i'5/4 

I
)

30-3ó Scncl; very cocrrse io coorse r ç¡rctvettly, )
siigtrily silty; colour 5Y5/2" )

36 Eiid of l,o le.



TEST HCLE P-J2

Depth(ft.) Chorocierisiics lnteipreïctiorr

0-2 Top soil .

2-6 Cloy; lominoted, moïtled; mony gypsu,n flokes lacustrine cloy unit
cnd crngulo¡'siit fi'ogmenis; colour olive grey
5'{4/3 onci 5Y/,/4.

6-21 Till; norrncl; corbonote and igneous pebbles; clcy-loom iill
colour 5Y4/3 grcrciing Cowntvorcl tc 5Y4/1 .

21-25 Son'i r:n,j grovel; very poorly sorled; ongulor)
pebbles cnd scnd gioins; gronlfic. )

)
25-37 Scnd; very fine to fine v¡ell soried; o dense)

silt or very fine scnd loyer encouniered ot ) bosoi sondy drift
3ó feef . )

)
37-42 Grovel; bosed on drilling feel; nc somples )

obtqinecj. )

42 End of hole on rock.

TËST HOLE P-I3

Depth ( ft. )

o-2

Chqrocteristics lnterpre Io iio n

Top soil .

2-11 Clo¡u; rncisslve, non-rnoîtlecJ; cccosionol locustrine cloy unif
ebbles; fissile; cclour 5Y4/2.

'¡ 1- 13 C loy-îill tronsition .

13-25 'l'ili; more silty thon norrncl; carboncte ond clor.r-loom till
: igneor.,s pebbles; coicur 5Y,4/3.

25-30 Ti ii; slighiiy rnore soncly and si lty thc,n c loy-loo,-n till
, normc l; co ic u; 5Yl'i4 .

30-33 Scrnd; silty grovell;r, iesernk,ling scirrdy Tili. bcrsoi scndy drift

33 End cf lrcie dt'e to ouger breokoge.



TËSI i-IC!.Ë P-ì4

Chorocieristi cs lnlerpreioTion

2-22 Clay; lominoïed in some poriícns; fíne sqni locusirine clcry unii
ioyers ct ong !es to loyei'ing; sorlìe si li frcgnrenïs
in lov¿er portion; pebble conlenf increcses
with depth; colour 5\i4,/2 tc 5'(.1/3.

2-35 Till; nornrul; seems obnormolly sofi ïn plcces cloy-.loom tili
bui no visible voricrTion in groin size ruîics;
co !our 5Yl{4.

Ënd of hole cn rock.
I

TËST ,I.I C LE P- 15

Scr,re as Test Ho ie íÍ12

TEST I-iOLE P-Ió

Deptl: ( fi. )

0-2 Tcp soil.

Depth ( ft. )

0-2

C horcr cteristics

QÂ

ln terp:'e to tio n

ì-op soil .

2-16 Till; ígneous ond ccrbonqTe pebbles; occcsioncl clci,-loqrn til!
slightly silty zcne; colour 2.5Y4/4 gracling fo

5Y3iì neor ló feei.

16-4? Sor,d; very fine to fine weil sortec!; d:ills cr: )
if loyered possibly vrith cloyey inierb,:ds; )
cc lour 5Yll14 )

) lcrcustrine soncj
49-52 Silt and cloy; inTe;'becicieci; coiour 5\'l.l4t, ) unii

)
52-55 Sonci; grcniiic, very cocr.se , poorly sorfeiJ. )

55 Enci oi hol¿ cn rccl,.



TEST !-tOLE P-I7

Depth ( fi. ) ChqrccTerisf !cs lnfe rpretotion

0-l Top soil.

ì-13 Clcy; loniirroteo'; mony gyptuniflokes; silt lccustiine cloy unit
frcrgments increcse necrr l3 feet; colour
2.5Y3/2.

13-21 Ti ll; norrnc l; co lour 2 .5\(5/4 . c loy-loom ti I I

21-34 Sond; r,er-y fine; well scried; silt ond cioy bosol sondy drift
interbeds; colour 5t/1.{4; sunc.i becomes
coorse ond poorly soried from 3l-34 feet.

End of hole on rock.

TEST H OLE P-I8

Depth (ft.) Choroc ie ¡'istics lnterpretoticn

q-4 Top soil ond fill.

4-ì I Cloy; lcrminotecl to mqssive; colour 5Y6/2, )' 5Y5/4 ond 5Y4/3. )

) locustrine cic;, unit
1l-?.7 Sìlty clcy; very soft; oppeors bedclecJ; coloui')

dork grey 5Y4/1. )

27-36 Till; nrore silty tlron normcl; very plostic ; clo,v-locrm till
colour 5Y4/1 .

3ó-48 Scnd; from 3ó io 4'l feet vei'y fine silt;i snnC, bcscl scrndy drift
weil sorïed ironi 4..I to ,1.8 íeeî medium poorly
sorted sìlty pebbly scn.l wilh L''ouiders;

defir¡iiely not o Till.

48 Encl of hole orr rock.

34



TEST I-IOLT P-I9

Deprh ( ft. )

0-5

Depth ( ft. )

0-3 Top soil .

Depth ( ft. )

n-l

Cho¡'oc ie:'is tics

Tcp soilond rcccl fill.

lnTerpretof ion

5-27 Silty cloy crnd clcy; upper l0 ,feei scrrewïrni locus¡rinc clcy unit
till-l¡ke; colour 5Y5,/3; bellv l0 feet
genereliy rnossive; pebbles cornmoni ccl.:ur
aY5i3 cr,d 5Y4/ l .

27-42 Ti!i; less clcy thon norrnal; corboncrte .rnci cloy loorn till
igneous pebbles conjmon; colour 5.'{5/1

42-44 Sonci?; <lriller reporled sqr-.cl buf no sand bosql sendy drift
somple v¡os obtoined.

44 End of hole on rock.

TËST t.IOLE P-20

ln ferpreiction

3-17 Cloy; mossive to slightly lcr,'nincteci,' sili lc¡c,_rsîrine clcy unif
rogrnenfs co[ìrnon.

17-36 Till; normcl; ignec,us oncj corbonote pebb.les; cloy-loam lill
colcur 5Y4/1. :

36-39 Tiil; very bouldery and soncly; scnd inierbecls bc¡sot ;c¡rdy drift
suspected .

E¡rd of liole on ¡'ock.

TEST IjOI.E P-2]

ChorocTeristics

39

C hclrocleristics ln i.,'r-p re icrlio n

ì'op .s..ril .

2-17 Cloy; írcny sâienite crysîol ccnceiìTrqticns; lc,cr,,sirìi-,e clcy unif
lcrninoled groclirrg lo nlore nrossive ín lor,¿er

poriiôr-,s; occcrsioncil pebble; co lour 5Y5/4
c,nd 5Yr!-,/1



TËST i{Oi-Í. ?-2.l Ccrrf 'd .

17-25 Till; normol; igneous,rnd ccrboncrte pebbles; cicy*lccm tili
colûur 5\'4/) dcrk gre;2.

25-45 Scnd; siiiy cocrse very pcorly sorted; bcsql sancjy clr ift
lc.rered; cc lour 5Yl'15. .

EnC oí hole on ¡-ock.

TEST HCLÍ ?-.22

Depth ( ft. ) Chc¡ro cTeris tics lnierpretc; tion

0^ì Top soil.

I -9 Ti I l; nornro l; igrreo us qnd cqrborrcle pebb !es; c lo¡,-loom ti I I

co lour 5\'5/3

9-10 Boulders. )

)
10-43 Sond; fine, vrell sortecl; colour 5Y5/1. ) lqcustrir¡e soncl

43*53 SoncJ; gronitic; coorse pebbly; no silt or. 
"f 

or.l unit

53 Ënd of hole on rock.

TEST HOLE P-23

Depth (ft.) Chorocïerisïics

0-l Top soil .

ln lerpreloiion

ì-9 CloY. lqcrrstrine cloy unii

9-i1 Cloy-fill iroirs!tion.

I l-2ì Till; noi-mcl; colcr-'r 5Y4/3. clcry-lcc,:r fili

21.-?.4 9cu ldery.

24-37 Snnd; coar'se very poo.rly sorted; grovelly, boscrl scr¡y c{rift
boulCcr-y; possible slijhtly silty; igneous
orig!n.

45



TË51' l-iOLE P-23 Coni'd.

37-41 Tii!; very boulc{ery; more scndy ond silty ihon basc¡i scndy drift
normcl; colour 5YN4.

41 Enci oi hole on rock.

TEST HO LE P-21

Depth ( ft. ) Chorocleristics lnterp:-eiction

56

0-3 F¡ ll.

3-10 Silt qnci cloyey siit; lcmirrofed; occcrsionci locustrine silT uniï
pebble; colour -"greys oncl olives 5Y.

10-24 Clcy onci silty clo;r; no pebL'les opporent; lccusfrine cloy unii
' lominqïed.

24-'51 Till; silty; less pebbles thorr usuol; cloy-locm fill
colour - dcrk grey.

5l-5ó Scrnd; isoioted pebbles onC cobbles; bosol soncly driii
slightly silty; hos oppecrcrnce of iill iir
ploces in terrns of pebble disïributicn.

Ertd of ho le on rock .

TEST I.iOLË T'*25

Derrrh ( l't. ) Chcrocteristics ln ierpre io tio n

0-3 Fi!!.

3-lC Silis sird clcyey silts; lor-nlnaieJ; greys onC lc¡cusîrlne silt unit
olives 5Y.

ì0"23 Cloys cir¡cj silt¡' clcys; grcCes inic obovq lacusirine cloy unif
!crn!ncieC.

23-38 Tíli; sligi-,tly nrore siliy oncl less cicyey clcy-locrrl tîll
than usucii; cc,lour' sti4/1 .

38*l+3 Till; very silty ond sondy; iqneous pebbles; bcsol scrniy drift
ho u l':leiy'; Ci ff i cu lt dri I lirrg .

/r3 Ënci of hcle cn rock.



TEST HOLE P_26

Depth(fl.) Chcrccterístics lnterpreiotion

0-2 Top soil.

2-10 Silly cnd cloyey silt; iominctåd; occesionol lccusirine silt unit
pebbles cnd silt frogmenis; colour - greys
cnd olives 5Y.

10-15 Clcy ond silt¡, çlcy; grcrdes into obo'¡e; lqcusTrine cloy unit
olcìte ccncenïroi!ons ( ?).

15-42 Tili; normcl; iqneous ond corbonote pebbles; clcy-loom till
colc,ur- 5Y4/1 .

i

42-45 Sond; nrediurn, pebbly; medium io pocrly bosol soncly drift' sorted; cleon to slightly silty; sc,me bculders
or coorse grovel.

End of hole on rc¡ck.

TEST HOLE ?-2'/

Deplh ( ft. ) CharocTerisTics lnterpreÌoTion

0-2 Top soil .

2'27 Cloy ond silt¡, cloy; lominoiecJ; co lour 5Y4/2 locusfrine clcy unit
qnd 4?4 becorning 5Y4.i1 neor bose; upper
few feet ore very s!lty.

27-56 Till; clayey silty sonCy; corbcncrte pebbies cloy-lccrrn till
preclorninonl; in plcces c!cy conïerii clrops;
coloc'r SYlr/1 .

5ó-59 Til!; very pebblv, saìrdy, boulcier;,; igneous bcsal :ondy drïft
mcrteriol.

45

59 E¡id c,i ho le cn r,:ck.



TrST i-io Lr ?-.28

úepri, ( it. ) ChorocTerisiics Interpreto lion

0-2 Top soil.

2-B Silt cnd silty cl.:y-; lcmincied; olive 5Y iqcusTrine silt unit
co louring .

8-24 Cioy cnd siliy cloy; lomincted in ploces;' locustrine cloy unit
oxidized neqr I feet grocling rcr¡-,icJiy fo
5Y.\/1 unoxicìized.

24-75 Til!; generolly nornro! witlr mincr vsriations cloy-loom f!ll
in siii-ssncÞcloy roTios os wellos pebble
conÌeill; peb!:les moiniy co:-bonoïe; no sîgn
of sond or grovel inte¡'beds.

75-77 Clay; lominoied; occosionol pebbie; gypsum
concent¡-otions .

77 End of hole on rock.

TEST lIOLE P-29

Depth ( ft. ) Chorocieristics lnte rpretc lioir

0-4. R':qd Fi li .

4*1t' Cloy oncl siliy clcy; lcrmin,:tec! to messi'¡êi iocusii'ine cioy unii
occosioncrl pebble; gypsum f lci<es; olive 5Y
co lor.rring .

l9-5ó T!l!; cor-bonoie ¡rebbles preüc,nrinole; colou,-- cicr;,-ioam iill
ins 5Y4/1.

End of hole on rock.

TEST I-iCìLË P-3I

56

Depth (fi.)

0-3

Chcr..:cieri¡Tics

Top soilorid pecì.

ln ieipi'eloiiorr



TtST HO Lt P--3 ì Coni'C.

3-15 Siit ond clcye¡,silt; olives ond yellow lccu:.ti-ine silt unif
brcvrns; m.¡ssive .

15-37 Clcty; soft, slightly silry; grades intc the iocusÍrine cloy unit
obcve; clcri-l< grey 5Y.

37-42 Ti!l; normol; soit; dcrk grey 5\'. cloy_loom till

42-45 Bcuiclery; no somple/ ougei: brcke in hcle. bosol sondy clrift

45 End of hole due to ouger breokoge.

TËST I-¡OLE F-32

Depth(ft.) Charocteristics lnterpreiotion

a-2 Top sci !'

2-1A Silt cnd sond; very iine sonds ond sïlts; locustrine sili unit
lomincted; iron oxide sioinirrg; olive, yellow,
ond yellow brown colour.

10-32 Cløy; slightly silty; silt frogments; oenercilly loci¡sÌ¡.ine clcry uniÌ
rncssive .

32-46 Till; ncrmol; moinly coi-boncfe pebbles; sofi; clc¡,-leon1 i¡¡¡
crrk grey 5Y.

46-59 Til!; scrndy, silty, becoming very sano'y neor bosql sondy cJrift
boitorn; igneous pebbles qncl sond grcrins pre-
domirrote; c.lork grey 5Y; very bouldery.

59 End of hole cn rock.

TËST HCt.E P-3-1

Deptlr ( fi. ) ChcirocterisTics lnterpreïotion

Q-2 îop soi!,

z-l} Siit oncl clo;rey silt; very fîne ssncl lcrnrino- locustríne silt unit
fions; yeilow ond yeilo,¡¡ brov¿ir colcurc,tion.



TËST H'íJl.t i'-33 Cont'rl.

10-35 Clcy; slightly siity; dcrrk grey 5\'. iccr-'strine cloy un!f

35-42 Till; no:'nr.-r!; rnoinly carlroncie pebbles; scft; cloy-loci'n tili
Corl< grey 5Y. 

6

42-48 Ti li; sandy, silry becoming very sondv necr bcrso I sondy drift
botfom; igneous pet,bles, bculciery; dork
grey 5Y.

End of hole on rock.48

EiJ9-L:-F::l
Depth ( ft. )

0-2 Top soil.

Chorücteristics lnterpretotion

2-13 Silt qnd very fine sond,, cìives, yellovrs , lacusfrine silt unit
ond ye llov¡ brown .

'13-2,i 
C loy; slighily si lty. locusfr,ine clo;, unit

24-46 Till; silty, sondy slightly cloye'r; very sofi; cloy-locm fill
dork giey.

46-it9 Tiil; scno'y, siity; ignecus pebbles; conioci ) h,orol s,:ndy drift
, noted due to suciden increqse in bor-rldei )

con ierrt . )

49-51 Till; os obove but very peb'bly.

TEST tiOLË [,-35

Depth ( fi. ) ln lerpre tc tio n

0--2 Top soil .

2-'g Silts cnC very íine scnd; lcri-nlnoted; yeiiows, locustrine s!lt unit
browns, o lives.

B-"ì5 Cio;'; slightly siliy; mony sïlt frognrenis ond lacusii-i¡re cloy unit
qypsuni flckes.

)

)



TEST ¡-lCLË P-35 Coni'ci.

15-17 Tronsìiion io ti i I .

17-38 Ti lf; cioyey, silty, sondy; dork grey cloT-.loam iill
unoxidized; soft.

38-43 i'ill; sondy ( medlum to fine) r[nnr,, siliy, bosol sqndy drift
.pebbly, bculdery; igneous pebbles.

Enci of hole cn rock.

TEST HOLE P-3ó

Depth {ft.)

a-2'

2-6

lnierprelol ion

43

Chorocieristics

Top soil .

Silts cnd very fine sond. locust¡-ine silt unit

6'19 Cloy; lominoted; oxidized olives 5Y; mony locr.rstrine clcy unit
silt frogments; selenite concentrotions;

, occqsioncl pebble; becoming oxidized dork
grey 5Y neor bottom.

19-22 C loy-f i ll ironsition .

22-31 Till; c loyey silty, sondy; corbonote peh,bles clcy-ioo¡ till
predcnrincte; dork grey 5Y.

31-37 Ti ll; sondy, silty, pebbly; silt conteni bosol sondy drift
decrecrsed cjowrlrvords; !gneous pebbles.

37 End of ìrole on rock.

TEST HCLÊ- ?-37

Depth (ft.) Charqctei'isiics lnterpreictlon

0-2 Top soil.

2*8 Silt; lomlncllons of ve.ry fine sonci crrrcl cloy. locu,",îri¡¡e s¡lt unit



TE5î i¡O!-E t-'37 Cont'd.

8-ló cloy; siightly silty; occcsionol pebbie; Ioct¡sirine cloy unii
si lt írogments; se ie¡lite concentrotions;
cxidizec'oiives 5Y.

16-17 Tronsltion io ïill.

17-34 Tiil; cloyey silt;z scnCy; r,er/ soft; moiirly cioy'-lcrom iill
ccvbcnoTe pebb Ies -

34'-36 Till; siliy, pebbly, bouldery; igneous boscl scncjy drift
pe.bbles.

Ëncj of ho le on rock.

TEST i-IOLE P-38

3ó

Depth ( ft. )

0-2

.A

Charqcle,-istics

Top soil .

Silt cnd '¿ery fine sond; Icmincried.

Chqrocterislics

Torr :oi I .

Silts onci ver;, fitre r.,.,d.

lnierpreior'ion

locusl'rine silt unii

ln're rpre to tio n

4-14 Cloy; slightly si!i¡'; cccosioncl peb.ble; lccustrine cloy unit
sili ircgrnenfs.

14-16 Tronsition to ti I I .

ló-31 Till; normcrl; nroinly corbonoie oebhles; Çloy-lccm till

3l-33 T'ill?; very bo,-rldery; no sqmples as cuger bc¡sol s.rndy Crif.i
broke in hole.

End of ho le in bor:iders.

TË5T IIOLF P..39

33

Depth (it^)

a-2

2-4 lacusiiirre sili unTi



46

TESI' HCLE P-39 Conf'ci.

4-8 Cioy; silfy; silt frogmenTs common; oxîclizecl lcrcus¡rine clcy unil
o li.ze 5Y.

8-24 Till; norrnol; corbonute pebbles predonincie. clcy-loom iill

24-42 Sond; lcyered very fine ,iity,åna ond necJium )
sonc.l; no pebb !es; occosiono I ihin c lcv )
inierbed ) locustrine ssnd

) unit
42-46 i'ylediurn ic coqrse.,r,ell-sorlecl sond. )

End of hole in boulciers.

TEST HCLE P-40

Depth (ft.) ChcrrqcTerisrics

0- I Top soil .

lrr lerpre lo tio n

l-5ó Sond; cleqn, wel!sorfed fine to medium )
sond; no pebbles; oxidized to lB feet, ) locusïrine scrnci

) unit
56-57 Cloy; loyered t very silty, t'iock; ongulcr )

. carbonate pebb les . )

57 End of hcle on rock.

TEST HCLE P-4I

Depth ( ft. ) Chqroc feristics lnierpi'etoiion

0-l Top soit.

1'7 Silty.clcty, clayey sili ond very fine sond; locustrine silt unit
¡nierbec.lded, lornincried; o;<iCizecl.

7-20 Cloy , locustrine Ínqssive . locuslrine cloy unit

20-50 Till, clc're¡siiiy,soncly,wiilr coi'bonoïe clcy-looni till
pebbies; 5Y5z/ì gre;./.,

50-54.5 T¡ll, '7e¡y sorrcly'siii; iqneous pebbles. bosci so¡^,c!¡'clrift

54.5 End of hole on soiiC rocl<



TEST t-tc)Lt P-42

Deplh (ft.) Chorocteristics lnferpretoïion

0-l Top scil.

I -ó Si lt, si lty c loy ond very fine..sonC; inier* locustrine si lf unii
' beddeC, lcmincied; grocloticno! lowe¡- conîcct.

ó-18 cicy, lacustrine; olive greT 5\'becorning locusfi-ine clcy unit
dcrk gre;r; occos.iorrc I pebb le qnd si lt ha ll .

18-22 Trcnsiîion fo ti I I "

22-43 Till; olivc grey 5Y4/2 groding fo dork grey c_lorv-loorn till
5Y4./1; cloyey, silty, sondy; very plestic.

43-45.5 Till; silty sondy; igneous pebbles. bos.:rl sondy drift

45.5 End of lrole in boulders.

TEST HOLE P.-43

Depih { it. i Chcrqcteristics lnterpreiotion

0-1 Topsoi! .

1-6 Silt, cloyev sill ond very fine scncl; inier- Íocustrine silt .unii
bedded, lomincted; oxidized.

ó- I B clcy , lccusf rine . iocustrinc c lcy unii

l8-?3 Transition to tiil . .

23-40 îill; silty, sonCy, slightiy cloyey; cloy-loonr till
ccrbon,¡te pebb les

4û*44 Sand, nr,"-diumr poci-l;.,s.erfeC; upper fooÌ bcsolscndy.drifl
t otrldery; slic¡hî!¡, pebbly

44. tnd on seiii ¡ecl<.



TEST I.ICLE P-44

Depth(ft.) Ch,:rocteristics lnierpretotion

0-53 Scnd, very fíne to fine; niussive, poorly lccustrine sqnd
sorted; no pebb les , few f ines . uni t

TEST HOLE P_45

Depih ( fi.) chqrocterisiics tnferpretrrtion

0-l Top soil.

I -ó Till; silty, sondy, slightly cloyey; lgneous
pebbles.

6-43 sond; fine to very fine; poorly sorfed, no locusTrine scnd, fines; o;<idized to 20 feel; no pebbles; no unit
cloy inferbeds observed.

TEST HOLË P-46

Depth ( ft. ) Chqrqcteristics lnterpretotion

0-l Top sci l.

l-4 Sond; coorse to medium with occosionol )
pebble; oxidized. )

)4-B Sond; coLrrse; very poorly sorled; pebbly, )
slightly si liy; oxidized . )

)
8-17 Siif; sondy, pebbly; ond scrrd; fine, silty; ) t. rr^ -_t;o*", 5qn/1 1;t!

oxidizedolive5Y;pebbly. ) vnlì*te'en"

)17-30 Silt ar,d sond; interloyered; unoxidizeci )
dork grey 5Y. )

)3C-40 Sorro'; medium to cocrse; pebbly, no fines.)
)

40-.47 .5 S'liid; fine, pocrl;z sorie d; slightly pebbly,)
n.y fines )



Depth (ft.)

0-1

TEST HOLE ?_47

C hqro cteii s fi cs ln ierpreto tioi-r

Top soil .

I -10 Tiil; siity, scrndy, slightly ciayey; cxidized )
olive 5Y; gypsunr clnd corbonote concentrotions.)

)ìC-18 'iili; os obove bui rnore scncly orrci boui,Cery; í U^r,rt,e^l;âle./ ri"li t;//
very liil le c loy . )

18-21 Scrno'; very coorse, pebb l¡,, bou ldery; )
. oxidizeC.

2l End ol ho le in boulo'ers.

IEIL|lqEi-4q
Depth ( ft. ) Choi'qcierislics lnterpretoiion

0- I Top soil .

1-4 Sond; rnedium to coorse; mccleroiely sorte<-{;

no fines.

4-7 Cloy; lccusïrine; occosionol pebble; rnossi'¿e lc¡custririe cloy u¡ii
to slightly lorninoted; silt bc¡lls.

7-24 Till; silty, scndy', siightly ,:layey; clo;,-loam ii!!

24-26 scnd; silty, pebbl;2, L,ouldery; dorl< grey 5Y boscl suncjy c|.ift

TËST' I-iOLü P-+9

Deptl-' ( it. )

0-ì

lnterpletciion

l*i0 Sond; upper 5 ieet ¡ned!urn crci!neC ilroclerctely lqcusîrii-re sc¡nd oncl
sortecl , 2.5Y?,3i(t; icwer ,'1. ir.rei slighli;r siliy criovei uniÌ
".¡iTh occasícricl pc'cb[e .

l0-23 Ct,ør¡ , lccuslrine; mcssi',re; dorv giey sY3, .5/l. lac,-,:il-ine c ic;z ,"rnir

?-3-53 Till; c lc;,ycf t silt¡, sc;rdy; very piorti.. clcry*locm iill

C hqrscferistics

Top sc'i i .



E:l-l-c-:i-Li9
Depth (ft.) Chorqcteristlcs lnterpretotlon

0-2 Tc,p soil.

2-B Cloy; locusîrine; m(issive to lominoted; locustrine cloy unif
abundonï sili [¡olls; occosioncl pebble.

8-15 I'ro¡isition to Íi I I .

15-47 Ti ll; cloye y , silty , sondy; colbonaie ond clay-locm till
igneous pebbles; oli'¡e 5Y ro 20 feet ond
ciork gr"ey 5Y below.

47 End of hole on boulder or beCrocl<.

TEST IjOLE P_5I

Depth ( ft. ) Chorocïerisiics lnteipi-etcriion

0-3 Rood fill.

3-7 Cloy; locustrine; silt bqlls and occcrsionol locustrine cloy unit
pebble; gypsum concentroïions; massive
fo slightly lonrincrted.

7'10 Tronsition io rill.

10-25 Till; clayey, silty, sondy; lgneous orrd ciay-loom till
corbc;no te pebb les .

25-27 Bou lders .

27-5ù Scrnd; medium groding to coo¡:se neqr bottom.: bosrrl scncl¡, çj¡if1
peb'bly; poorly sor-tecl rieqr boîtom; no fines.

50 End of l¡olc in boulders.

TEST HCLE P-52

Depth (fi.)

0*2 Road fi l l.

C horo cl.çi-islics lnf er'¡rietc tion



40

TË5T l-iOL[ P-52 Cont'd.

2-12 Silty clcry ond cio;.; icmin,re of ,¿erv line sond; lcic.rsirírre si lt unit
pcbbly wiih siit bolls.

ì2-30 Clcy; locusÌriire; silt balls oncl occclsionqf lucustrine cloy unii
peLrble; mossive io slightly ic'minqied.

30-40 Till; cloyey, silty, sond;,; plostic ond soft. cloy-loom fill

End of hcle on boulder.

TEST HOLE F-53

Depth ( ft. ) Chorocterisiics interpre to iion

0--2 Top soil .

2-7 Cleyey silt ond silty cloy; lcmin,:e oF ver¡ locustrine silt -unit
fine sond.

7-12 Tronsiiion lo we I I sorted c loy.

12-27 Cloy; lcrminotec{ to mossîve; silt bolls ond lqcLrsïrine clcy unii
occosionol pebble.

27-35 Till; cloyey, silty, soncJy; ver,"- soft.

35-37 Tillond boulders; .rery sondy.

TEST IiO LE P-54

37

c loy-!oom tïll

bosal scincl," clriit

Depth (ft.)

0-2

2-5

5- i4

14*?-6 Ti ll; c \cyef t si lty, scncJy 
"

26 Ënd of hole on boulce¡'.

End of hole in 'oculders.

Cho¡'qcterisïics lntcrpre tcrion

Top soil .

Cloyey silt rvith lcrminoTions of verT fine sorrd. l,rcusirine si!t un!t

Clor¡; locustrine; silt balls cind occcsic-'nol locrrsirine cicry unit
peLrble; mc,ssi''¿e to slighiiy ic:nr!ncri¿C.

c lcry- loonr ii I I



TEST HOLÊ I'-55

Depth (ft.) Chqrocterisiics

Ð-2 Top soil.

lnterpretoiion

2-3 C loyey silt. locusirine silt unii

3-15 Cloy; locustrine; silt bolls ond occosionol locusTrine cloy unit
pebble; secondory gypsurr concenirotions .

15-27 Ti i l; c loyey , silty; soft, oxidized . bcso I sondy drif i

TEST,HOLE P-5ó

Depth(ff.) Chorqcteristics lnTerpretcrtion

0-7 Silty cloy ond clo¡,ey silt; lomince of vei'y lqcustri¡'le cloy unii
fine sond; lower portion hos less silf,
occosionol pebble qnC silt bolls.

7^23 Till; cloyey, silïy, scrncly. cloy-ioom till

23-26 Boulclers,rnd scrrd. bosol surrcly drifl

26 Ënd of hole on rock.

TEST HO L-T. P-57

Depttr ( ft. ) ChorocTeristics lnterpreiotion

0-4 S¡lt¡, ç¡o, ,:rrc.l c iayey sill; lcrrninoîed rvith locusirine sill unif
very fine sond.

4-10 Cloy; muss¡ve with occosional pebble. lcrcusfrine cioy unlt

l0- l9 Ti i!; c layey , si lty, scndy . )
i cloy-loom till

19*30 Tiil; very sorrdy silty; mixed pebble )
conrposiTlon; m,:ist; sofi. )

30-4j Sond; pcssibly silt;', '.'cry scndy fill, t osa l scnc.ly drif i



TËST I-!OLE P*53

Depilr i ii.) Choracterlstics

0- I T,rp soi I .

lnierprelof ion

t-8 Silty cla;,. lscusirine siit unit

E-17 Clcy; locusfi-ine; si lï buils ond gyi3surn locust¡'ine clcy unit
concent¡'otions; Ionrinqteq'.

17-35 Ti il; si lty, sondy c loy-loom iil!

TEST HOLE P_5?

Depth (ft.)

0-2

C horocTe¡-is iics lnferpreiotion

Rc,crd ii ll .

2-10 Cloy; slightly silty. )

) locusfi'ine cloy unit
10-25 Cloy; locusirine; silt bolls; high gypsurn )

content. )

25-59 iíil; very cloyey, silt,'-, sondy. cloy-lo<rrn till

TEST I-IOLE P*óO

Depth ( ft. )

0-2.5 Rood fi ll .

Chorocteristics lnierpreicition

2.5-13 Cloy; silîy; lominored with silt bclls. )

) locustrine cloy unit
13-23 Clcy; locusirine; silt balls ond gvpsunr )

concenlrclions . )

2ß-4A Till; very cla¡,ay, sligirîly sil'iy, scrncly cloy*loom till



APPINDIX C

P¡ EZOMËTER I-IYT)P.O GRAPH 5



'l'he first grouP cf lrydrogrcphs !s ori'ongeci sc tfrai, ior ecch nesi, o 20-

dayhydrogrciph is follov¿ed by'o i00-doy hydrogroph. This cllor.¿s e moie convenient

comporison of tlre ir¡ifi'¡l stqbiiîzc¡Tlon pei"iocl ",'ä o -."oroncri íluctucltion. These

hydrogrcplrs Y./erra prepcrrecl oniy fcr ¡riezorneter nesi.: i lhi-ouglr l4 ínstqlled during

the sunrit;t:r of ì9ó8. îlie 20..d<ty iiyclrcgrcphs v,/ere prepcrrecl be,Fore su¡-vey cioiq w.os

ot¡oiiobie onc{ lisi vrcrîe¡'levels from the top of ihe stondpipe rother ihsn cn elevotion.

Holvever, fhey ore usefurl in ìllust¡-qiing short-.term response cherocleristics.

Two-yeor hydrogrophs of pie'cmeier nests I through ,1.0 v,,ere prepcrecl to

illustrute setsonql cn.J onnuo! ituciuotions. Precipitolion bor g.cphs incJicote ihe

relcitive sensifivíty of ecrch |,ydrogrcph to short-term onci long-forrri vo¡-ic'¡fions in

precipítotion.
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APPE¡',IT)IX D

HYDROC HEMI CAL ANALYSES



The hyCrcchenricol qnclyses l!sied in Tol¡le I v¿e,-e ccnducied by the

Whítesheli Nucleor Re.secrrch EsÌoblishment, Reseqrch crnd Developm=nt Bronch, in

i9ó8 on soi:rp.les obioined from relof i.,'ely newly instolled piez:cmeters. The onolyses

listed in Tobie 2 were obioinec'l in ì9ó9 offer piezomeiers hod been siobiiized,

flushed, onci .-lrqir¡eo', oilowing true formqtion wcïers to be sompled v¿ith q

minimurn of contominqfion. Anolyses fo¡'onions oF îhe l9óB somples were conducteci

by the Univeisity oí ivlcnitobo, Department of Agricullure uncje¡'The supervision of

Dr. M. Zwo¡'ich, ond the resulis qre ovailsble clthough noi Iisted in this oppendix.

ln Toble 2, lhe somples lisied under 'speciol Son:ples', were isoloted

under low pressure from the otmosphere innmedioi'ely cfter sorirpling.

Toble 3 lists fhe field conducliviiies obfoined by d.¡wnhole metl-,ods

during 1970.
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APPENDIX E

GRAPHI CAL PRESENTATION

O F GRO UN DWATER TEMPERATURE

VARIATIONs



. - //
-'L ,/ 7 t' ¿'

1)J

ANNUAL MIjTIOROLOGIC¿\L SntuARY

ifNRE,

l{ealth ancl Safety Branch

196I

Pin¿rrva, llanitoba

Environmental Control Section

'' 
l, 
E*- 

I

f,remel
I r'rax. j

26.o I ts.z

n'r,
Mean

If ax.
!f ean
llín.

-10 .1
-LL.4
13.5
2,6.7

48 .8
52 .5
51. r
46.L
35.1
2L.4
0.0

Mean

1.0
0.5

24,3
37.8
48 .2
58 .2
62.9
59 .4Ér nJJ.l

42.3
a4 ô

/.J

Hea{.ing
Degree

Days

2046
1870
L26L

8L7
(a.,

2LO
LO2
190
290
703

113 5
L79L

verage
Speed
(t"t. p . u.

Pre-
ai1ì'-ng

Direc*'io
ñ¡+a

n.
Lu.
-È
rú1

1y
6

)lJ.

c.

B.r
12. +
35.1
48.8
58. ó
o/.o
/J.5
67 "7
65.2
49 .6
32 .9
L4.5

Á¡)

34
57
76
ryQ

84.
BB
80
B2
66
5o
36

,)'t I

"Li
3,nl

2ol
1il
rl;irl
6i.t
5t

L¿.1

131
^lJI
ol4l

t_
11":.
l¡eÐ.
lÞIa r .

lAp*.
ll"tayt-lJunet_
lJ uly
lA,rg.
[Sepb.
lo"t.
t-_

lr\ ov.
lDec.

_,i a

a,l-J+
-rBI
t7
J/
20
J)
a/

4aLJ

1
_29

6.+
6.5
6,6
7,L
8.1
6.7
6.1
6.3
5.3
8.3
6.+
5.0

Q A'I]

NNIV
N
NN\1r
NN\.J
ìiN lrr
\T\TTI¡

T\N\V

SSE
NITIV
SSE
r{

!Jan" 6
lI,elt, 22
ì'íar. 11
A1:n. 5
May 5
June 1d
July 9
r\ug. 1/

Occ. 24
Nov" 29
Dec .25

BB lJul Àa .fan. 6 IO 937

-,atior-L ( Inches .l

,onth

.rruary
,bruary
.rch
¡ri1
,y
i.ne
rIy
Lgust
rptemì:er'
rtoben
rvenrber
:cember

Rain Snorv

0 .10
0. 01
0.15
0.78
a anJ.L/
). LJ

4 .40
4 .3r
2.46
1.40
0.03

Toral
Precipi-
tation-:í

1 n(
0 "27o.92
1¿ 13
3 "69
5. j j
4.40

2 .46
I. ¿FJ

0.25
o.7r)

Date Snot'¡ Date

.09
"01
.10
.39
./Ò

L.54
1 'ì1

1. 01
0.89
0. 2é
0.03

Jan.
Feb.
Niarch
Apr.
lufay
June
Jul-y
r\ug.
Sept.
0c'b.
Nov.

5.1
1n

3.9c<
,:,

o.z
t.I
L.7

Jan.
Feb.
rvra.r .
¿\-'"

''""-

0e'þ.
Nov.
Dec.

24
26
30
20

Õ

30
29
18
16
r.5

1

l_l
_5

1q
I

L/

?CI
1n

4.

| ,,,.,.
Ycar

22.I | 44.q0-



ANi.{UAL

r,tt{RE,

Health and Safeùy Branch

þ!
Pinarva, llernitoba
' Environmental Control Section

lIa o'l- .'

;1.tI
I'Iean

ivlax.
Mean
I'fin.

'l

Mean
Ex-
renìe
IIax.

Dat,e
Ex- f

trem{ Date
Min.l

Degree
Days

verage
Speed

Þ-^
vailing
Directio

tn.
)b.
lr.
)r.
l\y
lne
rry

)pt
:t.
)v.

4.9
20. 0
26.O
54.0
60.8
62 .9
74.5
79.2
6+.t
4L.2
33 .4
20 .3

-L3 .4
r.6
4.0

29 .4
39 .4
41.1
5s .5
50. o

45.5
30.0
18.B
8.7

-/1 ')
o?

15. o
42.O
50.1
52.0
64 .o
67 .9
54.8
35.6
26.L
L4 .5

36
4L
7o
85
77
93
9o
B4
54
59
50

an. 15
'eb. 23
.ar. 2L
,pf . 25
.ay 26
une 9
uLy L2
Aug.22
Sept,lJ
Oct" 3
Nov.6
Dec. I

-38 lJan.26
-4o lneu. 3
-15 fi"tar Zgz lApr z2L lÞIay l-9

3 0 lJune 13
3 B l"rury 6
46 ln,re. I2B lsept .28
l-5 lOct. 23
3 lNov . 20

-Lq l¡.". 22

2L47
L56z
r549

691
474
390

87
35

331
913

LL67
J-500

0,5
5.0
5.0
o.J
7.8
6.6
5.0
5.4
5.5
5.9
7.L
5.1

NNI\T
SSE

N
s

NNI^/
N

SSE
SSE
.SE
SSE
Nif

SSE

ar
45 .2 26.O J5.O 93 uly 12 -40 lo.o. 3 L0,9r2 0.u ea Lr

Snorv RainlDatelsnorv

o'01

0.35
t nt
2 .60
2 .06
3 .29
2.46

.91-

.01

27 .7
3.1
L.9

1,5

Jan.14

Aprill
May 3r
June 26
July 26
Aug. 29
Sept. 2
Oct. 7
Nov. 11

cnth

nuary
bruary
rch
ri1
\r
ne
-r -.LJ
gust
ptember
tober
vember.
cember

Total
Precipi-
t ati on-)i

2.78
o.3l
0 .19
0.35
2"87
2 .60
2.06
3 .29
2.¿,6
L. 04
0.38
f.ig

It(_)"' t,cltt,l¡

Greates

0"01

o "28
L.54
o.98
^ ^4'í aq-L.JJ

.0u

.J-L

"01

Dat e

Jan. 15
Feb'. 10
March 7

May 31

Oct. 24-z
Nov. 23
Dec 7

çij¡¡s
I

* I
Iùi'r.ir_r-r¡t

iear

_-_t
¿r l. l.

_l________-_

5.6 Jan. 15



irtillr
riiiiiil

li'
'':i
iiilr;'ir

fi-ir-l-i-.r
l,i¡lrll

ii 
i|lli

i;riitil

illi

ii 
:

iiii
t'

;iiiliii
iiiiiiii

üÊ5l-r

-l 
-¡i 

i l*-r
iililiili
iil;lii:r
'r'frÌ
li;iiili
;ilii'
i.l;lirl;
' ----: ' 

l:_l 
!_

lirllrii'
iiiljjill
riiilllj
l';ltl'l

::liiiili
riiiíi;;i
:i!llri!
I'illl:'
-il-:-iîì 

,i-j-

'illt'ti
ititiiril¡ 

I 
I '.¡ 

i 
r

;-l;
ilriiiiil
tliilr'

.il.
,li'

irr.il
l:,i,.:
ii:'
Ilirl
i:

:)rÌiiiii
ll

-l-T
--.'l

lllr:
,,lll
,lll

l

iiiiil

::l 
r¡1

r I i i I i ,-r,l
i¡;1,i,.<

z!
- -]-*--ql

il

,*,ï!
{. 

, 
i 

il_: 
i-

i r,lll

ir:i

r,.i I 
t

i-li.-i
li:j

I 
', 

j, 
-_=

rj
li 

it 
/4

.,t:r
;l 

:llriLi

il1",-i
lil-i
l;

i --- 
:-1-:---l--.':-4.,;-

i, 
ilii, 

¡: 
rü

:t;t,¡,i.r¡'

; ,l' 
¡ ,:\

---t¡:--i--:=
_o-

l: 
,i;:' 

l 
: 

tf
i:;;i;:' j 

^T

'$. \;\\ 
:l

j-il
jil

Jìl:Ì

_t,jJ 
l__

tiilitit
iiijliitì

l'rlli
iir;llj:i
ritiiii:i

)).i

)l

iii\
ii-i

_-li

,.t

¡_J

I

r,i
,,1

i.illil

I

,lll-i.li,
'r,tit
r,rlili;
i'l,lrl

, 
r ll

li.,l;
',llr

II

ii.i
,liitrlit. 

i 
i

ii,ii
iiii

l\iI

'l

iiitll

Ii

s, 
I

l

N

¡

'i'i

iÌril

- -l---r
;illl,l
ì 

: 
r' 

r
ri 

I

l,;'l

I

(.t

i'l'i'-',¡il l,,' \

.i 
i.l

\

\

..r'ft..-:.9II.
ir':l'ì
1l'-:l-r,-

i

\

-i,i i,\
,-l'll
tl

xi 
i

;,;r't,

rli:

ii

r[. ,- l. -, I __-]-*- .i...il-.-i_,
:,i..,'1,,',1' l.i ',.i,,.ii,,.,l;
:f -'-J'-[!Ë

j 
,-

:,i : i :; i, 
ii iii, 

;il;;:ii

T
I

lill

-\

ii
-r_i 

i- 
I

iL

-t 
l. t_i

Lrj
- 

i. 
l--i 

, i
tli,

i_i.t.l
,ii,:rL
i-iì;
r,l-L-i

I
r,l
i:lrr

-1.,r
It-i
.r-.-.i

i,riir

r-1.
:llr.l.l

!-i
'i'Ì-

f-i-
It..t 

-
llii-

i'i:-llll

;rii
li 

i 
'-r

li'l-l
i'ii-l

ilrii
-i;li'-:i
-l ìl;-r 'i

-i 
- r -'- 

l_-i-ì 
:_ 

1

,iii,
'-l :' l

rilriri

+

'oJ 
u3s53 ? ì3ljnìf,

IlII

i¡1
L_l i_ t_
ìlll

r-iii
i:riiiI 

i.-i -r-

i-,-,i

.¡i

r. 
i- -, -:

i:l

i_fÌ

i;,liii:i
;rlirlil

1_._1_:-,1,
l__: _1 _ i_ L

rtl

i,iti,
rilÌ
:--:-,i , 

l

"i.l

iiiiT
! _-l- 

f 
-r-l

\.a?o

r-ll..Il.i
l,l

l-:-il 
I

t,l
l,,t

r---i-îj:-
-.! 

-i -.1 - : 
.

tt,
-i -;- i '
-; 

!- 
!- 

r--.

r--.1-i.ì
i,. r. t..:
ri

I
-t

Ïr-l-.1
i--i.ì-,1

-i- l-l- i 
I

i-ï-
1..;

1--i_

i-i-
l,-i-_

ii-r
i.-l.i
i,i-:-'r
t;:l
ii,i-:i
,,,]
rll

i-f -

I

i- 
l.

lì

-i,ili

;-i'i

l_ill-.
il¡i
I 

i 
'-i-

f. i-i-
i -i- I 'i-

i_l

I

Ì1,
- j -l- r-'
.,-rt_ 

t.._.
ilì

-T
-|-î:

ili

l_i
;-l
'-tf-Ì

i'.i-l--i-
'- 

l-j--f-

co

... t.;...,.-i...i.-.t 
._ i

'i-il-i;1,:,ii:;
-i-l-i-i i ; l i : 

. r :-: , 
¡

l-i '-l 
l r : . ..1. -.; ....

_!-____i 
i 

i 
,

;:i : 
:I i 

I :l-,
''-l:'ri:-'li
'-i -¡-t 

l-¡::l-i 
i 

'--
'-1,-l:11:_i 

,_f i1, 
_

-+
-



"c
K

E
U

F
F

E
L 

&
 E

S
S

IR
 

C
O

.

I

ll l-t ii i-i

-1
- I I

iil
-t

ì-
ì'Ì

l
lll

¡
I 't- I

¡ I I

¡_
l

c 3 r¡



oc ,.'
ì

K
Ê

U
F

F
E

L 
&

 E
S

S
E

R
 C

O
.

+

1t
:,

i-l
-ii

_ 
l_

l_
l

lll
ì

-ì
-r

ì-
 i

-r
-r

-î
i-i

,'l
.l-

l.r
i

ri-
tt

--
ï-

r-
r-

'il
i ì_
._

i,
rì

l;

l-j
-i-

-ll
iil

'i-
l-

I l
-r

:1
-l-

-L
-l-

r-
+

!r
rt

l il 
r-

i l
ii-

ll-
l

i r
 -i

 I
-*

 
iî rl .,ì
l

li l 
i-

l: -ì
i'

r-
t- i 
i-

lr F
_ iri lr 
- 

I

t.- T
]

:\l ]I ;ll _i L ii.
-t I t

U
I

\l ¡l ro
 l-



Of



I t-
t-

-Ì
--

I

I 1-

i l- I !-
-

.1 I _l '-1
I

ir-

l--
1-

L-
]-

ilr
l

-i-
l'-

rr

--
l

l- l_

_l

-r
-i 

-t
- 

1-

i:r

Ì-
_ l-

llr

l-l
-

-i 
I 

i-
llr -i-
i:i

,-

I

lt
-1

-1
-'

-r
-1

-
- 

_-
1 

__
|:

_t
_l

r

I 1-

it !t
-l-

1

i-1
-jl

-
I 
-i.

-j 
i

r-
j-1

-.

--
i- -l' .-
L

-!
,.

I

l-l
-t

.-
ii-

i'
l't

.i 
i-

- -r-
l

-j-
l

i

j_
l

tl

1

l_
l Ii --
-

-1

j-. I I

i'i
1

l

--
i

-l

til
t

li
--

l- 
Ì 
-i 

i

I
t-

i-

i-l
I

-r
l

_t
_l

_L
-j

,!

-t
-l- t-
i

-i1
-

-l'
 -l

 -

f -t -i -i I

i:i
i

' 
Í 
_r

 t-
f 

i 
i-i

-
'-i

--
l-

I

I I

-i-
1

-l'
.i- i-r

t

I Ì- I l-

r_
,,1

I --
1 "1

il+

I I
-.

t

iii
i*

i-i
-l-

1-
! 

! 
i-i

-

-ii
,r

.
l:-

i-
_i

-Ì
_-

.i-

r-
i''

ì

l_
|¿

ill

.1
.- l

.¡

ì"
-l t,:

I

i1
-

I -l-

J

1.
l

li

,-
l-r

.-
_ 

_

tl l_
-i,

-i:
i-l

 r
-

irl

I

iil :-
ii-

i-ì
 -

r.
.'

I ,! -j -l

--
ll

'-r
i-i

i 
i ì

-i
1-

i-i
.-

t-

L I I

,-
i l it li- r-
; 

'
-J

,,-
l -

it

j I -1

I

-T
-l

.t- _l
_ I

I -t
- I _l
_

I

ri

I 1-
.

I I l --
i

tl

il

rl Lì
_

rii
i

- 
i r

- 
i.'

i-
- 
I 

i- 
i-l

--
rl

I 
iil

-

-)
.-

-[
t-

-
'il

-l:

I

1,
,

JL

I

o\

l-,

Ì i

--
l

l I
_l

I

rl

ll

I

I

--
i-+

-i:
-r

- 
i- 

I 
--

l-

_T
j--

r

L.
-

lr

ri
-i 

-f tl
--

i 
"

,t

I

l-,
":

i
!_

1 
I 

:
lrr

Ì iF
-t

 I

!

i_
l_ !- tt i-;
.-

fl-
.r

I it. i-i

i-J

i -i 
.-

- 
l- I I

1- I t_

,1
1

-l_
-l li

- 
t-

j

i-i
; 

l

oc

<
.}

t

-l -l

l-l
-L

l_
lrl

ï
I

K
E

U
F

F
E

L 
&

 E
S

gE
R

 C
O

.

-À

¡l-
i-1

-

_l
l

-l-
l-

-¡
. 
i l

.-
1.

rll
-ì

-l-
t 

I

ii-
i-r

-

--
i 

r-
 1

-
^.

i*
;-

i-
i-i

1-
r-

-1
 -t

-

-t
-

l-

¡i

r-
l-i

:l

_t
_

--I 1 I.. -1
.

i-r
-1

-ir
--

i -
 i_

_r
'

F

-r
i

ìll -r
ii

-T
F ilj

li

-l

-l-
t

ll tt
--

.1
-I

--
r 

l-

iit
i'-

-lr
ai

t-
:i 

Lt
:Ì-

l-.
.-

l

--
-l I

--
 1- I

I I

-Ì
-

-1
- I I

1_
i_

1.
ill tl
i':

i-
Ì1

, ili
 

-
l-:

tl-
ll.

I- I,

I ¡

I l

il l1
_

il -il - 
f-

 r
-

-.
1.

.
l

--
t- -t

tii ii_
l

ll
-t

-t
_i

-l-

l

-t
- I -i

t'- i- t

ll l-j
-

l- 
t-

1 I

l- !-
-

I

rl
--

-1
-

I 
.-

.1
--

l-_
L-

ii j-i
-

!r
-

tr
l i-r
;

tit
l

'';
-i

itl

l -l I
'-1

!_
l i

 _
t_

..1
_1

.-
,l:

lr ili
-t

-i
il'

i;
l_

l- 
I 

i_
 

i

...
-.

¡.
-.

-t
- -t
-
:l

I
_l

1 I, I l I

+
-

ï

il

i

T
-ì

..l
-ì

-'l
-l

'I 
-i

,-
i--

;

,J
'

I -t
-

i I I
-f

.-
l

l-

-t
-

I -l-

_i
t tl

-'a
 

"
rl

-t
-

-f
-

l-- I I

l-

ri

l-l
-r

-!
:-

l 
--

i
ll:

r
l-_

it_
i_

ill

l

I

I :
, 
:i 

-,

l\i
l=

,ir
Ì -t I I -¡ l

i-

I I

lr

-'L
 j

-:
-l rl

- 
l -

i 
-.

!-
-l

rr
il

rlr
i i ì
- 
i-,

l

-t
Ì

-l- -l- -l-

-l-
-1 I 
-.

1
jj _i
l

l: i: t i\

i .
;

ii /.. 
1

I 
.-

.
!i

t-

iti -ii
i

'r.
il

il ii

r-
l-

-t
-

_i
_

I

't 
_

..-
l t-

I i
-:

l i
-

¡-
 '¡

-i 
- 

r-
i--

N l"l
 

,

J

ll- i-i r-
i-

rll ,-
i-l

-
iii

-

il I'i
-

-1
 -

_-
_l

_l
__

l

i-l

lil

'I 
-

ì t- l

til l .
'-

li
'-'

t-
l'

iJ
 i-

til ì 
]-

i
l--

i-i

-t

i

I

ill --
ì'i

-i
'-.

rt
l

-li
.i

tl

tl iL tt ir lr

-l

r

I l-'

j-1 i-i iÌ 1"
 I

-i-
i

'l_
_ 

ì

I

'l -1
.

ii

ii li f:

--
l _l
i

r-
 t-

i-l
: 

; 
-1

.-
i-

iti
r

I 
i- 

i 
l

i!i

I

l-l i_
l iI

::l
l

-t
-ll

-l'
-.

-l

rl --
i 

-

l 
i-.

I -t
-- I

:t-
I

-'!
.

I

-1
- :-

i-t
-r

r-
i-l iil

T
-T

'T
r:

l
i,r I'l

l-

I

i 'l'

't-
t

--
l-1

-
"'1

't-
-l-

i-

I 1-

,l-
_ I

Ì I-

it- "il
-

-t
-[

-.
t-

l

ii tl -l 
-l

-t
-ii

i
,it

,- ill
;

_"
 

| 
!

t!l

i I I I

ì1 l,

-l-
l

ii -il
-

tl

!-
. I I

t_
 -

! I -l-

lt r1

I
_l

\

N

t- l-

ìi r-
l

i-r il

!

l-i
-

il it l-r
-'

I -ì _l
I

I :

ii li

l I l-
r-

i-

[,t
H

'I -t

I I I 'l'

rl I 
-r

-'

i-l
-l

i-r
-I

i;r
l

I I l- { I

--
¡ -l

\i

.li
ri

:i-
t,j

.

i.l

I

i; iì
r-

i-l -l-
t

-i-
l

-l . 
t-

..

ii iì il :i

ì-
i ji- i-'
i-

li

-j_
- I

I-
i

r 
.1

l-l ri

rY

\ i'

-t
 i

 _
t,

ljj 1i -r
 i 

';-

r.
i-¡

-l
;lr

r
it-

: 
i

iii
t

l',
1

,-
+

--
r-

ì
iii

i
i:i

l i-r
il

r-
f 
.ì 

i

i !-
'

.l- l .'¡
^

I

I I

-i
I

lr l-j -l 
,r rl -l 

I
ti

-t
_i \

i l
_j

rlt

I l-

t-
l

j-l

li,

.l

I

l -l

l I l I I

rl

l..
i-

- 
1 

1-
-

r¡ i-l
-

;-
i\ ìi i1 I'I

I I t-

J l. -l l
-t

-

-t
-

iir
i

il,
i

i-ì
;';

iîl
Ì

lì l-i
_

_l
.i ll -l'
r-

\j

ì

-l

,i

I I

I I l I I

'l -1 '.-
1 I -t

l

I i : {- l

Þ
l,l

N
 ;

r 
i-

bl
rl

ì-
.1

--
--

-l-
l-

fb
:ti

:
if-

.L
l-i

 I
lo

ljl

i.i i-i

ir! iri
i- iiì
i

rt
'li

t_ a t-

llì r_
 '_

 I
-

!ll ir-
l

ti_
-i-

l -t
-

I

..i
i

Ìii i-t ir'
-i

i

r-

.-
l -i ,..
t I

-_
l

-+
l

i_ i I l

t-
_

I

I

-t
-

._
1. I

s \i

l i

tlt rii
-

rl-
i-

t-
|'l

'i-
i.l

-

\

i l ¡ I

I 
l-¡

- 
I

i'i
i

I

-T
r

I i-i li
-l-

.

!i l-l it

I I

I I

t.. I

1 \i
I i

 I 
i\

iil
il

t-
'

ì
-t I .T I

llt
i

l-l
lr

iit
'

I-
i 

Ì_
!

- l
_l

I

t: :, il I i..
i

,;.

F

I l- l- l I

ltr
i

I

-l- --
t. -l i t-

Jl
tl

l-i
tt

,li

I I I

iii

I 1 t-

! I I

I

l;t
r

ilj
j

itl
¡

r'l
-il

ll ì"
t

i l

I t-
_

I iìi
ll

-i 
ì 

r 
i-l

.r
; 

ll,
i

r-
l ,

 i 
I

rii
i

iii
'i i'i
l

i::
l

ill i-i
i

ii;
i

lii
,

j I

it- ¡i ji.

.{ q J l|

Ì-
li

rli
ì

iìì
l

lri
L

l



i I

I -f rt
l

-l-
I

'll
,î jl:
l

I -l- _t
_ I

-1
-

II
r-

-T
i

l- 
_l

 _
l

lji l--
: 

i

-t -l -t
-

-]
- I -Ì
-

-_
1^ -l

,.j
,-

,i-
j.

ì,r
i

r-
iii

'l-
- 

' ..l
 -ì

 -

-1
-i-

l
rll -i-
i-t

1.
.l-

 
l

i;r . 
-t

 -
l

i_
i lt

itl
,

ri-

-r
 -

. 
l-i

 ,
jr i 

l- 
1-

ri-
i

-:
 I 

i
-ll

-Ì

l-i
-

.l.
--

i
l-r

-
it

i.i
.:

iii
i

-;
'i-

 l
-l-

-
. 

.-
 

l
.1

._
l

itl
:

lli

o

ir i-l

I il

l-

r 
-:

 
j-J

iÎ il! t-
t-

l
-T

-l 
-l

i-i
l-l

irl i-'
;-

fi

itL
r

ril
i

:Ii

-i=
l-1

-
:1

_i
_l

_
til

- 
i-r

-1
-

.-
j,. 'I-

..,
1 I

--
1

I

l:l

li ,ir
l

iii
-

l_
ll_

rt
J

-l

l1 I 
r.

l

1-
l i

-f rl

l.:
-j-

j
ri!

iir
l

r.
.r

 l

--
-

.l,
 

r.
i

ttl

1-
ri

.1
--

.1
,t-

ilt !Ì,

i-l
 l

_.
il ti it;

i

I i

.'l
..-

l- !-

-ii _t
 l

1i
-i

| 
, 

l--
.1

-t
- 

,-
.1

-

tll
--

r-
-l- i-:
-l-

I

iì, iil
i

l:l i:Ì
'

.i.
lt.

l

t-
ii l

-i-
 i

 
I

iil

_t
 

:

I II t, lr

'_
 

j 
i_

..,
1_

-
i,i Ì 

t'-
l--

G
\

li. f-
f

ìÌ

.,t
I ì l

-f

I I

I

l-l
--

.

i-i
-

i- 
r-

-
ll i-î

-

il-
l

i

;i1 jti

iii
_

lri 'i-r
i-

ll ii

_i
_l tt

I

i.!

lr .l^
t

I

li ll

I

!r

-l

: 
1-

l
ill

li

oc

<
)t

t-
! i1 l-l

I -l- I l

-1
-

-j-

I -t
 -

-l 
.

I

ti ì-
t-

K
E

U
F

F
E

L 
&

 E
S

S
E

R
 C

O
.

ii-
i

I 
l-l

-ii
'-r

il I I'l
-

1 
i--

{.

lr l 
_Ì

 _
Ì

1 tt lr l-,
'

'i- l i

I

rj

l.- ¡

ìl-
ì-

l-
jli

l
ir-

i,1

ilr
i üi
i

¡-
. 
,-

 I
 

l
:li 'i-
i 

l 
:

i_
l

ri l-t r-
-l-

I I 
', 

-i 
'

r-
ì 

i-Ì
l--

i;l
'-'

 
!r

'

rii -l-
-t

i
l-l

-i
.r

..;
-l

-.
r.

i.-
,j

-l.
l

-'l
¡ rl ii

i l

-t
 

-

-l
I I '-

-i.
-

jl i_
 l-

ll

l- l-- o L

-Í
-i- -i-
-r t-
-l

tî

:l-
.il

!i'
i

l-l
-i;

-
iÌl

.i
l'r

l

i-L l_
i

_1
._

i.
lì l-i

'
'-t

-l r-
i l-

j

lrÌ tl-
l

lr-
l

j-r
i

ll,
- li1
,

I

-.
.1

I

-1
- i

-1
1 1

I

l;l
'

il i-1
-' 

i

:-
 l.

t-
-i

| 
| 

t-
'l

ii

I] I 
i-

l.r ;l

til il -1
-ì

-i
-i-

 i -
t-

r_
1-

i'

--
*-

ïl
1;

l
lil -ii
l

i
-1

'

ll lr-
ì

-l-
;1 I 
ì_

r
ì-

1-
l

-¡
- ¡.
-

j

ll
-i-

il
-l'

Ì 
1

i-l iÌ

l -t
- I

-l-
t li i-l

ir rl ;ì

"t
-; 1-
r 

_

=
-l

rii
l t"
llj

'l.
.-

i..
i1

i- 
¡:

-i 
i

i i
-9

;

i--
i-l

rii
r

iii
i

I

. i
li

11
1

'ìi
¡ ;-
i-l

-t ...
t.- I

li,
:

'il
i ri¡ l:l
'l.

.

__
t -i t-

'

l-T
'

rl ;t

i-,
t,,

..
it i. 

r 
--

(À

ili li-
l

li'
;

--
t-

_r
'i

lii il

,i 
i ji

I ij lr !ì

-l I
-i 't I

l I i- L J

l-.
1-

i
itl lll li-

i

-l-
it

rli t-
-t

-,

i-r
tl

I 
t-

i
irl

i
it-

tl

v

ìi \ I

lr iit

K

_r
-l

I I

't

il

I 
-r

 i
 

i

l

!

j,i
\

i-:
.f

r,
ù

N r-
Ì

r-
Ì"

l-i

:-
.1

,
iii rl 'il ttl t-

r-
i

\

,ìl t.-
t

li'
i

tr
ì

tii

l

I

rQ

\ ì I I
!

lrl
i-

ii
tll

I ¡ I I

tll lii rlt ril : 
-r

 .
t

ti lli :tl ;r
l

I

:] ti rl

ï

1i I

tl li i:

ir _r
 L

li

ii il

I I I I I I

I

rl, lù
:

rè
l t;

ili
i

l- 
*t

I l I I

..t
I i I I

ll tij lir
l

t: rl i_
r

f ,r
.i

ii tt i_
L

ii ri

I : I

ll l-;
-

F
;

I +
I I I l -f
-

i l..
l

l-1

ii ].-
l ti t_
1.

I ; I

r-
j-:

i ir
'-;

r-
l

'il
li: ..r
l

lji ll

ii T
l-

I -l .i

ll jr i_
-.

i

fi r.
i

\ I

iii
i

ili
l lli
r

I I I

t.t

iii ii-
i

i'l
-i

ì'.
ì

I

\i _-
L

Ì.1
 

l
¡.

il iii ir-
:

i-j --
ir, rr

-l j I

_l
I I

I ! t. I i -
i-j

li
j,i

"ii

a €,

itl i-l
r

ii;
t;

\
iii 'i lir

ii

-1
 .

l-
'ii ' 

l- tl

i-.
.i

ìi it l-i

jl I ti

.I

! lr

li it il

il'

l::
l

I

l I I L I-

l.i
..r

lti 'tl ,,1 tl 
r

ii-
l

tl ir tj il i

.{ q 3 o

I I I I I I

T

ii

I

ii 1i





8

7

rJ5
o

4

l--i'Tri Ll, L-Lt¡t1i IF:l rLli--i-i'i-:-¡-:
-i i-i-;

'iil

_l_! {li ili rl +{rI I T-'¡-i
i-t=.!
,rltI !L l r-ir-'* f--i-i-

Ì -i-Ì'-tr l-r'-; -r - '-f-' ; .'--ttl ;lir
t--: 

-'t- 
l i-ii iril

i- :-1- i-lt -î- l- r I l-i
lr,l

i::-t i- i--fi i-f..: i- ---

lr-i il-r
- j..l-r'- i-
-:-- Fi-

i-i :'.'t -

iiij
+

r!
;1ii
-r-T- i*

tir -ai-T_l..;.-i- ritl
;-t-i- i-l-¡-i-

rl-l:
lri-i ì--i' r

]L
ll lri iii

rtii tit ilii
¡ -i-i-:- ii_I

ltl
lr

I
i I f Ir-]l ii;trrrì-- , 

-l i-;
'l-: : -r---
',ri

,i_lf i
1- I l-i-ir
-i:Il_i_trl
' 
-l ;'-'i-

:l irl-. -l-i . --¡-Ì -
-l -, ,.'-;-Ì - :_

l,- l.- i -r-

ir¡
I r-: r- l-
liir;Ti-Ii

I rlr Iit-i-T I-T lil T_
rltlrÍ*i-l - i--i-'i--l-r-f i-l

lilt__-i _

ITT' lrllr -rì ii
i-r-t I

Ìil
:- i-- '- fi-, I lr-i-i i- il

t'l
,ìi,-l-i-lî-.rl 

i-

.,:--:. ,.,.-
1

---__-_t-
-i-i i -'

I-l -i -i
i1i

tti-r"i'-T
-r-i---
-i -i---it it itl - rl-i ltiri lii tiil

lr-l-i :- Ìl'i-
lil

-i -i-l I

tl lÌ t- :'- i-f '--L_! I _t_..: _

l,lT-ì-ir-i
t-i

1iij. rll
ìt1
rtl lirÌ ii r-i-

ilil-i--f r-;
lilÌ'i-i-';l lrllrT;'i-i i-'

l,)

rl r;ll--r - i- i-
_ai- i-

ll l- i- l--r
ll'¡

-T-i.-l-lI ,t-.1._l . :riil
ì--'f-: _i rir- ;-i t' lr

ri-:-r: 
]

- r--i. I
T--
Li,

ltll-rli; -l : I i

illl -r l-.,r---1--i i i lil 1

J -J-:. -: -!-,.llrli 't-l-Ì1- -i--f'.T' -f-Ì--r 1trf il-i-l titl-i- i i_-T
*Ì- 

T- _.r l_l_._i .
lll

lri
-r-_- ---

lr
- i-'l' r - i--i. r_a.f-

rllrli i-r]-- I i-1- tl
t_t_ irlL --1 i -i -'

rli
r-f[i- i-t-T l--i- l ll i' ill-i tì

lil lri rl I-:l-1* 'l-i-l-r li II ¡'- -i-

lt
-t-

r'¡i l Ia. lll

_,i i i_t_
1l

lll

T--r -T-t :ft_Ltiiit¡l-r-i-i r -ì-

l
-1- r-i-[-r l- i-i'Tr-i-'ri--i-

it 1_-1 i-t
lrll

-! 
-!--tr,-l-

-r--- i - -- ltl

ll
t-+'l-llr,1
L-¡ l- lir

ti
I

I
t

ltl--i-f --
-i-i- 

r

rlir-f--ÌT- -

lrrl

I .r_-.j_irtl,I-
ll

_tr
!l

lli-i-r-f
i_i,_.t-iltrl l-L-L-i-llrl t-

111
- i-t- i'_¡-Ì-- 

-r-tltil iitr,lr rili
i-i-i -i L-L

I

l

+.1--t- llrl-i- i- i-i
l-i-fi -'¡ ilr --r- i r-i -l

i-r-__i''t-,tll
r-f-fi-

.1._

)/ 7.-ìrii-i 1-t-i-
iii¡
r. 

- i j--i'-irl 1rl rii tl
_l _-t- ,l-t-i..

lìl
!tl

llii
iilì-f-r-i--î

I

Lt_ ilri-r i-i-
lll
ritl --,1

l
i-L --.L-L--l-t-

-i -r-l+
I

l-!-,1 
¡--:.i- i-:

titi
_i_,i_i:i_

Ìitl
ll I-l t*L +-Lj- lf i-r'fl -r -i I-r I-i-- T- Ì i-i---i-r-i- 1tÌi-;-i -i-a i r'- ¡--j-i-.l'i-i -l-,L-!.-il / Ìi; ,ìli
I_l

-
L,_ilr iLr .-i-i-L--r-rt t1tÌri

-r:[i-l
_i

I iT li_
ti

' --- t-it-i-i
ll' -.1_i i-_Ìii--l--Ì--;- i--j--i.Ì.' -

rill
tl

_L_,1_

-liii_rl
lt,1
i -i-i-i i_1-

l,
f-:
:"i
: .-'-

¡ 1_l__i.
!l! -i it-i I

Ì--l
I il i --.:- i ., l-, l-

1li I irl -/ l,

-t lili-_+_ tll-T-i-i-i' ll!1 -i-ii-l -1,
/-

1 i-i:
-l-r.-Ì-r-L_l_til

ltrl
!1-28 <---!-

l¡
-i -i-i -t - _i__ i- !

I

-l
_1

I

I i r
ti-i-r

..1.!..i.

--.lJ
,]l*i_* '.:+ r¡

I,t
itl-ir--| lr'l

-1 ; j-r-J ,rt )
l-.-i_rl

ti
-l- -i -i-

ii -a,./:
r.._-!-i.

i-i_I
l I

I tj/-
f-i--i- t+-H- lrLrï-i -ir 

r

lil_i f-_: _-
l:l

--i-l -ì -.i
-:- l-'¡. I -,1-.1 ' -ttl;-i-i - I't -

_1 ._ li'i ii -r'
I _-l_

I

I

:T
I i_LlLr
ill

illì-l-i' ' --,,.1 !_ r
-l't-ì I ix :-- ô._4 -___1.il

Lì:.
i

-T
_1

l

tll-i-i-i- ------ :l-i-i I i-l
lrirl'-i-'i'i: 

!

,tl
l-i,ii_
iirl-i .-r'

,/" ,i1ii-il--i
lll,

t-i--i-i-- - i-; -i I'r--+
i_.1
i1

ill i

T iY_'i -i l- {n I

itjltl il_l-li-i --'i - l

-l - i ..-1,'-
1,_l i l_

lll
-j -l-'rli

_; i _! _l_
, f-i-L. -

I

-.L
I

1

lrl-r'i'ì-'
.-.1-!-:-
--.1 .-: -: .-ti _

-r t*--.

liil
--r- : -l-- -liil

--l--- ii;irI
-t.'.:q1

ir!ll
i-l i-, ILi-:l t_
¡r;ll

._t-i-t 
ll l,.I

lrrl'-, ;-l -1

.r__¡i_i-L
-: , ,!--l

lllt--ll ¡

l_l-r_i
i

lrlIl,rrl;
-i r -t-li,-t:--r;---- l- i -i-

i_ _-!.,1
it
aIi-r

ii,
:. ---.---
::i

I

I

_]_-.1_
lt lil i::-L 

'-.i -:-----r-l-Li.-
lrl
, r--ì-r-,--_tl lii,

tl-;-¡--t l-ì-! --
i

:L_l
--... 1--:,-t L i-l-:,-li-''-'I ,- , i

,.1--:

-!----:--_=- -.'J i.,.j -l II.._l- lri-T-r-i'- lìl l-]-rt-f il

y't ,---l
lr

'llLli
l I l_._| -J.7C Lí:

l i-,1 r-=-i-,-'/
' 

-, -, : 
I

l--- -ril

--!-.,- lrl
l

]-:.1.lÌ

L

L- _i.:l
Lll

I

___l_i_ Iltl -L ,Ìit 'l
Ì4o j luno



Íunef!n,



K
E

U
F

F
E

L 
&

 E
S

S
E

R
 C

O
. "c

+

tÌ;
'li ìir
l

lti
-t

'
, 

l't
'i

Lt
ì

ii-
i

T
_l

 -
*1i l-j iÌ



f' - l-i -

i ----l-t-:,
.-.-.--....L-.:-..-
. . .---, ... l _._.-.,

I_-:-l_--'-

Ì-------
I-------_---¡-- ---- : -.' -

-. r-- --i 
-,:- 

-

_i,rl_.-'i
1"1 a 

'1



rt
ti

-i-
r-

-ì
-

- 
-ì

-l 
-l-

- 
i- 

,,-
,-

.!-
l,,

l
-1

.. 
¡-

l--
l-

ill
l

l_
_t

_

t-
i -t

_*
i

lil
-1

-l- -i-
, 

:
rii -l-
l-l

_t
_ i,r

-ì
-l-

-1
-i-

-r
ìi-

i
lì

ì-
i 

1-
l

I 1- -Ì
-

:1
"r

, rl -l 
-l

l

-t
-- I ..t
-

-t
__

I -1
..

_i
- 1-

l-l
-l

l-l
-r

_t
_l

_i

I, 
.t-

.
il l'i

'
-t

-i

_-
l- i - - 
l_ l

-i

l-1 li il

'I r 
' 

1 
_

- 
I 
-i-

-r
--

l
lii

l
-t

 
--

i 
:

ll ll -i 
-r

f, 
--

 l
._

_

ii

_1
_l

-r
-i i-1

-

l"-
fT

ri ij 
il

i-i
..r

i--
t,l

i --
..-

._
;l

-1
 -

.¡
 -

¡ 
-.

l

ir:
'

I 
--

r 
-'-

I 
i _

t 
:

ilr
i

rl-
t;-

i.r
-1

, i

j i
.;

lr

ll

- 
i:l _t
j ii -i-
i

ir.
l:

-:
-'j

_! lr i;t
l

t'l

¡-
ì.1

i

.¡
..-

-i 
. I

l.i
ì"

j1
ì

1.
..¡

 I
.

ir-
i-

I

_T '_
f- I

-f
-

iÌl iij
i

i-t
-r

-
I 

t-
l-

t._
r 

]-
r1

-l

--
-i+ : 

j- 
i -

-;

lì'
i"l

''i
 

Ì 
l 

-l
.,,

ii

l_
i

l t-
l

1,
.-

l

i--
i

l¡r
r

.i'
: 11

i1

l i 
! 

1-
!

t't
1

-t
r-

-1
- t-

_[ _-
t 

_

I

.l-
-1

-,
r.

1 
i

l-+
-j-

i'
l-ì

 I 
; 

r-
I 

t 
l-l

 ;
-1

-
...

. 
t- I l-

I'i |;t ;1
-ì

.j
-!

l-i
i

i-!
i'i

i I

ill
l ii:
;

llr
l

i_
 l 

,, 
1

ill
l ;-
 

i=
-

l-l
'il

l:i
i I 

: 
_ 

, 
.-

r
,,l

l
iri llr

't

I I

_!

t_ l t-
.

I i

,l l -ii

ii-
ij

I i
-l-

 t
l-i

-i-
r-

l

;r
r:

l 
;jJ

r:
'li

ìi-
l

,il
ii,

t;-
l

rT
_l

-
rt r 
-l 

l--
r-

i'i
ll

lt 'I 
r'_

.-
ì

t i i 1

i-Ì i.l i,i tl

!:l -.
ir-

lt-
l-i

ii
i,' -i-

ì-
;-

i

lli
t

-il
-Ì

-l
-l 

i- 
i-[

_i
_i

_ì
i

--
t- 1 i I

I l

l i-

-1

*t
-j-

i-
iìi -li
_l

ill ii'
l ll

i

-.
1-

--
1-

i 
l-

,l
-r

'f-
-

-li
- Ìl -t

-i -1
 i

ii ri j_
,t,

ll
i-i

-l

-Ì
1

-i 
t

,r
...

1

oc

9r
rit

;
-i-

 i
--

l 
-1

- 
-

: 
l-i

-r
i -

.1
 -

 t
- 

t-
-

,ll
l

- 
l- 

i-i
 -

i-

ii:
i

- 
I 

r-
i-l

-.
1-

:*
Ll

-
-l-

j-l
 l

--
l-i

-l
t1

1
l,l i 

í-
l 

i
i 

j-,
 

!

ij-
ji

I l'- l- t-

K
E

U
F

F
E

L 
&

 E
S

S
E

R
 

C
O

.

È

lll -i-
ili

ltr
-l 

i--
_r

'i
I

-ir
li

i

ì,-
. 

1

i..
t

ii ji j-l
I I .l

l'-
: 

i-
lll

'r'

il il ì-
i

I

-1

I i

i1 iì l.r ir

ltl -ì
-l-

i-i
-

l: 
I

irl
l li,

:tl
i

- 
l-r

 -
l-.

i-
-r

l-l
-,

lri
i

-i 
- 
l-l

--
l-

-l

_,
.r

..-
. 
j_

 i_
_l

,:r
-j-

:
lir

-i
r,

ii

I

;'i
l-

,il
-l

1_
ji_

l
'lr

!

lil -l-
l-i

'i-
-i-

l
-l-

 
t-

-r
 ì

r1
I-

'l-
i

-j-
ljj

-i'
-;

-i
.I 

l-i
 i

l

tìt iì:
t iii
r

i,i
l

ì 
i 

I 
:-

rl r'l -i-
11

-l-
 

t-
'

!l

Ìll .¡
'i-

i
iil

l
llr

l

li

I l

-i-
tl,

liL
i

--
ì 

t-
-l 

r

,-
 i-

- 
i-r

 -
1-

-
'i

lti

i.i
-t

.
l-l

l

-i-
't -il

llt
r i-r
i-r

-ij
li

-i-
-r

-:
-

,r
l

ri

irj
j

'-.
i-1

-i
Ì-

ìii
;-

l-l
r

I I

iii
ti_

.lt
'

¡_
r 

¡ 
i_

t,i
t

li t-
i ii r-
i

irj ltr

lr - 
t_

-:
.' 

1

il .r
i

-l

"ì -l -.
1 J I

lr

l-.
1 

1.
. 
i 

:-
l,r

i
I,1

;_
i:,

l-'
i-l

-i

i r
 -l

--
l-

i :
 ,-

l-
til

-i

I 
-i-

;
t-

l-i i;:
r

'-t
'l-

l-
-;

 I 
-.

i
t1

1

-ii
i

-t
ii ìi_

'i
-ll

-r
l1

'ii
'

'li
l

l;1
1

i - 
t-

 t
--

l

lil
i I

ii-
l:

ìr
i i 
ì 

Ì.1

il iì
..-

lr

ilr

lii
:

i-l
 

-i 
-l

l-r I

i..
tl_

l
ili ij, ';;

:
il'

l

iir
l

r-
l-;

'i
lii

r

l-ì
ll iii
,

t- j

J, I
-1

.

'.j
 il

i-j
-l-

i I
 I 

i i
 i

lil
iil

,:i
.

l-i
-.

:-
-i 

I i
 I

l+ l--
r.

i,i
r r-
!r

-i

1-
i 

I

-l-
lj

Ì -i-
i-:

-'Ì
-i-

t

i i
-t

 i
-;

i'-
rr

_l
 i_

i I

l 
_l

I

¡-
I

11
t

i:i
-,

-.
.. 

; 
.i

j,i

i-r
i-l

-

iri iii

tì l'-
l

f -l I -l

iil
i I 
ll-

;
: 

r 
'l-

 l
-.

ì;i I 
i-l

;-
-J

* I

il tl ii

ill
r

;-
: 

- 
F

1t
,-

,,i
-

rlr
;

I I )

ti ll 1l ! 
i..

't-
--

rl '1
 '

ir il

i-i
"i

:-
;ìl

-l 
r 

l 
;

-i;
ìi

j,j
ij

i-l

l- I

I

i,i ti_
l

_l

I

! il !r i.;

I I

I i

i:i
l

ìl-
...

1.
ìiì

t: :i i-r :-
L

il-
li

i;i
-i

l'r
-l

r1 ìi l-i i-t

ll l-i
 il

I-
r-

ii
iil

l t!-
ì:

ì\

-t

I
-1

'

,l j-i
i

'{l t"
'-Ì

j

l-i ii lr-

lii
l iii
i

I l_ l i

ll

lr l

i l

I

I

il.
.-

i
lrr i,i

-i
i-j

r

rl l! [

't- 'i'

i o
;-

i

\.i
-i

ill
r

llr
i

,-
;..

I 
i

:! lii
r

-l-
-l-

--
ir'

-j

I'r
l

f-
lrr

lll ir;
i

Ì-
l

1-
l \

l

\

1l iì il

\ -t
i"

\

r-
T

]r
'li

'll
'i 

: 
i 

:

iri
l l-l
li

_l
.i.

.l
rli -ii
l

- 
i-i

 -i
;:l

l.t
l

iir ì-
il

,il

I I

I

-l
I l

-l l

..l
l il i-l rl -i-
i ri ri il

I 1

.-
,i 

I 
-

l

t!.
.

t.: lr

t; lir ¡ti
'l

iii

:lr i..
i-l

llr

ii-
ir

1.
irI

l-r
ii

ì 
i 

; 
1-

'
i--

r.
tt.

t!:
i ìÌr
'l'

ii
l

ii

ltl tr
l

i..
:.1

iil r1
l

r'r
1

1-

ii [..
.t

i1 il it li

rii ,1
1 ill ltt ;l'
i

iii
i

iÌÌ
l

rli
.l

\; 
i-l

: 1 
l_

l-i
'

l

l

ii 1"
ll tt1

ll ll l 
_f

1-
]- ii lÌ il i1 1ì ..1
-r

.

'i 'i'
1 \i -\

i ; \

l- 
-1 ¡-
:

I I

t I I

ru
il.

.{
.; 

lj
ft 

:-
li

r 
iì;

iir
l

.::
i

\ '' 
f' I i --

]-
i r

(
r;

i,
lir

'

ì 
;.-

 l ,l
tti iii 1i

.-
t

.. 
!.i t1

ii-
l

I I

Lr

i-r i1

. 
i--

.

I t-

i 
1-

'

r.
tl

¡ 
i 

l-

_.
1 I

'l -l -t

;ll : 
t'I

't:
l !il Ìl'
f

:t

ii

I l

I

:a
iii

-L
 i-

i 
I

iil
i

'ii
l

rt
i'i

tii
i jl-
r

¡ii
i

t-
l'-

ì

t. I I

ìil

i-l 'i il i1

I I

I

ii;
rl

i=
--

!
rli

i
i-l

l:i
irl

l

:I

iii
,j

.ii lii
i

ili
i

lii
i

i t-

irl

t-
_l

 _
_.

 l
_ I

-.
]_

iiI ilri -+
!

ill llt
i

j'

li'
il

iii
i

l. L,
-

I I

lli
il

iii
lt

r-
tr

i

lrr
l

-:
:t.

l
1i iii

ll
-:

-¡
-j-

-it

l:i
ii

irl
r

iii
i

ri

rì F 5 fr

iii
ll

lr 
l-t

-l

jii
i

-+
-.

+
r-

:1
,:

lii
l

jil
l

rli
i iÌi
i

Iil iìi
i

llt
ì

ri

I

,Ìi
i 'ii

tii t1
t

ili lti

i I

iil iìi
ll li ii ri tl

lti
li

l-r
iil iii
lì'

r
'tt

¡ I



-t--- 
3 t"!-

-_:i__ _T::_ f:_ l=--l :-ir__,_T _ _.'l _
. l-: -L- -: l.- : -i . -J------l--j- - I .i, .
--1--:j.:"--l-- -l:- -l- - -.1-'-- l*=---i-_-
_ l.--:'. _r_ _: i__ : _i _ 

-_ j_=_-__1-_J_ _.I ._i: .
-l--__l--- l--l- l--=l '--l- i.-:-

-lT-¡r. 
=_-:_I* 

_l:trr-[_-_ l_ ,: l- -- - r- - ---l - ----ì-'- ---l-- l---- -r-*- i - , ---
.l_: :l__:..:l _ _l_:rF_ __l- i:_:-i_:__-_

--r -r -r _t_ -_llrl :ltf_I..i-i[r I I I r-' 1 -, :l: ttL r ¡!\ r-"r-"r*'.----i'..'-'-rl-'-1,-l-

-LË. lJ--=iÆ\, . f '-.-I.. "l =l'.--I.rÃ,-11'.
I _..1__ i :1.: )_,,7_, 1. ._ i ,

''---'-t"---1, 'l-'- { --l-'-
-J------j -- f 

-'-r 
----

-i- - -. - l --- -i - 
l--1-- i -Ì -- 7-; -Ì-t-ì'-¡ -t--:-



ì a (

K
E

U
F

F
E

L 
A

 E
S

S
E

R
 C

O
. oc

+



l:'['
Tr: 1.-1.,--:
l; :-l,:
ti
l;--'j-

[;--t...I _: : -
lli
l-, ;-l-
fi

f- r;
l..:-;
l-i-l-l; i'
i i , r'l-f;-=-
l-: r 1,.i.
I1' ;'-t.':;

il-ì.l :. I
i:i-,tr' Ì l -;.-Ì-

;l-'.-i-i-:
ir;

.l

-----t-.
_l-_-

;--- t, .

llarJ



lt_i_
i. 111: l.-l_l_
i r,L i-

--;r
j 1'- i-i
i l-¡-r-

--lrl
l1-l- r- i I'
i'- l'-i

.:--
-: i_: !-

-i-f i 1-'i'':-i- 
i-1"i-i l

(-,
ô



\4
 I

iil ti-
ii

iii
t

i-i
ilr

-i
dr

lr
I I I I

K
E

t,F
F

Ë
L 

&
 Ë

S
S

E
R

 C
Õ

.

"c
+

(à

r'l
-ì

iii i;; iri
li

itl iil

i.:
.j.

..1
-

riì
ì-

rli
l

;-
l+

l-l
rli

r





.-
l--

l

I l- l;l l-i
-j.

ir:
- 
l'-

'1
--

j 
-

it -l-
r-

1
i-j

-l

-1
-

--
1

L-
 r-

L

-r
j

-j-
 j

 
l-

'i 
ii-

-' 
i 

!
lli

i-

. 
l._ l

-r
 *

l-
ti -i-

ï 
-

-l-
r-

I

--
--

-ì

I -t
--

- 
r-

.1

L

r.
1-

-r
-l.

.
-l 

-j-
.

rl ill

:ii
i l--
i-r

,-
r 

i-i
-

--
r-

ì-
'- 

-
-i-

Ì'l
-

11
1

-t
'-i

-l-

-l-
- I

.-
li-

-i-
-l 

r 
.:.

I

lll
r

i

-i:
- -:
 l-

 :
:

i-i
-ì

I ì t- -r-
l- I t- I T

I

t-
l

,_
i- I

-.
.1

 '- I

- 
i--

i i
-j

-l-
l

_l
--

 i

l I

-ì {

i;' ll
I

r_
t_

'i-
i'

_ì
l

i

-i'
i-

-1
-l-

r-

I

I

1- I 1'
- f-

't. -i -i
I -l

d

i.'
l-!

l-

-.
. 

L 
-.

.
I -f
-

-l-

I 1- -t

l-

I

-l 
I 

I 
i-

t,i
,

r-
j-r

-'l
I 

r*
l-

lti

l_
L

t-
i'-

l I

i t
-'

..'
,ì 

1

-i 1-

-1
-

. 
I 

...
.. 

r

.,i
- I

-.
-i-

-

-l- .-
i 

.-

-i
j

, 
l,- I

-i-
l_

_,
i_

_i
_

li

-i-
'l

-r
-l

-t I

li
- 

i--
1-

l-
-.

i..
,1

,.1
--

.
r-

ll
ril '-l
--

i-:
-

_l
:i rl

-1
1-

ll1 ll-
l r1
j

-l-
'Ìi

!ii

I I I

-ì
t-

t
-:

i-l -1
-l

t-

_l
_

, 
-1

-i-

r_
ij_

iii

r 
-lj

-l
llr

r

lr

,l- -l

i

-t
' i-

-.
1-

-l

rl -i1 1r

' 
lll

\"
É

=
 

lo
 X

 ls
 l

N
cH

E
s 

ila
D

r 
rÀ

 u
.à

.À
¡

K
C

U
F

F
E

L 
&

 E
S

S
E

R
 C

O
.

oc

rð
è'

q

l-j
-i-

i-r
-i l:l

.t_ I I t-

ti -r
'-¡

I- -l-

l-i
 l-

-
l'l

- 
i-

l--
ri-

i,-
,. 

. 
i-.

:!l

--
'i-

''-
Ì 

-1
'

--
:-

ì 
i 

a
rll 'ii ill

l
i-ì

 
!

.-
:..

1-
,

l-i
-i-

i-r
-i-

,.¡
..j

j iii _1
ll

itl

I

I

I I
..1

l

I

1

-l ì

-,
1 -1

I I

I r- I

-l

I
_ì

__

_,
1 I i

llr
' l_
:.l

i-l
li-

i i
r

L1
l r

-r
-

.'-
l "l ..t

T
_

-'i
'

-.
1 --
t

I

t-
l- 

i 
,i

Ìli
¡ r-
j-t

l
,ii

i
-i;

-t
-Ì

_t
_ i -l- t- -j-

-l-
.f 

l-l
-i-

j+
 I

iii
i

l:i
l

-1
..-

l
. 

I 
-1

.-
-

-¡
-i lt

,l_
.

j I

-1
-

-r
-

i

--
.t. ..t
- t-

I t-
-

,..
t._ I

-i-
l

--
l

i--
t 
-

rr i-l

ll l1
:

-1
- 
l-j

iî-
l 

'

ii l-i
 r

l
-l 
-r

'1
-t

:it
!

'i-
'Ì-

j-t

lii
+

ti 
l-'

I

:ìi -r
 

i-1
',

ìil
-

rlr

-l
I

-l-
'

i

t_

li-
i

r-
 Ì 

I

-t
'-

l-- i-. I

iT

ii f-
i

-l- -j-

il

I I
'-l

F
l'

r-
i.

l-i
-

-f
-i 

-
-i-

i-

l-i
.l,

i
'i ir'

ii
t-

l-t
-ì

'l-
i 

t'ì

-i-
i

l--

ìl F
r

lt'

-.
:. 

_.
!..

..:
_-

)

lil
ì

iìl
i

.l-
ì"

1-
r

r 
i-Ì

-;

Í 
i-'

r 
-

tt-
i-

l1
r

r-
 :

.-
j.

i.i
l

lri
l

i i
-[

- 
i

l I

it
-:

 
_r !l

-t
t, t;

rr
l

ti'
-i

1i
-l

t!

,H

i- I l- I

ì-
i

t-

-t I

_l
 -

-
I

i'-
t-

'1
-

i'l

.j_
.j rl

! -l -l
¡- !

rii
-t

_-
i- 

l- 
!

+
] 
li

-l-
l-l

 -'

1_ I

iiï

rll
l

-:
*l

-i-
i

t.-
t 

l-i
;_

i_
t_

l
ril

ì

i'i
-

r-
l-

i- 
l'-

j-t
.i-

l

l,ì
il

-.
t-

.,.
1-

-

r-
l 

--
 ,

iiì
i

1.
..1

-.
r-

i
!ll

i
i..

tl'
1

ì I

l I

"'l

il lt i-i

iil i..
f-

l tr |-
i

i-i
-l

,l-
l i

Jj
1

a

I

I I

l

1

l-,
 ll

:-
j-i

-
ìi

.,-
ì.'

 1
 1

 -

-l-
ii

Ì'i
l-

-Ì

-t
.- I

r-
i- lr

t-

-l-
i

1i

tll

l-t
-, li, l-t

l1 If il'

l--
' -l 

' í

t-
'i 

i 
Ì-

i l
-r

 i-
i .l.

'ì 
1-

.

ti l_
l

II
_ 
l_

 r I

il

,'t
i ,ll

"t
 r

-r
i-

ri r-
l t: 'l-i

f-
-f

- -t
-

I

I

i

ì :r

ti -l'
l'

{i '\ t;

$,

ri il
.-

1-
i 

i
lll I 

l- 
i

ll-
ii

l--
l 

ì 
i

I I I

.li
-;

-
i;l

'.-
f-

 ,
 

!
--

r' 
I 

i

I -l -l I

1-
 i,

j -
-i-

\ i ì

ìi
rli lii

l
lr'

:

i I -l I -l I

i-i
 ì

\
\ I

I i- \

_-
,*

Ì-
l

,,1
I -! I

i

:!i
l

I,i
i t-
tl'

!

-l 
I 

i-i
ri iir

;
t!,

1

-i I I

_.
1 l I

li
{

iI

i-¡ ri l.'
l

¡-
.¡

ll-
1

i: \"
i

Ë

.1
I -1
-

lrl li-
i

l

l I

ttl

irl i-ì
 

I

f 
- 

j-i
;-

i-l
l--

i-'
i

\'

irl rli i'r
i

iti ii-
r

it-
t

\,-
i

-i'
ir

i 
I 

r 
I'

.1
._

 I 
,.i

 (

llr

\

i

li- t-
¡

r.
-i.

.
ii

i-- I f- I-
'

I'

ii ll

i-i
-i

-ii
1

l-Ì
-ì

i-i
-i

i, 
l_ ii i.t

i-f Li

i-l
-l

r-
t 

_t

\r
i

I t. I

-l 
1l

-i
ili

l

-i, i- I

\

,t¡
ri'

l iil
il

i'i
il

li

ri ti

iii
_l

_
ii,

it

-l-
...

f..
rl

--
1.

,i_ ,ì r1

I

ili
l

-i-
l-:

,-
-i 

i-l
 i-

1,
1' il

..,
1. I

i--
i

it- \i

rlr lil
l

ìi-
l-r

itl
r

i.'
t-

rl
l 

l 
l_

1

iri iii li-
L

:.i
'

tl i:i ii
ii

l-Ì
 l-

;1
1.

r
ìì-

lt

1-
i it

/ /

,l]
.

t-
i*

.L
l_

\

I, i t-
'

! I I

_1
- 
i, 

ì_
_

lrl

i-l

I l I

-r
-i- l-t

-
ri

,-
1.

_.
j_

-1
, 

i, 
,B

\
rir

i
ll-

l-i
-

i- 
I rl rt it

.il
fr ii-
i-

itr
i-

tl ,-
i

-i' -t
- -l- I

i-i
i

i 
i-l

!i,
-1

..,
i'i l,,

l ìli
-

.t- .i 
-_

'f

D

L_
 i 

_i
_r

rii
,

lil
-l-

i'l
Íil

li tl_ lt iT
-

rl rl ir l1 It

-1
- I L

.I

I I I -l- 1"

-i-
ì-

1
-l-

-l 
I

;l /

,-
l lI

i.-
t 

i 
i-

i--
ii-

I 
ì-

-!
-i.

ttt

-r
ï ii l.l il

,ii
i

-Ì
-;

Ì-
': 

Ì 
| 

r'_
tt -;
-i'

r-
ì

'r 
i 

r''
-

,\)
.i.

.:.

l'r
'i]

,,

lll
i ì-
ll; ili
i

ilr
l

iti
i

l_
l.i

-i
l!i

i
rr

li

tll 'r1
1

i:.
.1

.1

tt: i ì
-l

1-
t-

r

ir1 ri-
i

¡ir
l

lr tl

iii irl ji'
l

+
I -t
- l.-

I 1 I l'

i-l lÌ

-t
- I I,

1l t-
l

^\ (l

îi ll ,ii

t-
i-i

-i
ì-

| 1 lii
i

Ll
..l

i-i
-

,ii
l ¡ii
-ï

i 
r-

t-
.1

-

ìi-
l i

 i
r;

 il
i

+
ili

'ir
, ili
l

t^
t, 
J,

-l -t
! .i I

I

j 'l I

F -t
'^

I I l--
-t

'

.t i I

-r
ï

,ii

r-
ir-

-]
ìii

i
i;-

:-
l

-l-
ili

'ii
-ll

ril
l

l-t
 -l 

-r
!_

 
i 

1-
-i-

i i
-i-

i
i-t

;-
l-

ri;
r-

ì:l
-

i ì
,ì.

-r
ril

l
tìi

i.

't¡
tii

t
L:

 i 
I 

iì 
i-l

 ì
iir

lli
lll

r\
 

i 
: 

I 
i 

r 
I 

l

ilr
-l

:1
 i-

l :

I t-

iir
i

iii
;

i-l
-j-

l
i-r

-i-
l

_l
- ,l' ,¡
.,

l--
irf

f
iii

li
l-ì

ili

Ir
i

l:.
il,

l-i
l.i

i'i
"1

i
i!:

'
tll

l
!-

, 
i-r

-

lii
--

l-
ir-

li
'l 

ì-
r;

-
l-r

i1
-il

il
ti 

¡-
1'

;

O
: 
iil

ri 
ii

ilr
lli

lri
lli

rlr
iii

il ii
i I i I I

-t
' l

1l
rï

ii,
r iiì
-

' 
I 

I 
t_

-ii
-1

1
1l Ìit

l-

ii ll ii

.1
,.r

-li
,

lll
-l

llL
l

i-i
-i-

l
iit

 
I

i,l
l

-r
 

l.-
L 

:

itt
¡ t-
lil

l--
l- 

i 
i

!lt
Ì il.
ll

L 
I-

; 
i

!il

T
T

T
T

tti
i

-!
--

l-:
 

i-
F

l-i
 i-

lrl
,

l-i
 rr

- 
r-

i--
r.

..i
i

!i i-l
ì

lll
l ril
ì

;ii
i

iii
i rll
i

iit
ì

rl'
l

-l- t- I

F
i1

 m

IT
I]

rÍ
-:

lli
i lii
iì,

li-
t'i

-

i+
i

r-
r-

¡_
iT

lli
-ii

t-
i-i

..1
-l

irl
il

iii
i

'i1
1

ìt-
'i ii-
ri

i I I I

-l (. lb

--
T

-
iil irl

I;i
¡T

il 
1

l:i
iil

ilr
i

lil
irl

ill
l

F
I

iil
i 1l

T { I I I

riï

[iT
ir

ili
ti

ril
l iil
:

fi-
r-

i
tii

I lii
il

l r
ill

lll
 i

-r
 -

T
-

rl i,i

T
-

I i I

l-.
.-

. 
-

ïli
ti rl 

l-l
lll

ii
iT

i
llt

rr
- Ii

lil
ti

irr
il ilì
ii lii
-il

f
-lr

l-l
--

-.
.I-

l-L

lli
it



itilli

i.iì
rii

rlti
ijitI

UE¡h

-
-l-li

-,t

rilI 
;.- 

i

- i-i.-i

il
'lI

,t

II

lrl,ti
r- i-i 

i

i 'ì -i -i
. .i.. i. 

i

l'll

II

i

lI

-iI

-iit
.l 

l-,1

l-r L

r;l-i
jtii
ìlri
lr,l

_,¡¡

.-i

li

tilrti
'--i 

-l
li

-il
-lI

-l

'i-ll
itr-- l-.
ii

ll-ì-r
lrl,l 

r 
I

|,1it'i"-l

I

rl'\ii

ril:rl:t

'-l

._ t.--
ìit-

"tIl

irl

:_-l-.ì-i
l,tii'i ì I -'

..r.it_i
tiii

I

_t

._l

t-i.
ìLlit,

ir--i-l
rill;i_l

E
i

.-+
-IIII

iil.l
-l 

. ¡
il

-iì

iillllir

l

-l-lI
_-i-
-t-

-iff
_r_|J
illlil

-î-i+
+

r;i-;
iil.i
ri-i-ì

,i á-)

ii.:i

jlliil

tiii

îi

I
't'
-,t-Il-'

1..,i...:
li,i,

r-i_ 
i

rlit_t-.1

li
-t_1tili

ht\

lr

-i i1l
-l i 

at
-l ls

f:Nlll_i
Iii-r
i;ii
Lt-.: 

i
ìtl

T
¡r-l-l

li

i..rll-r-.

li\

-i'ii_tl

lti it
ilitl-.j

'i-. l

N

lt'

II

IiI

il1.,-t,
Lr_
l_r-
L_r

- 
,-A

,t 
I 

I

li\
.-i''; qJ
-1.,.\t

1,.. i 
i.

-iri
i_li
tii

I -l-l
ill

-!-r.r

Il.l-

t.I

l

,., I i 
-,.1

i,
. 

: 
l- 

I

;ili
i,l-i

i

.|-i!ll

Il

11

,ri_,1_i
i-r.-i

_tI

--i-I

)l
iiil

_1.II

-i:i

IlII

.l_ll,i_,
titÌ

Ji
-i-.¡-,

,lr--1-
__ 

L _i-*
ll

ti_il

l-i. 
i - i-

i_ii_i-
t;li

iA
-

i_
_lI

I-li-

l

iiii
i-ill

iii_i

lli-ti_i

-i-.:'l

I

-l_i

_i_.-l-l

¡I

.i-i

.t---

t-

t-
-ll

I

I

i-¡-¡ 
I

lrrl
-l rLl
r_lit
ll,l

I

:i__lI

-f
--ì---i

l

t-

j,i"

r-i_

lri
_r _ 1.. l-
i;l

--i A
\O

- t-i. 
i

-j-ii
.1---i 

. i
ti

i-l'-;l
t-i-ti
[-ili
l-i-;-l

Il

i_r
l-r'
li1- i-

i-¡-l-
: 

l-r-
ii!

-- t-I

-it_I

I

ri

r_ i 
¡._l

r--l-li
itli
;-i-li
I 

'..i 
r

iiil

i-i--:--l
ji.i
lìiì
il,i
tll,

Il

l¡il
-f -i-i-i
-l- i'¡- i 

-

-l- 
,- 

,-l
;1,

-ir-:-l
ii-ii
lrri

-;r:i

-t-'
-.'l-l__

I

._..t

-i'ti
-i-ii 

l

jl1i

I

i_

-J -
-1_

I

i

ltII

- 
,--i 

L
''i,--l 

I 
ì

¡ìl

r-i
il

I
_ l_.

-f

c\¡

I

l-

i; 
-l-

L 
i.-1,.

i-ir-
i-i 

i
¡11

LIl_:
I

-1-iI

I

-i;-i-i
-ii-ri

- 
l-l 

,-

-r-;- 
i--l-

lili
irl

l,-i
1...i
rllj

l

t_

_.i_I
.-..i-It--
-1,-

i- 
i

t;lli-1-

IJ

-l

_l

l-i_

-t-

',]'j
-r..li
rii

-1..r. i 
i

lli!

il.-

-_¡II

!i

-i -: ,i-i,
-i-LL 

r

-ii_l_i
lì,

i_i_L,i
!_i 

r

i i i-r-

-l-.1

-l

_Ll
¡i

tf-

lii_i
t-l-
ii

r-ii
l-f'l
i-i-i

It*

-t--1.-,
_l-

-.i--II

¡.II

rlL.l_
ti

l

.--...-.r. 
i

ii:.
. :- i .1..i
-i.ril
irrl

i_i_ii
il'-i'

+

.^ _L

i-l--
_i.-l

rl

(fl

-l-
_i_

rlitlf-i ¡

Ill

--.l

II

I

.t_:_

i-i

.t

_i_
-i_

_-i!

-l-l

lIl

I

-1 -II

ill_i
¡li1

_l_{

l-i-

t-
._t_
_t_

I

-l
l

i. : .;.-.1...
l-;-1..i.
lil,l-
i-lli

L

,1._.ì--
lt

_l_ii-
-l

!- 1..-i.-
I,i
-i ¡
t-r-.t'

rllirt

lri'
.!,¡
ji...j.l
L i. ¡.r.
,li

ir
__-J

IL

-l-i
_tlji

.., 1-I

_lI

II

-.1
I

t-l

il.- l
t_1.
,i

..-li
_l-ilì
-l 

L

_tI

.l_I

_L-.Il

r-l-

I
-t-i

Il-L

*

)-
'of, u36s3 ! 

fS
Jln3x

JlI

I

1-
l

ii

I

.- t

ì;i-
l--i- i

- i_; i.
-.i -, ¡ 

i.
:t

l_.i._._i
l-,--i 

i
lrì,

,i l-1 
i

I'ri

il
-F

 
r

t-ri

i.i,,i
,r,l

l

iri

-i-l
-1ilii,

-f'lI

t.-

ti

l

r_l-i
ll-i
rii!,i_l

I

-i-i

_1-

1-i'i

iill
-ì-Ì-

- l_,1-
1i

-i-i-

i-i

r_+
 

i

--l-

_[

-l-i.i 
:-

llii
i.r.i
lriì

_i_I

liI 
t-

-i-_i_
-L_i.__.
,i

l_.
I¡_l_

-i-i--i.
!- 

¡ -i
t,t

'i-t 
i- 

|
_t i 

t.. 
I

I t.-i 
;

--i -r-i 
I

ritt

It--

-f"

-!.-i.
tt

i.irlI

-L

,l-i-i
l-r-'-l
j-!_ 

l__¡

i_i_ti

i-ì''i :
'-l-'Ì-i

I
-t

-r
I

*l

lrllt
-i-r-
.--L-r-.
tl

til --!.

-t-

IL_.

l!
-r-l

't-I

-t

l:l

-i,l-ir
i,!i

:--.r- | 
i

tJ_

i-H
-

ll

i-i-i-l
-t-i -i- 

I

i i-i-¡
-i'¡t-i-

-i_[
- i-i

_t_l

_i_l
ll

-fì
-t-i
_t,--l

l-

-i- 
-

_t_l

llrl|-i

I
_¡

_t.

-l-

-'t-l
I

I

III

.i--.i.-ii
_l,lli
_l-l_Li
-!l-rl

'rii

I

-l
1

,_..r_l_

-f -t
I

- i--r-
it

il

-t--

--r_;_i_
_r _i,_L_1_
_i l-i 

i

jrri-
l-t l+

- - ¡i--¡-
J-l-i-i-

l

I

-t

ii
t+

Ii

I
_-t-
.-l*i
--t_-

II-t,.

rt

r L-l 
i

lt,L
-;I-i
i_- l. -i 

I

.t_

t-I

+
*

!ì
,ii_
_l!-
tl1l

.t..- t.I
....¡-

Il

-i-

i,i_-i-i_-

i--i-:i,
I

i-

tlti
i.-r i, 

i

. t'..:-
,-l-f.
--.i. r-
_i_]

I!-i--
-l- 

i

t_i_
!_t_
tt

lf-l-l
_t_ 

i-

-r -i

I
Ii 

i-.1 -l
l_1- r_i
.-1_il
l-:i--r-

ii

t.I

¡'r l-1
l r i-t-
.r!_l

-l,t

.-l

.-l
-f--'t-
-1-

f-I

_ i_..-1,

-;--l--
l._l_
llr-t_

I

ti
'_i-' 

I -: 
-

-t,i.il-
''t-l 

ì-:
-i--r..1 

l
it'

1-

iI

l_
IÌ

_i_
_i_I

-i-i--i
i._i ;
ril

- "' j-i-

t..i-i

-r-i
ll

I1

_-t_I

I

-1:l
I

l-i_t-t

i-iL.l

s

_t

I
_ 

t.-

-l

T
i_

rt:ì-:-
: -i_-

-r-ll_
ti i

I

_-.i,. t_
_l _L

l;
-F

-i-
tllL

- l.-.-i-
I

_i-:

i--i-

-i-
r- Ì-
r-i--
T

';--

L

..1-. l.
. i_t--
_LLrl
-i-l-

_ i-I
-t_i
-l*r

I

!I
.*L-

-L

F
l

-t-

I

i-

-t--t-

-L_

*T

lt
-1

I

t'



T I

K
E

U
F

F
E

t. 
&

 E
S

gE
R

 C
O

t.

-Þ

"C

r.
¡ì



aPFtNDtX F

TRACER VËLOC¡TIE5 IN GROUNDWATËR



TritioÍed heavy woter wos in!ecte.J info the flow recirne unCer pressui-es of

less t[-,on ìU psi . A. schemcític of iire íniection sysfem is shown in figure ì3A.

Scmples were tcken with c vocuurîì punlp connacied tc, flcsks !n rvl-¡ich c

2.Q - 50 ml sonrple rvcrs collecteC. To ensure å fresh sarnpie for every sompling

period, o 100 m! oliquct wos tcken Õncl discü¡'ded prior tc finol sornpllng. A Cown-

hole sornpler idenficc¡l to thcT usecl fo¡'tlre geoche¡nico! s.:mples (Fig. ì l) wos used

for the initiol fevr somples but the Ciiiiculty oi preventing contcrrninoticn resulted

in o mocjificotion of sompiing technique. Eoch somple point wcs given inclivio'uol

vocuum lines ond c r/ccu(Jm flosk wqs used for sompling (rit. l5À).

For onolysis, on crliquot of sonrple v¿os plocecl in 20 ml oi Chiccgo Nucleor

N8220 liquid scinfillolcr in 25 ml scirrtiilcïion counier {low sodium) gloss r,'iols

o.nd counted by cr Chiccgo Nuclecrr 3-chonnel scintíilometer for beio ociivliy.

Resulis vrere prinied onc.l slored on poper tope cnc.l ccunfs repeotecl to ensr-rre reilcble

volues. BockgrounC rcdÏqfion v,'cs not ccnsìclerecj becquse of its relcriively stcrble

18-25 cpm during the period of sTudy. D.e6ç1t of ihe triiiurn y¡qs nof consiCered

becouse of the relciively shorl period of siudy relot?ve io rhe 12.26;zecr holf-liie

of tritir-'nn

TcL'uluiec'octivity couirîs ore given onl;, fs,'sarnple tubes consicje¡'ed ccÌive

or for fhose il¡c!icciing coniornínotioii.



July 2,

July 9,

tì{JECTrOii StTE #l

1969 - iniection of 20 gollons solution cl 20.3 gns lluorescein oi ì0

psi to ensure odequofe sofeii precorrtions for iritíum in jection.

lmmediote respûnse of v,,ote¡' levei in oll somple rul¡es noted rrhen

pressure opplied. lniection roie @ ìCl psi opproximoïely 2 gprn.

1969 - I curie triiium diluted in 20 gollcns lvoter ond iniected under less

thqn l0 psi.follorved by 20 gollons rvqier io flush cll tritium into

fhe formotion. All sonrple tubes were corked during iniec.tion ïo

prevent overf low due to pressure. Fluorescein noied in scrnple

tube l5 imrnediotely ofter íniection. 5omples token inrnecìiotely

ofier iniectior¡ showeC IWP-l-.l5 tc lrcve count of ?.l0 cprn.

Somples token periodicclly over the nexf 9ó hours shovred c ropid

increose to 148,000 cprnz'ml. A peok count !n scrrnp!e iube i5 of

826,445 cpm/ml wos recorded on August 15, 1969. By ÞJo^rembei-

S, the counf hod fallen ro 675,675 cpm/ml.

The irriection wel! somples indicoted counîs cf
-)

4.78 x 103 cpnr,/ml (top) .lnd 3.15 x ìû5.pm,/ml (botÍorn) on

July 21. Tlie clifference wcrs o resu!î of tlre iniection cf pure

wore¡'f.-'lloy¿ing The iriti,-rm. A peol< oi 3.ó5 " lOó cpni,/ml wos

reoched r--,n Augusl 22, 1969 and by Moy 
.I5, 

1970 the count lrod

fa llen io 3.9 * I05.



ocTiv¡T/

peok of

on July

fe!l off

Sonrple tube l3 begon tc shou¡ abcve bcrckground beiq

B hours ofîer !nIection. Volues f !uciuqîed bui recched o

4,470 cn A,ugusi 17, 196?. A vclue of 12,300 cpm/ml
s

ì9 is felt to be ín er;or. By November 5, l9ó9 the volue

Ìc 4ó0 cpn'r/rnl.

No othei soniple tubes indicoted the presence of ïriiiurn.



TRII'IUful A.NALYSES RECORD - IWP-I-INI

Dofe P:e
6/8
6/B
7/s
8/B

1C)/ B
tl/ I
13/ B

t4/ 8
\s/ B

t7/ I
18/ 8

22/ 8

2e/ B

7/e
17/ I
s/10
5/tl

21i7
21/7
2?./7
23/7
24/7
25/7
28n
28/7
2en
30/7
31/7

1/8
3/B
/¡/8
4/8
5/8
s/s

Activity__(:g'f./11")-

4.780 * l0:
3.150 x 101
4.l4gx l0?
6.493x. l0?
7.751* ì0?
9.708 x 105

r.4;; * ro9
1.456x 109

7.61e x l0l
g.709 x lO?
9.346 x 'lO)

1.0 x l0ó

r.s;; * roó

1.41; x roó

-å:lyiy t.ps&l)

| .4¿;* r 09
2.084x l0:
1.429 x lOY
l.9ló x 109
2.080 * 109
| .770 x l0?
2.220x 109
1 .740 x. I 09
t .870 * 109
I.s85 x l0!
5.55 x l0j
3.65 x 101
l. 13ó x ì0?
7.368 x l0?
8.620^ l0?
5.848 " l0þ



TRlTlUlvl A.NAL.'íS5S RICORD - lV/P-l-15

Dote

e/7
10/7
10i7
1017
1A/7
11/7
12/7
13/7
t4/7
15/7
15/7
16/7
t6n
17 /7'18/7

ßn
20/7
2t /7
22/7
23/7
24n
25/7
27/7

&lU[¿J:u/!'-D
210

5.l,400
74,604
95,000

I 19,0c0
1 02,000
I 00,000
I 48,000
I ó8, 500
I 70,000
177,600
290,0c0
293,000
288,000
357,0C0
3ó7,000
385,000
426,0A0
438,000
4,18,430
462,962
497,804
490,195

Actyiiy ( cpmlnl)

529, I 00
549,45A
552,485
537,633
502,500
507,61.3
526,315
518, 134
490,195
555,555
588,234
6t9,755
653,594
7A4,224
78i,249
826,445
734,6A7
793,65Q
793,65Q
75-/,120
775,193
813,674
746,268

Dote

2E/ 7
2e/ 7
30/ 7

31/ 7
1/8
c/ o

4/B
5/B
6/8
7/8
sis

10/ B

11/ B

t3i B

14/ e

1s/ B

22i E

t7/ 8

tB/ 8
2e/ B

7/?
17/ e

B/10



Dqte

jsTi_vs4ltâ!Ys:-Hc_9RQ_ I wL' - I s

Dote

e/7
10i7
10/7
t0/7
t0/7
lt /7
t2/7
13/7
14n
15,/7
rsn
16/7
16/7
17n
18/7
\e /7
20n
2t/7
22/7
23/7
24/7
25/7
27/7
28/7

2e/ 7
30/ 7
31/ 7
1/8
s/B
4/B
s/8
6/e
7i8
e/s

t0/ s
11/ 8
13/ 8

14/ B

15,/ g
22/ 8
t7/ 8

18/ e
2e/ B

7/e
t7/ ?

8/10
s/t t

å:l'::itet&ll-
7

36
9t

t34
303
453
535
54C

508
435
235
375
625
625

2,225
12,300
4,700
2,750
1,ô75

875
|,175
1,025
1,125

ó55

å"i11fYJ "Prll]).
9t0
775
940
850
850

1 ,325
9s0

I ,5ó5
2,060
1 ,755
2,095
3 ,171
2,Bgg
2,436
2,650
3,200
4,467
2,330
1,782
1 ,494
1,289

Bró
460



-$JIg j jgtlilEs*l?-"+r1"-

The p:-oceclure used foi'inieciíon #l ivos iollowecl íor iniections 2 cnd

3 y¡ifh fhe exception thct ihe llr-rores..¡n i"rt wos nct usecì. ln iniections 2 cnd 3

cnly ì0 nrillicuries of frilium wos inleciecj rother lhcn tlie I curie used ot 1.

Serious scmple lube conlorninqiion occurred in inieclion site 3 in

somple tube 20 cnd 24. lt prcbobi¡. resulrecí from contqrninoî!on during the

initial fevr scnrplïng periods before a ror.rtine sompling pi'ccedure wos der¡eloped.

The qnornolous volues cre nci fell ic be irue inc'icqtors oi tl're subsurfoce movement

of tritium becouse fhe volr¡es cre very low relc¡tive io whcrt rvould be expected

fronr the l0 mCi iniection.

A s¡ries of peoks orid Ceclines in befo ociivity in the aciive lioles

is fe !t significont, olthcugh cf r¡¡hul is not certqin .



Dote

TRITIUM ANALYSËS RECORD - IWP-3-lÌ\lJ

Aciivity ( cpm,/ml) Dqte

20/8
20/e
20/8
20/B
24/8

.28/B
22/8
25/8
27/B
3A/8
4/e
1/e
2/e

495,282
686
248

26,404
189,?07
252,650
93,023

225,733
264,550
226,244
222,222
220,264
228,31A

3/e
5/e

10/ e
13/ e
17/ e
20/ e

24/ e

i /10
8i1A

t7/10
24/10
5/11

24./11

A:tllvl:Et/q!
226,244
204,499
182,546
ì ó8,9ó0
147 ,547
I ó3,335
307,666
184,162
112,935
49,79')
28,773
lê,446
12,492



TRITIUM AI.IA,LYSES RECCR.D - IWP-3--ó

Activity ( cprnlml) DoieDofe

20/B
20i8
24i8
22,/g
26/8

.27/B
30/8
4/e
5/e
2/e

10/e

20
13,298
13,872
2.5,203
14,464
9,292
8,069
4,942
3,887
ó,589
2,699

13/ e
t7/ e
2A/ e
24/ e

1 /1A
sAa

\7/10
2!,i1t
5/1t

2.4/11
6/ s/70

å:tiviy*{-s.er&U

1,94.9
1,846
1,267
| ,444
1,046
I ,350
6,277
6,925
7,496
ó, BO9

4,525



TRlTlUlva' ANA.I-YSES RECCRD - IWP-3-18

9*s ågiirl¿.(*.rr&-L) kle- 4slltJj^:-pilal).
24/B 32 t/q s2
zBiS 30 S/ç 23
3o/B u to/s 30



Dcte

20/8
20/8
24iB
22/8
26/e
27/8
30/B
4/e

TRiTiUlv\ A.NALYSES P.ECORD - l\¡/P-3-20

Aciivity ( cpnrlml) Dote

?/e
t0/ e

1 /10
8/10

17 /10
24/1t
5/t1

24/11

4clv:lylgP-qô.li

73
74
67
59

t00
óL

77
94

29
Á-q

74
73
93
72
94

t35



Psl:

20/8
zo/e
24/B
28/B
30/s
+iç
5/e

10/e

TRITIUMANA.LYS'F.S RECORD - IWP-3-24

nçii"jY_L-.r*ßI Dqie

17/ e
24/ e
t/t0
s/to

tt/to
24i10
s/n

24/11

Activity ( cpmlml)

lól
l0ì
tt4
t0ó
r00
8ó
82

t0ì

20
24
27
77
62
20

144
ró3



TRITIUMANALYSES RECORD - IWP-2-INJ

Dote

21/B
21/B
21/8
24/8
26/B
28/S
30/8'\/e
3/e
4/e
5/e

Aciivity (:prn/r!lì-

57,735
349,950

ó,000
5,407
9,454

I 0ó,593
ts3,979
137,363
132,626
132,979
I 30,209

Doie

10/ e
13/ e
17/ e
2A/ e
24/ ?

1Aa
s/1a

t7 /10
24/10
5/11

24/11

Acty:ty ( cqmlhD_

116,157
I 0ó,95 I

93,756
85,917
76,9i5
59,215
53,248
41 ,119
37,825
32,973
33,?.13



TRITI UI-A /INALYSES P.ECORD - IVVP-2-26-4:)

Dote å:ltlyj:eú.0-
28,926
37,059

2.8

16,239
35,844
30,754
43,195
42,4.+4
46,749

'12,633
42,047

Doïe

13/ e
17/ e
?_0i e
24/ e

t/10
8/ro

17/10
24/10
5/11

24/tl

ActiviTy ( cpm,/ml)

46,168
42,7Q6
45,241
44,339
4.l,098
40,919
37,9A0
37,79'/
36,/116
43,37,J

24i8
2S/8
21/B
22/B
26/8
30/B
4/e
1/e
3/e
5/e

10/e



TRITIUIúANALYSËS RECORD - i"NP-.2-"4

9slg

24/8
zs/e
zt/g
22/B
2si8
so/t
4/e
t/s
3/e
s/g

Activiry (cpn/ml)

102,499
99,097
15,93ó

100,679
106,461
98,597
52,402
77,869
60,961
42,890

Dcie Activity (cpmlml)

27,120
27,901
25,177
27,865
27,292
22,663
1? ,523
19,é27
20,a06
20,538

10/ e
13/ e
t7/ e
20/ e
24/ e

1 /10
17/10
24/10
s/11

24/11



TRITIIJM ANALYSES RECORD - IVVP-2..1

Dote

24/8
28/8
2.1/8
23/8
30/8
4/e' s/e
1/e
3/e

10/e

åsIYI¿l:P'sll])-

853
2,399

221
679

1 ,794
\,322
1 ,301
1,488
I,373
I ,070

Dote 4qr¡:iix.l:pi1'll_

t3/ e

17/ e

20/ e
24i e

1Aa
B/i0

t7 /10
24/10
s/11

24/11

9ó3
695
744
ó50
545
649
51ì
521
550
625



APPENDIX G

L¡STING OF AND COMMENTS ON

INPUT AND OUTPUT FOR THE

STEADY.STATE MODEL



The first progrqm includes q complete set of doto input ond outpuf .

The second progrom includes prinf checks for debugging new doto decks.
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óCI1 Fûiìr1 A.íI/ t Tþ;ti DI;',lE¡'JSI0NÀ'- SEÊP^GE i'lìCl\t-?t'\t //tt ti,lPUl- ill\T*\r/"/)
,rì.rjAD Ntj.,tilFíì CF Et.Ê,ì,tFNTSr,-1¡li,jl¡iRFirì NODESrNLllJ5Ee 5P:-ç_í.FI tL) !)ìi.liìÅL
!-TEÂDS' ]-HIIìKi\FSS
ALL iI(i)UT PRIIITED CUT FOF' CFIECKITIG PUiìPOS'JS
REAi) f JRDr 50C ¡ \tEL, ¡lE, NtiD, T

5C0 Fr,rRi.ì.¡.T (3 i5' F I C.3 I
It:{T"E,3"0"} J=1.
þlPì ITE I J';lT o 6C I ) _\i EL. r ¡,1¡l {ll3D r I

óJi FCRi,tATlt4,r ÊLEi.tENllSrIltrr ti0DESoI4?¡ SpECIFIELT i\{lDÀ¡_ itF¡r.DSr//? õL
lEi'lEÌ'lT TIiICKI\ì!SS = | F8.J/ / I

READ Cr-iOlìrì IÌ'.,l,A.TES CF NUilSS
5ù1 Fi,]F.i.lAT ( I I IC> ¡ 2F l0 " I ) )

RE.AU ( J,qlJr 5CI ì ( ¡.!uîDE { -'} r i CJ i,i; I1 r I =l t? ) r.J= i ri\liì
L I i.iE= 5
l'iR ITE iiì;¡T i5641 I PACE
IPÀGE'=iPACf:i-1.
l¡JiliTFl l'/JTs6J2)

á,020FCrìirAT{tF0r'll{-lD,\{- r.ÜcRDINA-l-=S {Fl} t/it ¡lc¡E x ctìÜRD '{ clc
lRDr/l

fì-O 99 J_=.1!ljN -

ïRI I : {Jþlf r ó9rr )¡{rlDE { J ) rCJ i ,l '. .ì- ) : CJ I J r 2 }

L I ¡.lE=, L I lrl E_r. I
IF{ t-IliE"l-l'"6C} GÙ TÜ çr)
yiRITË{Jl.Jf 1|:('41 I Pi13¡
i P-(GË= iPåCE+i
L I ltiE= 5

9'l Cí-l liT i r.,i'-l Ë

L [ À1 [= z'

Zf;R0 CtN3l'Âl'1i VI:CiÛiì
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19I DU 39 J=lr3ó0
39 NL{J}=0"

¡1Â [ f'rpG¡4 D,ATE 25/ OB/70 TII"iF L)tLSolt)

GENERATE I'IUDAL INCiDEliicÊ TASLE

r¡¡Rf f E {Jr¡JT '564 ) IPAC'E
i PAGF= 1PÂCE+1
IdRITE{Jl.lT'óBó)

ó8fr0FUP.r¡ÄT{ llíCrr ELË}.tlNT INCIDET'lCE TAFLE' / /
I 2 N.JDË 1 , KY St_Of Ê |

SS=0.
ÐC L7 t4=¡'NEL

505 FCP.l,iÂT { I 5t3l5 r 3F 1t1.3)
RE¡.D( JP.Ðr 5C5 ) ELIi!(li ) ' ( IE t'!r I ) r Ï=Lt'j ) r )(i(r \'!(r Sl.

IF{YK.tif"c"
SS=SLTF(SL.NË"C"

SIi4l--SS
KX i ilì ) =X).
KY{}i)=YY
h R I i' E l .l l'i r ¡ ó 8 7 ) E t- E ii ( 

''1 ) r i iF (n.l¡ I ) r I=l ç3 i rXX r'fYr S( ¡1)
-aei FCRtTAT { + I9r 3f: ttì.3 )

LIi(E=LINE+1
IF(LINrj"Lr"6C) cC Tit 2rO2
kiFt I TË I Ji',ii ,564) i P¡.GE
I PliG[=IP^GF j'l
LIIiE=1i

¿eütl"*I F {"1 E-{'È1y*[']'* Ëf;-''I [ { ta I 21"ì""GO'*Tl}'-2i]CC
J+-f-i=E { +l - ll-*S,,-I ç'{' r'1-"r¿ + -) -'-t' û' -T O - -'2- La } O

I F*#r¡ri'r-3-)-s-ÊÇ'{'I "F i'-,"i i'3 :i - i=*G g -'T 3 2 O 0 O

i _ Et_Fl:rEN_r____f!8DF_ _1___ l!op_E
Ít

elent.:¡.ds cÀe..\err' \
Ju¡-,.;c".*iarr r:i t't!¿es (ri el"ue)G0 TO 17

¿OÐ1- f-tRllii-T-{r+L'y-t'€"liffi"lc-'Ii:{ì'}{E'i'iT{'J'r"["']r"r'] Il\ie'IDEiiCES' ]
æ,qp-!+n.I'T-tntJ+r-r-,-:¿\Gii|+* jç!f ïí_l1t__

--S!:¡,n-2 '; '., a 
-. t7 cûNïiNriE

LII'.lE : 5
Ðû l8 J=lr3óO
AIJ)=0"0
NEtl,llJl=0

--'--Dt:J- 1S 14;r;S-
lB llTíJ:1"!)=¡

_)

DO 19 l.t= I , i\tE L
DC l9 K=lr3
J=iE([,lrt()
¡JE Il'J { i )=i'lE i,\l{ J ) + t---L--í\ttilt{{i)
NI{JrLl=fl

19 CCi\T f l'lt.lE
$94 f:CRi'lAT { I 5 ¡ 6f: 1.2 "4 )

READ Al'lY PRESCR.I 3t:D
D0 376 ,1=!:516

'J-7(, IsRiJ)-tl
t'JR i Tf: { J}'J]' ; 5(,4} I PA(;L
IP,lGE = IP,AGE -r i

lrltlùAL l-iE 1D S



3óCl',i-F()-tr19 3-1 t'lAiNPr,l4 DÀÏE 25/AB/10 TII¡E 13.13.53

596 FORMÂî{ ¡OIr¡PRESCR,iSF-D NOD¡L IlEADSI I/' NOf)E PRES'HEADN / /I
rrJR Il-Ë { .lh¡T r 596l

RË AU { JRD ¡ 694) J ¡ I'iL t J }
ISR(J)=l
I,JP.ITE {JI.IT T 694) J ¡ NL ( J }

LINË .= LTNE + 1

LiNE"LT"óO)GN Tí) 514
TE { JhrTr5óri) IP{CE ---l{RITT {J!.JT'596)

I PAGE = I PAGE .l ì.

57+ CCNT T []UE
LiNE=ll
GEIIFP.À'íIO[J ÀI'iD ELIi.iiN,\TTtì¡J OÍ: i\,JL']DAL EQI,'ILIBFÌIIJ:¡ EQUÂTiCI'IS
GENERATE I TH ROI/ CF SIIFINES,S-=ÞiÀ],iìIL A"I'IP-.-.S-T-!IE-_I_I'I.-.4-IT.IJP-Q8.Â811Ï

172 LIST{1}=L
LTNE=C
DÛ 1C0 I=lrt\iE
I'jO¡t ZFRO BAi.lD Ci. P.ill^J I INI STIF|:f'rESS iS l-ROli K.L Tll Kl{" l(L = LO'l.lEST

N0DF Nt FUR NODES Il.lClDËì\lT O¡l ELËl{ENTS ItlcIDENT nN NODE Ir KH = HTGIiEST

KL= I
Kll=I
If',1=i'lEIN( I )--
tiO 5 J=lr il'4
M=l"li(ïri)
DO 5 K._-ly3
,!F=IF-(i.1'K.)_ _

IF
',.J R

IF{JF-NE) ICI 1OI5
1û I F {JF-'KH ) Llrt L¿t .,12
LZ KH'=J F:

GÛTÛ5
It, IF{JF-KL) l6':;'5

_"_l Þ_ t<t-: i F_ _ _

5 CUr,tl-l hil-1F

ZER0 ALL A l'IATF.lCES I l'l NtJNI - ZEFU BqNtì
K=KÞl-KL +i
t0 ?.9 J=lrK

--?9-'AlJj=o-.------lñsEilr- SÍl'rrñESs -ltnïR ia.El iÑic NüN zERB il¡\Ni)
DC 2C0 J'=1?IM
Iti'=NI{ïç-l)
Dû 2A L=Ir3
I F ( I-I E{ ¡4rL } } 20 t 22 ¡ ).()

__?? ÍI1IE{r.lrl-,J
L 1=L
L2=L+ l-.3i.( L/3 )

KJ=lËí¡lrL2)
L3=L+2-3i((L/2)
KK=IEil'"isL3)

.LCI 
C,ÙNT T Iì{-JË

C,4LL SiIFF
t',:Ni, f,iJ hirlD hlK åÊE;'lûDES t, i Al'1.î K FO!ì ELËi'IENT Fr (PnSfTIOt'l I¡l lìOlJ I
RELÅTi\.'La -iL] t(L = 1
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Nl'lI= I*i(l-. + I

l'1 11 I i{ P ú'¡ DATE 25/OB/1C TI14E I3.13,53

IIJSERT ST IFFNESS ÞiqTR iX I
A{NNI!-A(NtiI)+ST{1}
TËST l+uErHEÊ.- rjOLrr r¡i ls-Ã ri xËo-5ÙÞpönr-
I F I r'.J-¡JE ) 47 t 47 t 5
INSERT STIFFNLSS i\rATlìIX J

41 NJ=KJ-KL+ i
A(NJ)=ÂfNJì+Sï(21
TËSf ',.¡HET¡-1ER ì!r:ll)Ë iìK IS FIXED SUPP0P,T

6 IFfKI<*NiE)8r3,20J
I NK=KK-f'L + L

iNSERT SIIFFNESS ftATRìX K

A(NK,=AiN¡Kl+ST{3)
2OO CtINT I NtJE

14!lD I tY, Erìu Ar iì:lrt I E__Sfl Ec-¡_F-i-E_Q__UE_Alt_ ]tI i:l!_DF__l
IF{I.SR{I),EQ.O) GO TC 497
A(t¡lJI )=10.i'+25
NL ( I )=NL ( I ).{. 16.*Í.25

497 L I 1\C= Kl{- I
F0R F'IRST EQIJ/iTIû¡i" BYPASS ELIt4Il'l¡1TIÍlN
IF( I-KL)ó0r60tJ)
PERFÜR!1 ELI14IN,ATIf]N FCIì I{Û',.J ] TO ZERt] BËLOt,J I.iÁIII DTÀGONAT.

50 KU= I- I
D0 256 K=l(L r KU

IK = P IVOTÁL CnLUMt''¡ RELAT I VE T0 K¡- = ]
IK=K+l-KL

__I JViIL ¡ s r { K 1 I I : t l_S_r_f_( !_
I J=K-r I !1- I-L I NC
IF ¡¡CN ZËRO BAND FOP, PTVOTAL EQ EI.¡DS TL] RIûH1' 'ÛF THAT FCFì EQ T T EXl EN'J.}

FOR EQ I
TT( IJ.LE*0, ) GO TO 82

KK=L I NC+ I-KL+2
_ --_ l=.lr'lc¡L IflÇ 1 I J_ .

l-L=IJ+KK-1
ÐO 83 L=KKTLL

B3 ,Â{L):C
82 lFiI¡,1.LE"0") GO TO 256

t:r-RITtÍ.Ji.r'le30Ci0).Itîìlrlll!ç__-__ __Eti¡L¿À¿e ,t__-åc_,rz!,¡,_in__l_o-,q¡rj.r!e..Jru3)=-.-...-_
5r ¡=illi4 --

IJ=IK+J
KJ= LIST(Kl+-J-l
IF
A(
IF

ÀilS ( ST0RE{ l(J ) } " LEo l{i. d.*{- l0) ) S fORE{ Krl )=0 "
Jl=¡1{ IJ)-Ai IK)*STLjlì'Ff KJI
AÐ'S { A ( I-J} +'F:{ì',-"O' }' 60' -lt) 55

-----_+++A-+r.{_,Lf+J-.}..}_*-Gl:.;-1 c-.,.::.i."1*-5 +j,;_ -CO.-_l+ì__F,

3€€+€{.€RLfÅ+-(--.1*r-y3.--f-i'i*L,fr8.F*+---ç'r-{-rrz*L--.}d=.å-e*[../¡-yr'*-.-.K:]o t-ií *i I A i I il ] * u .r'E 1?- .;5

5') C0NT I l'.ltJE

256 NL( I )=i'ìLíi )-A{ IKI':'i'il {K.i!
NilRl\íALiZE RO'¡j I" J.l = PIVtlr^t ELEIlINT R,ELATIVE TU LL = 1

-H*+{"ìy*'¡--îi€'L?'."53'a- *ç'T$R.-F-*+{+:¿-}'=-3{-}?:.-5J Ê*;^* cAeck {o. },:r,",i;',,", +.:l-'
-I:F..{-t-l1\.{+.+-€--LqjJO+.Gr'l-.T-1--!t;5- - u*ry'c¿ {Jo..¡ f'irêr! (,le L,rJ)-----



3ó0rì-f 0-47e 3- I

óO J J= I {- l-'KL
[ ^,!=J J

ÞlAIl¡PGt'; DtTE 2r/08/7û TIrIE l3' 13"5:'

LtS{( tr+1}=LiNC+LISr (i }

IF{LINC)75t15165
65 DC 70 J=1rLINC

¡3=lJ+l
f K=LISTI I )4-J-l-

, 7O STURE{ IK )=A( IJI/A{ JJ¡
NOFi'l,åLIZE HEÂll AT f\ÜDE I

75 NL { I )=NL ( I )//,{ Ji l
IOO CCNT I NUE

STAIiT BÁCK SUBS T lTTJ.I.IÛI.I
çf =l'lE- I
iF{l"t2tr2lor210I27.4

22O DCI 250 K= I 
' 

I'\12

I=NF*K
KU=LIST( I+1}-.Lf S] I T)
5UÞl=C.
D0 24A ¡=ljKU
lL=LIST(I)+J-t
IJ=I+,J

2¿rO SUt''i=SUt'l+srclìE ( IK )*r!l{ I J )

25A NL { I }'=Îtt- ( i )-SUM
1^ÌRIIE NODtll- HE11DS

-?-10- IrIRI IE {..}!,iT' 5-ó4)-..IP-^'CE-
IPÀGE=IF'¡ìGE+1
l.lR ITE (J'/JT ¡ 560 ) ( l-iDG{ f ) r f= 1 r 20 }

5ó0 Füfll"lAT(IOilX2CA4t//t RESLILTS,//! NOIJAI- IJEAU,SE//a f\i0t,E lì8,4D (F
lTl'/)
DO 397 t--lrril'l

-l_62 l()Fì{Ar_!IÞr.FI?-y*L - ___
'¡lR I TE ( Jl^lT e 5t,2) Lr NL ( L ì
LII'¡E =LINE + 1 .
IF(LTNE"LT"óT)] GO TÛ 397
HR I TE { Jr^lT, 5ó4I I PAG E: I PAGE= I PAG F+ l

5óI FOR\.1ÁT(IOI rt R,ESULTS CNNT. E /i! NODE HE¿\D {FTI'1I
blRtTE{JilT¡5óI}
LINE = -l {.r1tt þi ¿¡l-F-t| {f.Jl-t} - çr.rÀ.¿u-Iì,-.s- fLtlT-t¡1 ¿"'dJ ú"

397 Cilf{T L\UF,,---' ' ¡- r' j,-,lrc,.tcc¿¿l ¡-t Jl.i¡ ¡.tot',.,'i
563 FCíìI,I Aï I /-I ]X, { EIJD Cf' RUN IJÛ. 'I I4 !

þf RITF {.,r'tT r 5ó:.',1 I []ENT
L I f.iE= I- I P Åc[=t ----' --
GOTOl

eege sT0P 10c0
Et\iD



3CC¡t-FC-419 3-I S'ì T Í:F DATE 25/A8/7C TIME 13"16.."21

SUBROUT I NE ST T FF
Tl-iIS SUBRUUIIItIE D'ÊVELtIPS STI FFNESS f"IATRICËS I I r I J AI\:D IK FDR

Cij.ilJSl ¡\NT STR,AIN TRi,âNGLE Ï-J-K
RIAL NL{ 3ó01 'KX{ 5 /ò },KY( t7ó)
CCMiqûN t'l' CJ l36Ct 2) g r,El 5761 3 ) ¡L I rL2r L3 I l't SI t 3 ) E KL TKX' K\:' S ( 57ó )

CC14MO\¡ JRDIJ'.JT
DTIlFNISTON Ai3)'Bf 3)

I5-FUJì+,,ÂT,{.-r.O¡}-:,.,f.ìECK:..j\jtÍ)ÂL ..IN]C.I DËì'lCESggìS .I=.'.i. 74'r.t,¡:a ¡{41.-t(e-r..? I4?
S_L1ABs ( 5 { rj ) t 57 ? ¿Y53 I
CüSA=COS ( SL )

SINA=SIi{{SL}
IF
I-
t-

S ( l,l) "LE.0. I S INA=-SI NA,

E{t'tr1)
Ëlirr2)

|/-f ctrt rl
i\- ¡ l_ \ 't J I

A { 1 ) = ( CJ ( K, I }-CJ { J r I ) ) j'C.l)SA+ ¡;J t K ? z\-cJ { J r 2 ) ) *'sI rlÄ
rr ( 2 )= { CJ i i rl l-CJ f K' 1) J'';'COSA+'(CJ ( I t? l-CJ{ K r2 | ,t;$ j l][

) j;SI NÀ
ì -"¡SÏ I'lA
)*SI NÀ

Â{3) =(CJ {Jr1 t-CJ { I r 1 ) )+CilS¡.f {CJ{ J,2)-CJ{ I'2

sT(2)={KY{¡,1
ST(3)={K\'(M

ß t 1 ) = { C J ( ..,1 r 2 I - C J i K r ,.ì ) I 'i'C O S À - i C J { J I I I - C J { ì( , I
ts { 2 ) = I CJ ( K r 2 )-CJ t, I t 2} ) *Ù0SA- f C J { K' 1 ) -CJ ( I r l
ts( 3l= ICJ t,'['?)-CJ (J' :¡ ]{'Cf,rS,1-{CJ{ I' 1 )-CJ( J? I ) )*SINÀ,
DET=CJ f J r I ) *C,.1 { K. r 2} -C.l( K, i ) i:C.l lJ t? ) -C.J { I :' I ) i'CJ ( K r 2 ) +CJ { i( r I ) >i<CJ ( I ? 2

1 )+ci{ 1, 1 )r¡cJiJr2 )-C.'{ir I )*c. JlÍ e2)
-I S-l -DE{-'- f' l[-'S ={}' }- -.}G' -:I*?- - -t'5

-|'¡R{ff: i-J ri+ r-l'5 j'l rJ v'i(--"
€¡ÐP-30€O*"

_:lÉ:-. s_T t I ) __( KY ( i.l fj¡\r(_L_l_lì::A! t, ! l',KX( t/t) rÍ,9 i!-I.l'k3! L i )) /2:.-/'\E,f---
*A ( L I ) *A ( L2l+ KX{ t1)';.3 { L1 ) ¡t8{ L2 ) } / 2 " /DET
'FA { L 1 } rrA{ L3 ) +KX{ ¡l ) ;'3 {'- l )'i'8 í L3 } I i2,, /)tT

RETTJRN
EI'JD


