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1.3 _Beups

The stnay was designea to investigate subsurface soil and groundwatser
condirions &% the sice. The nprincipel objectives of the study were:

Investigate whether the seil and groundwater uncer the sate

ot
'
o

gen affected Dv previous plant operations.

tr

a

B

Detaermine the natueres zné distrizucrion of amy coctam:nants and

the significance of the measured concentraticns.

3. Evalpace the potantial Ior offsite conta2minant DIGracion.

Identify the potential seovirdpmertzl impsct of the present

&
»

cenditions and any constr2ints co futurs land-use.

The site irvestigotion included & study of hastorical o eerial
photographs, & review 22 zegional geological Iinformation, a site

recennaigsance and & subeuriiae investigation. Tza (1C) borenolas were

villad two fagilitaze soil and groundwzter sampling ané ion soitu
itoring. A st v of loztl wegtsr wells which are preseatly beiag
maonitoring S_Fj"?_%?_u,nﬁﬁ_fﬂ__“____” i gl ec Sy >

irrigation or drinkrng water supplies was also condpered.

nsed for

B S — e ———
e — r———

i T L
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The fivv of Erzndon is lossted in the Assiniboine River valley at an
eleverion of approximetely 230 m (1280 £f=.} above meazn sea level.
.1 15 a topegrarphlic nlan of the area showing trhe location
£ ~he Forma= refinery site. The site ig located within the City of

dos ip ohe NY 144 of Ssezion 11 -~ Township 16 - Reange 12 = West of

s Dravise No. Z.1 showe, the ground surfzece at the site slopes towzard
-t ‘w_.——'n—-._h _—

I — PR

- et

tha southesast. ocal  suriace rer drainage apparently £lows

T e T, e

suucnezstweaTd througsh a low lving drainage gully om Parcel B into am

inTesmirrent snrean which evsntually intersests the Little Scuris River

suTneast of che site.

o]
23
:.‘,1
o
g
I
]
it
[l
* ’
'
-2
A
i
1]

The present day land use in the vigcinity of the zZite 1z showz on
Dravwing No. Z.2. Faresl 2 iz  bordered on the west by the
Cirv of Brzpder cemetary and csrematoriunz and on the east by a

wagrdenrizl meighbovrnoed. The ground surface elevation of the Braadon

samarzTy Sits is agpproxinately € o & m nigher rhazn that of Parcel B.
. . : =3 o - i i .
ImporTed i1l hags Eeen ussd Do ralse The szlevation of the cametary
-3 Ty o i = : o e : 3 1 h R e 7 L
size. mhe arez wo the SoTineast is occupied Ly Light industrial
: - 5 ; . g s s
daveloptment. Parcal A i$  cresently oeoseupisd by commercial
.
CaTE LR s

tMe wicipililvv 9f Erzndeo are comprised of glacliolacustrine sandsg ana
silte ovariviag 2 orey giacial £ill derived praimarily from Paleczoic
TRUBORLRE ITunm.

G2 QLCANCR & RSSOCIRTES LTD.
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THusEsET

g e n Ao
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e B stray of mistnrizeil sarial
1952.
; - a3 2 Z n
2. & reviow of publlshed Zegiohas

2. A 2£i=s recgonrnszicsznce with
familiar wizh <tThe site &andé
QOCrETions .

£+ 3 Srill:mg ang sunsu-fage

£. I zurver of wasmer wells in tne

BoTensle

photograpis

retired

1

darving from 1958

geclogical and hydrogeological

Gulf Capada

history

personnel

the of refinery

investigation.

Su~ine =ne sive zesosmnzissance. A ttal of 0 borsholss were

25 . 5 - e e

i, —~— i

o+ The sise on 25/08,/1¢ msing & Truck-mounted anger drilling zig. The
—— o e o ———— e T =
movehsie loczetione ar: shown on Drawing No. 3.1, Undisturred soil
sarples were recoversd Srom The borehclss using toing-walled Sheldy
wphes, Thase $oil zamples were retained fer chemical analysis. Auger
muzsing samples were alsc retzized for menitoriag of soil vepour
levalc, paysical classification 2and moisture content cet inagtic.
srvztigrachic logs ©f the Loreholss are Dresectec iz Appeadix A.
Moaivoring Dieccmeters were instaliled in each of the borsasheoles to
fgsilivats gropodmater wmonitsrine and  sampling,. Protective metal
cesiiss withr Licking caps waeTre installed over gacn of the plazometers.

(M.).C'2OGACR & ATTOCIATES ITD. Gbucs
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U RESULTS 0OF THE INVESTIGATION N

4.1  Zrrauicraghis Consitions
The soil profile under the Zranden reifinery site generally consists of
s

Zgnd and/or silt overlying clay will. Topsoil thicknesses ranging from
@ i e e e 1 e e e L

grout 500 mm fo T80 m were encountered in nost of the berzholes on

prawing No. 4.1 s2nows cthe plan location of cxoss section A-R through

& il~—BE1 To BE7, inclusive. Variztion of the soil profile =zcross the site
is zllustrzted in the stratigrahic cross section presented in Drawing
Ho. 22. Significapt undulation of the twill surface is 2apparent in
this drawrse, The sand stratum overliving the clay till surface was

found tz nD2ve been replaced by silt at two locations (see logs of BZs

¢ ne zlezometric surfacs elsvations measured on E5/0¢/20 and

ConovTs S

EZ/10,°82 &re shown oz Drawings No. 4.3 apd 4.4, raspestivelv. Tha
prinsgisz: direpviosns of grovsdwetayr £lov ﬁa icated orn the drawings vary
Zrem souTnsast To sast, however flow divections and gradients may vary

dependine on local runcff conditions and infiltration of
2 the vicinizy @f the refinery site. The petenrizl for
Te ograzion of subgurizes contaminanrs is largely conzrollsd by

of groumdwazar flow. GCroundwater flow rates

iy

zetion ani it
wnrough bz sand stratun are expected to be signifizantly greazter than

A e

rates thicugh the siay will. Estimated groundwater Zlow velocizies

—

torough the sand stratum rapge Irom approximarely C.1 to 2.0 m/2, basad

' A Yo = Ly r By = g & ]
on the meEsured plezometric gradierts and egtimazed so0il perme=hiiiry,
Brgher velocliiss Tay coour &t gertain times of tne Vesr if steeper

M. O'COANCR & RSSCCIATR! ¢
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Page 15

meazgured in sS0ll samples obtéined

zre pregented on %he logs in  Appendix A,

fzom TR Dborepnclias ax
Signiflsant Tapour concentrations were detected In some of the soil

1z were detect=d both in the szpd stratum

porm AL Tnis indicates tkat some

Sonunamipant nNas prebadly Licwed through these stratz in the pasc. The

nighest wvapour levels were Jenactad in samples from BHI, located on
— S i s

The vepour concenirations wmeadstred in the plezomsters on 85/08/20 and
85/14/02 &ars presepnted on Drawings No. 4.5 aré 4.6, resvectively.
¢ wvapour levsls were dete=ted in ER1 (on Parcel A) but were
g i gl s, <o M il e BB i S

i lowver ip bhoreboles located to the sousk and east on

sebszanvizliv

f the vapcour plime cannot be delineatred

3 Y = Tt = R et -
Dareai B, The =DESilyte exTsrt ©
e — et =

acsurately with the present informaltion.
e A e ee—— o A= P it

s Gy

S.4 Separzoise BvIrocaroons

* ———" —— =y e, T = ' A o B - -t .= - - . - - T

&LTACUEn visille oydoooerbon 5Tiining was observed in sooe of the seil
- - - -y, e [ T P e p— B R T gy 5

sampies ITow RBRT 2ng DED, zZ2nharzrnle nydrocartbhons were not detested at

e wWaTar TIDLg L

& G L v * 3 g p, EEe S,
- B - s L T O
a = - - ! : =1 =

e et oerem § o o - an -
r = 4 ‘"‘_--L.'-':"’ A alalll
SRl g g - e e — —

UBnaigzorbed sool zaoples Iyos the o2z
i LAranelsie Liszted ro TEDie Re7. cousantraoions ©Of a fanas of

for each of the seoil samples by

spectrosccpy [ ICP). The

conpenimravions ol Selecued Derzls jncliuding cadmiom, lez2d, mercury ard

M. Q’CONNOR & RISOCIARTES iTD.
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TEOILE 4.9

ANALYPICRL, PROTOCOL SOR SOILS
raramszter Units Analytical Method
phE pE unics PE meter
Elestrisal Conductance mS/cm Conductivity Meter |
i as/s/a ICP™
Hg/g ce
Mg »s/g ICr
4 ua/g Ice
sunm
T % Auromated Phenate Mechod
Petroleun Hydrocarbong % soxhlet Extraction
(Dil & Gxeassa)
&L usss ice
b3 bs/s Icep
Ze i pe/g e
Be ua/q Ice
i us/g FYAES
s HS/'S il
0 ug/g e
ez ! a/c ICPp
Te { re/g IcP
2L “s/g b1
i BSS g Icr
' P f1i= =g Ice
Li33 [ sy Ice
i 53 us/c Ice
? sx K95 IcP
v pe/g T
A HI/ G 21
L H3/g Icp
fg BS/C A (HO¥DR)¥e=
as ug/g LA (EXDRp)=xx>

- o ma e - ——
- Lelnobes InCcUuonIv

- - g ———
EDACIIOSToTY -

= S o
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ere determisngd indspendently Dy atsulc absorprion spectiroscopy

(22) . The pertrolenm hydrocarbon .contents of the soill samples were
dezermined by sclvent extractisn. The =odinm adsorprion ratic {SaR).,

tatal Kjeldah! nltrogen (TN} concentration, slectsical condectance and

nH were aiso datarmined Ior sach of the soil szamples. Chemical

analyses of the ziils were perzormhed by Chemex lebs Lid.

which heve recently b2en usea fer the clean-up of contaminased
vriicial soils zt several Canadlar refiperies are summarized in Table
Theses oriteria are presented oz cemparison with the apalveical

resuitss for soils frop che Brandon site.

The raagées ©f meagured concgnIrations in the sail samples  are

sunmarirzed in Takls 4.3. Apalynical qzta for aill soil samples are
irsigded in Appendir B. Tue measuvred concanltrations of coil aad gresse,

*race me=zls ard other inorganic constituests ceneraily did aot exceed

the oSomparskble gcleom-—-up SIlteriz, DAt Ciie measured values o0I SaR,
siestsicsl condustance 2nf DE dil exceeq typical clsan-up criteria at

some Locationz iadicatirng that tihisse soils may be unsuitable for some

asricoiTeral sreps.

1. S8k vziuag exgesding tThe sclsan-up criterion were oeasured in
- R 2. _w__ﬁﬂf__mLM

samples Irom 3EY, BEI, BUS &z

from BH1, BE2,
—_—

mS/cm criterion.

A STCRNAOE & RISOCIABTES (TD. &
ws
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Daramet ez CLEAN-UP CRITERIA

rrdust=ial Land-itse | Residential Land-Use

-t € =c B & to B

felsd
CopdRstanss 2 mS/cm 2 nS/cm
. - = 4
Sodinr AdsorpTion R2TLC 15 15
Totzal Risldan® Xitrogen 0.6 0.6%

Toral Cadmicm 8 ug/g 4 pg/g
Tozal Chromivm 1006 pa/g 500 pg/g
: 300 pg/g 300 pe/g
Torzl Lead ; 1000 pg/g 500 pg/g

]
(4]
']
fuf
*-
’ 3]
]
18]
3
{
Iy

Total Mersury 2 wg/s 1 Rg/g
mosnal Molvhdsnum E 40 pg/g 40 pg/g*
Towzl Wickel i 200 pg/y 200 pg/g

Toral Zing % 800 pg/e 800 pg/g
50 pg/g 25 pg/g

- T —

el e g 2% 2%

Reduce sriterion To 5 pg/g if 1and to be uwsed for grazing or
growing of ferage for comnsumption by uminants.



SUMMARY OF SOTL CHEM

=L
= S S

DETA

-

Constitnent

range of Mezasured
copcentrations { ug/g)

Soil Clsan-up Criteria
£or Residential Land Use
{ ps/z

Co
e
My
k'
. and Grease
! N

I SAR

—at

Ccaductance

3 r‘, e
@ om

1z
0

0-200
16.3
=
/

=
-

1.14 = €.560 mE/fc2
Tel = B4 i/’
14 500. - 328 500.
115. = 7o0.
7500. = < 250

25
4
300




=563
3, "he measursd o values of soils from/B Eﬂ and BY8 were 9.2 and
.ol a -"“"‘-..._.‘-":-—-—-'—-—-—-"'"_"‘F e i WWW
&.(, respectively, while pE values for samples frem BHI, BESL,
iy ighnly +er than clsan=-up cricexion

nuS and BHS were only slightly greaterl

——— e 2 —
——r = "

S — = ——

che surficiszl soils at several locations

zdscrbed sodium. This condition may

—— =

canrzin elevared Songentrations O

:ilage of caustic sodz reported by Iommer
rofinery parsonnel. The measured Joncentratl tion of
exceedzd the clearp-up criteria, however, the

ssible source of this arseaic contapmination is prasently unknown .

Groundweter sampling was carriea out i accoriance with methods
reccamenéed Dy Invironment CJapada. Srcundwater was purged from che
szom=tazs pricr to collectming samplas To ensure zhe incress of fresh
aTOCNIWATET . pedicated sampling eguipment woich had been

wrp—crarili-ad was used Tor obhtz2isipg wWatar saoplies ::cm eazh of the

determine concentrations of szlected arganic and inorganis
conchiiments. analveiczl methodz used o dstermine cozcentrations of
rne Yaivipus constitpencs are summarized in Teble 4.4. Concentranions

ef 20 inorganic constituents were determined for each sazmple In a

sziez zs22n bv inductively coupled argon plasma spedirossony (Ic®).




TRBLE 4.4

INRLYT METHODS FOR GROUNDWATER CEHEMISTRY

L3
b
¥

Tpnorcanis Constibtnents rralvtical Method
A5 AR
B Icp
Be e
£ ah
el Ice

cr Ice
Cu ICp
Eg AR

ice

Mo

i Ice
bh AR
Sa AR
v Ice
Zn IC?

Al ICP
Bz Ice
ce ic

ICP

Fe

X e

i Ice

Fig Ice

Mn Icep

ha e

i ) Ice

&r Ice
Chieoride Colourimetry (Thiocyanate)
Suinmhzte Colouvrimetry [Methylthymol Biue}
Tacal Mizrogsn (TR AntomaTed Phenate Method

Organic Congsituesk

Colouripetyy (4—2minozntipyvrire)

Pnenol
Petroleum Bydrocarbons Infra Red Bbsorpt.on
Benzene-Taluene-Xvlene {BTX) Gas Chromatography




£

b

Concentrations oI arsenig, Solenionm,

Page 24

cadmrum, lead and merscry wers

determined by ztomic absorptiion spectroscomy LAk). Chemical anzlysss

of the groundwater samples were pariormed hy Chemex Labs Lid.

-

Anzlytical results or the groundwater samples ars Iancluded

rppepdix C. The ranges of the measured concencrations

in

in

the

groundwater zre sumoarized in Table 4.5 aloag with the c¢saparative

Canadian Dripking Weter

1879) . Background ‘concentrations im the shallow aguifer were no:./,

Gridelinag (Ministry of Healtkh and Welfare,

7]

i

determined during the present studyv.

—

e —
e e e e e

The arsal distributions of scme of the hydrocnemiczl conrstituents arse

presented in Appendix D. Significent findings of the amalytical study

are summarized helow:

i-

2.

The concentrations of the pydrochemiczl coponstitments are

-y —
generalls highest inm BE! and Siminish toward the ssutheast, as
P i -

£
tr

;

illvstrated .in Appendix D. It should be acted thart BE1 ic not
lozated on Parcel 3, ths area presently being considered for

-

possitle developmanc. Va

Mtrough dissolved jetraleum hydrocarbons were identified in
croundwater samples £rom 3 locations: BE1, BE2 and B33,

thase grouncwater sampias @id 2ot centeain detsctanle

M e

concentrations ©f Denzeae, tolusne or xylece. The gas
chromaTograsiy resules indicate that the dizssolved

hydirocarbons are gomprised mainly of constituents  with

molacuelar weights c¢rsater Thaan Teat of C4g Oydrecardons.

vy oa P 3 - - =R AT bt i T A oy oy a A - -
Shamhnics bt LI e [P~} LPSRARLE alle SG84-8 e -—-nk._--'ﬂ Wo==dL Llgelas oI




Constiguent

ri

Pheool
bapzens

Toluene

¥

STTOo Lenm E}‘C:C‘ca:ﬂoas

1R CT)

LT I h o ke . -7 v
SOMMARY OF HYDROCHEMICRL DRIA

Range of Measured

Concenzrazions {(mg/L]

a = -
1.0 = 224
s - - -
S22, = T2V -

-~ ool
N0 - -00..'
b B S B
e -
to i = D FE.

Canadian Drinking
wWater Guideline (mg/L)

500.

200.
150.
300.

0.0500
0.010
0.0050
0.850
0.001
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ut +his guideline is basea oOn aesthetlc criteria,

e -
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i.e. taste and odour. only the phenol concectrazlion

exceeded the EPAY health criterion of 3.5 mg/Le.

e e

Concentrations of the inorganic cosstituents barium, chrominm,
panganese and iron exceeded the Canadian Drainking Water
Guidelines in all of the groundwater samples. The sbdurces of
these constituents were not identified duxring The present
study. Slevated concentrations of otier TTacé metals wers
only detected at 4 locations: BE1 (arsenic), BRI (copper and

B
selenium), BEHS (copper) and 338 (copper).

Measured chloride concentrations in BEY, BE2, BE3, BH4, BES

P

ani BHE were found to be significancly c¢reazer than the
e T Dl e
comparatle Cazaadien Drinking Water Gnideline of 250 mg/L.
—— I i

Sodium adsorption ratios determined for groundwater samples
fw=s= BE1, BE3, EHS =and BHS indicate that the groundwater at
thase locations mav be unsuitable for irrigalion purposes.

ions in g¢roundwatar samples Ivom EBEHZ, BES,

1T

Splohzroe Cconc=niri

524, BDES, 827 andéd BES exceeded the Canadian Driniang Water

1. EPE denotes «he U.S. Enviroomsntal Protvec

[l
L
4]
3
to
fin
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5
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'
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Th sl

winag the above dats that the Canadian
for izon, manganese, copper, chiorige, phenco

gzloium, magmesiunz ané sodium zre based on aesthetic criteria such as

taste, cclour or hardness; rather  than Toxicity o©or  health

corsideracicns. EHeistead! reporzed that hard groundwater containing
iron and sulphate is common in the shallow overpurden acuifers of

southern Mznisoba. Trivalent chromium, thie mOsST cc::unouly occurring
21leh

state of chromium, is pot coasidered to De toxiec, although it mav be
xidized during chlorinaticn <o hexzmvalsnt chromivm, a mere %oxic

‘form.

&.7 Weter wWell Survev

A *“otal sf 22 presentlv active water wells were ijdentif:ied in the

vicinity of the Ioruer refinesy szte. The loczticns of these water
wells are shown oo Drawing He. £.7. Relevant detzils about the well
instaliavions acd groundwater uszge were solicitad Zrom the pressnt

well users. Resulzs cf the well survey are outlined in Appendix E.

de

Well locatien numzers n Appendix E corresoond with the losztion

numbers shown on 2rawing No. «.7. applementary water well regorés ——
avallable £from +the Mazitobz Department -of Nactra! Resources are
presented in Appendix F. be water well survey was deemed necasSsasy

because +the Provizsiel Government recoris do not ¢ontain  currant

2oign S grounéwaler use and well ownership.

infor
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Groundwater use at each of the well locations 1is indicated by tne

sympbols eon Drawing No. 4.7. RS shown on the drawing, 11 of che 22

wells are used directly as drinking water sourses. These wells (Wells

No. 9, i1, 12, 14, 15, 16, 17, 18, 20, 21 and 22) are al! iocazed as

distances greater than 500 = from the piantsite. The wells which are

located closer to the plantsite are primerily uwsed for irrigetion of

lawns and gardens.

- ——— ——

Based on the results of this study we conclude that contaminants irn the
groundwater under the plantsite are not likely to adversely affect the
quality c£ the nearby drinking water wells im the immediate future,

however, we consider long-term offsite migration of the Conta%n;a_g&i *o

WM — T
be pesgsible if meastres are not implemented to rekabilitate the
acuifer.
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CORCLUELIUNS A
“he besis of the foregoing study at the Brandon refimery site, we
i P o

Siguificant ievels of g¢roundwater contamination were only
Sdenrifisa in the <test noles located on Parcel A (3E1) and the
rorthwest porcion of Parcel B. The highsst coatazinan: leve-.".s a2re
cenerzlly present in 2EI and diminish with distance toward the
southeast

Measured values of the sodivm adsorption ratio (SAR), pE and
electsical condestivity of soil samples from several of che
borsholes exceeded typical soil clean-up criteri2 ussd at othe
Canadian refimery sites indicating that the solls may oot Dbe
atii=zhie for some agriculiural erops, buc the soils apparentiy do
nat comrzin nigh ceoncentrztions of trace metals or the other
srgenic and inorgenic constituents analyzed during tois studv.

Sapzrabie bydrocarbons were not detected 1m aay of the monitoring
wells, zithough dissclved petzclemm Ioysrocaxions and nyarocaroon
Tipocrs wers decected in samples fZrom 381, SEZ and BEI.  Benzene,
tolusne and xvisne were noT, hewever, detected 1n Ihe gUouncwater
sapyles tfrom =hese same piezOomeTtexs.

Eyérochemiczl coastittents which ase presezt at some of the
sempiing locations in concentrations which exzeed the Carpadian
Drinking Waker Guidelires Include: (f;hé;;z__{' chlorife, sulighate,
scditm, calcipm, Dacnesium, Dbarium, a_*:s&..ﬂ?:-su- wiom, chl'azim;'
sopper, Lron and manganase. ig previousivy noted, the drinkiag
wete= cuidelines Ser some of these constituents are based on

shan =owicity forngiderationsz.

43

STLONGOR L RISOCIRTES ITD. &g
s




-

lhs]
P
3
i
)
-

Tu-od2 ’ ( {

m

»

P e A ——

e
e R T

T —

S,
st

Hessured sciivm adsorpticn ratios :indicate that the groundwater

Grdar seme areas of the site is unsuitable for irrigacion

DUTLOS0S .
The principal directicns cf groundwater Ilow under the sits at the
cime of monitoring were souchesast aad east. Depending on seasonal
veriations in the groundwater flow directions and piezometric
2¢isnts, there mav be petential for offsite migration of the
coutzmizanzs in the groundwater. Estimated groundwater flow rates
through the sand stratum at the site range frem aboue 0.1 ©o
2.0 m/a, however higher velocities may occur if steeper piezcometric

gradieats develop.

Tt ig aevident thae:s s0il and groundwater coastituents are present at

- -

the site at conecentrztions whaich exceed accepred soil clean-up
=3 Caznadian Dzinking Water Guideljines.
nforrunztely, thiz prelimipary study does not provide sufficient
information to mep the probable distributien of these contaminants

adiacent cemestary and the abandcned zrefinery site

22 varter welis near ‘the site are presently used

weter sources, zhere appears to be very little risk

thas these wells will be 2affected in +the mnear future by

the refinery site. Offsite migration
o

of +“he conraminated groundwater may possibly occur over the

-
P

asamaminants originating ab

—— .
- ———

iong-tem unless grouhswaTer rehabilitation measures are
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ceport has been prepared in accordznce Witk generzlly accepted

This =ec
nydrogeciogical and environmental engineering practices for the
exclusive use of Petro-Cacada Products Inc. Information presented

herein was obtained while conducting awthorized investigations at the

former Gulf Canada Refinery site in Zrandon, Manitoba. Although the

 data were collected only &t site-specific locatiouns, the infcrmation
Y

reported is believed to provide a reasomable represerzation of the

generzl envivonmental conditions at the site. Shounld any cuesTicns

s regarding the information presented herein, please CIRLacT the

=

ol ’Isi::‘ne&.

Respeczfuily submitted,

M.J. Q'CONMOR & LSSOCIATES LID.
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