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I.O INTR,ODUCTION

Itr 1995 the Saskarchewan Research Conncil conthucd an investigatioo of gas migration

in groundwater in tbc Lloydminster:uea. This report documens the 1995 resEarch program,

which followed thc initial (1994) program (Van Stcmpvmrt atrd Jaworski, 1995; Schmie, 1995).

The research project has thc following objectives:

- to investigatc the occurrence of methane in groundwarcr near leaking prodrrction wells

in the Lloydminster study area,

- to determhe whether the methane is derived from the leeking well or o@urs nanually

in the aquifer,

- to detcrmine the concentration gradients and approximate flux rates of methane from

leaking wells to shallow aquifers, and

- to predict the migration rarc of E€tbane in aquifers r.rndcr various scenarios of time and

physicochcmical conditions (e.9., aquifer properties).

This project is funded by the Canadiao Association of Petroleum Producers (CAPP), the

Uoydminstcr Area Opcraton Gas Migration Team (L.q,OGMT), the Panel for Energy Research

and Developmcnt (PERD) and thc Saskatchcwan Rescarch Council (SRC). Io 1995, tbe stcering

committce for this progfan included Ron Schmitz (Hrsky Oil, CAPP), Crarry l-orcnz

(LAOGMT), [.cs Beraicr (Sashtcheutan Fxrgy and Mincs), David Blumc (hovost Area Surface

Rigbts), Tom Cook (Albcda Eocrg Utilities BoarQ, Garry Ericson (Saskarchewan Energy and

Miocs), Margaret Klebck (Albcrte Eovironmental Protcction), Kennedy Kohlman (Koch

E:rploration), Brian Moncta (E an Encrgy), E}on Robcrr (Atbcrta Eoergy Utilities Board), Scott

Robinson (Saskarchcwan Environment and Resources Managcmcot), Herold Seitz (Wascaoa

Eoogy), Kurt LJhrich (Amoco) and Gary Webstcr (CAPP).

The 1995 program included five componcns as indicated in the following sections:

- expansion of monitoring at thc Lindbergh sitc,

- selection of five new sitcs; insallation of monioring wells at two of these sites,

- investigation of dissolved metbane and othcr hydrochernical species,

- development ql6odelling for simulation of methane migration in groundwatcr,

- survey of methane in 23 warcr stryly wells in the Lloydminster arca.

SRC htttliuionNo. R'I2204E 96 patc I
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2.O BACKGROI,JNI)

2.1 lhtinition of the Strdy Ar€a

In this investiguion, the Lloyrlminster sndy area (referred to subsequently as the 'snrdy

area') refen to portions of Saskarchcwan and Alb€rta as follows: Tonmships 36 through 63,

Ranges I through 13, west of thc 4S Meddian in Albera; Torraships 44 throug[ SZ, Rang* tZ
through 28 and Townships 3E throug[ 43, Ranges 24 through 2E, west of the 3rd Meridian in

Saskarchewan (Figure l).

2.2 Vertical Gas Migrafion

Erno and Schmitz (1994) and others have documenrcd leakage of natural las (mafuly

mahane) from oil and gas prodwrion well to soils in tb LloydmiDster area. The gas appea$ to

be leaking from relatively dcep geological units that bave bccn inrcrsected by the prodrction

wells: evidcntly the Creaceous Mannville Group @ro&rction zoncs) and/or thc l-ea Park

Formation (Rich ct al., lg94., E. Jensco and K. Mucleobachs, pcrsonal comn., 1995; sce Figpre

2). The vertical pathways that transport EethaDc from thc dcep sources to th soil horizons

appcar to be within thc annuli of tb production wells (Figure 3; cf. Chafin" 1994). Apparently

thcre are permeable zon6, referred to as "misnoannuli', withitr or adjaccnt to thc oement€d

annuli, which dlow upward migration of gas phase mctbanc. This lcaking gas appar€ntly

disperses readily along tbc rrbiquitous networb of fracores and othcr por€s io soil.

Atong the vertical flow parhs from dccp formations to soil, metbanc may also migate

laterally into permeable sedimens iDtersccted by thc proarcion wells. Plumcs of dissolved

rn€thar nay sp,read by adv.ectim aod dispcrsion into aquifcrs (Figtnc 3). In sorE cascs, Ectbatrc

may dso migrarc latcrally as a gas phase within thcsc aquifers.

Surdics condrted h thc Unitcd Sarcs have doctmcotcd thc effccrs of large-scale iryasion

of nanrral gas from e.xplorarion holcs or defective pro&Eim wells o shallow aquifers ad surface

watcr bodies (Rose and Alexaodcr, l9l5; heston, 1980; Kelly Gt al., l9&t). In thesc cases, the

gas appareotly migratcd along uooem€ntcd annuli, whereas thc wclls itr thc Lloy,rminstcr ap1

gwrally have ccmcnt to surhcc. IGlly ct al. (19t, cxanincd changes in groundnraner chcmistry

following a massive inflrx of gas frrom a 'blowot[". Tb corceotratims of rc&ced spocies (Fe,

Mn and sulfidc) increascd, while concmatiqns of oxidizcd specics (dissolved oxygcn, nitrate and

sulfatc) decreased due to oxidation of the methane, which is consisrcm with the results from this

program to date.

I
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23 R€gionsl llydrogeologt of the Lloydminster tr6a
Overviews of tbc hydrogeolory aod/or surficid geology of portions of tb sady area bave

beeo given by Hackbarth (19/5), Currie and Zacharko Qn6), hsloske (198r, Tokarsky (1985,

1984, Andrashek and Fcnton (1989), Millard (1990) and Ozoray et al. (1994). Throughout the

area, drift sediments, domiDated by till, overlie Cretaceous "bedrock" sediments. fUe Uearoct

sedimeils outcrop in some low areas including river vallcys. Regionally the shallow bedrock

units dip to the southwest. Figue 2 gives a summary of the stratigraphic relationships of geologic

unis in this area.

2.3.1 Aquifers in the Judith River (Belty River) Formation

Throughout mrch of the area, satrd and/or sandstone beds of the Cretaceous Judith River

Fm. (as defined.by Mcl-ean, l97l) are the dcepest aquifers present. Most rcports and maps

published in Alberta refer to this rmit as th Belly River Fm. Due to preglacial and/or glacial

erosion, the Judith River Fm. is absent in the north and northeast portions of tbe Lloydurinsrcr

Area.

The Judith River F.m. is cmposed of imcrbcdded e.nd, silt and clay unis. Ccmented sand

and silt bcds are often reported as sandsore or siltstone. Othc,r, less domioam lithologies include

"ironstonen concretionary horizons aod coal or carbonaceou beds. Individrul units have

"mnrk€d" lat€ral variations and are geocrally discontiruqs, reflectiqg a complex array of deltaic

depositional environmcnts (Mclean, 197 l).

Intbecastcrnportionof tbcsardyarea, Ecmbersof tbeludithRiverfm. intcrtonguewith

the uppermost portion of thc Lea Part Fm., which is a marinc clay ('shale', scc Figure 2).

According to Mclcan (l9l), the regionat suatigraphic correlation of Jndith Rivcr Fm. tongues

is somaimcs probleoatic. Tb origiDal Ocsaipigns of omcrops of these mcmbers (tongucs) have

referred specifically to 'sandstone' units (sce Mclean, l9l). Larcr authors have refcrred to

subsuface data, including e-logs, and have ircluded fircr grained lithologies in thc dcfined

tongucs (e.g., intcrbedded silts and clays). The Ribsone Creek mcmbcr is prescnt dong the

erosional Eargin of the Judift Rivcr Fm. in Saskatchovan (Mitlarq 1990). h the ccntal portion

of the sady area Oere are several Ecmbers below the Ribstone Creek, includiog thc 'Victoria'

and 'Brosseau" tongues, as defincd by Tokarsky (19E7) and Ozoray et al. (1994), which pinch

out easterly.

SRC Publiatim No. R-|Z2OGE % pgc 9
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In thc westertr and southwestcrn portions of thc snrdy area, individuat tongues have not

becn idcmified. In eis arca thc Judith River (BeUy Rivcr) F.m. has been zubdividcd into a lower

Foremost unit and an rryper Qldmen unit (e.g., Mclcan, l97l: Tokarsky, l9t7l Ozoray et al.,

r99r).

232 Aquifers in the g€arpaw Fomation and Edmonton Gnoup (llorseshoc Canyon Fm.)

Thesc Crctaccons strata, which includc sand aquifer unis, occur above the Judith River

Forrnation in the extreme southwestern corner of the sndy area (Hackbarth, 1975; Tokarsky,

1987). There are no research sites for the gas migration program in this subarea.

2.33 lhift Aquifers

'Drif includcs all sedimcots above bedrock (Figure 2). Ihift aquifers occur

intcrmincntly, and tbeir latffal cominuity is often 'mFrcdictable, even on a local (< 100 m) scale.

Locally, E npress Groq sands and gravels occur directly above the eroded upper bedrock surface

(Figure 2), qpically as buied preglacial or glacio-fluvial cbannel dcposits. Some of these

aquifers have potcntial for high ratcs of groundwatcr p,roArction (e.9., Bauleford V.alley aquifer -

Haclbarth, LTIS; Rex and Uoydminster Vatley 'basal' aquifers - Pasloske, 19t5). Intenill and

surffcial sand and/or gravel aquifers are dso pr€scot in tte drift of the snrdy area (e.g., Millard,

l99O). Millard (1990) inferrcd that some relatively thick intcnilt aquifers exteod over tcns of

square km.

2.4 Reviery of 1994 nogrn Rsults

The initial (1994) gas migration in groundwatcr program has beco reported by Van

Stcmpvmrt and Jaworski (199r. Monioring wells were corylacd at the Lindbcrgb and

Marshall sites (Figrre l), in sballow aquifers close o gas 'leakcrs' (in these ciascs, inactive oil

prodrction wells). At the Lindbcrg[ sitc, the Judith Rivcr f.m. is missing dre to erosion. Five

monitoring wells are complacd at -30 m below $ound surfrce (BGS) in an Fmfress Cr?.

ctranncl sand and gravel deposit. This unit is at the base of the groundwater protcction zone as

defincd by Alberta Environmcntal hotcction. At the Marshall sitc, five monitoring wells are

complaed at -2J0 m BGS in a sandstore unit in the Ribstone Creck tongue (Figurc 2), which is

the basal aquifer for this area.

]
i

I
,,

)

pagc l0 RC Ptrbliuioa No. R-12il)4E-96



Migtztiur q flcdrarr. iruo G-routtdwaertrod Laliag Muaion Wclls Nan lJoyd.mbstcr
Rqonfor Ptusc Z 0995)

A 'closed" sampling system was desigDed in order to collect grcundwater samples witbut
degassing of metbane. Samples were collectcd from each monitoring well and analysed for

dissolved methane and otber hydrochemical paramercrs. Elevarcd methane concentrations werc

observed in the vicinity of tbc production wells at each sitc. An analytical model, PATCH3D,

was used for preliminary mode[ing of methane plume migntion (see Section 6.1).

3.0 T995 DRILLING PROGRAIII

Nine additiooal monioring wells were completed at tte Lindberg[ rescarch site as

described in Section 3.1.

In consulation with the Steering Committee, additional research sites were chosen in the

vicinity of Lloydminsrcr. ID all, five research sites (3 to 7 on Figure l) with high soil gas

conceutrations adjacent to the wellhead (Table l) were investigated iD 1995, as described in

Sections 3.2to3.6.

The selections of the new sites were based on existing information on leaking wells

(surface casing vetrts, soils), production well completion data, test hole and watcr well records,

groundwater and geology rnalr, and (re)sampling for soil gas concentrations in tbe vicinity of

each wellhead. During the selection process, some cascs were noted whene pro&rtion wells had

leakage of gas at relatively high ratcs, but were located in areas where there were no clearly

idcotifiable aquifers pFesent, based on existing data.

The five sites that were chosqr give a rcpr€s€ntative cross section of thc problem of gas

migration in terms of geology, dcpth to aquifcr BGS and otber factoni, 8s descdbed below. Itr

most cases, re}rtively shallow aquifrrs (< 50 m BGS) w€rc taryeted for mmitoring. Information

provided by Alberta Environmcntal Protcction had indicarcd tbat, in thc Atbcrta portion of the

snrdy area, less tlafi% of th watcf, wells are complaed at dcpths > lm m BGS.

DriUiDg indicarcd tbat the targeted aquifers were trot always presetrt. On the basis of the

information obained edng the sirc selection proccss and the driUitrg pnogram, there are

production wells in the Lloyrlminstcr area that do not inrcrsect aquifen. Such wells have no

potentid to release methane directly to groundwatcr sryplies.

SRC Publicaion No. R-12204E 96 pagc Il
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Table l. Soit meihanc concttrratioo data measured by soil prob€s at rcsearci sites,
lggli.

Somc coffiations were reported relative r, thc lower explosive limit (LEL), which is

l0% mahare.

Sltc D.tc corc. rt com. rt I com. rt com. rt mersrrcd by
rcllbtd n 3ln 5u

Gol&a Irtc May 25, 1995

Lorc Rock May 25, 1995

Wildmcre Junc 5, 1995

Scdgewick Juoc 5, 1995

Swimningr Aug. 12, 1995

28%

28'

r.3%

15%

5.5%
to 15%

t6%

t5%

t.2%

12%

7.5%
to 16I

20%

o.s%

2.1%

4.5%

t.2%

D. William
Husky Oil
D. William
Husky Oil
D. William
Hrsky oil
D. WiUiam
Husky Oil
J. Mcthcrell
Huskv Oil

rdata collectcd aftcr excavation to 2.4 m

The installations at all research sites in 199+95 are sunmarized in Table 2.

3.1 Instdletion of Additional Monitoring Wdls st the Lindbcrgh Site

Van Stcmpvoort and Jaworski (1995) bad recommcoded cmplctitrg orE remote Eonitoring

well, -200 m ftom tbe prodrction well at this site, in order to establish the hydraulic gradient

before placiqg additional wells closer to the prodrction well. Afier firther consid€ration of the

probable coss aod beocfits to the program, a renotc Eonitoring weU was Dot eompleted. Over

thc period Novcmbcr 3 o 6, 1995, thrrc "ncsts" of Eoaitoring wells were conplacd within 10 m

of tb produion well (Appcndix A). Each ncst itrcluded three monisoring wells conpletcd in a

single borr€holc, at -0.3, 2 afr4 m bclow thc ryper aquifcr surhoe. Th6c rnrts were installed

to dctcnnine whctbcr vertical variations in methanc concc,[trations and other hydrochcmical

parameters are sigDificail (sce Appcndix A).

Two of tb nonitoring well lnts were qrryleted approximately updip of the production

well, with refercnce to the Wper aquifcr surfacc, as inferred by existing borehole aaa. The "uP

dip' wells were ircluded to texil wbcther gas phase migration along tbc tryper surface of the

aquifcr in this dircction world be daccrabte as increascd dissolved mcthane conccntrations in thc

groundwater.
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Tbe other nest was placed down-gradient with respect to the inferred direction of
ground;watcr flow (Van Stcmpvoort and Jaworski, 1995), despite the uncenainty of this vector.

The watcr level rlata collecrcd in 1995 (Figure 4) were simil4 to 1994 data, and again indicated

a very low hydraulic gradieot. Again the unccrtainties of the daa were similu'to the differences

betwecn \r4ater levels measured in the wells, so that the groundwater flow direction(s) could not

be determined with confidence.

Wells were purged, Fust with cornpressed air by thc driling rig and larcr with a Grundfos

Rediflo submersible pump at 14 to 27 Urntn for -60 min.

3.2 Croldm Lalce @f0-32Ff&2&W3, Pctro Canada)

This prodrction well sirc is - l0 km north of Maidsone, Saskarchewan. Based on water

well records, oil exploration e-logs in the vicinity, the Ribsone Creek tongue of the Judith River

Fm. was inferrd to be pr€seItt at -2O to 40 m BGS as a ruitable shallow aquifer for monioring.

However, rcstdrilling on Jrne 12 indicated that erosion has re,moved at least most of the Ribstone

Creek tongue at this sirc (see tcst hole log for GLD9S{I: Appendix B). Bedrock was

encountered at a dcpth of 46m BGS, conespondi4g to an elevuion of -565 m asl. The bedrock

lithologies benreen 46 m and 6l m (borom of rcst holQ varied from silty clay to clay. The test

drilling indicarcd iq,rs thin (-0.3 and I m) inrcrtill sands, but the latcral extent of these units is

unknown. This test hole was sealed with bentonirc $out and abandoned.

33 Lone Rock $7a0H/7-2GW1 Camanah)

This prodrction well sirc is - 15 lm southwest of lashhrn, Saskatchewan. An e-log for

another oil well in thc same Section (O[-2O47-2CW3) suggested the presencc of a significant

Empress Grorp aquifcr al this sirc (Millard, 1990). Test drilling on the well lease to a dcpth of

55 m (-561 m asl) condrcted on June 13, 1995 (LNR-95{1) indicated that Enpress Gror4p

sediments are absent and that no significant aquifer is present 4 this sirc (Appendix C). The

bedrock surface was encountered 
^t 

23 m BGS (593 m asl). The Ribstone Creek interval

enconntered at -23 to 4O m BGS is composed mainly of clayey silt, with 1 thin (-0.5 m)

siltsore or concrstion horizon at -26 m BGS. On the basis of evaluation of the cuniags and thc

e-log, this silstone horizon does not represent a significant aquifer. Daa compiled by Millard

I

!
:
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Note: Data at monitoring wells are in units of meters
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Plan of the Lindbergh site and water levels
measured on Dec. 15, 1995.
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(St. Walburg Eap aod report) suggest that the Ribstone Creek tongue is partialty eroded at this

sitc. The LNR-95{I test hole was grouted with a bentonitc slurry and abandoncd.

3.4 Wildmcre Site (flf447{Sw4, Koch Exploration)

This sirc is - 25 km northeast of Wainwright, Alta., near the Battle River Valley. Th"

Victoria tongue of the Judith River Fm. was inferred to be prsent at -50 !o 100 m BGS, based

oo regional hydrogeologtcal mapping by Omay et al. (1994), aod examination of watcr well

records and exploration e-logs for this vicinity (provided by Alberta Environmental Protection).

The production well at this sirc was completcd in Novcmber, 19E3. The toal depth of
drilling was -670 m. The surfacc casing (24.5 mm) was set to a depth of 179.6 m BGS, and

cemcotcd with Class 'A" + 3% e:rGlz. Tk 171.9 mm prodrction casing was insalled to a dcflh

of 662.6 m BGS, and ffiorated from 638.6 b A3.6 m BGS. Production started in 1983 aDd has

continued througb 1995.

psl rhis research prograrn, tcst driling adjaccnt to the production well on Jnne 14 to 15

(WDM-95-01) indicatcd the presence of several inrcrtill aquifers, a coarse sand and gravel

Enpress Gp. dcposit at -56 toTI a' with a silt horizon at 66 to 70 m BGS (ApgenOix D). Very

fine silty sand and silt uis (Victoria tongue) were eocountered betrveen 82 and 9E m BGS. Thc

suitability of thc laucr as aquifer zoncs is apparently narginat. Test drilling was tcrminatcd at

116 m BGS.

On the basis of field inspcaion of thc dril qming samples (1.5 m htervals) and an e-log

of thc tcst holc, it was decidd o cqlae a nmitoring well in tbc lower Empr€ss C4. und and

gravel unit, below thc silt horizoo. Aficr well complaion, thc static water level was -70 m

BGS, simitar to farm wells in tb area (rccords providcd by AEP). This decp lerrel indicatcs that

the Empress Gp. aquifer probably discharges hlo the Battle River Valley. The difference in

ground elevation betrpecn thc research well and the base of thc Banle River Valley is -75 m.

Fogr additional monitoring wells were complaed in the same Emprcss Gp. aquifcr

between -2 to 100 m from the produaion well on lrre 26 to 2E (WDM-95-{2, WDM-95{3)

and August 28 to 3l (WDM-95-(N, wDM-gs-ot (Fieure 5' Ap'pcndix D)'

ffiC Puilicaion No. R'122048-96 pagc 17
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The five wells we[€ dcveloped during several field excursioos in August and Scptcmber.

A dri[ing rig was uscd to remove ths drilling 6gd ssmaining within the well casing by

displaccment with fresh water, which was injected into the screen interval of each we[ at

prcsures in exccss of 3fi) psi. Grundfos Redi-flo pumps were used to purge the wells at - l0
I-lmin for rp to several hours. Oae of these pumps bccame snrck in well WDM-95{3 on

Scptanbcr 21, and it has not yet becn retrieved.

Water level daa indicatc that grouodwarcr flow in this aquifer is to the northwest (Figrre

s).

3.5 Sedgcwick Site (074$4+12-W4, Pocu)

At this site, locatcd a few km east of Sedgewick, Albcrta, high gas concentrations were

measured in soil adjaccnt to the wellhead. On the basis of examination of.the e-log for this

production well, thcre appeared to be a basd ludith River (Foremost unit) sand or silt unit at a

depth of -210 to2l0 m BGS. This dcpth is below th basc of the surface casing (1E2 m BGS).

This zooe was targaed as a potcotial aquifer for investigation of gas migration. A test hole was

drilld on Junc 15 and 19 (SDG-95{1, Appcndix E), indicating several significant aquifers:

- a sand unit at bedrock surfrce (6 to l7 m BGS), intcrprsted as Empress Group or Judith

Rivcr Fm.,

- two thinner sands in the lrdith River Fm. at -35 to 36.5 and 3t to 4O m below grormd.

- The original target zone (210 to 23O m BGS) consisted of concretionary horizoos.

This tcst hole was fillcd with bcntonitc grcut and abandoned. Based largely on tbc

negative resuls ef rhis test hole, and on subscqucnt discnssions with tbe Stccring Committee, it

was dccidcd ttat for thc final site sclection, it would bc best to target a site whcre existing watcr

well data, iDcluding lithologic dcscriptions, were available for the aquifer zone(s) of intcrcst. It

was dccidcd to targct the lowcrmost Iudith River tongue (Victoria or Brosseau) in thc Albena

portion of thc LloYdminstcr 4p1.

3.6 Swimning(f0llf2-52{n-W4' Ihtslry)

A sirc - 14 kn north of Vermilion, Alberta (lODl2-52O7-W4) was chosen on tbe basis

of higlr soil gas conccotrations Clable l) and inferred prcseoce of the Victoria tongue, including

pagc lE SRC Publiqtion No- R-12206E-%
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suiable sand(stone) aquifer zone(s), as indicated by hydrogeologic maps, cnolts sections and warcr

well records obtaiDed from Alberta Environmenal Protection.

The oil wcll at this sitc was complaed in November lgl9. The surface casing (273 mlm)

was sct in a 381 mm dia. borehole to a depth of 89 m BGS. Thc 178 mm production casing was

irctalled to a dcpth of 652.4 m BGS. Four production zon6 were perforated at d4ths U",**o
605 and 530 m BGS betwecn July of 1980 and Jrure of 1982. Production started in 1980 and

ended inJune 19Et.

A rcst hole was drilled on August 23, 1995, adjacent to the production well to depth of

-91 m BGS (MGN-95{1, App€odk D. A Victoria tongue sand rmit was encotmtcred from 7.3

to 13.4 m BGS. This aquifer is scmi+onfincd by weathcred till and 3 m of intenill sand (1.2 to

4.2 m BGS). The rcst hole was grouted with bentonirc slurry.

Three wells were completed in the Victoria ton$rc unit on Augrst 24, 1995 (MGN-95-

0lA, -02 and {3; Appendix F). The wells were purged by a Grundfos Redi-flo prtmp at tilL
min for -120 min. The water level data for tbe wells indicatcd flow to the southwest (Figrue

6). kritial m€tbarc daa indicatcd slightly clevatcd conceotrations at MGN-95{3, approximarcly

down flow of the production well (see Scction 5.5).

Four additional nests of wells were complaed on November 23 to 24, 1995: MGN-954,

5, 6 and 7 (Figrre 6, Appendix F). Each nest included 3 wells installed in the same bedrock

aquifer, completed near its base (A), middle (B) and top (C) (Ap,pendix F). Within a day of

completion, tbcse wells wcne air-lifted for several minutcs to remove driUing fluid and then

purged with cc,ntrifual pumps (GSW modcl5605E0) Nt -14 L/min for rry to 125 min.

4.0 TTYDRAIruC PROPERTIES OF AQTTITERS AT RESEARCU SITES

In 1995, thc hy&aulic properties of thc 
-arquifcrs 

bcing monitored at the Lindbergh and

Swimming rccarch sites were investigated by pumping tests. An infiltrometer test was also

conducred at the Swimning site to obain information on the hydrautic condrctivity of the soil

profile. A slug tcst providcd xa sstimrte of thc hydraulic conductivity of the aquifer at the

Wildmere sirc.

Tb data from a l99a prryiOg tcst condrctcd at the tvlarshall sia pumping tcst data have

been reported by Van Stcmpvoort and Jaworski (1995) and are not discussed further here.
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4.1 Swiuning Sitc Pumpiry Tcst Rcsults

At the time of the pumping test (fuobcr 19, 1995), only 3 of 15 monitoring wells had

beco iostalled at this sirc. Thc warcr elevations in all three wells were recorded using vcntcd

tra$duccrs (DRUCK modcl YfX lfilD{241) and daaloggers. A Grundfos 5-cm diamercr

submersible pump was sct - 5 m below the water table in well MGN-95{IA. The purying'test

commenced at 9:5E am oB Octobcr 19, 1995, and a constant pumping rate of 14 Umin was

maintained for 189 minutcs; the recovery was observed for lEO minutes.

The pumpmg test data froE observation wells MGN-95$2 and MGN-95{3 provided

information concerning the hydraulic conductivity, storativity, and semi-confincd nature of the

aquifer at this sitc. The calculations shown oo Table 3 were based on thc Theis method, using

the AQTESOLV program (Creraglty and Miller, Ioc., l99l) . Plots of the cuwe marchcs are

givcn in Appendix G.

Table 3. Calculated hydraulic paranccrs for the aquifer at the Swimming site.

lUell
Tlrnsduccr Drte

Distere to
Punp lVcll

temUmy Cooducdvlty
(cu/r)

Stontvtty

d/Eh d/dry

MGN.954IA.R

MGN.95{}2.P

MGN.95{ P

50.t5

6.74 0.m47

0.00037

0.0005t

lcatagc ftom chcck v:lve, dan mt v"lid

0.009913 t4.21 o.wtt

0.01736 E

P=punping R=rcsovcry

The variations in transmissivity inferred on Tablc 3 may be causcd by diffcreoccs in

saturatcd aquifer thickncss bawcco thcsc wells, or diffcrm in hydraulic cm&rctivity.

Hydraulic condrctivity was estinatcd using a eonstant saumtcd thickncss of 6.1 m.
,.

4.2 Swinnfng Sttc InflEomettr Tcsdtrg Rc$tts

Thr€e infiltnomctcr tcsts wcre run at thc Swiming sitc - 20 m fto,m well MGN-95{IA

in the direction of well MGN-95{2. This area was on thc grasscd edge of the lease. Thc first

tqil, at a &pth of 50 cm did rct prodrcc any mea$rable infittmtim, possibly bccausc of frost or

sidewall smearing during hole preparation. The second tcst at a @tb of lfi) cu indicatcd a

saturated hydraulic condrrctivity of 1.7 x ld cm/s, which is consistent with the silty and clayey

pagc 21 fiC tuliaia tlo. R-I zn+E-%
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sand in thc soil profilc. A clean sandy hyer at 90 to 95 cE d€pth may have skewed thc result.

Tbc third test was at a @th of 50 cm. The sanrared hydraulic conductivity was fouod to be 4.1 x

tOa cm/s.

The semi-confined nanre of the aquifer being moniored tr1 this sirc is likely more

dcpeodcntonhy&aulicproeertiesof subsoiltill(mdcpth of -7 mBGS)thanof thesoiltoriirns

in which the infiltrometcr test walr performed.

43 Lindbcrg[ Site Pumping Test

A toal of seven observation wells were utilized during the pumping tcxil at th€ Lindberg[

sirc. In three of the observation wells, and the pumping well, the water elevation dau were

recorded using transducers and daa loggers (as describcd itr 4.1) In the four wells

water level data were obtained manually using an e-tape (electric water level indicator).

A Gnmdfos 5-cm diameter submersible pump was set -7.5 m below the warcr able in

well LND-94-(2. The pumping tcst commeoced at ll:3O am on November 21,19Dr5. A constant

pumping ratc of 20 Umin qras maintaincd for 200 mirutes; the recovery was observed for 120

minutes.

The uarsmissivities and storativities were calculated by marching the Thcis curve in

AQTESOLV. The hydraulic con&rctivity was then found by assuming an average aquifer

thickness of 2O m tbroughout tbc er€a, based on thc 1994 test hole log (LND'94-01). The

calcularcd values are listed in Table 4.
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Teblc 4. Cslcttlatcd hydraulic paranetcrs for the equifcr at the Swimming sitc.

lYcll Dhere
fron hupln3

lVell (u)

tmmtcirtty Coodnctrrrtry
(cm/c)

Stomtmy

dlnn dlaey

e-tapc data

D.ID.94{lA-R
LND94{3-P

.R

LND.944+P
.R

LNDgT{)s-P
.R

transdrccr data

LND94.02.R

LND95{'7-P
-R.

LND,,95-0t-P
.R

52.s

9.(N

74.0

@.5

0.0

8.t4

6.97

o.rzil
0.06532

0.(ntt6
0.oil27

0.oil97
0.(rt52
0.vt2r6

0.(mt92
0.Gr632

o.m274

0.06295

0.0Eo55

tt2
%

ll3
tt7
llt
I

l04

t.2t
il

l(xt

9l
l16

o.ol05

0.0065

0.flbt
0.006t

0.0057

0.006

0.0005

0.(xx7

0.0()6l

0.fi)s3

0.0(b7

o.ooo2;

0.m044

0.0m27

0.00016

0.00016

0.(ml
0.qxxx)

ole-

0.0015

0.fix)s

0.(xm
0.(m4

P=ptmping R=rGoovsry
Additimrl trensdrccr ,lota wrs collccrcd in *clls LND95{6A ttrd {6C, but arc not rcportcd hcrc.

Thc mean of calcrilatcd hy&aulic coo&ctivity is 6.0 x l(}r cm/s, tlpicat of a clean sand

(Frecze and Chcrry , lylg, p.zg). This is very similar to thc single cstimatc of 7.1 x l0t qn/s,

based on 1994 pump test data (Van Stcmpvoort atrd fawoski, 1995).

4.4 lVlldmcre Site Stug Test Railts

A 1.62 L PVC slug was placed in monioring well MGN-9542 at the Wildmere site on

October 18, 1995, above a pressurc transducsr (as dcscribed h 4.1). Thc watcr level data

collected srithin a few scconds of l) withdrawal, ond,2) s{tbscqmt replacemcnt of the slug, wcre

analysed using the Bouwer and Rice Mcthod in AQIESOLV. Thcse analyscs suggest that the

hydraulic condrrctivity of the aquifer is 2.0 ro 2.3 x lO' cm/s. This range is consistcnt with the

qpical values for well sorted sand and gravel.
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5.0 METHANE, ETUAIYE & OTIIER AI{ALYSES FOR RESEARCH SITES, 1995

5.f Sempting end Analfticel Mcilhods for Dissolved Spccies

Water samples werc collected from atl Eonitoring wells and anatysed for the following

componeots: corccntratiotrs of dissolved methane and ethane, major ions, pH, Eh, Fe, Mn, and

NO3 + NO2. The methanc and ethane data are essential for modclling the fluxes of these gdses

from leaking wells into shallow aquifers. The redox species cotrcentrations grve a g€neral

indication of the potential for bio-oxidation of methanc within the aquifers.

Improvements werc rnade to methanc (and etbare) sampling and extraction techniqucs,

based on the methods and experience of the 1994 program (Van Stcmpvoort and faworski, 199r.

I$tcad of using an in-line sampler above-ground in a back-pressured system, as in 1994, a

modified system was designed for down-hole placement of samplers. The in-line samplers uscd

in this system were very similar to the suinless stsel and Teflono samplers used in 1994, but

narrower in constnrction so that they could bc lowered down the monitoring wells. At the

Marshall and \lrildmere sites, groundwater was sampled with a bladdcr pump, but in the 1995

systen the pump was locatcd above rather than below the sampler. At the Lindbergh and

Swimming sitcs, wbere water levels were relatively high, the samplen were placcd doumhole

below perisultic pumps. The low punping ratcs during purging (- l0 L) and sampling for

mcfrane (- lm to 200 ml/Ein) were choscn to Eaxinize lat€ral flow from tb formations to the

samplers (Kearl et al., 1994), with negligible contamination from the overlying stagDant watcr

column. Thns, inflatable packcrs wcre Dot used, as in 1991, o isolarc tbc well screen intcrval.

The above described modified sampling systcm was used for sampling all monitoring wells in

1995, and at thc Lindbcrg[ sitc and Swimming sitcs for up to two or three occasions.

For laboratory cxtractim of dissotved nc0arc from frc sarylers, a modificd systcn was

tcsted aod irylcocucd. A $nalt gtass UOspace vesscl wzs dcsigncd Gn EL), wifr t vtGu&

tight fiting for araching a samplcr. For evolving methare into the Evacuatcd hcadspaoe, each

sample was agitated in an ultrasonic watcr bath at room tcoperarrc. Thc haAsPace was adjustcd

1q I atm prcssurc with He injcct€d from a gas rescrvoir fuoryh a seperm. A subsaryle was then

collccted with a microsyringc via the same scptum for injecrion into tbc gas chromatograph.

As anticipatcd, the above proposed changes in exrraction proccdures redrced ttrc time

required for each analysis, and eliminated thc problcm of somc incompletc sample transfers, as

occurred in 1994 (Van Stempvoort and faworski, 1995).

For analyses of methane, exccpting those near the detection limil (4 least one result of

0.003 oytLor less, where detection limit = O.OOI mg/L), duplicates generally deviarcd by less

SRC Publicaioa No. R-12204E 96
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theo 25%, and thc tnean deviation wes 17.3%. Because thcsc are seqncntial dplicatcs, it is
unclear if thc deviations of results, in excess of the instruDcotal precision of gas chromatography

(+l- 5 to l0%), rcflect real variations in the groundwater sanpleq rathcr then ss'6ss dqe to

sampling, $orage and extraction procedres.

For samples tbat hed detectable ethaDc > 0.002 agtL (ll cases), the average deviation

of dnplicarc aoalyses was 19.4%, which is similar to thc resuls for methanc.

Drplicatc mcfrar saryles were oollected ore each frm tb tvlarshall and Wildmcre sitc
in 195. Methare was dacrmined on two occasions for some of tbc wells u tbe Lindbergh and

Swinming sites, because these sites have been selected for more detailed investigation.

5.2 Mcthlne end Othcr Analyses for Marshell Site

As a grorp, the mcthare conccolrations mcasured in the five monitoring wells 4 ttris sitc

were low (< 0.1 Eg/L) and similer 30 thosc dgermined in 1994 (Figure 7, Tablc 5). However,

for individral wells, tbcre wcre significant differences betrveco 1994 ad 1995 data. Itr 1994, thc

methanc concentrations in MAR-9+OI and lt&{R-o4{4 were the highcst for this sirc, brr thcy

declined to lowest valucs at this sitc in 1995. Thc conccntration Ecasured for MAR-9441

dcclid by ncarly 2 ordcrs in naedodc hon 0.16 to 0.m3 EyL. The conccntration in MAR-

94{4- dccliDcd from 0.055 BEIL to ooo detcctable (< 0.001 mg/L). In contrast, the level in

monitoring well tvIAR-94-03 iu€ascd from thc lowcst \rahrcs iD 1994 for this sitc (0.(m to 0.004

Eg/L) to tbc highcst valrrc in 1995 (0.06 mg/L). Thcsc results undcrminc ttre preliminary

modelling of methane cmceotrations 4 this site by Van Stcmpvoort and laworski (1995), based

on the spatial variations of l99rt date. Thc dcviatiom barvcco tb conccotrations measured in

each of IvIAR-9GOI, {f3 and {4 in 1994 and 1995 are > n%, mrch largcr than the dcviatioru

for drrylicarc analyscs conducd in 1995 (typically < 25%; scc Scction 5.1). This contrast

indicatcs that ttc Ecasurcd cbngcs in ncthare ffiati@s in thcsc wells froE 1994 ad 1995

are significant.

CIhcr hyarocnd'ical daa colleacd from 6c monioring wells at thc tvlarshall site in 1995

lpssp similar to equivdcot l99t data (Iable 6). As in 1994, sulfttc curccorations were lowcst

in II{AR-9441 aod MAR-94{2, urtich arc Ear€st to tb proOclm well. As disossed by Van

Ste.mpvoort and Jaworski (199r, this paUcrn suggesB that sulfrte redrction Eay occur during

biodegradation of metbaoe at this site.
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Dissolved mthsnc and ethanc cotrcenhtions in groundwetcr at the Marshntl
sits

Monitoring Semph Mctheoc Ethlne
VYcll Detc (^gL) (^gt)

Marshall (Aberfeldy) Sitc

MAR-94-O1

MAR-94-02

MAR-9+03

MAR-94-04

MAR-94-05

May 30/lt
It{a.y tU94
Oct 19/94

Scpt 28/95

May 3O9t
May 3O/91

May 30/91

Oct l9l94
Sept 28/95

Sept 28/95

May 30l9rt

May 30llt
&t tTllw
Scpt 29195

Scpt 3OB4

Scp 30/lt
@t tTllA
Sept 29195

Sep 30&t
Scp 3094
Oct 17194

Scpt 29195

Scp 29195

0.16

0.0.14

(o.oo3rt1

0.003

0.025

0.012

0.039

0.o22
0.0n
0.00,

0.002

0.m4
0.003

0.06

(0.m1**1

0.055f
o.on

<).mr

0.m3

0.m63f
0.015

0.003

0.m4

ND
ND
ND

ND

ND

ND
ND
ND
ND
ND

ND
ND

ND
ND

ND

ND
ND

ND

ND

ND
hID

.analyscd at thc Narioal Hydrology Rcscerch ln!ilifirtc, dl dsr aodyrcs at &c S*krrchcryrn Rscarc,h Council,

.*assuned crrooouts rcsrlts bccausc of obacncd incorylctc samplc tnnsfcrs fuing cxtractions.
ND = not &tccrablc
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The corccotrations of sulfarc in the groundwater 4 this sitc are 3 to 5 orders in magninrdc

higher than the dissolved Eethane concentrations. If the spatial variations in sulfarc

cmccotratiorr are directly or indirectly relatcd to bacterial oxidation of methane as in Equation

I (c-f. Van Stqvoort and Jawonki, 199r, then most of the methatre that wrc oncc prcs€nt itr

thc grormdrratcr has becn oxidizcd, and the amounts measured h tbe monitoring wells in 1994

to 95 are only a mirurc residual fractions.

Equation I

Since ftg minimum and maximum sulfate conccntrations in the monitoring wells at

Marshall vary by -2n mrE[L, it is possible oo the basis of Equatim I that - 50 mg/L of methane

is missitrg froB th groudwaicr duc to oxidation. In cmst, dthough the observed changes in

the measured coocentrations of methane over time h the wells (> O.2 mSlL) are large relative

to the conoentration vdues, thcy correspond to very small ghangcs in sulfate concentrations

(> 1.2 rn,rr9lL, using Equation l), rclative to the measured conceomtions of sulfate.

5.3 Methme and Other Analyscs for Lindbergh Site

Th 1995 hydrochcmical daa for the Lindberg[ sirc includcd repeat aoalyses for the five

monioring wells insalled in 1994 (Van Stempvmrt and Jaworski, 1995). ThG 1995 mahane

conccotratiotrs werE similar to thc 1994 data (Figure E, Table 7). Methane continued to be

relatively high in LND'94{2 in 1995 (1.5 to 6mgtL), htr had gencrally e[ncd over the pcriod

Junc 1994 to Novcmbcr 1995.

Tbe rew Eotritoring wells werp imtalled in thr€e rurts to daermine vertical gradients in

hydroche,mistry ncar the pro&ctioo well (see Section 3.1). The wells in tbese Dests are complaed

within the upper 5 m of a thick en m) sand and gravel chanrel.

The November 1995 daa from thesc nests indicated hig[est levels of methane at any

research site to date, as well as significant e'thatre concentrations (Figures 8 to ll, Table 7). ID

nesr LND'9546 (wells A, B and C), which is infened to be 5 m up{ip of the production well,

the conccotrations (Eg/L) were higbcst at thc top of the aquifer (19.1), and lowest at thc botom

well (3.3) excEpting an anomalous duplicarc analysis (17.3) (Fieure 9). Nest LND-95{7(A, B,

C), which is l0 m qdip from the production well (Figure E), had lowcr methane corcentrations.

SRC htblicoria tlo. R- 122ffiE-% pgc 3i
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Teblc 7. Dlssolved rethrnc and ethanc concentradons
Lindbergt site.

in gnoundwrter st thc

Mdtrht S.EDlc M+&r DttrD MdtahS SUDIG Mcrh-.r E6tEwdl Drtc (ry/L,, (u8lL,l wrll Drt (ql[-l (urllt,l
LNT>*OTA ND

LNI>9+02

LND9CO3

LNl>g't&

Jur l/9rl
Jur l/94
Oct lt/91
stry,nDs
Scpt rr95
Nov 15/95

Nov 15/95

Jum L94
Junc l/94

lunc l/9{
Oct" lt9lt
OcL 18/94

Scpt 27195

w,ngs
Nov 1495

Nov l4l95

luc l/94
Jurc l/94
Ocr. lt/!14

sf4rnDs
SG"t 27/95

Nov 14/95

Nov l4lIi

Oct 694
Oct lt/94
s(f[nDs
Nov la95
Nov t5/95

0.(r2
0.(x3

0.m

0.(rr6

0.013

0.01()6

0.0r62

t.56
r3.9

t2-2

2.t

6.X2.

5.98

3.n
2.5t2
r.5(n

0.02

0.012

0.014

0.013

0.023

0.m4

0.m4

0.0r7

0.01

0.0t2

0.(n6

IIID

ND

ND

ND

ND

ND

ND

0.m3

o.(trxi.

(o.fil3re;

0.(n6

0.m2

0.m5

3.nt
t7.u

5.il4
4.2t5

r9.(E3

19.052

0.505

0.44t

0.359

0.352

6.45
&sry'

10.(B

r4.903

8.45
5.,[3t

r0.953

tl.n6

ND

ND

ND

ND

0.017

0.0r

0.04r

o.lJ27

o-gn
0.08

0.m3

0.00r

0.m2

0.0(n

0.0r3

0.925

0.015

o.974

0.0:}5

0.02t

0.fi5
0.(I08

ND

ND

ND

ND

ND

ND

ND

LND9+(E Oct 6/94

OcL 6D4

Oct l&!l'[
sEryrnDs
Nov 15/95

Nov 15t95

Nov l7l95
Nov l7l95

Nov l7l95
Nov l7l95

Nov l7l95
Nov l7l95

Nov l7l95

Nov l7l95

Nov l7l95
Nov t7l95

LND.9'6A

LND.9106B

LND,9546C

LND9s{T'A

LND95.O7B

LNDgflnC Nov l7l95

Nov l7l95

LND.9'(BA Nov l7D5

Nov l7l95

LNI>95{[B Nov 17195

Nov l7l95

LND95{BC Nov l7l95

No 17195

0.(r3
o.06r

0.06

0.(xB

(< 0.m1..) ND

0.(B t{D
0.q)5 ND

0.(tr2 ND

O.qE ND

.an lyscd d dtc Ndiotul Hydrology Rcscarch lrudaila dl odEr rnalyscs 1ttc Srsllclrrtm Rcrcacb Cdril.

..assumcd cnorpous rcsrlrs bccausc of obscrved ircoqilac samgb trandcrs dlriag cxtraarios"
ND = mt dacaabb

pagc 34 fic Puiliaiaa I/p.. R-l 22(bE-%



Olrtnn 94{4
<0.001

Marshall Site
(NW1/4 LSD 14-16-49-26 W3)

Scale 1:500

02550
metres

O Monitoring well

# ProOuction wet!

o Testhole and monitoring well

Figure 7: Plan of the Marshall site with measured
methane concentrations (mg/L) for samples

collected on Sept. 28-29,1995.
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As for {)6, the highest levels in LND.9547 were at the top of the aquifer (6.4 to 8.5 mg/L)

(Figure l0). Nest IJ.ID95{8 (A, B, C) had higbest methane levels (mg/L) at thc bonom (10.1

to 14.9) aod top (10.9 to ll.8) of the profile (Figure ll). This well is 5 m from the production

well, possibly down-gradient with rspcct to groundwarcr flow (Figure 8).

The high methane levels daected near the op of the aquifer in all three nests, ana tne

vertical gradiens obscrved in ncsts LND95{6 and {7 (Figure 9) are consistcnt with a gas phase

source of disrclved methane, tbat has migated dong tbe upper surface of the aquifer (see Section

6.3). The larcral extcnt of gas pbase methane migration 61 this sirc is presently rrnknown.

For othcr hydrochemical paramacrs re-sampled at the Lindbcrgh site in 1995, the data

(Table 8) were similar to 1994 data. For all three new monioring well nests, the sulfate

conccntration declined and the dissolved Fe increased towards the top of the aquifer (Figrres 9

to I l). These dau are consistcnt with Fe and sulfarc reduction being focrssed at the top of the

aquifer, adjaceot to a gas phase methane souroe. The 1995 data provide good evidence that

biodegradation of metbane occurs at this site, involving both sulfate and iron reduction.

5..1 Methane and Other Andyscs for l{ildmere Site

Methane samples were collected from four monitoring wells at tbe lVildmere site on

Octo,ber 17 to lE, 1995 Clable 9, Figure l2). Well WDM-95{3 could Dot be sampled becaue

of a sampling punp was jammed in its screen (sce Section 3.4). Tbe analyses hdicated relatively

low mcthare coDcc,otrations (0.012 to 0.068 Eg/L). A tracc of ethane rvas daected in WDM-95-

0l (0.003 to 0.006 Eg/L). Otber hydrochcmical daa collected in Augrst and Octobcr CIable l0)

indicatcd that sulfarc conccntrations were relatively low in the two wells that were close to and

down gradicnt of the production well (WDM-*1{!,, {5), with resped to groundwatcr flow

(Figure l2). As for the other rescarch sitcs, this suggess that sulfate reduction is relarcd to

biodegradation of the leaking methane.

5.5 Methane and Other Analyscs for Swimming Site

Methane samples were collected from the original three monitoring wells on two

occasions, and from the four additional nests of three wells each on one occasion. Overall the

analyscs indicated low corcentrations; the large majority were < 0.1 mg/L (Table 11, Figure l3).
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Analyses for MGN-95{1A changed dramatically between September 28 and November 22,

incrcasing from 0.002 to 2.6 rrEIL (means of drplicatc analys65). This inciease in methane

concentratiotr was probably caused by the purghg of more than 5000 L from this well druing

hydraulic testing on October l8 to 19, which may have drawn contaminated water from near the

production weU, located 3.4 m from this monitoring well.

Table 9. Dissolved methane and ethane concentrations in gnoundwater at the
Wildmere site.

Monltoring
VtIell

Sample methare ethane
Date mgll- mg[L

wDM-95{l

wDM-95-02

wDM-9543

wDM-95-04

wDM-95{5

Oct l7l95
&t t7t95

Oct 18/95

Oct 18195

&t t7195

Oct l7l95

Oct 18/95

Oct 18195

0.06

0.046

0.016

0.031

no analyscs due to pump stuck in well screen

0.006

0.003

hlD

ND

0.054

0.ffi8

0.013

0.0r2

I{D
ND

ND
I{D

ND = not daccublc. Detcction limit is O.fl)l mgll.

For samples collected on Deccmbcr 15 from Gts MGN-95{4, {)5 and {)7, tbe metbane

coDoEotrations incrcasod fron bouon to tq of thc aquifcr (Figures 14, 15, l7). For nest MGN-

95{)6, the mcthanc conccotratiotts wcrc low, but slighty highcr in thc deqest wgll than tbc other

two (Figure 16). As a group, the samplcs takcn Aom all wells tt this sirc indicarc relatively low

coDcatrations of sulfaa down gradicnt of thc prodwtion well, and near the to,p of the aquifer

(Figures 13 to 17, Table 12).

As for the Lindbcrgh sirc, collectively the Eethane aod sutfate daa are consistent with gas

phasc migration of matranc, focused along thc top of the aquifer (cf. Section 6.3), combined wittt

biodegradation of the methane that involves sulfarc as a terminal electron-accepor.

SRC h,Ui@ion lrlo.. R-|2AAGE X; pagc 15
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Wildmere Site
(NE 13-1 4-47-05-W4)

Scale 1:50O

025s0
metres

o Monitoring well

* Production well
O Testhole/monitoring well

Figure 12 : Plan of the Wildmere site with measured
methane concentrations (mg/L) for samples
collected on Oct. 17-18,1995.
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,Swimming Site
(NE 114 LSD 10-1 2-52-07-W4)

Scale 1:500
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Figure 13: Plan of the Swimming site with measured
methane concentrations (mgA) for samples
collected on Nov. 22 (O1A,02,03) and
Dec.14-15, 199S (all other wells).
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Dissolved Eeihan€ and eftane concenfatioos in groudwater at the Swimming
sitc.

Mooltorint
wdl

Senph
Drar

Mcth.rc
(ryll)

Etbrnc
(-gt)

Monitoring
wdt

Semple
Detc

Mcttrm
(BtlLl

MGN.95{IA

MGN-95{2

MGN-9543

Scpc 2M)5

Scpt 28/95

Oct 1695

Ocr l&95
Nov. 22195

Nov. 22195

Scpt 28/95

Scpr 28/95

Oct. l&95
Oct. l&95
Nov. 22195

Nov. 22195

Oct. l&95
Oct lO95

Nov. 22195

Nov. 22195

0.m3

0.001

0.00r

< o.mt
2.09

3.14

0.002

0.00t

0.00t
o.w2
0.009

0.01l

0.002

0.927

0.03

0.003

I{D
I{D
I{D
I{D

0.005

0.m6

I{D
I{D
I{D
ND

I{D
I{D
I{D
I{D
IITD

hID

Dcc. 15195

Dcc. 15/95

Dcc. 15/95

Dcc. 15/95

MGN.95{4A

MGN-95.O48

Dcc. 15195

Dcc. 15/95

MGN-9544C Dcc. 15/95

MGN.9545A

0.026

0.r56

0.103

0.037

o.o23

0.07

0.105

MGN.95{58

MGN-9545C

MGN.95{6A
MGN.9ffiB

MGN-954rc

MGN.9'{7A

MGN.95478

MGN-9il)7c

Dcc. 14195

Dcc. l5B5
Dcc. 15/95

Dcc. l4B5
Dcc. 1495

Dcc. 14195

Dcc. 14195

Doc. 14195

Dec. l4l95
Doc. 15195

0.(X9

0.003

0.flx)
0.003

0.005

0.0r6

0.fi)9
< 0.001

< 0.00t

0.(B5

ND = nor dctccrablc. Detcction limit is O.(X)l mg/L fa matranc and 0.(D3 mglL fc ethanc.
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6.0 MODELLING OF METHANE MIGRATION AT RESEARCH SITES

The purpose of modelling h this research prograrn is to obain a more comprehensive

unOerstanOing of tbe impacts of gas (methane) leaking from petroleum well sites on the shallow

grormdwatcr environmcnt. Modelling will be us€d to estinate l) quantities of methanc leakipg

from the well into an aquifer as a gas phase, 2) transfer of mahane from gas to dissolved phase,

3) transport of methane as a dissolved phase, 4) microbial degradation and sorption of dissolved

metbane, and 5) the effective areas impacted by dissolved metbane plumes. Given suitable

calibration o field data, this information will be used to asscss the risks that mcthane leaking from

production wells into water supplies will produce explosion hazards.

6.1 Baclcground

Van Stempvoort and Jaworski (1995) conducted preliminery modelling of the migration

of methane in groundwatcr at the Lindbcrg[ and Marsball sitcs. This was based on the methane

conceotration dau collecrcd h 1994, rsing the analytical modcl PATCH3D (Sudicky et al.,

1988). The PATCH3D modcl was deemed to be suitable for approximating the migration of a

dissolved methane plume derived from a gas phase in/at the annulus of caci production well. For

each sceoario, the mcthane source was considered to be a vertically orieoted, 2D recangular area,

eqrral in diameter to the annulus of the well and extending complaely throug[ the aquifer. The

dissolved souroe concetrtration was assumed to be equal to sanrration of methanc in the

groundwater. Groundwater velocity was based on water levels and pumping tcst rezults.

Dispersion parametsrs were initially bascd on litcranre yalues, and were altcred to fit the

Manhall site co,ncentration data. Sorption and biodegradation of dissolved metbane were also

simulatcd.

For the Marshall site, the PATCH3D output Sccnario M4 gave a relatively good march

to measured (1994) dissolved gas conccntrations down gradient from the sourcc. However,

PATCH3D was unable to predict relatively high concentrations measured in samples from wells

located gp gradient or cross-gradient (with respect o groundwatcr flow) at both the Marshall and

Lindbergh sircs.

In the 1995 program, strong vertical gradiens of metbane concentrations were observed

in monitoring well nests at both the Lindbergh and Swinning sitcs (sec Secions 5.3 and 5.5).

Th6e dare indicate that lateral gas ptrase migntion is probably imporant, foqssed along the ops

SRC Publicuioa No. R'|Z204E-96 pagc 6l
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of thc aquifers. Thc PATCH3D Dodel cailxrt be used to modcl latcral gas phasc migration, nor

is it sdtable for modclling thc migntion of disrclved phasc mcthane from horizonully oriented

sourpes locat€d aloog tbc t4pct surhcc of aguifers. Thus, the PATCH3D modcl is oot suiable

for ongoing modelling ia this rescarch prognm.

6.2 Curtnt Moddting Approoch

A reviscd Eo&Uing approach is being developed for this research progruEr, which will

includc thc following componcnts:

- developmcnt and revision of cooce,punl modcls of methane migration,

- review of empirical daa and laboratory snrdies (e.9., air sparging sflrdies),

- application of suitable mathe,matical models to research sitcs,

- cbecking of model(s) with furtber ficld daa.

It is anticipatcd tbat two rescarch sitcs will be usod for dcailed modclling - tbe Lindbsrgh

and Swimming sitcs. The cboice of these sitcs was based on thc following crircria:

- elevatcd dissolved maharc levels in grotmdrvatcr,

- isolatim from o6sr petrolam wells,

- prescocc of a shallow aquifer allowing a relativcly incxpc,nsive field program.

6.3 Conccptnl Modd of Gas Phsse Methane Migndon

At tbc prescot timc, effon is bcing focusscd otr gas phasc flow modclling.

In ordcr for gas migratim to (rcqr at a prodrction wcll, thcre has to be l) a las phasg

soutre in tb snborface, $curriDg at an elevatcd lrnssurc, and 2) a vertical migration pathway.

The buoyant gas phase Bust have a prxrsurc.sufficicnt to ovcroome the confining pressure of

grour&vatcr (Chafin. lg9,, p. 49) aDd the capiUary forccs in the por€s atong the migration

pathway. The minimm gas prcssur€ requird for the gas phasc to migratc through watcr is

rsfcmed to as tbc displaccmcot, imbibition or buttbling prcs$rrc.

At a prodrction well, the prinary gas migration pathways are thougbt to consist of

vetically aligned pores in or along the cemcnted amuli. Somc of these por6 may have bcen

crcetEd by gas cmmination during selting (Jochch, 1993). Oths Eay bc fracnnes in geologic

rmis ncar fre well anrnrli 6at formed fuing dritling. Thc porcs urust have srfficid pcrmcaUitity

ptc 6.2 SRC Publiaiott No. R-12204E-96
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to allow sigdficant vertical fluxes of buoyant gas phase methane from the souroe to soil or

shallow ground watcrs.

In addition Eo prinary lpward migration of methare along the aonuli of petroleum wells,

bubbles or charupls of gas phasc methane rnay move outward into gcologic rmits adjaccnr to thc

amuti. The extd of latcral movement will dep€od largely on the permeabilities of the geologic

units. hcral migration rnay occur in confined aquifers, which have greater permeabilities than

adjaccnt aquitards. Due to the hrcyant natrne of thc gas phase, it will tcod to migratc horizonrally

as channels along thc tops of aquifers, just below confining aquitards (Marley et al., 1992).

5.4 Empirical Studies of Gas Phese Migradon - the Air Sparging Andogr

Air spargiag is an aprqriarc analog o gas-pbasc migration of methane from prodraion

wells into aquifers. Air sparging is a technology in which pressurized air is i$ectcd throug[ a

well (below the weter table) and displaccs watcr in the pores of an aquifer. This tcchnology is

now widely used for 'in-sinr' remediation of contaminated groundwarcr (e.9., Marley et al.,

19921' Brown, 1994i hndegard and LaBreque, 1995). The implementation of air sparging is

bascd largely on empirical tcsting (Marley et al., lW2).

Usrng glass beads in thin Plexiglas tanks, Ji et al. (1993) simulared thc developmeot of air

channels in an aquifer duriqg air sparging. The visualizations illustrated by Ii et d. indicarc that

air flow occurred in 'discrete, stable channels'. In unconfined, uniform-siz€d bead media, the

hrcyant air tcodcd to form parabolic or bell-sbapcd plumes of chanrcls that spread out upwards.

In hacrogms, mcdia, which wcrc made of laycrs of difiereot sized bcads, air channels tcoded

to fom horizontal plumcs jnst below tb less pqmcaUte layers (smallcr sized bcads), as predicted

by the conceptual model for confined aquifers (Scction 6.3).

6.5 Relevant Mathenaticat Modds for Simutetion of Ges Phasc Migretion

Dcecnding on the softryare used, it is possible that tbc mathcmatical modelting of methane

migration will be done as a multi-stage process; first, simulation of the migration of gas phase

methatre, then ransfcr from gas pbase to aqucous (dissolved) phase, and finatly, traruport as

dissolved methane in groundrvarcr, combined with sorption and biodegradation. Altcrnatively,

a single model Eay h used, as dcscribed below.
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To simulatc air flow during sparging, Marley et d. (1992) developcd a modcl called

SPARGI. This model focttsscs on air flow, and assumes that flow of watcr is negligible.

TEf,RAD (Vinso,me, V10.4 Uscrs Mamral, lgll4i Vinsome and Shook, 1993; Shook,

l99t is a 3-dimcosional, multi-phase (water/gas/oil) numcrical model which accouns f.or

partitioning of conlsminants bctwcen all phascs, transport, so,rption and dccay. This model

calcutars the prcssuc@t couprcssibility of liquids and gas phases. A modified version

of TETRAD hes becn uscd to simulatc thc flow of air into an initiatly watcf,-saurated aquifcr

furing sparging (t unOegara aod Andsson, 1993), and similar applicatioos are ongoing (Arnold,

1995). Tbe TETRAD model appcars to be a promising tool for fimre aplication h the merhane

migration progran.

A number of othr corylex numerical Eodels have becn dsigDed to simularc multi-pbase

fluid flow and contaminant tra$pon in aquifers (e.9., MOTRANS, IGluarachchi and Parker,

lD0; FEMWATER, G.T. Yeh a al., lgyl). MOTRANS is a finirc-clement, 2-dimensional

model developed to simrlarc thc flow of watcr, dcnse or lig[t mDaqueous pbasc liquid NAPL)
and/or ges (air), aDd partitiming of rp to five chemical componcnts betrvecn thcse pbascs. This

model simulates the volatilization and flow of oil &rived gascs in tbc vadosc zone. For

cmvcotimal simulations, it ignores tb flow of gas below th watcr able in ordcr to irryrove nm-

time pcrformancc.

FEMWATER is a finitc elcmcot modcl that, in conjuctiolr with LEWASTE is capable

of bcing uscd to Eodcl LNAPL ad DNAPL flow (Yeh ct al., lW2). Thc FEMWATER modcl

is gnining ecccptrcc for groudwatcr flow modclling. Unfortmaaly, this mo&l docs not yet

cotrsidcr thc flow of a compressible gas bclow thc warcrable.

Furthcr rwiew of relerrant mathcmatical Eodcls is ongor4g.

7.0 METIIAI{E IN WATER ST'PPLY WELIS IN TEE Sfl'DY AREA

To providc a coilcxt for fu dan collected at tb rcscarch sitcs, thc following information

was obtaincd:

- historical data m presemr of "gas' in watcr sup,ply wells in tbc snrdy area,

- a suryey of methane oorcentrations'in 23 supply wells in the snrdy area,

- publishcd data on dissolved methane in srryly wells in othcr gas and oil p,roercing arcas.
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7.1 Hisilorical llata on hesencc of Gas in Suppty Wdls

Alberta Environmcnal Protccrion (AEP) has providcd a sumuury of th€ir records of watcr

wells in 6e sndy area tbat indicated that "gas" was prescnt. Of -24,000 water well records,

prescnce of gas was rcportcd for 58 wells (Table l3). Thcse records do not provide chcmigal

enalyses of the gas.

Fifteen of the AEP records of gas in wells were observations made during the Federal

water well survey of 1935-36. Gas was reportcd for nro other wells prior to oil and gas

exploratioo and develqmcnt in the area: in 1949 and 1953 Clable l3). Creocrally, the early AEP

records (1935-53) indicatcd prescoce of gas in wells corylaed at deptbs ) 40 m BGS. Altbough

the gas was Dot idcntified, tbcse records suggest that methane was present in some aquifers in the

sudy area prior to oil and gas orploration.

Of the 4l latcr AEP records that rtport presence of gas (196G95), most were observations

madc by drillers' at tbc time tbc wells were installed. These wells tcndcd to be relatively decp

(mean completion depth of 123 m BGS, range of 5l o 238 m BGS) compared to tbe average well

in the region (< 50 m BGS bascd on AEP records).

A sutdy by the Prairie Farm Rehabiliation Administration (1993) indicated occurrence of

dissolved mabane in eight mmioring wells complaed in Judith (Belly) River Fm aquifers in the

Special areas in Alberta. Methane was the domimtrt dissolved gas observed, but absolurc

conccntrations were (rt dacrmined. The souroe of tbc Eethaoe (intrinsic vs. oil & gas aoivities)

c,trs rrnknow!. This arca invcstigatcd by thc PFRA overlaps with and includes the southernmost

portion of the Lloydminstcr sndy area.

Currently thcre is no provircid databasc tbat provides historical inforrnation on the

presqrce of gas in watcr wells for the Saskatchcrvan portion of the shrdy area. Unlike the AEP

records, the equivale,lrt watcr well database provided by the Saskarchewan tilater Corporation

conains no information otr th occurreocc of gases in wells.
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Table 13. VYater wdls in s'trdy arcr in which gls wss noted to bc prcseot (Albcrta
Envircnmental Pnotection wstcrwdl database).
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7.2 1995 Surey of Methane in \ilatcr Supply Welts in Study Area

Samples were also co[ected from 23 domestic water supply wells in the Saskarchewan

ponion of thc Lloyrtminstcr sudy arca ard an lyzd for methanc concentrations C'ablc l4).

These mctbanc data are not directly conparaUrc to the research sirc data (Section 2.3), due.to

differm in tb collection nctbods. However, this supply wcll srvey provides useful data on

dissolved methar in grorndnater as used h tb region (cf. Cbafin, 1994).

Analyscs of major ions, Fe, Mq and niuatc for samples from tbe same wells were

conducted to indicete any correlation of dissolved methane and other hydroche,mical paramercrs.

Tbc sryply wells to be sarrpted were selected by me,mbers of the steering committee. Each well

sup,ply systcm chosen had:

- a lithologic log,

- ao e-log,

- a well complaion record (depth, scroeo inrcrvd),

- well casing < 30 cm (12') diametcr,

- a submersible pump,

- an outdoor hydrant or tap for sampling of uotreated watcr (i.e., no chlorine).

A single sample was takcn from each well, rsing the supply pump. J[p stninlsss steel

sarylers that were ued at the research sitcs (Secion 5.1) were also ued in this survey. These

samplers were comccted with 1.64 cm dia. vinyl (PVC reinforced) ubing to the well hydrant or

tap, similar to th in-liDc, down-flow configuratim uscd by Van Stcopvoort and faworski (1995).

A lcogth of 0.&2 cm dia. stainless stcel t$ing was attacicd to the do*a-flow eod of each sampler

to rctrict ttc flow and pro&rcc backaressne, in ordcr to preveot forrnation of gas bubbles in tbc

system. Each systcm was purged for l0 to 20 min prior to sampling.

Methanc was daected in most of the supply wells (20 of 23 wells, see Table l4). The

conccntrations measurod were slightry, above I mg/L. In these two qas€s, there may be a risk of

an explosion, if the watcr srryplies pass ttrougb poorly veotiletcd air spaces (Hardcr Gt al., l%5).

Overall, tbcre is no significant correlation bcnrecn tbe metbane conccnnations and the

complaion @ths of thc srry,ply wells, or Eefharc and othcr hydrochcmical parameers as shown

in Table la @earsm product momcot correlation, 0.05 level of significancc). However, it

appears that mcthare concentrations are strongly depcndent on geographic locations and aquifer
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Table 14) have very low cmcentrations, at or lgss then the detection limit of 0.fi)l mg/L. The

mtrgc itr cooccffiatious (mg/L) of mcthane for all wells coryl€icd in Judith River sands is 0.001

to 1.3, aod &e Eean is 0.21. In, co,ntrasit, tb corccntrations in wells coryleted in drift aquifers

ratrge from nondaectable to 0.fi)3, aod their meatr is < 0.002

The relationship between mcthane concentratiotrs itr water supply wells and pr€senoe of

gas-leaking oil exploration and production holes (active, iDactive, decommissioned) is unknown.

73 Methane in Groundwatcr in Other Oil and Grc Pr,oducing Areas

Dyck ard DuDn (1986) foud metbaDe (and belium) anomalies associated with oil and gas

fields in southwesrcrn Saskatchewao. h their 1976 survey of 939 domestic wells and springs,

tky found that mcthane conocntratioos tended to be higtcst in areas where e:rploration drill hole

density increased, and also had a weak positive correlation with dep,th of sampling. They

suggestcd that the anomalies could bc due to eitber leakage of methane from the exploration

drillholes into aquifers tapped by the domestic wells, or drrc to 'nauual' migration from the oil

and gas fields dong ftnlts and fracore zones. O,verall, they found that EE% of the samples had

methane conccntrations below daection (< 0.014 mglL),95% werc < 0.3 mgfL, and the

EaxiEuE conc€ntratioo was 9{.5 mglL.

Chafrn ct d. (1993) ad Chafrn (199q documemed a l99G,9l survc,y of 203 warcr suppiy

wells and 2 springs iD the Animas River Vallcy of Colora& and Neut Mexico. Gas bes beco

prodrced from variou formations in this arca for dccadcs. Rcccm e,:pansion of thc developmcnt

of a coal-bed gas field in this area has lcd to pnblic coneertr abou "the possibility of increasing

aorpcotrations of naoral gas in dmtic watcr s.pplies'. The survey idicatcd that tb methane

cooccotrati@s wcre below the rcpqting limit of 0.fl)5 urgL in 6% of tb cascs. Twelve prcceot

of the sites had methane conccotrations of I mg/L or more. Thc mean oonoeotratioo was 1.3'

mglL, and the maximum was 39 rlgL. Wells complaed in bedrock tcnded to have higher

methane conc€nmtions than those compteted in surficial alluvium. Prescocc of mabane was

often associated wi& p(escoce of HrS. A concurrcnt survey of soil gas conccntratiotu was

condnctcd, at the groundwarcr collection sircs and adjaccnt ro 352 gas wells in the area. Th€

carbon isotopic composition of methare in a few of the grormdwata samples was analysed and

compared to dara for gas from proanion wells, catodic+rotccion wells and soil adjaccnt to gas

wells in the area. Chafu (1994) concluded that most 'shallow' gas in the area is probably
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dcrived from docp, thcrmogeoic souroes. Chaftn did not fid svidcncc for substantial vertical

migruim of metharc by Dailral Inlooesses, including diftrsio,n and fracnne tra$port. He sated

thet the soil gas dan 'indicatc that gas-wcll amuli arc Eotr iryortant thrn netural fracares for

tb rpward migration of gas'. Ctafin concludcd $a1 'mrnmede migration pathunys probaply

imo&rocd Erost rcar-surface gas to ttc sody atEa".

t.O SI,'MMARYANDRECOMMEI{DATIONS

Five new rescerch sitcs with leakiBg proercdo! wells werc investigted iD the 1995

program. At two of thcsc sitcs (Wildmcre, Swimmi4$, modtoring wells were i$tatled in

aquifcrs, at dcp6s of -70 ad l0 m BGS respcctively. At onc sirc (Sedgcvick), thcre were Do

a4dfcrs in a dccp zrlr,targard for nonitoriag (210 to 230 m BGS). At tbe othcr trro new sitcs

(Goldcn kkc, Lore Rock) tbcre are no significant aquifers.

The Lindbcrgb (1994) and Swimning sitcs werc sclcctcd for daailed investigations.

Additional nests of monitoring wells werc installcd at both sitcs in 1995 to provide vcrtical

profiles of the aquifcr hydrochcmisaies. hrnping tcsts confuctcd at 6cse two sitcs prcvidc

iqortant information on hydraulic propertics that can be uscd in fimrc modelling.

Samples were collecned from all available monioring wells and analysod for mcthane

cmccotretiotrs and o[tcr sclcclcd hydnocbcmical perenctcrs. Eleffi'tcd cmcffiatioos of methane

wcrc dctcctcd in tbc aquifers at cach sitc. Thc levcls werc qpicalty higBt wiein scvcral m of

fu proegim wells. The highcS amcffations (1995; mg/L) et thc rcscarch sitcs were: 0.05

at Marshrll, 0.(bE at Wildmcrc, 3.1 u Swimfuig ad l9.l at Lindbcrgh.

In 6c weU rsts at &c Swiming and UndbagD sit6, 6e lcrycls of mctbane gcocrally

imeascd towar& thc tA of thc aquifcr. Thcsc vertical gradids indicarc that latcral gas phasc

migratim of mctharc Eey b ocnrrring along thc tq of fu quifers.

Gradicnts of ulfrtc comtrations at dl fqrr sitcs indicatc that sulfrte reduction is

probably lhked to bio&gradation of mcthanc h thc aquifcrs.

An analytical modcl, PATCH3D , hed bccn ued for prclininary sinnlation of 1994

mcthare data. On 6c basis of tb 1995 findiags, this model is not suitable for thc ongoing

rcscard program. A reviscd modeling approach is being &veloped rh+ will takc into apoount

latcsel gas phase migruim. Thc focrs during 1995 was examinatim of tbc gas phasc migration

prooess.
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A sunrey was condlrted of dissolved methane concentrations itr 23 snpply wells in the

Saskrtchecre portioa of thc sudy area. Tbe methane conccotratiotrs were gcn€rally low (< 0.05

mE/L); two were slig[tly higfurr rhrn ! mrEIL which is thc mhinum explosion hazard level

(Harder et al., 1965). The concentrations appear to bc stnongly relatcd to geographic locatiqns

and complaion zotrcs of thc wells. Samples from the Judith River sads (mean = O.2l mg/L)

tendcd to be higber tban from drift aquifers (mean < 0.002 mg/L). More sudy is required to

esablish the reasms for these higher conccntrations.

t.l Recommeudations

l. It will be valuable to contintrc monioring the methane conccotratioos in tbc monioring

wells at four research sites through 1997, with a focus on the Lindbergh and Swimming sites.

Th€se two sitcs have relatively large monitoring wcll mworls (14 or 15 wells each), including

vertical "nests' of wells. The networks may have to be expandcd in thc fuhrt, dcpending on

firrtbr analltcal resutts and modeling of thc metanc plumcs at th6e sitcs. It is anticipatcd that

Ecmbers of the stccring conmiuee for this sudy will have thc opporamity to review any specific

proposals for expansion of the monitoring naworks.

2. The dcvelo,pmeot of quntiative modcls of methane migration should continuc, in

conjrmion with an ongoi4g mmitoring prcgram. The modcling shonld focus on thc Lindbergb

and Swirnming sites. Fart of this modcling will bc con&rcted as a gra&nrc thesis projcct (M.

Riesc,r, Mastcrs sordcNrt, U. of Monana).

3. Thc survcy of dissolved Ecthanc in watcr sqply wells in the Uoydminstcr sudy area

(and sclcctpd othcr hydnochcmical paranacrs) shoild be e;rpandcd. At least 50 to 100 additional

enalys6s should bc cmductcd to providc a daabase 6et will cofiain statistically significant

information m thc geographic and stratigraphic dbrihrion of dissolved DGffarc in groundwarcr

in the study area. It will also bc uscful to review the protocol for sampling from tbese sryply

wells.

4. Selected analyscs of thc isotopic compositions of dissolved methane and slfatc sbuld

be conductcd (rcscarch sitcs, srpply wells). Tbesc data will provi& additimal information on

the source and fatc (e.g., biodegradation) of mcthane, aod the significare of microbial re&rction

of sulfrrc.
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fi LND 95-06 (A, B, C) Page-Lol 1

Proic.t U€mane Mlnation Losilion: NEl&0S5ff16W4
Dde txilled - OateGompletd: 9911l()3

Drilllng ffifiql; RotarY

Drillirp Conpany: llcAllister Waterwetts t6-
Conp. of Wells supervised Oy' Oate Van Stenovoon

Surlace Elevation: @5.63

Top ol CasirU : A - 626.228. B - 626.216. C - 626.225

Total Depth:35.7

lntorval Descriplion
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o
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5

15

ironitoring Wetl Daagram
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I lgC I ubc*inec+
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sertdFd( l: 

:![' '-':':"1

H=ffi*ffi*H
Perc'lr 

[.' I

[' ',,.,.-; l. 
qh?:t

os.s I Brown til

s.$15.5 | Grrytill

15.+'17.1 I ltectum sand

17.1-21.7 | Grey till

24.7-25.8 I Sand md grevcl
25.Sgit.8 I S.nd. grevrl,

wilh sttend dey?

33.8€5.4 I Sand and gnvcl

Grcbgy bncdon dillr's log tttd
L!fiolc by M. Mtrd (LNlSa4l)
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Mdran€ Mkrralbn

Date Drilled - Date Complded: 95/l1rO4

llrillirn Meitl,td: ROtatY

Proj*t:

Too of Casina: A - 626-164- B - 626-r6a- C - 626-t67

Location: NEl &04-5$06 W4

Surlaca El,watbn: @5.56

ilcAllisier Water Wells Ltd.

@mp. ol Wells sLp€rvis€d OV' Oate Van Steret oort
Ddlling Company: Total Deprth:

iionitoring Well Diagram
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E LND 95-08 (A, B, C) Pagelof 1

Proffi:
Date Drilled - Date Conflaeo: 9ry11OG

l'lrillirn

Metlrane Mbralbn

Rotarv

Location: NEI S04-55-06 W4

Surface Elevatbn: 625.61

Too of Casim: A - 626.218. B : 626.199. C - 626.193

Drilling @rnpany:

Corp- ol Wells slp€wised by' Dale Van Sterpvoort
t cAllister WaterWells Ltd. Total Depth:29.3 m
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Description

Monitoring Well Diagram

erorc&rlo cUp
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GlqndStrto

Bfilorilo
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Cuiql:
5.08 cm dr.
Sctud.$nC.
ASTM -1785.
cring rcd
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Jo0nron PVG,
20 dd.
botlom - A/C crp
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(20ctn (h)

20.0 m
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gyt1/1a -

0-6.r

6.1-15.5

15.5-29.7

8.7-29.9

Brown till

Grey till

Grry till, sutdy

Send end gnvul

Goology bst d qr dflcr'r log rtd
lrttroL log by U.Mif.d (l'.ttl}ga{1)
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Ing of Test Hde at Golden Lake Site
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Prai*J. Mefiane mioratbn Location: NE 13-14{7-05 W3

Date Drillett - Date @mpl€td: 95^,6/15

n?ilirn Merhod: Rotan
Surlace Elaration: &f5.47 masl

Too of Casim: 816.118 masl

Drillirp Company: llcAllister Water Wells Ltd-

Conp. ol TesttrolesrWells by: B' Scfininer & E' Jawod<i
Total

E
o
6!(,o
0-

10

15

10

10

11

11

Monitorirq Well Diagram
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57.0€6.'[

66.t169.5
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81..[-87J

87.8-9r.7
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97.&115.8
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Sllty send

Sitt and chy

G.ology beted an rcfiob log by M. titt rd

o
I
5
o
I

o
I
5
c
t

IYd.rLnl
95,Gr26

SrrdPedr:
irEil



E wDM 95-02 Page_Lot 1

Proiar.r: Methane mkrralioo Location: NE 13-14.{7-05 W4

Date Dfilled - Date @rnpleted: 9il4827

ft a[ino trloroo : --E9Eqy,
Drilling Corpany: McAllister Wats wdh L6-

Colrp. ol Well supervised by: Dale Van SterDt oort

Surface Elwatbn: 647.13 masl

Top ol Casing: il7.773 m*l
Totat Og91|1;76.8 m

E
o
6oolntenral Descnptbn

10

15

25

40

55

75

iionitoring Well Diagrarn

Profclurcsirg
wlor{dngcA

G,lurd Srrhce

Brobnib
rlury rC
Cuip:
5.08 cm de..
Sdrd. El PVC.
ASTM -1785,
ed1l0rcrl

SmdPdt:
1OiD rlicr Scrren:

10.15 crn dr,
Joinron u.
20 th.
bonom- PVCcep

D.pfr dtf.d
(l6cmdr.)

76.E m

wlLrLvd
95/E/Zl6

(}.9
.9-5.s

5.s-18.3

18.3-20..1

n.4-9/.7

34.7€6.0
36.0-{4.5

4.il72
17.24.8
48.8-s0.0
s0.G51.8
sr.8-54.9

s4.9-s9.7

59.7$2.2

6a.2€it.'[
6il.'164.5
6'1.568.3

68.3-732

73.2-76.8

urown 3l[
Brcwn till

Gray till

Send & gravcl

Grey till

Coersc send
Grey tll

lnbtbcdded s.n4 dI

Ti[
S.nd
Tilr

Cosnc a.nd

Grey till

Grevel

silr
Grevel
sllt

Grarcl

Gray sift

G€oaog berd qr dfllcr's log rd tesltnb
byil. MrhdPDr+95-01)



E wDM 95-03 Pagpl-of 1

Proiect: Metlene mbratlrn

Date Drllled - DateCornpl€tod: 9t0@8
niittia^ MdtIr.l: Rotarf,

Location: NE 13-14.{7-05 W4

Surface El€vation: 645.07 masl

Too ol Casino: B{5.!iil6 masl

Drilling ConPanY: lhAllister Wai6r Wells Ltd.

Cornp. of WellsPeruised by: Dale Van Stermvoort
Totitl

!ntewal

Gl.8
1.8-4.3

4.3€it.8

g
*

Descrlrtbn E
0-

I

I
Ils-

10

15

s!.8€9.0

39.(H9.4

49.t1-S3.0

s3.Gs7.6

s7.6€52

55

65.2-70.7

7(r.7-75.6

65

75

Prcraiwcoirg
w,loding c+
Gmund$rho

B.nrodb
rlurynl
Gerip:
5.00 orn dr,
Scfi.d e PVC,
ASTM.1785.
oritg.ol

WAarbrrcl
9s/(p26

Scrren:
10.16 crnd..,
Jolnron s.
20 dor.
bdEn- Pt/Gcep

O.pfi dlltd
(16cmd1)

76.8 m

Snd Pd:
104)rt:e

Srnd

Grry dl. thh anbtffi s.nds

Grey ilt

Gr.wl

Grology brt d ot dLr'r log ld
r..tdo tog by M. rflrd (wDlfgs-O| )

Brown sil
&own till

&ry tll

Coenr send

Grrydl

Grancl



fi wDM 95-04 Page-Lol 1

Proid: Mdranlmimfbo Locaion: NE 13-14.47-05 W0

Date Drilled - Date @npleted: 95o8r29

Drillirq Mdtod: RoterY

niiltinn &rrnnanv: lvlcAllister Water Wells L6.

Surlace Elwatbn: 645.50 masl

Top ol Casing: 8f5.490 mast

Total D€oilr:72.8m

Cornp. ol Well suPeruised bY: Dale Van Stennrroort

!nter\ral Description

e
o
(6oa
0-

1

1

25

'15

55

60

65

75

lvloniloring Well Diagram

tS.tdqrp

HTT:'"-
I LXr
bl l:l 5.08crndr,
Fl ll sdrd.mPvC,

ld lil ffiJ*'

Hll
[d lil

Hl{
td lil

Ht{
Ht{

Hl{
t$ll
Hl{
ll ll scno:

W4gtcrt 11 t lll 10.t6crndr.
g5,GZ6 DEI+{I Joilrlonrr.

s-ap-i{H flH' A/ccrp
ruiDs*r ,E'!i 

??rhH

o-t.e I Brown sift

1.&1.0 | Brcwntil
.[.0€4.1 | Grry till

34.1€5.7 I llcdilm gend

3s.7-49.1 | Grry till

49.1-52.4 | Coanc send

s2.4-s8.s I Grrytill

58.S.r I Coenc send and grwcl

66.1-70.1 | Graysilt

70.1-772.8 | Gravel

Gcolory berod an &illcr'r log end
t€sthoac log by M. Mftd (WDl*9${lt I



E wDM 95-05 Paep_Lof 1

Proiect: Methane mbratbn

Dato Oriled - Daie@rmlded: 95,0841

Drilling ir€hod:
Drilling @npany: ttcAllister Water Wells Ltd

Gomp. ol Well sr,rpervisetl by: Dale Van Stenovoort

Locaion: NE 1$1447-05 W4

Surfaca Etevation: 645.t18 masl

Top of CasirU ; 646.060 masl

Total Depth:72.8m

lntenrd

0-r.8
1.8-3.0

3.0-31.r1

Descriptbn

I

1

25

31.432.6
32.6-49..0

'19..1-5!1.0

st.Gs8.5

58.5€n.2

6s.2€9.5

60.$,728 70.

75

ProLdf,ca.irg
wbdftgcA
GrcundSuficr

Ernfdr
drryt d
Clsirg:
5.08 on dl,
Scrr.d. m A/C,
ASTM-17t5.
eringt.al

W.rrLwl
gr/ory26

Scrrrt:
10.16cmfi..
Jolrrron ll.
20 Cot.
bdbm- PVCcep
Ocpth dif.d
(16cm6")

72.8m

Send Prdr:
lOlD silice

Gt yif

Grancl

G.ology burd qr dtlrt,r log end
tcilrdo log by M.Mlrd (wDf+95{1)

Bown sl[
&own til
Grevfll

Mccfum c.nd
GrrySl

Coenr rgtd

Gray tll

S.nd.nd gretlol
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Log of Test Hole at Sedgewiel Site
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E MCN 95-01 A Pagel_of 1

Proffi: Mdtane Mhratbn

Date Ddlled -

Drillirn lldtr
Date Corplst€d:
rr: RotarY

95rI1825
Loca1gn: NE 10-12-52-07 W4

Surface f16y3gp; 618.90 masl
Too ol Casina: 619.ttfi) m

Drilirn Cnnnarw: ltlcAllistel Waler Wells Ltd. Total tleoh: jil.8 m

Corp. olW€lls$€rrris€d by: E. Jaworski

lnteryal DesoiPtion

E
o
ai

E
o-vn

Jr z'r zl
lz'r-z'rlj-t

2) ,l

l: I.L-.1
l\/\.rlIzrzr,l.al\ -/ \ .r1
-'{z'r z'rl

'Ji;:i;l

-

t--- - Ja_-_-_-_-Jl-----l

-

t--j, , , 
I

i.' 'l,,:,.I
j. ,,1

tz1'.'' . ,l
-1. , ll#

r
'nl Ilt"iIit
't-J Ilt

,ri I

Monitoring Well Diagram

,,*-"l.r,,
wloddlpcA

CrrorJnd Surtro.

Borr$o rd

Cuitg:
5.08 cnr dr.,
Scr.d O PVC,
ASTM -178s,
+ting ul

llr.b. Lf,l
*t12t1a

B.'lbdb
dd !.d

Scrren:
5.0tcnrrh.,
Jdnm PVC.
10dd.
bolbm- PVCclp

Te olrcrron

D.mdr.d
(t6glrIh")

13.8 m

Gl.2

12.1..9

4.3€.7

6.7-7.5

7.5-12.8

12.8-13.8

Brwn till, sendy

llc<fum s.nd

Tlll. gny/brown

Brown clay, sllty

Mcdfum send

Slt chy

Grology b.l.d ql brlhob log (MGN-gll)



E MGN 95-02 Pag€ I ot l

Proffi: Meffiane Mbraflrn

Date Drillixl - Dato Conpleted: 9t0825
Ddllirp Meffiod: --EgtaEL
Dritling Corpany: llcAllists Watar Wdk Ltrl

Cornp. ol Well sr.penrised by: E. Jaworski

1-s6616e1; NE 10-12-52-07 W4

Surface Elanation : 619.36 masl

Top ol Casing: 619.898 m

Total Depth: 10.6 m

lnteryal DesaiPtion

g
o
.E

E
oT-V'rl

l\./ \-/l
l/ \./ \l-al\ ./ \ .rl

l./ \ ./ \l
PJr.z'r,.zl

l/\./\l-il z'r zl
Jz r. z r,l

k z'r zl{..tI./ \, \l
o-J) o ll--fr.z'.,-zl

-1./ \-./ \ll\/\./lIzrzrlg-{r.z'r.zl
1., \ -/ \l1z'r zl

--{z r,-z r!
-i-l'--llitltl.: :tro-1 

Il-1lt
'r-l I

,.1 IttJI
16J I

,ri IJIJI

20 I I

Monitoring Well Diagram

nrcrarurcuip
wnoc&ngca

G.ound Surho

Bcnlonab t.d

Cerip:
5.08 crn dr.
Scrr.d. S PVC,
ASIU -1785,
oring.d

Bcnmir
Ffi$d

Scroon:
5.(Ecmdl..
Johrron P\/C.
r0 Jd.
bdSr?r- PVCcrp

Otp,tt difd
(16cmd..)

10.6m

Gl.5

1.5-7.3

7.3-10.7

Brcwn till. sandy

Til. greylbown.
possibly silty chy ncar basc

Gray cend

G.dogy by Deb Ven $ongnorlbrrcd on
dllrr'r bg end ltsfiolc bg bY

M. ifilsd (MGI$9$01]

Srd Prdr:
lO:D sllcr



s MCN 95-03 Paoe -Lol 1

Proic{: ltlsthane Mbratirn ls61;6; NE 1 G12-52-07 W4

Date Ddllert - Date Congeert: 95o825
Drillina llattrod: Rot?ry

Srrrfar':a Flaralinn: 618-7O masl

Too of Casino: 619.095 m

Drilling Corpany: tlcAllistar Watar Wells Ltd

Conp. of Well st p€n is€d by: E. Jaworcki

Total Depth:1 1.6 m

E

-96
c,o
0-

lntonal

Gs2

Desoiption

2

5.2-7.9

6

7.3-t1.6

8

12

18

lrlonitoring Well Diagram

Prdctir orip
w,/lod(ire c+

Wrt rLvrl
9112n1

B;ronir rd

Cohg:
5.08 crn de..
Scrtcd 0 ryC,

^Sru.1785,oring l..l

Bfiodtr
p.ld r.d

Scrrm:
5.0tqn dl.,
Jolnpn PVC.
10.lof,
bottqr - PVC cep

Srrd Pdr:
tCY:D llicr

Grey Sl
posribly stiy chy ncar basc

G.dogy blred or tltlrr's log end
l..fidc lq by lI. ffirrd (MGt$FOl)



E MGN 95-04 (A,B,C) Page_Lof 1

Proid: Ueeanqllhlalioo Localion: l{E 1 0-1 2-52{7 W4

Date Drilled - Date CornpHed: 95/11/:23

Dilhg
Ddlling Company: llcAllister wat6r wdh LE

Cofip. of We{s sr.pervised by' Dale Ven Stsrpvoort

Surface Elet atbn: 618.83 masl

Top of Casing: A€19.441. 8€19.520. C€19.49tt mast

Total Depth:13.7 m

lnterval DescriPtion

E
o
6oo

iionltoring Well Diagram

l-|{r riEGrrlcur€
I ABC I wrbdrinsa

1{H]H;:
r"r,#,fft|fi+f ffi-

ffi,H1llrl 
bdrd'|rPVccep

l.-%H

0-?S;-rl
J\../ \_./l
l/\/\l.t
l\ ./ \ ./l

Jz r.z rl
z-{) ( ) (l

-{\ ./ \ -rllzrzrl il\ ./ \ .rl

l-Jr.'-., . 
I

-1 ,''' . 'l]Wt6Jz r.z rl
l\/\/l
lz'r z'rl_{r z.r ,t

-[z r.z rl
l\/\/l

8-lr, 'r z'rl
Jr z'r zl
t++-''+{

,ol'.','=l
J-.',i,I

,,j,t,,1
L:.:l

t-.:-.:-.::-J
-[:.:::lt-t

'nJ I_JI
,,J I

JI
, t--.1 IJI-Jt
,ol I

0-3.'t

3.4-5.5

s.5-8.8

8.&1Zs

12.*13.7

Brown til

Brcwn sand

Gray tillunderlain by silty clay

Grey rnd

Grey dlt enddey

G.ology b.t d m dor'r log ld
tc.lhd.loS by M.ffifrrd (MGf$s()1)



E MGN 95-05 (A,B,C) Page__Lol 1

Prrrhr:r MethanelfifafifO tocation: NE 10-12-52-07 W4

Date Drille<t - Dato Compldd: 9ry11123

flriltim M6rlmd: ROtiffY

Surlace Elerratbn: 618.80 masl

Top ol Casing: A€19.4i12. B€19.t1t15. G€19.t146 masl

Total Depfi:Drilling Company: lvlcAllister Wat€r Wells LE.

Gonp. ol Wells sLpelis€d Uy' Oate Van Stetrevoon

tr
o
(!
C,
U)

0-

2-

lnt6n al

G|2.1

Description

2.+5.5

s.5€.5

I
8.s-12.8

12

12.&13..

iloniloring Well Diagram

Prolotfr ce.iq
wlbdtingca

WrarLvd>
!rg1a1a

Bfitonib rd

C,uhgl:
5.08 crndr".stu 0 P\rc.
ASIU -r78!i.
mo<iprdr

Bruodr
pcla rd

Sqrcrr:
5.08 crn dr.
Jolnron PVC,
20 !bt.
bottom- PVCcrp

StdPrdr:
1OZl0.iL

Gtey fll undcdein by silty c{ly

,brrdoCildrlogutd
los by M. lf,lrd (UG0+F01)

Bown sand

Gny itandchy



E MCN 95-06 (A,B,C) PaggrLol 1

Pr<fii: llefiane Mioratim

Date Drilled - oato @npletetl: 9911n4
fkillirl! Mdtnrd: ROtaff

Location: NE 1 G12-52-07 Wll
Surfaca Elwation: 618.79 masl

Top ol Casing: A€19.4i10. 8€19.386. Cr619.408 misl
Total Depth:1t1.0 mDrilling Corpany: lbAllister Watar WellB t td

Conp. of Wells s$oMsed UV' Dde Van Stenevoort

E
o
cl
C'a
0-

lnteIval Description

Monitoring Well Diagram

Prctrturctip
wlbdringca

q.qlnd Surhc.

Bmtodrrd

Cuiql:
5.OO qn d..,
Sdred. O PVC,
ASTM -1785.
olfuigrol

Wetcrl.rl
# a1a

Bcmonib
peia rd

Scrcrr:
5.6cmdr,
&tnron PVC.
10rh,
botbm- PVCcep

Send Prdr:
10:10rilr

D.efi nil.d
(20cndr)

14.0 m

G2.1 I Brown til

2.1-5.8 | Bown sand

5.84.2 I Gr"V till, sity chy (basal)

A-2-12.8 | Grry send

12-&14.0 I SiltanddeY

Geology brred on dtlrr'l log md
tedrole log by U. ff,frd GIG$gefi)



E MCN 95-07 (A,B,C) Page I of I

Prntd: Mehane Mbralbn Location: NE 10-12-52{7 Wa

Date Ddlled - Date Corpleted: 9911124

Driliryr Mellrod: ROtatY

Surface ElwatXm: 6i!0.t11 masl

Top of Gasing: A-621.05O. B€21.034. C-8t1.028 masl

Total Depth:16.8 mOrillang Company: tlcAllister Water Wells L6.

Conp. ol Welts sr.rpewised ry' Oate Van Sonevoon

E
o
d
C,olntenal Description

2

16

ilonitorirp Wdl Diagram

Prcfdr raiq
wtuctipca

G.qlndStdeo

Eontonib rd

Ced6r:
5.08 cm dr".
Sdr.d. 0PVC.
ASTU -17Es,
edng.rlWrarLd

6t12t11

Sorrsrc:
5.08crrfi.,
Jotrrsr PVG.
'l0.lol.
bdrqa- A/Ccep

D.pftdLd
(20onff.l

'16.E m

Gs.5

5.5€.1

6.r-11.0

11.G16.5

16.$'16.8

Bown lil

@eylill

Sllty chy

Grry send

Grry sitandchY

Geolory brd qr dlla'r log .nd
r60ldc log by ll. finrd (UG|+S{1 )

Bonrnilr
p.Lt tcd

Srnd Pedr:
lOrD rn r

4-

b-

8-

10-

12-

11-

18-

20-



UWAa q Udrotc bo fut&aet t ulr, lafrnt M Ves ttur Lby&eter
nqdh?PtEc2O99t)

APPEIID T G.

Pumping and Infiltrometer Tests at Srvimming Site
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Tobb J.l. Woter bvel doto for the monltodng wells ot the Morsholt site collected in 1994 ond 1995.

Dote Ilme Ground TOC
Elevotlon Elevotion Stbk Woter Level Woter Level

(m cI) (m osD r.p bektw TOC (m os[)

MAR.94{I

MAR-94{2

MAR-94{3

MAR4444

MAR44{5

Jun2ll94
Y€P^26n4
Oct 5/94
Oct 17194
Sep 28195

Jun21l94
%p26194
Ocl5/94
@t t7n4
Sep 28195

Jun21l94
*p26194
Oct 5/94
&t 17t94
Sep 28195

Oct 5/94
@t 17194
Sep 28195

OctS/94
od t7n4
Sep 2El95

l4:16

l4:17

l4:N

l4:25

14.,22

8.561
8.528
8.5r3
8.510
8.668

9.272
9.2@
9.n3
9.22
9.380

8.489
8.{An
8.437
8.43it
8.733

9.658
9.665
9.821

596.719
59E.752
598.767
59E.nO
598.612

598.@7
598.7n
598.74
598.747
598.589

598.693
598.728
598.745
598.749
598.{49

598.485
598.478
598.32,

598.750
598.752
598.742

606.@ &7.2N 0.68

&7.969 0.72

&7.182 0.68

@8.r4i! 0.68

607.330 0.73 8.580
8.576
8.58E



Ida J.rL rEE hrd doto b, tb rtro.the wt orfix th(D..gh tfi. colcr.d h l$a ar(, 1995.
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Tobb J.3. Woter level doto for the monttodng welb ot the Wklmere stte collected in 1995.

Dote
Woter Leve!
bekrw TOC

wDM-95{l

IIme Ground TOC
Elevqtlon Elevotlon Stlck

(m osD (m osD <.p

9:35 645.50 646.1l8 0.65
9:6 646.118
8:13 646.118
16:07 646.1lE
18:57 646.118
8:33 646.118

9:47 &7,13 U7.773 0.64
9:&4 e7.773
8:18 U7.773
17:56 &7.773
19:06 U7.773
8:42 &7.773

9:40 645.07 645.536 O.47

9:41 645.536
E:Clii 645.536

wDM-9ffi2

WDM.H3

wDM-95{4

wDM-95-05

anles
a3/J,ps
9126195
r0/3/e5

r0/16/9s
10lr7te'

unPs
8/30/95
et26le5
r0/3/95

r0/r6195
10t17t95

unps
8/30/95
9t26t95

9t26te5
totztes

r0/r6le5
10117195

9126le1
r0/3/95

r0/16/95
tol17l95

8:09
l9:@
l8:55
8:36

8:07
I l:25
lE:50
6:3E

69.3m
69.385
69.513
&.228
69.392
60.349

7r.030
71.098
71.239
70.962
71.@7
71.O74

6.728
68.8@
68.940

68.89E
&.677
68.750
a.727

&.42
69.187
69.3rE
@.n7

645.50 645.490 €.0r
&5.490
6{5.490
645.490

646.Ot0 0.58
646.060
646.060
646.060

WqterLevel
(m o$)

576.818
576.733
576.605
576.890
576.726
576.769

576.743
576.675
576.534
576.81I
576.676
576.@9

576.808
576.728
576.506

576.W2
576.8r3
576.7&
576.763

576.578
576.873
576.742
576.763



Tcbb J.4. Woter bvel doro for lhe monilo,h€ ur€G ot ltr€ Sufrnnhg Jte col€ct€d h 1995.
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MNPS
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lrmpi
rut4t95

MGtt-95@

MCr$95{8 Ant%
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MGN-95048 lUtl/96

MGI{-9SO.IC 1?14ns

MGT{"9SSA 1U14t*5

Mer$95S8 tUVnS

MGr{-95{r5C tUt4t95

MGf{-95{l6A 1Ar4*5

[rcr$95{)68 1Ul1t95

MGN95{6C rUr4l+s

MGN-95{7A 1U14t95

MGtl-95O78 luwns

MG|$9507C 1zl4t95

12:12 619.36
l4:15
l3:lE
9:21

r307

12'.4 6rE.6r
l4:13
13:19
9:23

r3{}5

l2:55

r256

12:57

12:8

rSlD

r3(I)

l3{)r

r3dI2

1303

l2:&

l2:4

t2;a9

0.65

619.432 0.63

619.435

619.U

619.430 0.64

619.3E6

619.0E

621.60 0.u

62r.(B4

621.@E

Ime Gotrrcl TOC
Ebvofbn Elervotlon Slicl Wot€rL€\r€l Wo?er Let €l

(m osl) (m od) rp belrwTOC (m ost)
12{J 6t8.90 619./U) 0.5 2.8&2 616.518
14:14 619.{D 2.949 616.451
13:16 619.& 2.99 616.u
9:16 619.{D 2.9% 616.4x2.
12:,il 619.0 3OlO 616.390

619.898
619.E96
619.89E
619.E96
6r9.EgE

6r9.(p5
619.095
619.@5
619.095
6r9.D5

619.{84

619.520

619.&4

0.5t1 3.435
s.517
3.523
3.566
3.579

2.652
2.72.
2.728
2.772
2.7U

3.t 14

3.1/!5

3.r20

3.063

3.068

3.073

3071

3.m

3IEI

4.618

4.6()3

a.597

616.{63
6r6.3El
616.375
6r6.32
616.3r9

616.{43
616.373
616.367
616.323
616.31I

616.370

616.375

616.374

616.369

616.367

616.373

6r6.3{t6

6r6.357

6r6.357

616.432

6r6.4il

616.1(11
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Sl,C GrouD: 95-3392

Bcc@accr Soctor, SBC
15 Iasovetioa Blvd.
Sertetooa, Serketcbcraa S7ll 2t8
Itts: DalO Vr8 St.,-t?oort, D,"LzzO-Zl

Dato Saqrlcr Bccclved: 02-Oct-95

S/;SKATCflEWAI{ RE SEARCH COUNCIL
AATALYTICAL SERVICES

Cllcot P.O.:

15-Oct-95 12:56

STELI CLIErl DISCTIFTIOI
1s75{ trD[-95-01 

^W 
22195 o15r50

15755 l!Or-95-01 SID 20195 o19r20
15755 xr-95-02 StD 20/95 O15r20

rlllTln.
orllln.
rlll!:1.

rxr&Ill I'TTITS 1575{ 15755 15755

uilron colsTrllErT,s
Co!, rctd tlta.
Cr, color.
Cl, color.
!GOt, .ctd tl,t8
E, t10
Ig, color.
l1r, tlu
ol
3(,., ttrr5.
3u ct lor
tot. lltrlfdt1z
tot. E EdD.rt

mnx,rErTs
l[, !o2+trO3
Doa, ortto ll D

1/L
ry/L
qlt'

lr, tCD-llt
b, lcD-ll8

Sp. CoArct.
pt ol rrt.a

lnrct tclll.s
4lL
4lL

PEYSICIL PBOPIBIIIS
u3/a
pE ualtr

4rlL
4lL
llL
qlL
qlL
qlL
q/L
qlL
qlL

<1
{6
5
56a
a.1
21
200
<1
164
1010
a62
201

<0.01
0.06

2.1
0.1{

1120
7.6'

<1
L27
2
s26
t.t
50
50
<1
ltt
949
at1
522

0.29
0.30

2.{
0.25

10{o
7.15

<1
11t
2
519
7.a
52
a3
<1
1aa
907
a25
511

<0.01
0. 03

0.71
0.53

10!0
7.26

qlL
qlt



S/;SIf,ATCHEWAI,I RESEAR CH COII N C IL
AT{ALYTICAL SERVICES

Rcsourcol SocBor, SBe

.JJ'

15-Oct-95 12:5G

SrIDtil CLIE DISCEIErIC
L5737 E-t5-03 SrD 2Ol9S O18:{5 .lllttt.
15?5! nn-9a-03 SJD 29/95 O13:35 .llttr8.
15759 IlI-ta-0{ St,D 29195 O1{:30 ''ntlt'

lllrLIta urlts 1,5757 15758 15759

Ir,roE corsrltuEtts
Co!, rcld t1t8.
Cr, colct.
Cl, color.
!eO3, rcld tltr
E, tlu
Ig, color.
llr, tls
ot
8O{, tusb.
$r ol lo!
lot. lltsrllalty
lot. llrdlorr

IUIBIITTTS
l, ft12+l10t
DOl, ortto rr D

lrlt
qlt

<1
1a1
I
53t
,.t
56
aa
<1
21a
1010
{41
5r2

<0.01
0.06

2.2
o.3t

1150
7.L7

<1
20t
3
633
6.5
7t
6a
<1
17,
t.a70
319
It6

<0. 01
0. ot

2.t
0.13

15aO
7.2?

<1
16t
3
5t0
5.1
6l
{5
<a
240
1150
173
645

<0. 01
o. 07

2.0
0.19

1250
7.30

rylr.
qlt
qlL
qlL
llL
4lt
qlt
4lt
4lL
4rlL

rylt
qlt

lo, 369-Pg
b, ICD-ll8

gtr. C@Ar€t.
pl of rrt.a

tnrel EtrES
4lL
4lL

PETSICI& DBOPEBTIIS
u9/a
pE ualtr



SIC Group: 95-3392

15-Oct-95 12:56

SASKA TCHEWAAI RE SEARCH COUNCIL
AI,TALYTICAL SERWCES

RGrourcct Scctor, SBC

srlD&r cLE-t DtscnlPlro
15750 llrt-9a-05 SrD 29193 !15r{5 .tlltln.
15751 ttD-9a-011 SID 27195 ol7:30 rEt.t'ln'
L5762 &tD-9{-02 SI,9 27193 O15r{5 ''}llIln'

Nt&xlt urlts 15760 15751 15752

rLron colsrrTutfrs
C03, rcld tLt8.
Cr, coloa.
Cl, colcr.
EGO!, rci,d tttr
R, tls
Ig, color.
Er, tlu
OE
goa, tiusb.
8rn ol lor
Iot. lllrt.blEy
lot. LadD...

UT'TNIEIIS
t, .!o2+!ot
DOa, oatho t P

qlL
qlt
ltlL
4r/r.
qlt
q/L
qlL
4lL
llL
qlt'
q/L
4/t

qrlL
qlt

<1
15t
3

571
5.9
53
s0
<1
2at
11S0
a6a
67a

<0.01
o.11

2.2
0.12

12tO
7.27

<1
15t
20
57t
5.5
6o
1{O
<1
a02
1360
a7l
643

<0. 01
o. 06

2.3
0. {o

1550
? .35

<1
15t
20
50t
3.5
5a
116
<1
t5r
13t0
{9t
63t

<0.01
0.05

7.L
1.6

1540
7.32

!o, ICD-ll8
ID, ICP-llS

Sp. cooArct.
pE ol lrt.8

ra.tcE rclll.s
4/t'
4rlL

PETSICT& PNOPEBTIIS
u8/o
pl ualtr



SI'C Group: 95-3392

15-Oct-95 12:55

SASE,{ TCHEWAN RESEAX CH COT]NCIL
AI,IALYTICAL SERWCES

Bclourccr gcctor, Sne

SrllDLI CLM DISCBISIIO
15763 LID-t{-03 S3D 27193 O15:35 .prtlnr
15?5a ED-ta-0a SE 27195 o18r50 {lrlln'
15?65 !ID-94-05 SID 27193 o1tr10 't(lT!no

lrlLyll UIIIS 15753 1575a 15765

rriroB clrsTr':ruErls
GO!, rcld tltr.
Cr, color.
Cl, cclc.
!C{13, rct6 tlCr
t, tlu
It, color.
llr, tlu
o!
8(ll , tiuat.
8rl of lor
loc. llt lbfcy
toC. les{!.tr

TUIAIDllS
l, lto2+rct
DOa, oatho tr D

rylL
4lL
qlt
qlt
qlL
qlt
llL
4lL
qlt
qlL
llL
4lt

4lL
1lr.

<1
l.aa
20
60{
5.5
62
tla
<1
t92
1370
at5
67a

<o. 01
o. o?

3.7
o. a6

1520
7.2?

<1
15a
1t
511
6.1
5a
110
<1
,7a
1320
176
65?

<0. 01
o.tl

s.7
0. a6

taTo
7.2'

<1
15t
1t
sr2
5.t
52
r.o1
<1
,72
1!OO
aa5
636

<o. 01
0. 07

2.O
3.51

,.ato
?.35

lo, ICD-ll3
Er tCD-ll8

qr. coArct.
pa o! rrt.s

rRrct rc:llls
ql\'
qlL

PETSICIL PBOPINTIIS
8/q
p! u!,ttr



SBC Group: 95-3{51

Rcgouscc! Scctor, SRC
15 Issovatio Blvd.
Saakrtooa, Ssskatcbcuaa S7f, 2I8
At,ta: Dale [ga $!;Evoort, 8,L22O-27

Datc Sa4llca Recelvcd: 05-Oct-95

SASKATCHEWAT,T RE SEARCH COUN CIL
AI,IALYTICAL SERVICES

ClLeut P.O.:

22-Oct-95 11:{0

STEI.A CLIEIT DISCAIFTIOII
1510{ t@I 95-0{ Wt 3/95 O11r00 ol(f,8tnr
16105 EDx 95-05 oCll 3/95 o18r15 rt(ITER'
16106 tlDX 95-02 Oet llgs 012:50 rt{IIEB'

llruTtI mtlts 15104 1610s 15105

il toR cofslxn Ellls
C03, ecld titr.
Cr, color.
Cl, color.
lco3, rcld tltr
f, llrr
Ig, eolor.
t[r, llo
ot
tel, hrab.
Srl of lor
lot. lllcrllulty
lot. Eudgorr

M'TN,IEIES
f, trO2+llo3
DtCtl, ostto tr D

ry/L
q/L
qlL
rylL
rylL
qlt
ry/L
q/t
4lt
rylt
qlt
qlt

qlL
rylt

<1
52
3

s65
3.t
21
L67
<1
L27
934
a5t
216

<0.01
0.0t

L.7
o. oat

10to
7.69

<1
s2
3

559
3.4
20
L67
<1
124
tat
{66
212

<o. 01
0.0!

1.6
0.0t2

1050
7.57

<1
{7
3
500
3.t
20
203
<1
155
10t0
t92
199

0. 0!
0.11

1.5
0. 071

11{O
7.35

rn Cl rGilLs
tor tcP-lt8 qll
E, tCD-ltg rylL

PEYSTCII. DNOPIRTIIS
Sp.ctttc CoE&rctlvlty
pE of rrc.a

ualq
pE usltr



sBC Group: 95-3{51

22-Oct-95 11:{1

SASITA TCHEWAI,I RE SEARCH COU N CIL
AI,IALYTICAL SERVICES

Rcsourcsg Scctor, SBC

Srl@LI CLIDT-T DISCBIPIIOT
15107 IrI 9{-01 @ l/95 O15r{0 {tlfln'
1510t rra 9a-02 Gt l/95 017:20 'tllTlt,'

rltrLIll 16107 16108

rl. on coltsalrlrErls
CO3, rald tltr.
Cr, color.
Cl, cclor.
EC!3, rcl,d tlts
r, tlu
Igt, color.
lrr tlu
OE
soa, ttrr$.
8rl o! Ioor
loc. lllrlbfry
lot. lrr&orr

lltrr"flElts
ll, llo2+!o3
Del, ortbo rt D

4lL
rylL
llL
qlt
q/t
llL
qlt
rylr.
4lL
qlt
qlt
qlL

<1
155
3

5{3
5.a
52
a7
<1
22L
1030
{a5
600

<0.01
o.t'a

L-7
0.0t2

1110
7.2'

<1
149
2
5a0
5.2
{t
1t
<1
I.t5
9r3
{43
559

o.01
o.11

1.9
0.11

1070
7.27

qlt
qlr.

lnlcE lGllLS
to, tCP-lt8 Elt,
IE, tCP-l,lt rylL

PErSlCl& PnoPlmIlS
spocllto coArctlvlty
pE ol rrt.a

u8lo
tll ualC.

E TT]



SRC Group: 95-{085

Rcaourcct Scctor, SBC
15 Insovatl,oD BIvd.
Sackrtooa, SaslEatcberas STlt 2I8
Atts: Dalc Vaa Stqroort, R,L22O-21

Datc Saqrlea Recclved: 27-!tov-95

SASI(ATCHEWAI,I RE SEARCH C OUN CIL
AI{ALYTICAL SERVICES

Clieat P.O.:

05-Dcc-95 1{:03

STUPLE CLIEf,I DESCRIPAIOI
19127 UOr 95-0{r f,ol' 2llgS
19128 UOI 95-0{8 nOV 2l/95
19129 r[@r 95-0aC trO1r 24/gS

O10 :20 .l(lTER.
O11:20 'WI8ER'
OL2z25 rldATEn'

rIlA&vtt T'NITS L9L27 19128 1912 9

l,lAiIOR
CO3, rcld titr.
cr, IcP-gl(l
C1, color.
ECC,3, rcld tLtr
x, lcD-stg
It, tcD-8lQ
lf., IeP-8lO
OE

soa, tu8b.

coNstrflrExtts
q',/t'
q/L
ry/L
ry/L
ry/t'
4/"
ryr/t'
qlt
4r/t'

<1
134
2
501
L2
s7
51
<1
2t7

0.01

2.9
0.62

7.0{

<1
120
2
532
11
50
a3
<l
143

<0.01

2.2
0.5a

7.11

<1
91
I
{{5
t.t
3t
37
<1
105

0.02

1.2
0.{3

7.27

13, t3o2+lro3

teD-ll8
tc?-lI8

PEISICII.
pE of nt.a

ITIIIRIErIS
rylL

TnlCE INETTI.S
1.,
Itl,

rylt
q/t

PROPINTIES
pt ual,tr



sRC GrouB: 95-{085

05-Dcc-95 14:03

SASI(A TCHEWAI,I RE SEARCH COUN CIL
AI,IALYTICAL SERVICES

Rcgotrrccg Scctor, SRe

STUPLT CLIETT DISCBIPIIOT
19130 Ud 95-054 llOv 21193 o11:35
19131 x@r 95-058 Uo\t 2t/95 o13:25
19132 tl@l 95-05C Iov 2ll93 01{:50

rvll8Enr
.I'Ill'Enr
rglllEBr

NIALYIE UrITS 19130 19131 19132

UrrrOR COISIITITEITS
C!3, rald tltr.
Cr, ICD-8!Q
Cl, oolor.
Ecot, rcld Eitr
f,,, ICD-8!O
Ig, IcD-El9
Itr, tCD-8!Q
OE

soa, turb.

f,ut?rEIls
l[, l3o2+!l(r3

lrlt
q/L
q/r.
4rlt
4rlt
4rlt
4rlt
4/t
Dlrlt

4lL

lo, ICP-l^lS
b, IcP-lls

pE ol rrt.r

InACE UllllI.S
4r/t'
D4,IL

PEYSICIIT PROPIBIIES
pE ual,tr

<1
L21l
2
555
11
52
ss
<1
20{

<0.01

2.1
o.32

7.O7

<1
11t
2
5{a
11
50
53
<1
19t

<0. 01

2.5
o.31

7.0!

<1
117
2

s32
11
at
53
<1
1t5

0.03

2.1
o.30

1.1.r



S8,C Group: 95-{085

05-Dee-95 1{:0{

SASIATCHEWAT,I RE SEARCH COA NC IL
AI,IALYTICAL SERVICES

RGtourceg Scctor, SRC

SUPLE CLIETT DESCRTPTIOTT
19133 UOf 95-064 ltot' 2l/95
1913a l,l@[ 95-058 Uor, 2llgS
19135 ri@[ 95-06C f,Ov 2l/9s

O17 :15 'snTEn.
O18 r25 'gllTEIrO19:25 rWllEF

fXALYIE I'r{ITS 19133 1913{ 19135

r{lrroR cof,slrfiralrs
Co!, rcl,d tltr.
Cr, fCP-Ste
Cl. color.
ECO3, rcid tltr
tr,, reD-slg
lgf, IcP-g!10
lh, rcP-819
OE

9o{, tusb.

lrI'ERIEIITS
l[, !3O2+FO3

4r/L
J4,,IL
DE'/L
q/L
ryr/L
4tlL
rylr.
ry/t
4r/r-

q/L

<1
L22
2
559
12
s2
50
<1
209

<0. 01

2.1
0.29

7.10

<l
120
2
s5{
11
51
5t
<1
20{

0.02

2.4
o.2t

7.19

<1
11t
2
540
11
l9
5S
<1
190

0.02

2.3
0.2t

7.La

rnlcE llEEIIjS
to, ICD-lts qrlL
ID, IcD-l!8 q/l

PEISICAL PROPERIIES

9E ol rrt.a PE ualtr



SR,C Group: 95-{085

05-Dec-95 1{:0{

SASI(ATCHEWAT{ RESEARCH C OANCIL
AI,IALYTICAL SERVICE:

Resouaceg Sector, SBC

slllDtl cLrErtl DlscuPTrory
19136 UCtl 95-07r rOV zllgs
19137 u@[ 95-078 folr 2l/95

O21:00 .lt lElr
O23 :00 .!{AEIB'

Ar[ Lrlt urrls 19136 19137

uriIoR
CO3, rcld tltr.
Cr, ICP-8tg
Cl, color.
EC€3, rcld titr
x, rcP-glo
rg,, rcD-slo
trr, ICP-88
OE
go{, tuab.

corsrIIIIEI-Ts
ry/t
4/L
q/L
qlL
rylL
qlL
qlL
q/L
4lL

<1
133
2
593
11
57
67
<1
2t3

0.04

2.9
o.27

7 .15

<1
131
2

5tt
11
s7
6{
<1
23r

0. 02

2.3
0.25

7.15

ltt'IRIEITS
tf, I8O2+FO3 qtll

lRrcE l(Elr&s
,., IeD-ltg 4rll
IE, ICP-188 q/l

PEYSICTL PNOPIAIIBS
pE ol rrc.a gE uoltr



sRC Group: 95-{085

05-Dec-95 1l:O{

SASKATCHEWAI{ RE SEARCH COUN CIL
AI,{ALYTICAL SERVICES

RGgourccc Sector, SIC

ItlrtPLB CLIEll DESCnIPIIOI
19138 xCIt 95-07C ltO\f 23193 OO1:20 'sllTEB'

rN r.xtE urtlls 19138

UrarOn CONSTIII EIIS
Go3, rcld tltr. q/L
Cr, ICD-SIO rylt
Cl, color. 4t/t
EGo3, rcld tltr qlL
I, ICP-stg ryll,
Ig, IcD-stQ qrl,.
Nr, ICP-SIO 4r/L
OE qlL
so{, tusb. rylt

PEISICTL PR,OPEB?IIS
p! ol rrt.r PE uBit.

<1
L27
2
572
11
55
57
<1
219

7.10



SRC Group: 95-{009

Regourcca Scctor, SRC
15 IaaovatLou Blvd.
Sagtsrtooa, Saakatcbcraa STlt 2I8
Atts: E. Iaatlrlug, AL22O-21

Datc Saqrlca ReceLvcd: 20-llov-95

SASIATCHEWAI,I RE SEARCH COUN CIL
AT,IALYTICAL SERVICES

Clicat P.O.:

0{-Dcc-95 1{:59

sruPtE cr.rErT DEsgRrParo[
18795 r,uD-95-05.r !tO' L6/gS
L8797 r.ttD-95-058 f,Ol' L6193
18798 rJrD-95-06C f(ry L6/95

C10:15 rldllEni
O13:00 rWAlEnr
O15:10 'lIlTEnr

Atltl.Ytt I'IIITS 187 96 L8797 187 98

l{ ,tOR
@3, tald tl,tr.
cr, ICP-glo
Cl, color.
EGO3, ecld tltr
f,, rcD-8to
rg, lc?-stP
llr, ICP-8lQ
OE
goa, tu8b.
9rL ol loot
rot. llhellalty
Iot. EradD..r

ITG?IITITS
It, lto2+Ilo!
POl, ortto u D

coltsrrruBrTs
qlt
q/''
qlL
q/L
q/t
qlL
4lL
qlt
qlL
qlL
Dalt
4/t

qlt
qlL

<1
150
20
593
5.5
62
120
<1
a02
1350
a!5
529

o.0t
0.09

3.t
0.26

1530
7.32

<1
150
20
595
5.a
52
120
<1
397
1350
{tt
629

0.07
o.10

{.5
0.26

15t0
7.3a

<1
l.ao
20
595
5.2
6{
120
<1
3t5
1330
{at
612

0.03
0.1{

5.5
0.25

15a0
?.53

TR.ICE lGltI.S
!o, lcP-lls qlt
&, IcD-ltt rylt

PEYSTCII. PBOPIRTTIS
gncillc Codnotlvlty u8lcl
pE ol rrtaa Pt ua{tl



SRC Group: 95-{009

0{-Dce-95 1l:59

SLSKATCHEWAI'I RE SEARCH C OaNCIL
AI,IALYTICAL SERVICES

Resources Scctor, SBC

SIIIDI,I CLIEIT DISCnIPIIff
18799 LE-95-071 llOl7 LS/95 O15r15 rtclrtn.
18800 LID-95-07E ltor, LSI95 O1t:30 .t{lttn.
18801 IJD-95-07C llor, L6l9S O13r15 rttlttBr

lltll.I]lI utrrts 18799 18800 18801

uNron
co3, rcld tlta.
er, IeD-81!0
Cl, color.
EGO3, rcld titr
13, lcP-gE
Ig, ICD-sIQ
ltr, ICP-8!Q
OE

8o{, trrrb.
Srl ol loor
Iot. tlkrllalty
lot. E rdE ra

COf,STITI'BITS
4'/t'
q/,,

"/t'4rlL
rylt
DEt/''
4r/t
rylL
Dt/t'
qlt'
qlL
qlt'

ryltq/t

<1
150
20
601
5.5
62
120
<1
392
1350
l9t
629

0. 02
0.09

{.1
0.2t

1540
7.33

<1
150
20
500
s.2
62
120
<1
3ts
1340
492
629

o.02
0.10

4.3
o.27

1520
7.35

<1
140
19
601
5.2
53
110
<1
355
1290
493
60t

<o.01
0.1,

5.t
0.30

1490
7.t6

Ilt'TRIETllS
f, !Cr2+fo3
PO{, ortbo rr D

rntcE umrl.s
to, lcD-ll8 q/r.
b, tcP-ll8 qlt

PEYSICII. PNOPINTIES
SFclllc coducttvlty uslo
pE ol rrt.a p! ualtr



SRC Group: 95-{009

0{-Dcc-95 1{:59

SASKATCHEWAI,I RESEARCH COUNCIL
AATALYTICAL SBRVICES

Regourcag Sector, SRC

SrllPII CLITIIT DISCBIPIIO|I
18802 LIID-95-08t fOl, LS/95 O15:35 rtlltES'
18803 tiED-95-088 rOV LS/gS O18:{5 inttr.
188Oa LE-95-OBC f,O\t LilgS O11:00 rtrllEF

rl'r&rl! urrls 18802 18803 1880{

uAron cof,srrllrE[Ts
GO3, rcld tttr.
cr, IcP-gle
Cl, color.
ECO3, rcld tltr
f,, rcD-alo
rt, tcD-stP
fr, IcP-gl9
OE
goa, tuab.
Srr of foB.
Iot. tltrlllrlty
lot. Erada..t

trIIIRIE]tlS
tr, lo2+l!o3
PO{, ortbo rr D

1rlL
1t/L
4rlL
4r/r.
4t/L
4r/t
Dgr/t
q/r.
qlL
,4rlL
q/t
ry/L

qlt
4lL

<1
150
20
5ta
5.2
51
120
<1
{03
1350
la2
550

o. 02
0.07

3.0
0.25

15a0
7.36

<1
1{0
21
594
s.3
63
120
<1
375
1320
la7
50t

0. 02
o.I'a

5.7
o.29

1560
7.40

<1
lao
22
5t9
5.3
53
120
<1
375
1310
at3
60t

o.02
0.15

5.O
0.2t

1550
7.t3

IR.ICE IGTILS
lr, ICP-ll8 qlL
IE, ICP-ll8 qlt

PETSICTL PROPInIIIS
s1rcltic coa&rctlvlty trs/cr
pE of rrt.a pE ualtr



SRC Group: 96-137

Regourccg Scctor, SRC
15 Iaaovatlos BIvd.
Sagkatoos, Sackatcbcraa S7I{ 2X8
Attt: DaIc llsi $lamFvoort, R,L22O-21

Datc Saqllca Rcceived: 12-Jaa-95

SAS IATCHEWAI,I RE SEARCH COU N CIL
AAIALYTICAL SERVICES

Clicot P.O.:

2{-Jaa-96 L3229

STXPI.E CLIEITT DESCBTPTIOT
722 [ORil lt E LLEI atNt 11/95 O1{:10 'YtAlERe723 GEORGE IIIL& irNt lL/96 011:{5 rw TERi
721 LIOYD wttsOt{ JrX 11/95 012:{5 rwAlERr

A[tLt]rE InllTs 722 723 721

r(l.roR cofstrElrEtTs
llhrllulty, P

GO3, rcl,d tltr.
cr, ICD-slQ
Cl, color.
E@3, rcld tlCr
x,, reD-stQ
I9, ICD-SIQ
l3r, leD-Sle
OE

3Ol , trrrb.
Srn of loan
lot. rltrllalty
lot. Errda.rr

ITTTIRIEIITS
f, AO2+13o3

4r/t
4rlt
4r/r.
D4rlL
ry/t,
qlL
q/L
rt/t
,4r/r'
ry/L
rylt
4rlt
qlt

ry/L

q/L
qlL

PROPBnlIIS
u5/o
pl ualt.

<1
<1
213
124
{63
12
10t
50t
<1
1aa0
2t90
396
959

<0. 01

5.6
0.11

3380
7.16

<1
<1
1t
220
{6{
3.7
6.0
900
<1
12!O
2900
3t0
70

o.0{

o.3a
0.017

3t30
8.25

<1
<1
t5
t{5
a5t
5.9
31
t9t
<1
1550
3290
3!{
3{2

0.71

0.17
0.ott

{090
7.39

TRTCE UEITI.S
1., tCP-ll8
b, reP-llg

PEYSICI&
91rclll,c cosrdtrctlvltY
pE of nt.a



SRC Group: 95-137

2{-Jas-95 L3:29

SASI(ATCHEWAI{ RESEARCH COUNCIL
AT,IALYTICAL SERVICES

Reaourccs SecEor, SRC

Srl'PLI CI.ItilI DBSCBIPTIOT
725 cLENt UCGLIDDRAI itNt LL|SS 009:{0 .llllJRr
726 {r XES LllE arrf LO/96 018:00 rilf,fEn'
727 CIEAII.D lAl@ arlll LOl96 O13:30 'lll!tn'

N[AI.rlE I'rITS 725 726 727

uAiroR cottsTrE{rEN?s
lllcrllalty, D
CCl3, rcid tler.
Cr, ICD-S139
Cl, color.
EcO3, rcld tltr
f,, reD-slQ
uE, tgD-glo
trr, fCP-8lQ
OE
so{, tuab.
$a ol loa.
toc. llhrllalCy
lot. hrdsou

tr, tlo2+13o3

1., IeP-llS
b, lcP-lls

4/Lq/r.
-rlt
q/L
qlL
ry/t
qlL
4r/L

tIt,TRIBtrS
q/t

tR cE uEtlr.S
q/t
4lL

4/t
ryltq/r.
q/t
-tlL

<1
<1
3t9
23
5{3
8.2
1r9
170
<1
1520
2rso
{a5
1?50

<0.01

2.t
1.3

3070
7.19

<1
<1
30
1a
633
{.1
15
509
<1
rr5
2190
519
135

0. 05

1.3
0. o19

2670
t.03

<1
<1
37
15
619
5.5
1t
520
<1
924
2240
s07
155

0. o5

0.32
0.003

2730
!. o0

PEYSICT& PROPER,UES
slrctllc coa&rctlvlty uA/o
pE of rrt.r pl rut.tr



SRC Group: 96-137

2{-ilaa-96 13:29

SASIATCHEWAAI RE SEARCH COUNCIL
AAIALYTICAL SERVICES

Resourccs Scctor, SRe

SrITPLI CLIETTT DTSCN PTIOII
728 ir.w. NDIBSOII arN LOl96 015:{5 rtslfERr
729 PlIr! UICBTLID irt[ L0/95 i17:00 rllltEnr
730 NOREEBI XOCE arN LL/96 010:{5 'lllrtRr

NIAI.t]lE t ttrrs 728 729 730

ulJoR cof,srrflrEllrs
rlkrllstty, P
CO3, rcld tltr.
Cr, IeP-819
Cl, color.
EGO3, rcl,d tltr
x, rcP-slo
uE, reD-g&
llr, IcP-8!O
OE

soa, tur$.
Sru of toan
rot. tthrlfafry
lot. EradB...

ITI'TR,IETTS
ll, tro2+llo3

D4t/r.
qlL
4tlL
qlt
D,,lL
qlL
rylt

qlL
qlL
q/L
DftlL

4rlt

qlt
q/t

<1
<1
132
7
594
7.L
55
210
<1
at0
1600
572
501

o.0t

2.0
0.013

1t00
?.{3

<1
<1
91
29
601
E.O
{3
365
<1
6{t
1790
{93
{04

0. o5

1.2
o. osa

2190
7.63

<1
<1
2a0
11
671
7.5
12{
r3
<1
7ra
1r70
530
1110

0.03

3.0
0. rt

2110
7.t7

Tn.lcl tcllr.s
to, ICP-ltS q/t
&, IcP-lls qlt

PEYSTCT& PROPEnIIIS
sp.atttc eoArcClvlty u8lo
pE of rrt.a pE tultr



SRC Group: 95-137

2{-ilaa-95 L3 229

SASI(ATCHEWAT{ RE SEARCH COANCIL
AT,IALYTICAL SERVICES

Regourceg Sector, SRC

SilPL! CI,IET DESCUPTIOtr
731 DIURITY UIRAIII irN[ 10/96 012:20
732 DOr GnrElIl .rNt 10/95 01{:50
733 Our PIE8CE irrr 10/95 011:05

rIQf,lENT
oIllEn.
rffln.

NIr Trl tnrrrs 731 732 733

r{riloR corsTrlglms
tlkrltalty, D

Co3, rcld tlts.
cr, ICP-SIQ
Cl, color.
ECO3, rcld tltr
x, lcP-8lQ
rg, reD-srQ
ltr, ICP-980
OE
goa, turb.
Sru of tor
rot. ll}rllBlty
foC. Errdsom

TTU:IRIEfTS
l[, lto2+lo3 qlL

qlr.
q/L
4/L

ry/L
rylL
qlL
rylL
rylL
qlt
qlt
qlL
ry/L
qt/t

<1
<1
1a
7
592
2.9
7.L
330
<l
261
1210
{a5
5t

0.03

0. t7
0.00t

t.a70
r.07

<1
<1
67
9
594
6.5
36
{{1
<l
65t
1920
559
315

0.16

o.7z
o. oo5

2L70
7.61

<1
<1
a7
3a
531
5.t
{6
{02
<1
592
1900
517
{06

L.2

0.31
0.037

21t0
7.79

TRTCE nEttLS
to, tCP-ltS qll
Ia, IcD-ltg qll

PEYSTCf,I. PNOPERTTIS
spoclllc cooArctlvl,ty ualc
pE of rrt.a p! udtr



SRC Group: 96-137

24-ilan-96 13:29

SASIATCHEWAI,T RE SEARCH COANC IL
AI{ALYTICAL SERVICES

Regourceg Scctor, SRC

slt(P&t cr,rEtt DtscRrPtrot
731 UAUBICE f,APPEn Jrlt 10/96 018:00 .td rERr
735 LEO EOlEUrrt drrf 10196 010:{0 'sll!tn'736 LIRAY BBI@I itrr 10/96 O15r05 rerf,tlB'

AIIILYIE T'fITS 731 735 736

utaloB
tltrllglty, D

CO3, rcld tlta.
cr, ICP-S8O
C1, color.
Eco3, rcld tl.tr
x, rcP-glQ
Ig, ICD-SIQ
l3r, ICD-Sl0
OE

soa, tuab.
su! of loE
rot. llhllalty
fot. llrdaorr

CONSTITI'EIITS
rqt/L
D!'/L
q/L
ry/t
4r/L
D4t/L

1r/L
rylt
ry/L
4t/L
4r/L
ry/t
4lL

<1
<1
L2l
{t
512
s.7
ll2.
351
<1
654
1r{0
502
1t2

0.0{

1.1
0. so

2120
7.t2

<1
<1
16t
20
68t
6.t
62
206
<l
532
15!O
55{
671

o. 02

2.0
0.52

ltao
7.32

<1
<1
91
al
517
1.2
36
163
<1
232
1090
12{l
375

1.O

o .15
0. 0t1

1240
7.St

F, tto2+io3

fo, ICP-ll8
IE, feD-llg

MIIRTElf,TS
ry/t

IR.ICE METTI.S
qrlL
qlL

PEYSTCE PBOPERTIES
SpocLllc e@auctivlty u9/o
pE ol rrt.r pE uaitr



SBC Group: 96-137

2{-ilas-96 L3 229

SASIA TCHEWAI{ RE SEARC H COA N CIL
AT,IALYTICAL SERVICES

Regourcea Scctor, SRe

Srl.PLE CI,IIIIT DESCRIPTIOI
737 SrU ROLLEEISEB drrlt LO/ge O17:10 rwlTEBo
738 irOEI EEIPPS atllf L1/96 009:10 elllrEne
739 KElIlf t n8allil Il05-51-23-r3 arlr LOl96 013:{0 rstrf,IEn.

rxALIll utrrts 737 738 739

llkrltalty, P
CO3, rcld tl,ta.
cr, ICP-8!Q
Cl, color.
trGO3, rcld tltr
R, rcP-8!O
rg, rcD-gto
t[r, ICP-8lg
OB

So{, tutS.
Srl ol loan
tot. llhrllalty
lot. Eesdao..

TIUTRIErlS
It, F(rz+lto3

spocltlc coaductlvtty
pE of nt.8

uriroR cousallulllrs
tgr/L
ry/L
rylL
1rlt
4r/L
rr/r.
4tlL
ryh.
qlt
q/L
qlL
q/t
q/t

q/t

rRtct uEllI.s
!o, ICP-II8 ryll,
&, lcP-llls qlL

PETSIEI'L PROPENIIES
u8/cl
pE usltr

<1
<1
190
t
692
E.t
ta
226
<1
71!
1930
567
tl't

0.02

1.4
0.02t

2100
7.27

<l
<1
120
L7
s99
6.5
{9
27a
<1
57t
1550
{91
501

<0.01

2.O
0.11

1t50
7.1,

<l
<1
119
2a
{55
7.8
{t
107
<1
291
1070
311
{94

o. t9

0.00t
0.002

L220
7.32



SRC Group: 96-137

2{-Jan-96 13:29

SASI(ATCHEWAI,I RE SEARC H COANCIL
AT{ALYTICAL SERVICES

Regources Scctor, SRC

SAITPLE CLIETT DISCRIPIIOII
71O St-L\raSfEB SCEIIEIDIA arrf 10/95 011:{0 'l(ltBnr7lL ClI. BILLllt illlt 11/96 013:00 'tl !tI,'
712 IIU IICDOUGII.L arflt 11./95 OO9:{5 rllllEnr

ANAI.YTE uf,rrs 710 7lL 742

Alkrllul,ty, P
Co3, ecid tLtr.
cr, ICD-SIQ
Cl, color.
ECO3, rcld titr
T, ICD.SIQ
I9, ICP.SIQ
Fr, IcP-slO
OE
soa, tu8b.
Srr ol loan
lot. llhrllaity
Aot. E rda.r!

M'TN,IETTS
tr, l8cl2+1303

fR.lcE llBrlr.s

ulJoR cofstrtt ExtTs
q/r.
4rlL
qlt
D'II,
qlL
q/L
qlL
qlL
4tlL
q/L
qlL
D4'lL
ry/t

4lL

<1
<1
1t3
2
595
6.2
55
50
<1
33t
1240
art
72t

0.01

L.7
1.{

13{O
7.tt

<1
<1
37
15t
a9{
5.t
1t
7a7
<1
1130
2590
{05
156

o.17

0.19
0.010

33 90
7.99

<1
<1
121
13
715
7.a
59
367
<1
725
2010
585
5at

0. 02

1.4
0.0t2

2300
7.13

lr, ICP-llS
ID, fcP-lls

PEYSTCf,L
slrctttc coaArctlwltlr
pE of urt.a

qlL
ry/t

PROPARTIES
u9/q
pE u8ltr



SRC Group: 96-137

2{-Jaa-95 13:30

SASIil TCHEWAI,I RE SEARCH COUN CIL
AI{ALYTICAL SERVICES

Regourceg Scctor, SRe

SAITPLi CLIEll DASCnIDTIOr,
713 BOB SrlrrErsor arrrt LL/96
7t1 Elnor.D tuP&Dt irrlt 11/96

O12:2O 'l{lTEBr
O11:25 rl{lTllr

rrtr&vlE 713 7LtL

llLrOR COf,STIIt BITS
rlhrllalty, D

CtO3, rcld t{ta.
Cr, fCP-8lO
C1, color.
lCo3, rcld tl,tr
x, rcD-slQ
rg, reP-ato
tS., feP-glg
ot
soa, tuab.
Srn ol Ioan
lot. tlkrlfslry
Tot. Erad!..r

ttt lRrEllls
f,, lto2+lto3

ry/L
,ltlL
qlt
rylL

"lL4lL
4rlL
qlL
4lL
qlr.
q/t
qlt
ry/t

4lL

<1
<1
111
L27
709
a.7
6a
1l70
<1
!15
2300
511
5ao

0.01

7.L
o.I'a

27aO
7.70

<1
<1
26t
2t
59t
e.7
97
15t
<1
932
20!o
{90
1070

<0. 01

l.z
1.1

2320
7.21

lRtcE llglll.s
to, ICD-lt8 ryll
ID, IcD-l!E alL

PEYSICTL PROPEBATES
Slrcl,lic coaArctlvlcl2 u9/o
pE ol rat.s pE ualtr

ffiFi



SRC Group: 95-137

SASIATCHEWAT,I RESEARCH COANCIL
AI,{ALYTICAL SERVICES

15 Iraovatiou Blvd.
Saskrtooa, Saskatscberen, S7N 2I8

(306) 933-6932

(Suorrlz of chrrges: not rn involce)
Rerourccs Sector, SRC
15 Iaaovatioa Blvd.
Saskatooa, Saslcatcheran S7N 2XB
Atta: Dale [6s $tamFvoort, B,L22O-24

Date Saqllca ReccLved: 12-ilas-96 Client P.O.:

2{-Jaa-96 13:35 Pa}c 1

SRC Saqrle Nufrcrg: 722 Eo 744

722 NORllllt EILIET JN 11,/95 01{:10 rt{lIERr
723 GEORGE EIL& irllt 1fl95 O11:{5 rwAtERo
721 LLOI'D WAISOU irlll 11/95 012:{5 rldll'ER.
725 GIrEf liCGLlDDRtf {Illt LLl96 009:{0 rIllTEn'
726 itllGs LAI'E arllt L0/ge O18r00 rwllEnr
727 GER.ILD Llr@ aItX L0196 013:30 .l{ll!nr
728 ar.w. AIIDERSOU JII LOISC 015:{5 rflATEl'
729 PIU! I(ICBILID iIllt L0196 017:00 rslltln'
730 f,ORBtBT f,OCE dllll LL/96 010:{5 rillEnr
731 t@BrrY ttlnrtr irrf .10/95 OLZzZO 'Ill?tne732 DOtt GBlElli irrX 10/95 01{:50 rt(AtitF
733 GUI PIERCE ililt 10/95 011:05 't(lTEn'734 IIAIBICE XIPPER {rlf 10/96 018:00 r|(ttlBr
735 LtO EOFlltN[ atllt 10/96 010:{0 rl(lltnr
736 LrnA:r BRI@I {rNI 10/95 015:05 rllltEn'
737 Sill ROLLEEISEI drrf L0196 O17:10 rmllnr
73t irOEtr PEIPPS alllt LL/95 O09r10 rlllEEE
739 f,llrrlt dtrnnllt1l Et05-51-23-r3 arrl Lilge O13r{0 'llf,llnr7lO St:LltESlEa SCEIIIDIn dllll 10/96 o11rl0 't(lTln'
71L ClL BlLLlf, drllt 11/95 O13t00 ol{ll!n'
7lZ ADt UCDOITGILI irNt 11/95 o09r{5 'l{lIlB'?13 AOB STEVEIISOT irlr Lll96 012:20. rllllll'
7ll ETROLD rgPLIr arllt 11/95 O11:25 'ffiEtr

No. ot
Deta'g

lnalyte
DescriptLou

Ualt'Cbargc No. ol
Dctl'!

Aaalytc
DescrLptioa

Uait
Cbargre

23
23
23
23
23
23
23

23
23
23
23
23
23
23

Alkr1laltsy, P
Cr, ICP-SEO
ECO3, acld tltr
w, rcP-sEg
OE
Sur of Ioac
Iot. Eardgeee

0.00
8 .25
E.25
E.25
0.00
0.00
0.00

CO3, acld tltr.
Cl, color.
x, rcP-sl9
f,e, ICP-SIQ
SOl, Eusb.
Tot. ll}rltatty
f, trO2+fo3

0. o0
10.00

8 .25
8.25

11.00
0.00

11-00

. ..2



Scrtotcfimn
toroorch Ccuacll

'5'^ncvolrcn3vd Scslctcci S:sroi3hewcn

Rooulccr Doctor, SRC

ANALWICAL SE RWCES LADOPAIOPY

Corcco :7N 2xE P,r6^g i.;1C5) 9.3-i-.^932 :oi. i3OC: e3J-?q2:

Attrn0on: D. Vm Strnpvoort
Drt : OctoDtrC, 19e5.

GauN wetelt samt

Frcd Busdteu, B.Sc.
Andld

weter sampbs.
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0.010

0.017
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r

tcrlctclrrtn
iroocch Cosacl

r-c lru cv3r'!.tn BlvC Soskc'co^ Scs<ct:h€w:n

Rorourcc S.ctor, SRC

AN ALYIICAL SE PWC ES LABOPAIOPY

3:rocc '.?t\ 2..e Ticre i3oc) 933-5032 tcr (-:3J) ci1-7e2:

<0.08

<0.08

4.0@

o.008

AlbnUon: D. V.n Sbmpvoort
Drto: Ootobor 24. 1905.

Grwad watcr sc,mpt

U/DF9m1 @12:50 Oct fin'.
5:00 oct. 17135.

vvDt}oiot 01230 oct. ruDs.

UYDI}95€ @14:35 Ocr. 1U05.
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