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Executive Summary

Polycyclic aromatic hydrocarbon (PAH) contamination was discovered in sediments of the
Red River in the vicinity of the Disraeli Bridge in March, 1994. The contamination was
linked to PAH contamination in soils and groundwater on the adjacent site of a former
manufactured gas plant which is now owned by Centra Gas Manitoba Inc. This report
presents the results of a study conducted in September-October 1997 to monitor the change
in areal extent of the contaminated sediments over time. The base situation, against which
the 1997 survey results are compared, is the extent of contamination documented in
September-October 1995. The contamination assessment utilized the visual/olfactory
NC/TC/VC protocol used in the preceding studies.

The 1997 survey results indicate the area of PAH contaminated surficial sediments has
increased by about a factor of 2.2 since 1995, from 3,800 m” to 8,400 m’, primarily due to an
approximately 300 m extension in the downstream margin of the plume. The increase in size
of the surficial sediment PAH contamination zone has several possible causes. PAH loading
to the river via groundwater seepage may have increased, due to higher PAH concentrations
in the groundwater or higher groundwater seepage rates. The flood flows in spring 1997 may
also have increased river bed scour, thereby distributing previously contaminated sediments
farther downstream. These factors may be operating individually or in some combination. A
continuation of the monitoring program to 1998 is recommended to assess the persistence of
this recent increase in plume area.
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1.0 Introduction

Polycyclic aromatic hydrocarbon (PAH) contamination was discovered in sediments of the
Red River in the vicinity of the Disraeli Bridge in March, 1994 (CH2M Hill 1995). The
contamination was linked to PAH contamination in soils and groundwater on the adjacent
site of a former manufactured gas plant which is now owned by Centra Gas Manitoba Inc.
Subsequent studies were undertaken in 1994, 1995, and 1996 to examine the extent of the
PAH plume in the river and to determine the effects of the contamination on aquatic biota. In
1995, the plume of visible contamination in surficial river sediments was found to begin
approximately 22 m upstream of the bridge, extending approximately 135 m downstream,
and from 30 to 50 m into the river channel from the winter waterline on the south side of the
river (Figure 1). The contamination has had a measurable, but minor, impact on zoobenthos
abundance and there is no indication of any adverse effects on fish or fish habitat (Agassiz
North 1996).

The only major uncertainty related to the contaminated sediments is the stability of the zone
of contamination. Studies to date indicate the plume is not expanding in size, and may be
decreasing (Agassiz North 1996 and 1997). This report presents the results of a study
conducted in September and October 1997 to monitor the change in areal extent of the
contaminated sediments over time. The base situation, against which the 1997 survey results
are compared, is the extent of contamination documented in September-October 1995
(Agassiz North 1996).

2.0 Methods

The sediment contamination survey involved the collection of sediment samples along a
series of transects located within and adjacent to the known area of contamination. The
shoreline was staked at 25 m intervals, beginning at the 25 m marker used in the 1995 survey
and continuing 625 m downstream to the 650 m marker. Sediment samples were taken at
about 10 m intervals along each transect, beginning about 10 m offshore. Transect locations
and sampling points are shown on Figure 2. Sampling was carried out between 9 September
1997 and 21 October 1997.

A stainless steel Wildco Ekman dredge (0.023 m® sampling area) was used to collect the
sediment samples. A visual/tactile substrate assessment was conducted on each sample while
in the dredge. The contents of each dredge sample were then transferred to a plastic pan for a
visual/olfactory evaluation of contamination. The substrate assessment involved
classification of the surface and sub-surface sediment as clay, silt, sand, or gravel, along with
notation of sediment colour. The contamination assessment followed the NC/TC/VC
protocol used in the previous studies (CH2M Hill 1995, Agassiz North 1996 and 1997).

Water depth was measured at each sample location using an Eagle Model 7200 depth
sounder. Distance off shore was determined using either a Ranging model TLR75
coincidence range-finder, or a Bushnell Yardage Pro 400 laser range-finder.
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3.0 Results

The near-surface river sediments consisted primarily (i.e., at 157 of the 187 stations at which
sampling was attempted) of layered sediments. At these locations, the uppermost layer
consisted of brown silty-clay ranging from 1cm to more than 11 cm in thickness (Table 1).
The silty-clay was typically underlain by a grey to grey-black clay layer ranging from 1 cm
to 15 cm in thickness. Granular materials (sand and gravel) generally occurred beneath this
clay layer, although the sampling depth did not include this granular layer in all cases.

Hard bottom materials, either granular or hardpan, replaced these layered sediments within
10 m of shore on the 75, 100, and 125 m transects, 18 to 37 m offshore on the 200 m
transect, at 46 m on the 230 m transect, at 56 m on the 250 m transect, 18 to 27 m offshore
on the 275 m transect, 27 to 46 m offshore on the 300 m transect, at 27 m on the 325 m
transect, and at 55 m on the 450 m transect. No samples could be collected from the sites
where hard bottom materials occurred (Table 1).

The primary zone of visually detectable PAH contamination (i.e., tarry material) originated
at the 200 m transect, where the tars were evident from 9 to 37 m offshore, and extended 400
m downstream, covering an area of approximately 8,400 m®(Table 1, Figure 2). Between the
200 m and 475 m markers, the plume varied between 10m and 40 m in width. Plume width
was a consistent 10 m between the 475 m and 600 m markers.

The tarry materials in the contaminated zone typically occurred in the clay or granular layers
beneath the surface layer of silty-clay. Visual evidence of contamination was seldom found
in the surface layer of the sediments (Table 1).

Trace evidence of PAH contamination (i.e., an odour of "mothballs" but no visual evidence
of tars) was found adjacent to the primary zone of visual PAH contamination at the 27 m
station on the 175 m transect, at the 9 m station on the 230 m transect, and at the 55 m and
67 m stations on the 325 m transect (Table 1, Figure 2). Although trace contamination also
was recorded at the 46 m stations on both the 275 m and 425 m transects (Table 1), these
locations were mapped as visually contaminated on Figure 2, which was more consistent
with the prevalence of tars in these areas.

Isolated pockets of visual contamination also were found upstream of the primary zone, on
the 75 m, 100 m, 125 m, and 150 m transects (Table 1, Figure 2). The contamination at these
locations differed from that in the primary zone in that it occurred in the form of one to
several small droplets in each sample and none had a distinct PAH odour.




[[ouwis

DA 1[s21] ‘sO1]s [10 YuM sjods Ie) [[ews pues 1040 Ae[o A)jis pazIpixo umolq ‘9jdwes [[ews c op
ON [1ows ysaiy ‘eaeiS 1940 (daop wo g moqe) Ae[d KIS PIZIPIXO UMOIg G'S LE
ON [1ouIs ysaiy ‘ejo 913 Jo wio ¢ 10a0 (doap wd ¢ noqe) Aepo Aijis pzIpIxo umorg GG LZ
[jows
ON ysaxj ‘aeId pue Aepo £218 Jo wo ¢ 1940 (deap wo ¢ 1noqe) K. KIS PIZIPIXO UMOIE Ve 81
o[dureg oN wonoq A1o0y 12 G WG/
[[ows ysa1j ‘ooejInsqns Ialjewl
ON o1eg1o paonpal yoelq owos ‘pues 1940 (doop wo [T moqe) Aepo K)[Is pIZIpIXo umolg [ o op
[[ouWs 1[sa1j ‘Iepew oluedio
ON paonpal Jor[q owos ‘pues pue [a4e1d 1040 (doop wd  1noqe) Aefo A)[Is PIZIPIXO UMOIE S
ON T1ows ysaij ‘[oAri3 1940 Kepo £218 Aipis pazipixo umolq Jo Jakef ulyg, GG LE
ON [[ows ysa1j {[oaeIS pue pues 1940 (doop wo ¢ ;noqe) Ae[o AJ[is paZIPIX0 umolg S'S LT
[[owWs ysa1] ‘ooeinsqus Jopeuwl oiegio paonpal joe[q 2wWos
ON ‘(oae1g pue pues Aeo £213 jo wid ¢ 1040 (doop wd § Moqe) Ae[d K)[Is PIZIPIXO UMOIY y'E g1
[[owIs
ON ysa1j ‘[eaeIS 1940 A1in[s £e[0 Jo wo ¢ 1940 (doop wo ¢ Inoqe) Aejo KIS PIZIPIXO uMOIg g1 6 QS
ON [19Ws ysa1y yjoor af1e[ auo pue pues 1940 (doop wd g oqe) Ae[o A)[is POZIPIXO UMOIE ]G
[[oWs Ysa1] ‘ooeJInsqns
ON 1anew ouedio paonpal yoelq swos ‘(deap wo g moqe) Ae[d K)[IS PIZIPIXO Umolg v'9 9P
[[9wWs ysa1j {9oryInsgns Iajjeu oiuesio
ON paonpal yor|q owos ‘aeId pue pues 1940 (doap wo § noqe) Aepd KIS pazZIpIXo umolg 19 LE
_ [[ows ysaij
ON ‘|9ARIS pue pues 19A0 B[O JO W 1940 (dosp wo ¢ noqe) L. KIS PIZIPIXO UMOLE C°C LT
[[ows ysa1j {[oAeid
ON pue pues 1940 AR[0 }oB[q JO WO ¢ 1940 (doap wo { noqe) Ae[o AI[IS PIZIPIX0 umolg v ]I
[[9WS ysa1] ‘Iayjell o1uegio paonpal Yor[q JUWOS
ON ‘[PARIS 19A0 Aea £213 A)is Jo wd G 190 (doap wd ¢ noqe) Ae[o A)jIS PIZIPIXO UMOIY ST 6 wey
uoBuUIEIU0D) (w) pdag (w) aaoys
Jo 2uapIAY] uondriosa(] JuauIpag JIBAA WO 20UBiSi(]  JIISUBL],

‘(183 JO 9IUIPIAI [ENSIA OU JNY INOPO [[VJ JO UOIDAIP Aq Pajedlpul ‘uopeuIniejuod 3de.03) ), pue {(anopo [fvd jo pus 1sj jo aouasaad
a3 Aq pajedIpul ‘UOHBUIWIEIUOD [BNSIA) DA f(UOIIBUINEIU0D OU) DN SE PAULIP .18 SIPOI UONBUIWIEIUOD JO DUIPIAT “LG66T 194010 1T pue Jaquiaydeg
6 U3aM12q pajduIes 910M SJOISURL], *ITPLIg [[PRISI(] AU} A8aU JIATY Py Y} UI UOTJRUIUIEIN0D J[VJ JO 9IUIPIAD puE sjuauiipas jo uondiiosa( ‘1 Aqel,




ON [[2UIS YS21] O]qIeil JO GRS ‘[9ARIS pue pues 1040 AB[0 A)[IS POZIPIXO UMOIq JO 19Ke[ Uil ], 9P LZ
INOpo YSalj ‘aorjInsgns Jajew
ON o1uedio paonpai yoe[q ouwios ‘[eaeid 1040 (doap wo ¢ noqe) Aeo Kjis pazZIpIXo usmolig V'€ 81
ojdureg oN wonoq pieH ol 6 wGzy
[[ows ysoij ‘Iopew
ON aeg10 paonpal jou|q 2wos [eaeId 1040 (doop wd § 1noge) AB[o LIS PIZIPIX0 umolg S
ON pues pue SLqap Apoom ‘Sy00Yy S 6
[[ous ysalj ‘swieo [reurddur] ¢ ‘0orjinsqns Ae[o joejq pue I9jew ouedio
ON paonpal yoejq awos ‘pues 1940 (deap wo 4 moqe) Ao Ajis Apues pazIpIXo umolg ¢ 78
[[ouIs ou ‘SYOIIS [10 pUE €]
DA JOo sjods [e19A9s ‘pues Jo wo ¢ 1940 (deap wd ¢ noqe) Aepo Ajjis Kpues pazIpIxo umolig ¢S €L
[[ous Ysaij ‘pues jo
DN wo T 19A0 A0 Apues Jo wo G 10a0 (deap wo G moqe) Aejo L1jis Apues pozIpiXo umolg S 9
[[ous Ysa1y OIS [10
DA pue e} Jo 1ods 1 Syo01 o81e[ ouo ‘pues 1040 (doop wo ¢ moqe) Lepo A)jIs PAZIpIXo umolg o SS
[[oWs ysolj ‘ooejinsqns Jonew ouedio
ON poonpal }or[q Sulos ‘pues Jo wo ¢ 1940 (deap wd g noqe) Ao KIS pazZIpIXo umolg g 9p
[[ows ysa1j ‘wepo [reusadul} ‘oorjinsqns Ianewl
IN a1uegi0 paonpal yoe|q wos ‘qoaeid 1040 (doap wo ¢ 1noqe) Ae[o KIS PAZIPIXO UMOIE S LE
[1ous ysa1y ‘sjods Ie) ojdnnu ‘ooejInsgns 19jjeW JIUBSIO paonpal
DA jor[q oWoOos ‘pues 1940 A&JD Jo W ¢ 1940 (doap wo G noqe) Aejo Ajis pIZIPIXO UMOIg 9y LT
ON [[ows ysa1j ‘[9aeid 1040 B[ AI[IS PIZIPIXO UMOI] JO IoKe] Uiy [, 1€ 81
[[ouIs Ysa1] ‘s)o1[s 10 pue sjods 1) [jeuss {[oAel3 pue
DA Kepo Apues Jo wd ¢ 1940 [9ARIS Y paxiw (doop wo § noqe) Aefo A1jIs PIZIPIXO UmOoIg S'1
ON [Iows ysa1j {[oaeId 1040 Ko Liis pazipixo umoiq ‘(ojdwes [[ews) wonoq 4420y 1 6 u Qor
[[ouIs ySal] ‘aoejInsqns Ianeul oiedio
DN poaonpal Jor|[q SUIOS ‘pues Jo wo | 1940 (deap wo ] moqe) K. AJ[Is PIZIPIXO UMOIF 19 $9
[[OWS [soIj {Ioyjeu uo)
ON oef1o paonpas yoejq 2wos ‘wopoq Ayoo1 (doop wd ¢ noqe) Aejo AjIs pazIpIxo uMoIg 19 <G w g/
uoRUIIEBIUGD) (w) ypdagg (ur) aao0ysg
JO dUIPIAT] uondrisa( Jusuwipasy JIJEA WOJ DUEISI([  J0ISURL],
‘panunuo) ‘T 3lqeL




[[ows ysouj ‘(oaeid

ON 1M [[9YS WELD 2uo ‘pues Jo wo T 1040 (doop wo ¢ moge) Aed A1[IS PIZIPIX0 UMOIG e oF
ojdwes oN ordwes ou ‘ouyj sed sassor) i = LE
oL Inopo Hv d ey {paeid/pues 1040 (doap wro ¢ moqe) Ae[o A1jIS pazIpIxo umolg L€ LZ
ON [oARIZ pue pues ‘STim[, LT
ON [1ous 1sa1j ‘joaeid 100 (doop wd ¢ 1noqe) Ae[o A1]IS PIZIPIXO UMOIg 0¢c g
[[ows yso1y ‘1opew ouedio
ON Pa2npaI Jor|q SWOS ‘pues pue [9aeIF 1040 A A)[IS POZIPIX0O UMOIq JO I9Ae] Uy, e 6 WG/
[[PWS [sa1] {poejInsqns el
ON oeg1o paonpai yoelq ‘Ae[o Jo wo g 1940 (doop wd g ;noqe) Ae[o LIS PIZIPIXO UMOIE il
ON T[aurs 1fsaxj ‘pues 1940 (doop wod ¢ moqe) Aefo AjIs pazipixo umolg ¢ 9
[[ows
ON sa1] ‘1onew o[uedIo paonpal yoe[q awos ‘(deap wo ¢ moge) Ae[o A1jIS POZIPIX0O UMOIg GG LE
Inopo HVyd 1uiej ‘eoueisqns [2AeIF 161 J0 9091d ‘SIS [10 [[EWS ‘90rJInsgns japeul
DA owedio peonpal yoe|q owos ‘[aaeld 1940 (doop wo ¢ noqe) Aeo A1fIs PIZIPIX0 UMOIg 9y i
ON [1ows ysa1j ‘[earid pue pues 1040 (doap wa | 1n0qe) AR[d LI[IS PIZIPIXO UMOIE] 50, 81
ON [[ows ysa1j {oaead 1940 (doop wo g moqe) Ae[o L1[Is pazZIpIXo umorg 1 6 w (g1
[[owWs Ysa1] ‘oorjinsqns Iapew ouedio
ON paonpal Jor|q QWOS ‘pues Jo W | 1940 (doop wo ¢ Moqe) Ae[o A1[IS POZIPIXO UMOIg o $9
[[ows ysa1j {sTim) (i ‘ooejinsqus 1onew oiuedio
ON poonpai yoejq ‘pues jo Iake[ uny) 1940 (deap wo g jnoqge) Lep KIs pazipixo umolg YA
[[ows ysaij {20BJINSqQns 1o)jewl
ON O1uegI10 paonpal jor[q 2wos ‘[PaeId 1040 (doop wo ¢ moqe) Kepo AifIs pazIpIxo umorg TG 4
Inopo ysalj ‘sjuduipas ur ey Jo sjods jjewrs 7 ‘ooejmsqns Ia)eur ouedio
DA paonpai yoe|q duios ‘Ae[d 4218 1040 (doop o § noqe) Ae[o A1jIS PIZIPIX0 UMOIE i
INOpo Ysa1] ‘oorJINSqns 19N
ON o1teF10 paonpal }oe[q owos ‘pues 1040 (doop wo § moqe) Ae[o )i PaZIPIXO UMOIE] AL 9
[[oWS ysaI] ‘Jopjew oD
ON o1uESI0 paonpal }or[q Awos ‘[aarIS 1940 (doap wId § moqe) Ae[o KIS PIZIPIXO UMOIG S'G LE w ezl
uolBUIMIBIUOD) (w) ypdaq (w) aao0yg
Jo 3ouapiagg uondiaasa(] Judmpas JIBAL W) dueIsi([  joasuBd],
‘panunuoe)) ‘1 9lge],




[oaeIg ut

DA INopo HVJ ‘[9AeI3 uo Ie) 1jos {[oaeid 1940 (doop wo ¢ noqe) Ae[o A)jis pozIpIXO uMoIg € LZ
Inopo Hvd
DA ey ‘eaeid uo 1e) owos quasald 1e) 1Jos ([9ARIS 1040 AB[O AJIS POZIPIXO UMOIQ UIY], 0€
DA IN0PO HVJ Pue OIS [10 ‘Aejo ur juapiad 1) 9jdwes jewg 0'€ 8T
[[ows ysoI]
ON ‘Auaags Aepo Jo wo ¢ 190 Jonew juepd pue (doap wo ¢ moqe) Aejo A[Is pIZIPIXO UMOIg 81 G w (ST
ON [[PWS Ysa1j ‘pues Jo wo ¢ 1040 (doap wo g moqe) Aejo AJfIs pIazZIPIXo uMolg e GG
DN syooi [e1aa9s dn payord oFpolp ‘wonoq piey TS 9F
mopo Hvd ‘1e1
DA 1J0s Jo saoaid f[ews ‘sTim) pue [aaeif 1940 (doop wo ¢ noqe) Aepo Kifis pazipixo umolg 6'¥ ¢
ON [ous sa1j ‘[oarid/pues 1040 (doap wo ¢ moqe) Aeja Lijis pazZIpIxo umolg o 7 LT
ON [1ouus ysa1] ‘pues pue [9aeIS J1oa0 (doop wo ¢ moqe) Lefo £213 piey ov 81
Inopo
oL HVd wiej ‘Aepo jo 1ohe] uny ‘[oaeid 1040 (doap wo g 1noqe) Aepo Ajis pazipixo umolg 1 6 W Q€g
Inopo ou j201
ON af1e[ 2uo ‘Aepo Kijis £218 Jo wo ¢ 1940 (doop wo £, noqe) Aefo A[IS PazZIPIXo umolg TS 5
[[PUIS [S21] 1SN SWOS 1M 90BJINSqNS
ON Ia)ew ouedio paonpal yorlq owos ‘(doap wo g noqe) Le[o A1[Is PpAZIPIX0O UMOIE 9 op
Aepo ur yuosard
A Ie] {In0po Hv 4 ‘Aefo 4213 Jo wo ¢ 1040 (deap wo ¢ noge) Aejo A)[Is pazIpIxo umolg TS LE
DA 1e) Apues pug olim ool papnjour ojduwes ‘{wonoq piep GV LE
OA Inopo Hvd ‘[oaei3 pue I1e) Apues 1040 (doap wo ¢ noqe) Ae[o A1[Is PpZIPIXO UMOIY 6 LT
odweg oN £yoor £104 fwronoq preH L'E
oidweg oN Axo01 A10A fwrONOq pIeH ov g1
DA Inopo Hvd ‘181 Apues jo junyo 9Fie| pue [oAei3 poulejuod ojdwes {wonoq piey 81 6 w 0T
[[ows yso1j ‘sweo [ieuroguij 7 glilv]
IN snjd syo01 pue wepo of1e] ‘pues/syoor 1940 (doop wo T noqe) Aejo KIS pIzZIPIXO UMOIg S'S wgLl
uonBUIBIu0)) (w) pdagg (w) axoyg
JO 2ouapIAT] uondisa( Juowpag REST:FYN wieay dueIsyy  JoIsULL],
‘panupuo) ‘I 2lqeL




ojdweg oN wonoq pleH 9 LE
ON ¥oo1q Japuro & dn payoid ‘wonoq piey (1874 €
ojdweg oN wonoq piey LZ LT
ON JUDUIDD U PISEIUI [IBU B PUE [[IYS WE[D ‘S}001 punoj ‘uronoq piey o€ LZ
IN s[oArIg ‘wonoq pieH V€ LT
ON ‘[Iows ysaiq ‘[oaeid 1940 (doop wd g7 1noqe) Aed A1fiS pazIPIX0 UMOIg 1'E 81
[ows yso1j ‘ojdutes moydnony sgim
ON ‘[euLew oiedio paonpal Yorjq awos ‘(deop wo o moge) Kego LIS pazIpIXo umorg 90 6 w Og
ON [1ows ysa1j ‘Aejo £213 Jo wd g 1940 (doop wo g noqe) Aejo K1jIs POZIPIXO UMOIE $'9 €L
[[ows
ON ysa1] ‘sweo jreusadul) ‘pues wo ¢ 19A0 (doop wo g moge) Ae[o KIS paZIpIXo umolg oL $9
Inopo v Suons ‘uiseq
DA U1 Yo1ys [10 “uasaid 1e) (Ae[o JO WD g 1940 (doap wd (] IN0QE) AB[D AJ[IS PIZIPIXO UMOIY ¥'9 SS
DL Iopo HY{ ‘pues Jo wo | 1240 (doap wo T 1noqe) Ae[o AJ[IS PaZIpIX0 umolg ¥9 ¥
Inopo Hvd
oL Fuons ‘[paeid pue Aeo yoerjq Jo wd 1 1940 (dosp wo 1 moqe) L8[ LI[IS PAZIPIXO UMOIY 9%
JA INOpo Hvd ‘©paip ul poaureuIal Iej 1Jos auIos Iaaamoy ‘ojdues 1507 6V g
JA INOpo v a1y £pues oaeid 1940 Keo 1[I pazZIpIxo umolq Jo wo | {wonog piey o€ LZ
[[ows
ON 1sa1y ‘sse|d awos pue [9ae1F 1040 Ae[o K)[IS PAZIPIXO UMOI] JO JoAR] UIY) ‘WON0q pIeH vz QI
ON [ows ysaiy ‘Aefo K218 jo wo g 1oa0 (doap wo [ moge) Aejd AjIs pazipIxo umolg 60 6 ug/z
[[PWs ysa1j ‘oorjInsqns Ianew o1uedio
ON paonpal yor[q owos ‘pues Jo wd | 1940 (doap wo g Jnoqe) Aefo A11S POZIPIX0 UmOoIg 9 $9
ON [ouss ou ‘syuswSery [[oYS WD 1im [oaRIS pue pues ‘u10110q pIep L9
[1owWs ysa1j
IN ‘[oARIZ pue pues 1240 AB[D AI[IS POZIPIXO UMOIq Jo Ioke] uny) ‘ojdwes [[ews ‘wonoq pieg L9 oG
. mopo [V d Suons ‘1ojem
DA U1 OIS [10 ‘@8palp uo 1e) ‘pues pue ie) 1940 (doop wo  noqe) Ae[o KIS PIZIPIX0O UMOIE Eoe 9
nopo gy 4 “ous 1o ‘ojduwes plilvg}
DA moySnoIy) Juapiad 1) (Ae]o pue 18} 19A0 (doop wo § noqe) Ao A1jis pazIpIxXo umolg 6r LE w Sz
uopEUiwWeIu0) (w) pdagg (w) sa0ys
JO 2DUIPIAY] uondrsa( Jusmipas REITTNY woay DURSK]  JdISURL],
‘penuRuo) ‘1 31qeL




10

ON pues 1240 Aejo £213 Jo wd [ 1oA0 (doop wo g mogqe) Aefo A1jis paZIPIXoO uMolg ¥'9 9g
[[oWs ysa1j ‘ropeut o1uLg10 paonpal
ON yoelq awos ‘Aepo £o18 Kyts Jo wo ¢ J1oao (doap wo g moqe) e[ KIS PIZIPIXO UMOIE ]G Ly
[oae18 uo pue £e[o up punoj 1e) Jo s0091d [[RWS ‘[[ws
DA yso1] ‘1apew oruedio paonpar oelq Yim (doop wo ¢ noqe) Ao AjIS paZIPIX0 umolg I'9 LE
[oARIZ ouIos U0
yuosoxd Iey $INOpo HVd UMM 9pIS 9UO U0 UIR)S Or[q [[JIM JOLIq dUo {[[ows ysal] {[oArId
OA 10A0 IoNEW J1uedio poonpal yoeyq owos ‘(doop wo  noqe) Aepd Ais pazipixo umolg o'y LT
[[ows ysa1j ‘Aeo Apues LIS Jo WD ¢ I9A0
ON I19]1BUI DIUETIO PAoNpal Jor[q SWOS 1940 (doap wd § Jnoqe) Ae[d A)[is PIZIpPIX0o umolg G0 31
[1ows ysa1y ‘sTimy yim Aepo Kpues Ajis Jo wo
ON { 19A0 Jopew o1uedio paonpal yoelq awos (doap wo ([ moqe) Aefo Ajjis pazipIxo umolg 60 G w OS¢
[[PWS YSa1] ‘Swepd [1euroful] ‘Iapew
ON owed1o paonpal 3or[q ‘pues Jo wod ¢ 1040 (deap wd T 1noqe) Ae[o KIS PIZIPIXO UMOIY $9 3
[[OUIS [[$a1] ‘9orJINSqns Jopeu ojueS1o paonpal Jor(q ‘Sweld jreurofuyy
ON Kuew snjd wepo oF1e] ouo ‘pues 1040 (doap wo g moqe) Ae[o AIfis PaZIPIXO UMOIg L9 €L
oL puBS Ul JNOPO HV d Jute] ‘pues Jo wo T 1940 (doap wd ¢ noqe) Aejo AIs pazipIxo umolg L9 $9
1UOPIAD IE) OU ‘pues pue Ae[o Ul Inopo HvVd
oL ‘[oAr1d pue pues 19A0 Kefo £218 wio T Iaao (doop wd g moqe) Aefo Ajis pazipixo umolg 0L fofo
[oaeig ur juesaid 1} ysppoelq pue ojdwes
U1 OIS [10 YNIM INOpo [V ‘eorjinsqns Iajeul ojueSio paonpal Yor[q owos ‘[9Aei3
DA Apues Jo wo ¢ 1940 £e[o £215 Jo WO ¢ Joso (doap wd § 1noqe) Aeo KJ[Is PIZIPIX0 umoIg 9 9P
1e) Jo sdumyo jjews ‘Aefo ur mopo Hyd wrej ‘s[ays wejo
DA 7 pue ‘[paeid 1040 Kepo Apues wo ¢ 1040 (doop wo ¢ noqe) Aejo LIS PaZIpIXo umolg 6 LE
ojdweg oN wonoq piey P s LZ
[[ows
ON ysa1j ‘[paeid pue Aepo Apues £218 1940 (doop wo ¢ 1noqe) Kepd A[Is pazIpixo umoig Ei ]I
ON [ews ysaij {(deop wo Gy moge) Lejo KIS pozZIpIXo umolg S1 6 w GZ§
glilvg)
opdweg oN WoNnoq pief 1’9 op w Qg
duonEUNUEINGD (w) pdagg () a.a0ysg
JO 2DUAPIAY uondiIsa(] JUaWIPas REITIY w0y 9ouEsK(]  10dsued],
‘panunuo)) ‘I ageL




11

Kepo oy
oL ur Inopo [vd wiej ‘Aepo Apues wo § 1940 (doap wo ¢ moqe) Lefo A)jis pazipixo umolg S'G 9p
[[ours
DA SOIJ ‘I8 IIM paxIw pues jo wo [ 1940 (doop wd g moqe) Lefo KjIs pazipixo umolg rAl LE
ON [1ows ysaxj Aepo Kpues Ais wo g 1940 (doap wd (O noqe) Aejo L[Is pazipIxo umolg 6 LT
[[oWs ysai] ‘ooejinsgns 1apeu o1uegio paonpal
ON }or[q owos ‘Aefo £218 Aijis wd 1 10a0 (doap wd ¢ moqe) Aepo Aifis pazIpIxo umorg B 81
ON [1ouss ysa1j ‘Arumys Aejo wod ¢1 1040 (doop wod 11 1moqe) Ae[o AJ]is poaZIpIXo umolg 60 6 W S7d
[[2WS ($a1] ‘00rJINsqns SUIe)s JSnI JWOS
ON ¢ Tanew omedio paonpal yorlq awos ‘(deop wo (T Moqe) Ae[o KIS PIZIPIXO UMOIG 8¢ oo
[[ouIs §$a1] ‘eorjInsgns Iopewt oiuegio paonpal
DN yoe[q 2wos ‘Ae[o 4218 K1fis wo g 19A0 (deap wo ¢ noqe) Aefo A)Is pazZIpIXo umolg ¢ o
Aepo ur Imopo Hyd urej {(1nopo Hvd)
DA Kepo ur yods yoelq 1 ‘Aero £218 Jo wo ¢ 1940 (doap wd ¢ Noqe) Ae]d LIS PAZIPIXO UMOIE ¢ LE
[1oUIs 1sa1] ‘sa091d 9)2I0U0D WIOS ‘D0RJINSGNS IajjeW OIURSI0 PIoNpal
DN }or[q 2Wos ‘syjool 281e[ 0 [[eus 1240 (doop wo ¢ moqe) Ae[o KIS pIZIpIXo umolyg Gv LZ
ON [[ows ysaiy ‘Aunis Aefo wo G 1940 (deop wo g moqe) Ae[o AJ[is PIZIPIX0 UMOIg Ve 81
|1ouis ysaij ‘oorjinsqns Iayew ouedio
ON paonpal Yor[q awos ‘Ae[o A28 wo | 1040 (doap wo {1 Moge) LB LIS PIZIPIXO UMOIE i G w (0p
DN J1ows ysa1y ‘Aejo K018 Aits wo § 1940 (doop wd g noqe) Ae[o A)[IS PIZIPIXO UMOIE $'9 GS
ON [1ouus ysalj ‘Ae[o Ao13 Kypis wo ¢ 1040 (doap wo g moqe) Lefo AI[is paZIPIXO UMOIg 1’9 op
Iopo Hv J wiej ‘opdwes ur punoj
DA 1.y Apues ‘Ae[o Kpues £213 Jo wo 1940 (doop wo § moqe) Aefo LIS pIZIPIX0o UMOIg (ot LE
Inopo Hvd ‘erdwes ul punoj tey Apug jo ohkef uiy
DA ‘ordures ur }o1ps 110 {Ae[o £1[1s JO Wo g 1040 (doop wo  1noqe) Ae[d AI|IS PIZIPIXO UMOIY S'c LE
[[oWs ysaij isauos
ON [1euis 1940 Ae[o Apues £218 wo § 1940 (doop wd g noge) Ae[d A1[IS PIZIPIXO UMOIE] 6P LZ
DN [1ows ysa1y ‘Aeo £218 Aijis wo €1 1940 (doop wd 9 1noqe) Ae[o AI[Is PIZIPIX0 UMOIg LT |1
[1ows ysoij ‘sTim) pue I9new owedio
ON paonpai yoe[q ouwios ‘Aejo 4213 wo g 1040 (deap wd (] Moge) Ae[d A)[IS PIZIPIXO UMOIE Tl G w GLE
uonBuIUBIN0D) (w) pdagg () aa01g
JO 2duapIAG] uondiIsa(] JUIWIPIS JIIBAA WIO.LJ 9oURISI(]  JDISUBL],
. ‘panupuo) T 9jqel




12

ON [[ows Ysalj ‘pues Jo wo p 140 (doop wo [ noqe) Ae[o LIS paZIPIX0 UMOIE i LE
I2) 1A PAI2A0D Y01
OA [1BWIS 2U0 “IN0Opo [V uie] ‘[oaeid 1040 (doop wo ¢ moqe) Ae[o LIS pazIpIxXo umolg S'S LT
ON J1ows ysa1y ‘Aepo £218 Jo wo ¢ 1940 (doop wo 11 moqe) Aejo KIS PIZIPIXO umorg L€ ]l
[[ous ysalj {[oArIF 1940 sTIm)
DN [[ews yim paxiw Aun(s Aejo Jo wo ¢ 1040 (doop wo [T noqe) Ae[d KIS POZIPIXO UMOIE Al 6 w gy
ojduieg oN (o8pai1p u1 yoo1) ‘wonoq prey ]G yY
ajdweg oN (o8pa1p ul yoo1) ‘wopoq pieH G'C [$s
[[ows
ON 1§sa1j ‘[eariS pue pues 1940 (doop wd T 1noqe) ARD AJJIS PIZIPIXO UMOI] ‘WI0NOq pIeH G'C GG
[[ouIs ysa1j ‘[oArIS pue pues yim
ON IonewW o1RFI0 paonpal }or[q 2wos 1940 (doap wo ¢ nogqe) Ae[o AI[IS PIZIPIXO UMOIE A op
[[ouis Ysa1] ‘19)eur paonpol
ON o1egIo yoe[q owIOs ‘pues Jo wo [ 1940 (doop wo ¢ 1noqe) Ae[d AI[Is PAZIPIXO UMOIE TS LE
[[ous salj ‘sSim)
ON Y poxi Aepo Apues Ajfis wo ¢ 1040 (doap wo § noqe) Ao K)[Is pazIpIXo umolg YAl 1z
[[ows yso1j {Aed jo wo
ON 1T 1240 I9)ew oiuedio paoupal yorjq owos (deap wo ¢ jnoge) Aefo Ajjis pazipixo umolg ¥'E g1
[[ows yso1j ‘sT1m) pue
ON SaABS[ 1M paxiu Aunjs Aefo wd § 1940 (doop wo 9 noqe) Aepo A1[is pOZIPIXO UmOIg Tl 6 w (OSH
[[ows ysay
{[202 JO $9091d [B19A9S ‘D0BJINSANS SUIR)S JSIL pUe Iopew d[uesio paonpal Jorlq ‘pues
ON pue [2ArI3 1940 £e[0 AIIS Jo WO ¢ 1940 (doap wo 4 noqe) Ae[o KIS PpIZIPIXO umolg 19 €L
[[ows ysaij ‘eoejinsqns
ON Iopew ouedIo paonpal yoelq ‘[eaeis 1940 (deap wo g moqe) Ae[o A)jIs POZIpiXo umolg 1’9 $9
(piey
OA I ‘10s 7) ey Jo so091d 9a11)) ‘joaeid 10a0 (doap wo T noqe) Ae[d KIS PIZIPIXO UmoIg 9 GS
Aeo woiy Iopo uo)d
2L HVd ey K194 ‘Aepo Lijis Apues wo 4 1940 (doop wo g noqe) Aefo A)fis pazipIxo umolg 1'9 cc w GZh
UOHBUIIUEINOD) (w) pdaqy (ur) a10yg
JO 20udpIAY] uondrisa(q Juamipas REFTIVY WOJJ DUBISI(]  JOISURL],
‘panunuo) 1 9lqe,




13

[[oWs Ysa1j ‘oorginsqns Iojeul o1uegio paonpal

ON soe[q owos ‘Aepo £218 Jo wo G 19a0 (doap wd ¢ Moqe) Aefo A1Is PAZIPIXO UMOIH 8¢S 1%
ON [[ows yso1j ‘Aefo 218 Jo wd g 1040 (doop wo g1 moqe) Aejo Lifis PIZIPIXO UMOIEG L€ 81
[[ows ysai]
ON ‘pues auwros ym sTim) pue (9IS 1040 (deap wo (T Moqe) .0 KIS PIZIPIXO UMOIE il B 6 w 67§
[[ows ysai1j
ON ‘UIe[o [[BWS QUO ‘PuES 19A0 [9ALIS 1040 (doop wod g noge) Aejo A)[Is POZIPIXO UMOIE 6 SS
[[ous ysa1j ‘1opeu oluegio
DN paonpaI Yor[q AWOS ‘PUBS Jo Wo ¢ 1940 (daap wd G Noge) Ae[o KIS PAZIPIX0 umolg G
[[oLUS YsI] {SWE[ 0m) ‘1onew owedio
ON paonpal yoe|q auos ‘pues 1040 (deap wo ¢ moqe) Aero Kyjis Apues pazipixo umolg 8'S o
DA mopo HvJ Suons {181 1J0s Yim Ae[d Jo sada1d [[ews ‘ojduues [[ews Ao 19 LE
[[ows
ON ysayj ‘[oaeiS pue Aepo £213 Jo wo p 1040 (doap wo ¢ moqe) Aeo A1jis PAZIPIXO umolg S LT
[[owWs ysal] ‘oorJInsqus Iajjeul ouedio paonpol
ON yoelq awos ‘Aepd K213 Jo wo f 1040 (deap wd G 1noqe) Lepd I pazIpIxo umolg ¥ g1
ON [[ows sa1] ‘soAra] pue s3im) [ paxiw (doop wo g moqe) Aeo A)is pazIpIxo umolg S G w (oS
[[owWs ysa1} ‘ooejInsqns Jopeul oiuegio paonpal yoe|q
ON ‘pues 120 Keo 913 Kyis Jo o ¢ 1940 (doop wo ¢ noqe) Lepo Aijis pazZIpIXo umolg AL €L
[[oUIS Sa1] ‘UIB[D QUO pue [2ARIS )M paxiul
ON 1onew ojueSIo paonpal Jor[q Jo wid Z 1040 (deop wo ¢ 1noqe) Ae[d KIS PIZIPIXO umoIg oy ¥9
Inopo HvJ wirej ‘Ie) joeiq 1jos
DA 30 sdwmnpo jiews ‘sypys welo g ‘[oaeid 1040 (deap wo ¢ noqe) Ao KIS PIZIPIXO UMOIE 6 GS
IN [1ows ysai1j {(wonoq prey) pues yim paxtur (doop wo T Inoqe) Aefd LIS PIZIPIXO UMOIE 61 op
[[ouIs ysa1] ‘Ioyeu o1uedio
ON paonpal }or[q 2uIos ‘[oarIF 1940 pues yim (doop wo ¢ 1noqe) Leo KIS PIZIPIXO umolg 6'F 9P
ON [elId1BU JUB[ o' 9%
[[oWS 1Sa1J {PUBS 1M PIXIW e} Jo 9001d QU0 I8} U PIIdA0D uod
DA apis 90 Yim }ouq Jo 9091d ‘eaeid 1oa0 (doap wo T moqe) Aed KIS PIZIPIXO UmoIg 3G LE u Sy
uoneuIwRIue) (wr) pdaqg (ux) 2048
JO 22UIPIAT] uopdrIosa(] Jusunpas I AN WI0JJ US| JIISUBL,
‘panunuo) “I dlqeL




14

[ows
DN yso1j ‘sTimi yias Aepo Aiis wo T 1940 (doap wo ¢ moqe) Aefy A1jis pazIpIxo umorg LT 81
ON [[ows ysoij ‘ALnjs Ae[o Jo wo 9 1940 (doop wo ¢ moqe) Aepo LI[IS PoZIPIXO UMOIY 60 6 w 009
[[PWS Y$a1j {Iopew J1uegio poonpal
ON yoe[q auwos ‘Aefo Apues Jo wo ¢ 1940 (doap wo [ Moge) Kepo KIS pazIpIxo umolg ¢ GS
[[OWS YS1J ‘90rJINSgns 19)jew o1ueg1o
ON paonpal Joe|q oWos ‘pues Jo wo [ 140 (deop wo g1 noqe) Aefd K1[1S poZIPIXO UMOIg] 8'G 9p
Inopo v 4 Suons ‘Aejo ur 1g) 1jos {{joys we[d
DA ouo ‘[eArIS pue Aejd Jo wo ¢ £218 1040 (doop wo 9 Imoqe) Aejo Ajis PIzZIPIXO uMoIg S LE
[[WS YS2IJ ‘20rJInsqns Iojjeul o1uegio paonpal
IN yoelq owos ‘Aejo Apues Jo wo ¢ 1940 (doop wo 9 noqe) Aejo KIS PIZIPIX0 umolg 6t LT
ON {[ows yso1] ‘Aejo K218 Jo wo O 1940 (deop wd 6 Moqe) Aefo Aijis PIZIPIX0 uMoIg L€ 81
ON [ows yso1j fs31am) pue [paeid 1040 (doap wo g Inoqe) Aefd LIS PIZIPIXO UMOIH 60 6 wG.S
[[PwWs yso1j {[2AeIS
ON pue pues J9A0 Ae[o 4218 Jo wd p 1940 (doop wo [ moqe) Aefd KIS PIZIPIXO UMOIY I'9 GG
[[OWS s21] $0BJINSqns IoRUL OJUBTI0 paoupal
ON ¥oe[q awos ‘s8im) pue [2aeId 1940 (deop wo o1 noqe) Aep KIS pazIpIX0 umolg $'9 o
INopo Hvd Suons ‘SIS [10 [im jussaid 1e) faoejInsqns 1oye o1ued10 paonpal
DA yoejq owos ‘Ae[o pue [9aeI Jo wod ¢ 1940 (doop wo O] moqe) Aejd Kj[is pazIpIxo umolg ' LE
ON [fows yso1j ‘Aumgs Ke[o Jo wo [ 1940 (dosp wo ¢ moqe) Kepo Ai[Is pozZIpIX0O UMOIg raly LT
[[oWs yso1j ‘ooryinsqus 19)eW d1Uedio paonpal
ON 3or[q 2uwos ‘Aejo £018 Jo wo ¢ 1040 (doap wo ¢ Imoqe) Aefo KIS PIZIPIXO UMOIg fig 81
[[OUWIS Y[SA1] ‘O0RJINSGNS SOABD| PUE JOJBW OIUEFIO paonpal
ON yoe[q owos ‘Aun(s AB[d Jo wd g 1240 (dedp wo ¢ moqe) Aed KIS PIZIPIXO UMOIH (a4 § 6 w OSS
ON [[oUWS Y$al] ‘We[o 2uo ‘PPArIS pue pues 1940 (doop W 6 moqe) Aed A1fIs PAZIPIX0 umoIg TS GS
ON [[ows ysa1y ‘pues Jo wo ¢ 1040 (doap wod ¢ moqe) Ae[d A1jis POZIPIXO UmOIg 19 9y
001 U0 18] 1JOs ‘Aejo AI[IS PIZIPIXO UMOIQ UI INOPO HYJ ‘0BJInsqus Janel glilve]
IA oefio paonpal yoe[q wos ‘[AaeIg 1940 (doop wo 9 moqe) Aepo A1[1S PIZIPIX0 UMOoIg G LE w Gzs
HoyRUIWEIu0) (w) pdaqg (w) sa0ys
JO 3DUPIAT uondrIdsa(f Juau(pas JIJEAA uroay ue)sy(y  109sUBL],
panupuo) T IYeL




15

[[2Us 1[sa1] ‘oorJinsqus Janeul ofuegio paonpal

DN yor[q owos ‘Aefo £918 Jo wd § 1240 (doop wd ¢ 1Moqe) Ae[d AJ[IS PAZIPIXO UMOIY 1'9 9p
[[ows ysa1}
ON ‘(monoq piey) Kepo £013 Jo 1aker ury) 1940 (daop wo g oqe) Ae[o AJjIS pIZIPIX0 UMOLE GG
ON [1ows ysa1y ‘Aeo £218 Jo wo ¢ oa0 (doop wd ¢ moqe) Ao AI[Is PazIPIX0 umolg c'g LE
[[oUls 1] ‘9oBJINSqNS I9NBW d[uedIo paonpal
ON yoejq 2wos ‘Ae[a £218 Jo wo g 1940 (dosp wo g 1nmoqe) Aepo LIS PIZIPIX0 umoIg I b ut gs9
[1ows yso1y “Yoo1 Apues yoe[q jo 0001d 90 DoeJINSNS JONBW OIULFTIO PAONpal
ON Yoe[q owos ‘[paeI 1040 Aefo Jo wo ¢ Joao (doop wd g 1noge) Ae[d A)[Is PazZIPIX0 umolg ¢ b
ON [ows ysa1g ‘Aepo KIS Jo wo €T 1oao (doop wo g noqe) Aejo A1jis pazipixo umolg Z'c LE
[[oUIS 1fsa1] ‘001 931e] oUO ‘D0BJINSgNS I2)jEUl O[uegI0 PIaonpal
ON yor[q awos ‘Aejo Aijis Jo wo T 1940 (deap wo G mMoqe) Aejo A)jIs PIZIPIXO UMOIg %7 LZ w 79
ON [1ows ysa1y ‘Aepo Kpues jo wo O I1oao (doop wo [T moqe) Aefo K)[Is PIZIPIX0 umolg 6 GG
[[ouls ol ‘oorJInsgns Ioyew oruegio paonpal
ON yoe[q swos ‘Aejo Apues Jo wo g 1040 (doap wod g noge) Aejo KjIs PIZIPIXO umolg 8'G op
Inopo Hvd Suons ‘Aejo ur
DA 18} 130s ‘[oae1d pue Aefo £213 Jo wd G 1040 (doop wd G Inoqe) Ae[o AJfIs paZIpIX0 umolg c'S LE
[[oUIS 1[$21] ‘o0BJINS(NS I9NEW dIUeFIo paonpal glile}
ON yoerq awos ‘Aejo £213 Jo wo § 1940 (deop wo g moge) Aepo £ijis pazipixo umolg 9y LT w ()09
UoneUIUBIUO)) (w) ypydaqg (ur) aaoys
JO 2oudpIAT] uondiLIasa( JUIWIPaAs JIIEAA WIoAJ 2UB)SI([  J0ISUBL],
‘panunuo) ‘1 3lqeL




16

4.0 Discussion

The 1997 contamination survey results indicate the zone of near-surface sediments with
visible tars is substantially larger than found in 1994, 1995, or 1996 (Figures 1, 2, 3, and 4).
The primary zone of visually detectable contamination begins at about the same location as
in the earlier surveys, but the plume extends about 5 m farther offshore and 300 m farther
downstream than previously recorded. The primary zone of visual contamination in 1997, at
about 8,400 m’, was 2.2 times larger than in 1995, when the area was about 3,800 m? and
4.1 times larger than in 1996, when the area was about 2,040 m®.

The increase in area of contamination cannot be attributed to variation in survey methods or
time of sampling. The same methods were employed in sample collection and contamination
assessment, the same locations were sampled, the same personnel conducted the assessments,
and the surveys were conducted at about the same time of year; September 9 to October 21
in 1997, October 16-18 in 1996, and September 11 to October 10 in 1995. It must, therefore,
be concluded that an increase in the areal extent of contamination in the surficial sediments
has occurred.

The change in size of the surficial sediment PAH contamination plume has several possible
causes. The loading of PAH to the river via groundwater seepage may have increased, due to
higher PAH concentrations in the groundwater or higher groundwater seepage rates. The
spring flood flows may also have increased river bed scour, thereby distributing previously
contaminated sediments farther downstream. These factors may be operating individually or
in some combination. A materials balance would be required to assess the relative
importance of these mechanisms.

It is unlikely that the increase in downstream extent was a result of the erosion of overlying,
uncontaminated sediments, to expose previously deposited PAH contamination. Deeper
samples (typically to 1 m depth and several up to 3.3 m in depth) taken by CH2M Hill in
March, 1994, did not find evidence of visual contamination beyond about 330 m (CH2M
Hill 1995). The prevalence of fine-grained surficial sediments between the 375 m and 600 m
markers (Table 1) also suggests the area in which the plume expansion has occurred is a
depositional, rather than a scour, zone.

The 1997 survey also found isolated pockets of tarry material extending 125 m upstream of
the main area of contamination (Figure 2). It is unclear at present whether these deposits
originated from the Centra Gas property or from some other upstream source(s). The Centra
Gas property is not the only documented source of PAH contamination to the Red River, and
there are many other potential sources, including docks and piers constructed of creosote-
treated timbers and storm sewer outfalls which may carry PAH’s leached from utility poles
or in surface runoff from contaminated sites (Agassiz North 1996, Garrod and Sonmor
1995). The very different qualities of these upstream deposits (spotty distribution, small tar
droplet size, and lack of a distinct PAH odour) all suggest the material has dispersed from
upstream rather than originating from the adjacent riverbank properties.
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After four years of plume monitoring, the past three using the same methods, it is apparent
that the area of surficial sediment PAH contamination is dynamic and can fluctuate
substantially from year to year. The factors affecting these fluctuations are not entirely
understood, but the considerable increase in plume area in 1997, coincident with the extreme
river flows and levels that occurred in spring 1997, suggest year to year variations in river
flows are involved in some way.

The role of temporal variations in PAH loading from the Centra Gas site in the sediment
plume fluctuations should become more clear over the next few years. In 1996, Centra Gas
commissioned a pilot study of the potential for minimizing the movement of PAH
contamination off their Sutherland Avenue property. Results to date indicate that
bioremediation techniques can be used effectively to reduce PAH concentrations in
groundwater on the site (H. Pankratz, Agra Earth & Environmental Limited, Winnipeg, MB,
pers. comm.). The bioremediation treatment process being tested involves increasing the
dissolved oxygen concentration in the groundwater through the installation of oxygen release
compounds. The increased oxygen promotes the activity of naturally occurring micro-
organisms that break down the contaminants, thereby reducing concentrations in the
groundwater.

Based on the success of the pilot study, Centra Gas has committed to implementing a large
scale bioremediation program in 1998 (A. Galarnyk, Centra Gas Manitoba Inc., Winnipeg,
MB, pers. comm.), subject to approval by Manitoba Environment. This program will likely
involve installation of a row of air sparging wells along the Rover Avenue boundary of the
site to increase the dissolved oxygen concentration in the groundwater (H. Pankratz, Agra
Earth & Environmental Limited, Winnipeg, MB, pers. comm.). These wells, called a
sparging fence, will intercept the groundwater as it flows off the Centra Gas site, treating the
contamination as it flows past and reducing PAH loading to the Red River. This should
eventually result in a reduction of the PAH contamination pool in the river, although a
number of years may be required before any beneficial effects can be measured.

5.0 Conclusions and Recommendations

The 1997 survey results indicate the area of PAH contaminated surficial sediments has
increased by about a factor of 2.2 since 1995. The increase is due primarily to extension of
the downstream margin of the plume. Possible causes of the increase in area of
contamination include an increase in PAH loading to the river via groundwater seepage and
the distribution of previously contaminated sediments farther downstream by flood flows in
spring 1997. These factors may be operating individually or in some combination.
Additional plume monitoring should be planned for 1998 to assess the persistence of this
recent increase in plume area.
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