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Required report to Smithville Phase IV management

The bedrock aquifer underlying-the Smithville PCB transfer site was

contaminated by PCB cogeners, trichlorobenzenes and trichloroethylene

(TCE) in the early 1980s. At a significant cost, an alternate water supply for

the town of Smithville was provided by the Province of Ontario and

preliminary site clean-up was undertaken. However, recent experience at
Superfund sites in the US has shown that there are no adequate methods with
which to remediate the contamination present at depth in the bedrock aquifer.
This study is a preliminary effort to determine if there is sufficient natural

degradation of the contaminants (particularily TCE) through aerobic and
anaerobic processes such that present remediation through expensive pump- -

and-treat methods might be curtailed. This work supports COA Stream 1
activities. The EC Business Plan issue addressed by this study is Toxics in
Groundwater.

This report will act as a background document for a proposal to be submitted

to the Smithville Phase IV management for further investigation of the
degradation processes at the site.

To conduct a more detailed study of the degradation processes at the
Smithville site. This will involve more detailed sampling for degradation
products and several lab experiments conducted to simulate the anaerobic
conditions in the subsurface.
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Executive Summary -

This study has examined trichloroethylene (TCE) con,taminatioﬂ and g’roundWater‘ geochemistry of
the bedrock units underlying the CWML site in Smithville.. Two apprbaches were developed to
measure the concentration of TCE in discrete fractures, and to examine - the extent of
contamination in the deeper rock units. The first apf)mach used a small, 0.1 m samplmg interval - .
énd a down—hole pneumaﬁp pump to isolate and sample single discrefe featu’reé, using exisﬁﬁg
transmissivity data to gﬁide fracture location. The second approach focused on building a borehole
conceritration proﬁle, using a larger submersible pump with a 1.5 m sampling interval.
Geochemistry results, in’cluding anioné, »cations and dissolved oxygen, were oﬁtained from most of
the 0.1 m zoﬁes isolated. Trichloroethylene concentration, Eh, pH, TCE biodegradation products

and trichlorobenzenes were all sampled for from the discrete features and larger zones.

Three borehoies were sampled over the course of this work. Bére}llolev 54D, located to the north of
the site was uséd to develop methods suitable f;)r the location and sampling of discrete features
using existing transmissivity. data bas a guide. The results from this site _dexhonstrated a positive
correlation between the \}olumcs of water produced from a feature and the zone transmissivity.
Background geochemical infOrmﬁtioﬂ was also collected from this'éite. Generally, results fromi this
hole showed low redox potential, and evidence of sulfate reducing condiﬁons in the deeper zones,

including possible iron sulfate precipitate and hydrogen sulfide gas.

The pri‘ncipal borehole used in this study was borehole 56, which intersects the aqueous
contaminant plume, down gradient from the source area. Twelve discrete features Were
successfully located in ten high transmissivity zones (T >10° m%s). Samples were obtained for

the meésurement of TCE, TCBs and PCBs, anions, cations, Eh, pH and dissolved oxygen.



Concentrations of TCE measured Were between 0 and 18 'LLg(L, which were consistently below
measured openhole concentrations. The highest concentrations of TCE observed were in features
of ‘_mid—dep_th, between 175 and 168 masl in the lower Eramosa and upper Vinemount units, Cis-
dichloroethylene (¢-DCE) was qualitatively observed in all but the Uppeﬁnost features in the
Eramosa unit, suggesting that biodegradation of TCE is occurring. The presence of TCBs in the
uppermost zones, which havg no detectable c-DCE nor TCE suggests that some other mechanism,

possibly aerobic biodegradation, is removing TCE from these featqres.

Sampling of borehale 56 between occurred through the Eramosa, Vinemount, Goat Island and

Gasport units of -the Lockport' formation (183 and 150 masl) using 2 1.5 m sampling zone.

Measured concentrations of TCE ranged from below detection limits to 11 pg/L in th§se Zones
with ¢-DCE and 1,2,3 and 1,2,4 TCB qualitatively confirmed in some of the lower zones. The
highést TCE concentraﬁon measured was 11 pg/L at 180 masl in the upper Eramosa Unit, but
consistently high concentrations between 5 and .10 pg/L were observed through the midarange of
ﬂ}e.borehdle in the Eramosé, and Vinemount units.A Lower TCE concentrations measured in deeper
zones with low redox potential (Eh < -50 mV corrected) and c-DCE, suggests that anaerobic

biodegradation of the TCE may be occurring at depth.

The final borehole investigated was borehole 34C, approximately 200m down gradient frorﬁ the
source area. Thxs borehole was prdﬁled continuously at 1.5 m intervals through all members of the
Lockport formation (from 179 to 154 masl, except 177 lto 171 masl). Concentrations of TCE
observe’d ranged between O and 6 pg/L, lower than concentrations observed at comparable depths
at borehole 56. The highest concentrations of TCE measured (3 to 6 ng/L) were observea in the
Vinémount unit (between 170 to 165 masl). Cis-dichloroethylene was also detected in all zones but

those in the upper Eramosa unit.

ii

-r v:_.:‘-_,x m EE _|

r - o . 3 " ' o i




v

Table of Conterits

Executive Sumimary......... . etrsastestrebbesttesans st e an s st asanisssnarans i

LiSt OF FAGUIES. ...oonnevmsneermssseerseneereusssressasesessesesass ST "

LSt OF TADIES...vv1e1010sueses1sseesssesesesesmessesesionsessnsesieveseseeeseensensessene S

Introduction.......... eeerereeereeseaeras treeeovrennnes . eeeeeeeeeeoetae e onaanas rvesteetrmnennn 1

| MtNOS.coeeeerreeeeseenseneseeeesesssmssssesssmssmasesssssesen e essssssennns s 4

ReSllltS alld DiSCUSSiOD ................ eéssvenreresrerranenne Asesestesnneaanasisasadsnenensssenanssesioursentetarurainrgy 14
CONCIUSIONS. . v miae s arasi sonsniesosis ietossbegans sfedarebonesnniosesesineasaneas aveveserrensnsnrieiesnasens 37
Acknowledgments................ tettensianansestssensnnssnssrans reoeesetsiasstsntesstseasesnbesnrenareransrasassesere 39

References. ... cueeemresnnnee. veverreseeeaersaresaessrsrasaeet eevereteaeaeasasit s ae bt st aseessaenaas wee 40



W o N R W

— e pmd ek ped ped e
S L khw = O

SR O o

List of Figures
SILE MAP..ovvvoer oo soseemenenereesessesesen S 5
Sampiing EQUIPIMENL.......voereseensesmerersssrrssssesssssssessssssssssssssssessasssesssssssans 6
BH54D results....... reererrasaese s et asaenstsrenen reverneisaseennonsasasasranas 15
BHS54D redox potential profile........c.cveeeeensnsnsessinsnsnisicssnsncsneassns 16
Geochemical results from discrete feature sampling at BH54D............... 17
BHS6 TESULS....erersescr s e 20
BHS56 1.5 m profile time series reSultS.............c.ovvvesrvrennnns evieneeeessessssnn 21
BH56 TCE concentration, EH and purge volume COMPATISON. ....oevenenses 222
Geochemical results from discrete feature sampling at BH56................. 24
BH56 TCE and Eh results..... eeenesanesnraneesasesenastessaesetsesatsastannen 25
BHS56 TCE and dissolved 0Xygen results...........uviiunnivaesiesmseniisens. 25
BHS56 TCE and TCB CONCENTAON POFIES...vrsevrrrrevrrrsesssersessrrsereens 26
~ BH56 Ratio of TCE to TCB Concentrations........ . 26
'BH34C results........ e s 29
BH34C TCE and R 1SUlts......oo.oo.coereereeseeoree S |
Comparison of BH56 and BH34C 1.5 m profile LESUS...onveoemmesmesnensnes 31
List of Tables
Summary of Sampling Approaches 9
Sampling MethOds SUIIMATY........cceeureesseaseerereenmsrassisnssessassssssassssssassassesecss 1
BH54D Discrete Feature ReSUls........ooo.ooooosvoeeenmeen . 18
1.5 m Profiling Results from BH56...........ceconsveee rrevernssesnaersrasesnes eesnenrrensen 19
Discrete Feature Results ffom BHS6...uv...suuuveuseessseseesen VROV &
BH34C Results............ s rssis st iossiesisieinieoinis 28

iv



Introduction

" From the late 1970:s through to the mid 1980’8, Chcﬁm‘ical Waste Manageinent Limited (CWML),
operating as a PCB storage and transfer facility in Smithville Ontario, received more than
400,000L of liquid waste, including PCBs and chlorinated organic solvents. In 1985, PCB
- contaminated oil was discovered in a shallow storm water lagoon onsite. Two years later, free and
aqueous phase contamination was confirined in the overburden and bedrock aquifer underlying the
site. The Ontario Mlmstry of Environment and Enetgy initiated a four phase progl'afn to contain
and remediate the CWML site. Phase I involved secuﬁng the site and the second phase found safe -
storage and transfer of the site contents. Destructiog of the PCB contaminated overburden and the
installment of a pump and treat system occutted in Phase I Phase IV, currently underway, is

" conducted to investigate the remediation of the contaminants in the bedrock and groundwatef
beneath and adjacent to the site. | |
Site characterization has begun with the g‘oal‘ of developing a detailed conceptual model for
groundwater flow and contaminant transport in the fractured rock at the Smithville site. Necessary
to such a model is a full understanding of the properties of the ﬁacfur’e framework and the
unfractured rock mamx as well as the chemical properties of the groundwater 'sys'tem.. Ongoing
.ﬁeld Work includes hydraulic testing, measurement of hydraulic heads, downhole camera work, -
point dilution experiments and groundwater sampling for inorganic geochemistry. The results of
these studies will be used to build a conceptual model of the groundwater‘ system, focusing on
contaminant transport and the role of fractures in this system. This conceptual model is essentiél

for the effective désign and -implementation of containment or remediation solutions at the’

 Smithville site.




The CMOﬁnatcd solvent trichloroéthylene (TCE) was the focus of this study since it is one of the
most toxic and mobile components of the CWML site. The site also contained PCBs, TCBs, and \
other solvents such as toluene and xylcile (Golder Associates Ltd., 1995). Trichloroethylene is a
toxic and possibly cércinogenic organic solvent that due to widespread industrial use, is currently a
common groundwater contaminant and priority pollutant (CEPA, 1993). Chlorinated organie
compounds are highly ﬁervasive and persistent environmental contaminants. Conventional
remediétion of chlorinated solvents has usually relied on physical treatment approaches which
transfer the contaminant to another media for ultimate treatment. Bioremediation is an alternative
treatment approach that has the potential to completely reduce the TCE present in the groundwater
to environmentally benign end-products. Anaerobic biodegradation sequentially dechlorinates TCE
to dichlaroethylene (DCE), vinyl chloride and finally ethene and even ethane (deBruin et él., 1992).
Anaerobic biodegradaﬁon of TCE .has been observed in the fractured dolomite at an American site,
where degrada’tjon producté such as DCE, vinyl .chlorid,e and ethene have been measured in the
contaminant plume area. (Yager et al., 1997). In this study, it was found that the microorganisms
present in the plume area had adapted to utilizﬁ and bibdegrade the TCE at tﬁe site and contribute
significantly to the d@ntaminaﬁoﬁ of tlns site. Biodegradation of TCE can also take place in
aerobic environments. TCE can be aerobically biodegraded to TCE 'epoxide and finally to organic:
acids and carbon dioxide. Enhanced aerobic biodegradation has been observed in cnviromﬂents

with natural gas present (Little et al., 1988).

The goal of this project was to characterize trichloroethylene(TCE) contamination in the fractured
bed_i‘ock underlying the aqueous plume area. ’fhe presence of .drganic solvents in discrete fractures
was investigated, as well as the occurrence of contaminants in‘.the deeper rock units é._t the site,
Using this information, it may prove possible to identify major lranspoi't pathways or sources of

contamination within these zones with an ultimate goal of proposing further steps for study and
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remediation. This project will contribute the larger effort to characterize the bédroc_k unifs at the

- Smithville site as well as describe the physical and chemical hydrogeology of the area. To carry

out this study, three boreholes were sampled in detail. Borehole 54D was selected to develop
sampling methods and mieasure background geochemiistry. Borehole 56 was investigated since it

intersects the aqueous contaminant plume. Finally, borehole 34C down gradient of borehole 56

| was chosen for comparison with borehole 56 results.




Metho,ds

Field Methods

Three boreholes were used for sampling and field work for this project. The choice of boreholes

| was made using the following criteria; 1) borehole location, 2) open borehole (do not. contam
packers or Westbay equpment) 3) avaﬂability of complete vertical transmissivity profiles at 0.5 m
test intervals. Considering these criteria, borehole 54D in the north cluster, borehole 56, the
ﬁorthernmost hole in the south cluster, and borehole 34C, down gradient from the plume, wiere
| chosen for this study (Figure 1). Borehole 54D was selected since it 1s situated north of the site

- away from the contaminant plume. Since Aregional groundwater flow is approximately north to

* south, borehole 54D provided background geocheniical information and an opportunity to develop

field methods in an uncontaminated area. Borehole 56 is in the southern cluster of holes,
intersecting the aqueous contaminant plume. Also, borehole 56 has distinctive, high transmissivity
features separated by low pe(meabiﬁty zones, which was useful for discrete fracture location.

Finally, borehole 34C, south-west from borehole 56 was chosen. This borehole was used to

investigate TCE contaminant levels further down gradient and to compare these results with ﬂl_os,e -

from borehole 56.

Two approaches were employed to sample proundwater from the three selected boreholes. The first .

sampling approach focused on the location of discrete features in the borehole, and jniolved
sampling from these zones. The second approaich focused on building a complete profile of TCE
concentrations throughout the Berehole. .Discrete fracture sampling used either a stainless steel
plate mounted on a packer (Figure 2a), or a samipling interval between two smaller packers (Figure
2b) to isolate a length of borehole for sampling. A full borehole profile was developed ueiﬁg a

much larger sampling interval and using a'highe'r« capacity submersible pump (Figure 2¢).

= = = ' _ ‘
3 v . = - - ! n H ] -‘



00 ey
' o ] 60 North Clustéf Site _‘T
& 54A
¥’ 54D
_ b B¢ o
) el o 62
0m . .
£
. &
%‘% . &’"’”%M j :
&
£ f W ‘
g _ South Cluster Site
] | ?5.6 i
K 55
=y N\ | T \{;‘g"
. 57 4
58
A
%
%iM” on
g
\\ v <H
| 6 v
SMTHMLLE [
ey
100 m
Figure 1: Site Map



a) b)
- Inflation Line
~Sample Line
112 m Packer
To Pump Control To Pufp Control
Pump Pressure Line Pump Pressure Lirie
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| Pnéumatic Bladder i
Pump . i 2:,";"3“ Bladder Grundfos Pump
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- 0.3 m Packer
L. 0.7m Packer '
) 0.1 m Sampling
0.15 m Steel Samipling Interval
[~ Plate 0.3 m Packer -1 1.2 m Packer

Figmfe 2. Sampling Equipment: a) Plate and Packer Sampler b) Double

Packer Sampler c¢) Submersible Pump System

Specific feature sampling required that small zones be reliably isolated and sampled. The 2 m and-
05 m interval traﬁsnxissivity profiles were used to establish zones that might conta.inb fractures aﬁd
could consequently be sampled (BHS4D and BH34C tran;m‘iésivity data from Groundwater
Remediation Project Report, NWRI, 1997, and BH56 transmissivity data from unpublished NWRI
data). Areas of high transmissivity (T > 10° m’s) were used to guide the fracture location .

process.



The first sampling system employed a single packer fitted with a stainless steel plate (Figire 2a).
When the packer was inflated, the plate lay sealed against the borehole wall for sampling. A hole
at the center of plate connected to a sample line that ran to the surface. Along a 0.15 m length of

the plate was a 1 mm deep groove to channel water from-across the plate's 1ength. The principal

‘advantage of this system was to minimize the zone volume and allow direct sampling of specific

features.

The second system used a double packer arrangement. Two packers Were separated by a 0.1 m
slotted stainless steel sampling tube (Figure 2b). When both packers were inflated, 2 0.1 m zonie of
less than 1 L volume was isolated and water could be pumped from fractures, independént of the

packer orientation, rather than within the narrow width of the steel plate. This system was used for

~most intervals in borehole 54D and for all intervals in borehole 56.

- Both packer-sampler systems were used in combination with a down-hole pneumatic pump. The

" pump was made from a narrow plastic cylinder with an inner Teflon bladder. An inflation line was

connected, via a solenoid ‘valve, to a nitrogen tank. When the solenoid valve was off; fdr the
exhaust cycle, water ﬁlled the pump casmg around the bladder due to the hydroétaﬁc pressure
down-hole. During the charge cycle, when the solencid valve was on, niﬁogen gas filled the
bladder inside the pump, forcing the water between the bladder and casing through the sample
lines to surface. The rate of pumping was contrdﬂed by varying the length of the exhaust and
charge cycles. The charge and exhaust cycles were initially set fo 5 and 8 seconds respectively to . -
quickly pmﬁp small volumes to surface and fill the sample line with water.. After w’atei' had been
brought to surfice, both cycles were increased. The charge cycle was set to’c_oincidé with the

length of time requifed to completely discharge the volume of water sitting in the pﬁmp. The

‘exhaust cycle was reduced while maintaining the current flowrate. The pump nitrogen pressure



was set to 30 psi initially, and increased approximately 10 psi for every 10 m additional depth
below the water table. Withdrawal flowrates varied from 0.1 to 0.4 L/min depending on the

transmissivity and depth of the sampled zone.

Once a fracture yielding consistent and abundant flow had been found, withdrawal rate was

measured. Due to the pulsing action of the pneumatic pump, this was taken as the total volume

collected over several minutes and averaged. Water from pumping was then directed through a

flow through cell that contained either an Eh or pH probe. Both probes were left to stabilize for at

least 15 minutes prior to taking a mea'surcment.' DisSolM oxygen (DO) was also measured from |

the flow-through-cell using colorimetric methods. When a stable Eh value was recorded, samples
were assumed to then be reasonably representative of the feature water and samples for TCE,

anions, trace metals, sulfide, PCBs and triclﬂorbbenzéne,s (TCBs) analysis were collected. It is

important, when examining TCE contamination and possible biodegradation activity, to also -

characterize other water quality parameters. The chemical characteristics of the water, such as
concentrations of major cations and anions, Eh, pH and dissolved oxygen may be used to describe
the type of environment in which activity is occurring and also, to understand the mechanism of

possible biodegradation activity (Roberts et al., 1990).

The second sampling approach focused bn sequential sampling at 1.5 m intervals. This method
used a submersible Grundf-os® pump supported by a stainless steel pipe between two 1.2 m packers
(Figure 2c). This system had a 1.6 m sampling zone and approximately a 10 L volume was isola;ed'
between the packers. At each sampling depth; prior to packer inflation, IWate‘r_ from the open hole
was pumped for several minutes to clear any old water from the lines. Pump speed was set by
varying the frequency of pump operaﬁon, ﬁsually within the mge of 150 to 300Hz which

produced flow rates between 2 and 6 L/minute. Samples for TCE analysis and for Eh and pH




measurement; were then collected from the open hole.. Once the packers were completely inflated

to isolate the zone, pumping was resumed. The pump frequency was increased until water was

pumped to surface.‘ If nb water could be brought» to surface, the zone was abandoned and the
packers deﬂatjed and moved to the next 1.5 m zone. If water did reach the surface, the puxﬁp was
set to withdraw water at approximately 3 L/min. This rate was sufficient to keep the 'saﬁiple lines
completely filled with sample water, minimizing volatilization losses and drawdown. Deeper, low

transmissivity zones were pumped at rates of less than 1 L/min. At regular intervals, samples were

' collected for. later TCE analysis. After 50-70 L had been purged, additional samples were

collected for Eh and pH measurement. Both sampling approaches are summarized in Table 1.

Table 1. Sumimary of Sampling Approaches:
Submersible Pump and | Discrete Fracture Sampler - | Discrete Fracture Sampler -
Packers _ .| - Plate and Packer | Straddle Packer
ZoneWidth | 1.6m 0.15m ' 0lm
_Purge Volume | 10L 0.2L 1L _
Ehand pH | -obtained after 50-70L | -monitored continuously -monitored continuously using
Measurement | purged ' using the flow-cell the flow-cell
‘Sampling 'TCE, Eh, pH Eh, pH, TCE, trace metals, | Eh, pH, TCE, trace metals,
Regime anions, sulfidé, PCBs, anions, sulfide, PCBs, TCBs,
, . . TCBs, DO DO .
Locations 34C, 56 54D 54D, 56
Sampled I
‘Volumes 80-100L 20-60L 20-60L
Purged

Redox potential (Eh) and pH were measured using an Orion® 96—78-00 platinum electrode and a
Corning® 3-in-1 combination electrode. The Eh probe was calibrated each sampling day using
Zobel’s solution while the pH probe was calibrated using a set of buffer solutions with pH’s of 4,

7 and 10. Calibration sclutions were kept as near to 10 °C (the temperature of the groundwater) as

~ possible, Calibrations were repeated during the course of the day’s sampling if erratic readings

were observed. Measurements wére made fr’bm a flow-through-cell during discrete fracture

9



sampling. The flow-cell was a 0.15 L glass jar, sealed with a rubber stopper that also held the
probe and sample lines in and out of the oell Because of the higher flow rates and resulting
pressures, the flow-cell could not be used with the submersible pump. Eh é.nd pH were measured
from 0.04 L samples obtained after at least 50 L had been purged from the system. Both
approaches usually required approximately 10-20 minutes for Eh measurements td stabmze All
Eh values reported in this study have been corrected (+200 mV as per electrode solution used given

groundwater temperature).

After Eh and pH were determined, samples for further laboratory analysis were collected. Samples

were obtain'ed‘ for later ‘analysis for volatile organic compounds, principally TCE and possible
biodegradation products such as cis-dichloroethylene (c-DCE). These were taken in 40 mL glass
vials with Teflon®-silicon se,pta' with no heacispace or bubbles. Two to three samples were
collected for analysis by gas chromatogr‘aph and mass spectrometer and at least one additional
sample was obtained for headspace analysis. A 1L sample was collected in an amber glass bottle
for nieasuremenf of trictﬂorobenzenes (TCBs) and total PCB concentrations. Triplicates of these
samples were collected from two of the fractures for quality control purposes. Two samples were
obtained for analysis for urﬁce metals. © These were. collected in 125 mL Nalgene bottles, and
preserved with the addition. of concentrated hydrochloric acid, to brevent the later precipitatién of
the metals. Similarly two samples were taken, again in 125 mL Nalgene bottles for sulfide
analysis. These were collected with no headspace and treated with zinc acetate and sodium
hydroxide. Samples for anion analysis were collected in 60 mL Nalgene bottles. The samples
collected in the field were stored in either a cooler or an air conditioned field trailer, and returned to
Burlington to be refrigerated as soon as possible:. All samples, gicept those collected for volatiles
and PCBs and TCBs, were filtered using 0.45 .pm Gelman ® in-line filters. Th;a coxﬁplete sampling

protocol is summarized in Table 2.

10



bottle

Table 2. Sampling Methods Surnmary
#Samples .| Sample Volume Sample Treatment | Quality Control
Collected . e .
TCE and VOCs | 2-3 for GC-MS 40 mL collected in | unfiltered samples, | triplicates obtained
analysis and glass vials collected withno | for GC-MS and
1-2 for headspace headspace some duplicates
analysis taken at for headspace
‘| regular intervals analysis
. _ | per feature B
TCBsand PCBs | 1per feature 1L collected inan | unfiltered 2 sets of triplicate
amber glass bottle - samples were
subihitted for
. analysis ’
Trace Metals 2 per feature 125 mL collected | filtered and treated | duplicates of each
ina HDPE with concentrated | sample taken
o , Nalgene bottle acid , e
Sulfide 2 per feature 125 mL collected | filtered and treated | duplicates of each
' ' in a HDPE with a strong base | sample taken
Nalgene bottle .and Zinc Acetate.
‘Anions 2 per feature 60 mL collected in | filtered. duplicates of each
a HDPE Nalgene -sample taken

Laboratory Methods

Samples for TCE analysis were kept inverted and refrigerated to minimize losses from possible

volatilization and escape through the bottle cap. All samples were taken in triplicate and two or

three of each set were analyzed within one to four days of their collection. Due to the trace levels

of contaminants being measured, samples had to be quickly analyzed as even minute losses could

influence results. Appreciable losses of greater than 30% were noted in TCE standards that had

been kept for more than two weeks.

Samples were analyzed using a Hewlett Packard® 5890A gas chromatograph and mass -

spectrometric’ detéctor. A 10 mL volume was rermoved from each sample by the Dynatech®

Precision Sampling PTA-30 Autosampler and purged with helium gas in the Envirochem Unacon®

11




Series 810 purge and trap concentrator. The resulting gas stream was passed through the gas
chromatograph where it underwent a_speciﬁc -tempera,tur,é program expressly designed to detect
chlorinated organic compounds that were idenﬁﬁed by a Hewlett. Packard 5770 series mass
selective detector. This program begaﬁ at -15°C and increased at 10°/nﬁnute to a temperature of

35°C. From this point, the temperature is increased more slowly by 4%/minute to 150°C. The

program then held the temperature at 150°C for one minute until the run finished. The injecto’fiand

detector were held at 175°C for the duration. Between sample ruhs, the purge and trap equipment
and connecting lines were flushed five times with a dilute solution of sodium hydroxide to prevent

cross contamination and remove traces of hydrogen sulfide.

Quality control measures taken included the analysis of triplicate samples from each fracture.
Also; each set of analy'sés began with a deionized water blank and another blank was run again
after every 8-10 samples to ensure that ﬂxere was no carry-over of compounds betWeen samples.
Trichloroethylene standards were also analyzed with runs to insure that the calibration remained
valid. Using a range of standards between 0 and 25 pg/L, a c_onsis,teﬁt calibration with an r* of
greater than 0.95 was maintained over the course of the analysis period. A lﬁmown qqanﬁty of
another standard was also analyzed with each sample. The volatile organic compdunds (VOCs)
in,ter_nglbsta,ndard contains bromochloromethane, chlorobenzene-D5 and 1,4-difluorobenzene. Since
the same amount of standard was ‘automatically added to each sample, the calculation of
cbncentration used a ratio of the analyte peak to the’standard peak to miinimize 'errdfs from
variations in run conditions. The gas chromatograph and ma_s,s' sp’ect_romet'cr analysis method has a

detection limit of approximately 1 to 2 pg/L.

A specific ion measurement (SIM) method was developed for better detection of low level

chlorinated organics. This method was developed tb detect cis-dichloroethylene, (c-DCE), ‘

12




trichloroéthylene (TCE) and 1,2,3 and 1,2,4-trichlorcbenzene (TCBs) as well as 14-

- difluorobenzene from the internal standard. The internal standard was dilutedv thirty to forty times

to increase the overall sensitivity to better detect TCE; c-DCE and TCBs at levels of less than
0.1 p,g/L The SIM method was used to quahtanvely confirm the presence of trace levels of

biodeg‘radation prdduct_s such as c-DCE since they were below the quantitation limit.

Headspaoe analys1s witha Photovac 10S Plus gas chromatograph was also used to measure the
TCE concentratxons in duplicates of the samples obtamed Once the samples were returned to the

laboratory for analysxs, an artificial headspace was created by removmg 5.mL of the sample with

~ an air-tight syringe and allowing an equivalent volume of air into the sample through a second

needle. The samples were then inverted to prevent losses, and left for a minirum of one hour to -

allow the gas and liquid phase concentrations of the volaules to equilibrate and for the samples to

.come to room temperature.. A minimum of three additional standards were prepared in a similar
 manner for analysis with the sample series. Each sample or standard was analyzed by mjectmg

. 0.05 mL of the headspace into the gas chr’omatograph. Blanks of ambient laboratory air were

analyzed after évery 5 samples to insure that there was no carryO‘Ver between runs. This analysis

“method has an approximate detection lirhit of lpg/L. -

Samples and duplxcates to be analyzed for trace metals were sent to Nauonal Laboratory for

* Environmental Testing at the National Water. Research Instrtute Similarly, sainples and duplicates

were sent to the Water. Technology Institute for analys_ls.for sulfide, TCB and total PCBs. Anion

samples were analyzed at NWRI using ion chromatography.

13



Results & Discussion - -

Borehole 54D

Transmissivity data from borehole 54D, from 2 m and 0.5 m intervals (Figure 3 a and b) was taken
as the basis for discrete feature location. Eight 0.5 m zones of high transmissivity (T >107 m?/s)
were located for sampling in borehole 54D at through the Eramosa, Vinemount and Goat Island

members of the Lockport formation from 183.5 to 168.3 masl (Figure 3 b). The work done at this

borehole provided an opportunity to develop and refine field methods. Ihiﬁ_ally, zomes were

sampled with the plate-packer sampler. Due to the variability of plate onentatmn, this approach
provided inconsistent fracture locating, and variable withdrawal rates. All eight zones (Figure 3c)
were re-examined with the double packer-sampler and samples for TCE, Eh (Figure 4) analysis
were collected from each feature, with additional samples for teasurement of metals, anions, pH
and DO collected from tﬁe lowest three zones (Figure 5) Results from groundwatér sampling at

barehole 54D are summarized in Table 3. No TCE was fourd in any feature, as would be

expected from a borehole up-gradient from the contaminant plume, Redox potential was high in

the upper zone and sharply dropped in the lower zone, at approximately 175 masl, This depth
cQ_rre,sponds' to the contact between the Eramosa and Vinemount bedrock units (Figure 4). From
the additional geochemistry results that include metals and anions, conditions in borehole 54D
appear anoxic and sulfate-reducing, in the lowef feature§ (Figure 5). Evidence of a sulfate-

reducing éystem includes observed hydrogen Su_lﬁde gas from the sample water, and abundant

black precipitate, likely iron sulfide. AlthGUgh no TCE or biodegradation p_foducts were detected

with GC-MS analysis, large hydrocarbon peaks from propane and butane ambng» others, were

‘ oBservecL

14

i ‘ ;
_‘— - ‘ -= - k
.. o . L }



(A) BHS4D - 2 m Interval Transmissivity Profile

(B) BHS4D -0.5'm Interval Transmissivity Profile

(C) BHS4D - Withdrawal Rates Profile
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Figure3: BHS4D results




Borehole 54D: Eh Profile
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Figure 5: Geochemical results from discrete feature sampling at BH54D
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Table 3: BH54D Discrete Feature Results
Zone | Total | TCE | Eh | pH |Dissolved| Iron Suiﬁ&e Sulfate] Chloride Lockport | T -
Elevation |Volume Oxygen ) " | Formation
Purged Member
Start | End | (L) |(gL)|(mV) (mg/L) |(mg/L)|(mg/L)|(mg/L)| (mgL) (m'ls)
(masl) { (masl) : _
'183.5| 183.4 10 0 120 | Eramosa | 3 E-07
181.8]181.7] 15 | o | -1 Eramosa | 6 E-07
1804 | 180.3 35 | 0 88 "Eramosa | 8E-05
1786 | 178.5] 20 0 (114 | j " Eramosa | 7E-06
17721177.1] 20 0 128 17.3 02 1113 43.8 Eramosa | 3 E-05
26_,0 175.9 201 0 -16017.3 02 0.1295] 5.03 o ] Vﬂemount 2E-05
1734|1733 40 0 |-121]74] 06 |0675] 343 | 1099 | 127.1 ] Vinemount | 6 E-05
168.3 | 168.2 30 0 |-149(69| 0.04 |0.0455} 5.62 | 1531 371 Goat Island| 1E-05
18
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Borehole 56

Transmissivity résults from 2 m and 0 Sm testing were used as the basis for discrete samplmg and

profiling work done at borehole 56 (F1gure 6a and b). Borehole 56 was proﬁled at 1 5 m mtervals :

down the hole using the lar‘gér submersible pump with 1.6 m packer spacing, whtch allowed a
01m ové’r_lap between zonés. Eleven zones frorﬁ the Eramosa, Vihemount, Goat Island and
Gaspoﬁ umts (betwéen 184 to 151 n’iasl), were developed using the submersible pump and TCE
concentrgtions from these zones were measured (Figure 6c). Time series of saiﬁplés were collected
for TCE aﬂ_alysis_ to roughly establish the number of purge volumes fiecessary to obtain a
representative sample (Figure 7). Based on these results, saﬁxples after 3 to 5 purge volumes can
be reasonably considered representative since variation after 5 zone volume purges was usuzﬂIy
less than 1 pg/LL Wthh is close to instrurnent accuracy. The stable TCE concenlraﬁons ineasured
are plotted in Figure 6¢ and decrease with depth down the hole. Concentrations observed in the

lower Erainosa and upper Vinemount units, between 170 and 166 masl, were consistently between

| 7 to 8 ng/L.. Redox potential results are plotted in Figur‘e 8 where it can be seen that deeper zone

TCE concentrations generally occurred w1th low Eh zones. A summary of the complete borehale

~ profile is mcluded in Table 4.

Table4: . 1.5 m Profiling Results from BH56

Zone Elevation| Q Total | TCE Eh ;TI Lockport T SIM Resuits
Volume} Concentration| - Formation
v | |Purged ' Member v

Start | Eod |(L/mim)| (L) pgl |[@V) | | ¥ [¢DCE[ 124 | 12,3
(masl) | (masl) : o . TCB | TCB
| 1827 | 1814 3 90 1.8 15| 7 Eramosa | 3 E-05 no yes no
[181.4 | 1802 3 9 | 11 12| 7 | Framosa | 7E05] no | yes | no
180.2 | 178.9 3 105 | 09 -59 |7.02| Eramosa | 8 E-07 | yes | yes | yes
177.7] 1764 3 90 .0 "1 8 |71 ] Eramosa | 1E-04 | : :
174 | 182 | 31 | 93 75 | 150 [7.03] Eramosa |2E04 |

1702 | -169 28 | 84 5.9 145 16.99 | FEramosa | 2E-05

169 | 167.7 |. 2.8 84 |. 1711 180 | 6.99 | Vinemount | 2 E-05

167.7 | 166.5 3 90 71 | 143 |6.99 | Vinemount | 1E-04 |

16151 1603 | 3 90 7.1 160 -} 7 Vinemount | 2 B-05 | yes yes | yes
156.5 | 1553 0.7 42 42 . -121 1692 | GoatIsland | 6B-06 | ves | yes | yes
1532 15f=2 1 0.6 30 3 66 |7.04| Gasport | 3E-08 | yes yes | yes
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BHS56 results
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Figure 8: Borehole 56 - TCE concentration, Eh and purge volume comparison

*The presence of C-DCE could not be confirmed in these samples becatse of problems with the quality control

blanks
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Borehole 56 had 10 targeted high transmissivity (T > 10 m?/s) zones (Fig'ute 6 a and b), in which

12 features were successfully isolated (Figure 6 d). The double packer-sampler was used -

exclusively for discrete feature lqcation and sampling. TCE concentrations measured from discrete

feature samples ranged between 0-17 pg/L with little to no TCE observed in some features in the

upper Eramosa (Figure 9). | High TCE concentrations were generally associated with higher Eh

(Figure 10), low dissolved 'oxygen (Figure 11) an'd"high iron and sulfate concentrations (Table 5) .

Trichlorobenzenes were also detected throughout the fractures sampled, these concentrations

generally followed the TCE profiles, but at levels 6f less than 1 pg/L (Figure 12). Since TCE and

TCB were both present in the ofi‘_gina‘l plume, a plot was prepared of the ratio of TCE

concentration to TCB. concentration (Figure 13). ‘Where this ratio decreases, TCE is decreasing

relative to TCB levels measured. All total PCB results were below the minimum detection limits.”

Results of discrete feature sampling are summarized below in Table 5.

Discrete Feature Results from BH56

Table.5:
Zone Elevation Total | TCE |c-DCE| Eh | pH |Dissolved | Iron | Sulfide |Sulfate| Chloride| Lockport | T ]
Volume| Conc. Oxygen Formation
Purged " Member
Start [ End | @) | pol- mV mgL [mgL| mgL | mgL [ mgL (m’fs)
(mas) |mas B i TR N S R I
184.3 {18421 15 39 yes |195]6.81 0.05 |0.701| 0.007 | 1511 20.1 Eramosa | 2 E-04
1838 |1837] 8 | O | mo |178|686| 005 |1.07| 0018 | 3614 | 56.6 | Eramosa | 1 E-04
1821 [1820] 20 0 | wo [174] 7 | 01 |o084a1] 001 | 1027 | 91 | Eramosa | 6 E05
1799 [179.8| 22 0 | mo |164|709| 15 [0478] 0 | 353 | 74 | Eramosa | 4 B04
1768 |176.7] 170 0 | yes |36 [723| 05 [0.132]0.0925| 248 | 145 | Eramosa | 1 B04_
1736 |1735| 50 | 174 | oo |184]691| 03 |1515] 0 | 1193 | 195 | Eramosa | 8 E-03
1705 |1704]| 60 | 144 | wo |228| 69 | 002 | 133 | 00355 1155 | 133 | Eramosa | 1 E-05
1677 |1676] 40 | 112 | no [200]691] 004 |212] 0 | 1155 | 1325 [ Vinemount| 6 E05
1673 [1672] 50 | 173 | wo |169]697| 004 |1.525] © | 1160 | 314 | Vinemount| 5 E-04
1608 |160.7] 45 | 144 | no |172]686| 02 [1.225] 0 | GoatIsland | 3 B-03
1531 |1530] 60 | 65 | yes |-86] 69 | 008 |108| 0897 | 1568 | 79.0 | Gasport | 5 E-07
1517 |151.6| 65 | 117 | yes | -65 | 686 006 |0.099] 024 | 1758 | 506 | Gasport | 1 B-06
23
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Figure 9: Geochemical results from discrete feature sampling at BH56
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Figure 11;: BH56 Tt‘E and dissolved oxygen results
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Figure 13: Ratio of TCE and 1,2,4 - TCB Concentrations at BH56
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Borehole.34C

A borehole profile including 15 sanipled zones was developed at borehole 34C. Profiling occurred

between 179 and 153 masl, through the Eramosa, Vinemount, Goat Island and Gasport units based

on 2 m and 0.5 m hydraulic testing data (Figure 14 .a and b), and excluded 171 to 177 masl due to

cavities in this range. - A complete summary of zone results is included in Table 6. TCE

~ concentrations between O and 6 pg/L were observed in‘borehole 34C (Figure 14c). There were

two distinct zones of relatively higher confamination in borehole 34C in the Vinemount and Goat
Island units(175 to 160 masl and 165 to 159 masl), which also corresponded to highér redox
potential zones (Figure 15). Contamination appeared to be vertically stratified, and séparated bya

zone of older, uncontaminated water in the lower Vinemount. Using SIM GC-MS analysis, c-DCE

was also observed in all but the uppermost zones (Figure 15). TCE concentrations observed in

borehole 34C were lower than those observed in borehole 56 (Figure 16), but zones of comparable -
c‘oncenuaﬁoﬂ_ were observed between the holes, suggesting that attenuation is occurring and zones

may be connected.
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Table 6:. Borehole 34C Results
Zone Elevation | Total TCE SIM Method Results | Eh pH | Lockport T
‘ Volume | Concentration : Formation
Purged Member |
Start | End L pe/L ¢-DCE| 1,24 | 1,23 | (mV) (m2/s)
(masl) | (masl) - TCB | TCB
178.8/177.52 [ 80-100 [ 0 no | yes | yes | 133 | 7.06 | Eramosa | 1E-04
1712} 169.97 | 80-101 | 0.7 no | yes | yes | -90 ]| 6.96 | Eramosa | 1.E-04
170.0} 168.71 | 80-102 0 yes | yes | yes | -130 | 6.91 | Eramosa | 1.E-04
168.7] 167.45 | 80-103 _28 yes | yes | yes | 150 | 7.02 | Vinemount | 1.E-04
167.5 166.20 | 80-104 45 ves | yes | yes | 170 | 7.00 | Vinemount | LE-04
166.2] 164.94 | 80-105 3.9 yes | ves | yes | 170 | 7.00 | Vinemount | 1.E-04
164.9] 163.68 | 80-106 | 2.1 yes | yes | yes | 120 | 7:.19 | Vinemount | 2.E-04
162.4| 161.16 | 80-107 . 0.5 yes | ves | yes | -113 | 7.14 | Vinemount | 2.E-04
160.3] 159.06 | 80-108 0.2 . 105 | 7.00 | Goatlsland | 2.E-04
_159.9] 158.64 | 80-109 | 6.1 yes | yes | yes | 190 | 7.10 | Goatlsland | 2.E-04
158.4} 157.09 | 80-110 1.2 yes yes | yes | -109 | 7.00 | GoatIsland | 2.E-04
157.8} 156.55 | 80-111 3 yes | no | no 0 | 708 | Gasport | 2.E-04
156.3} 155.00 | 80-112 41 yes | mo | no 190 | 7.10 | Gasport | 2.B-04
156.1/ 154871 80-113 | 562" | yes no | no | 105 | 7.15 | Gasport | 2.E-04
154.9[153.61 | 80-114 6 150 | 7.16 | Gasport | 2.E-04
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Figure 14: . BH34C Results
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(A) BH56: 1.5m Interval TCE Concentration Profile ®B) BH34C: 1.5m Interval TCE Concentration Profile
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Figure 16: Comparison of BH56 and BH34C 1.5 m profile results




The prijlcipal objective of thls study was to examine TCE contamination in the bedrock benéaﬂl the
CWML sité, sbeciﬁcally, the contamination of discrete rock 'featufes. TCE results from this work
| confirm contamination in lé.rge 1.5m zones throughout boreholes 56 and 34C (Fiéure 16) as well as
in features in borehole 56 (Figure 6d). The highest concentrations observed were in discreté
features, where TCE levels ranged from below detection limits to 18 pg/L. This discrete feamfe
concentration corresponds to a 1.5m zone ﬁm an observed concentration of 7.5 ug/L.
Concentrations were generally lower in the larger iones, likely due to dilution effects, since it is
probable that multiple features of varying concentrations were contributing to the sjﬁmple. Also,
the largef’ pump, lines and higher flowrates (Q > 2 L/min.) may have also contributed to greater
volatilization losses. Some of the larger zones sampled were in medium transmissivity areas. This
might guide future fracture location work 'si,noe fracture location focused on zones with
transmissivities greater than 10 m*/s which consequently overlooked medium transmissivity zones

(107 <T< 109).

Since this study was conducted to investigate the ﬁresenc‘e of extremely volatile organic

compounds at léve]s near insmment detection hmlts, it was important to ensure that results were
representative of phenomena occurring in the groundwater in the study borehales. Volatile orQanic
compounds such as TCE and associated biodegradation products can volatilize, partition and
forther degrade which can alter measured concentrations. These factors wcr;c‘ minimized ‘by
consistent sample preparation and storage and thtoughv other quality control measures. Another
important considgraﬁon waé whether a sample was represent_aﬁvé of a larger zone pOS§ibly

- containing multiple features or a single feature. The presence of the borehole means that borehole

water has mixed with water from different features. Sampling zones are generally purged to ensure

that standing waters do not contribute to the sample. Traditiona]ly zones are purged byﬂushing an

arbitrary number of zone volumes, usually a minimum of three, or flushing until some field water
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quality characteristics; such as Eh, pH, temperatﬁre orbdissolvedonygen, stabilize (Gibﬁs ‘and
Imbriégiotta, 1990). Time series samples obtained from 1.5 m zones at borehole 56 deﬁionsufated
that a minimum of 3-5 purge volumes §veré required before TCE concentrations reached stable
values (Figure 7). Even then, some samples responded differently to purging, with cdnqenlraﬁons '
in certam zones decreasing to a stable value while other iones showed an increase "in concentration.
Representative samples ap‘peér, .from this work to dc’pe‘nd. enﬁrély on specific zone 'propérﬁ&c; :
including the number and transmiissivity of features being samipled, as well the nature and extent of |
contamination. Time series results demonsﬁate that eéch zone hehavcs uniquely, depending on
whether or not pre-existing COntaminaﬁon was or was not being diluted from opcghble mixing,
Redox 'potgnt'ial is another possible indicator since Eh genéra]ly'recjuired at leést 5 putge volumes
to stabilize. However, since Ehis chemically unrelated/ to TCE concentration, it is not an absolute

guideline (Gibbs and Imbriogiotta, 1990). Future work should continue to use time series data to

 ensure that samples are reproducible and represeiitative.

The inorganic geochemistry results from this study were compared to recent results from site

boreholes (Zatini et al., 1997). Similarities Were noted between BHS4D and geochemistry results

from BH60, which is located approximately 1 km north-west of 54D. Borehale 60 has two zones

loca@ at elevations of 183 and 168 masl in the Eramosa and Vinemount units, which coincided
with discrgte features located in borehole 54D. The redox potential profiles in both holes were
similar, posiﬁve_ in the shallow zones, and dropping sharply at approximately 175 masl near the
contilqt between the Eramosa and Vinemount units. A comparison ‘o'_f rédo:; species profiles was
difficult since only three features were analyzed at borehole 54D. However, metals and anion
concentrations wereréomparable, though iron concentraﬁons were more than 10 mg/L higher in the
uppermost zone at BH60. When borehole geochemis@r&shlts from 54D weré compared with

similar results from BH62, which is approximately 700 m north east from 54D and has possibly
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two overlapping zones in the Vinemount and Goat Island units (175 and 164 masl), no similar

trends were observed.

Geochemistry results from EH56 in the aqueous contaminant plume Wer_e found to share some
characteristics 'with bofeh'ole 53, a/borehole located approximately 500 m directly south-west from
" borehole 56. vSpeciﬁc features located in borehole 56 are observed at similar dcpths in S zones in

borehole 53 in the Eramosa, Vinemourt, Goat Island and Gasport units (174, 168, 163, 151 and

146 masl).. Both boreholes had maximum iron concentrations near the contact between the

‘Vinemount and Goat Island units at approximately 160 masl which also coincided with low sulfate

concentrations. Anion and cation profiles from the two boreholes had most maximum and

minimum metals and anion concentrations occurring at comparable depths. Redox potentials

between the two holes were generally quité different since Eh in borehole 53 de_cr‘éased with depth

and Eh in borehole 56 varied with specific features.

It is difficult to determine, how significant a comparison between a single feature and a larger zone
of several metres can be, since a larger zone likely contains multiple features and it is not known if

these are extensive or even interconnected.  Also, samples obtained. through Westbay

instrumentation may be s_lighﬂy -different from those obtained via pumping. A qualitative

. comparison however does demonstrate that discrete feature sampling results resemble results from

elsewhere on site. This similarity suggests that samples obtained from discfete features are
comparable to, and consistent with site geochemistry, and likely representative of specific borehole

geochemistry.

The findings of this study indicate that anaerobic biodegradation of TCE in the bedrock may be

occurring in some zones and features. The presence of ¢-DCE supports this conclusion since no c-
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DCE was in the original contaminant spill (Golder Associates Ltd., 1995). The anaerobic -
biodegradation pathway of TCE is first to cis or trans and then to viny] chloride and to ethene
(deBriin et al., 1990) These results are only quahtatlve since all c-DCE measurements had low. -

signal to noise ratios of less than 5, preventing quanutatlve detection.

Evidence of TCE removal ﬁoﬁ ‘some upper 'fea_tures was proﬁ@- by the presence of
trichlorobenzenes in discrete features. TCBs are more reﬁistant than TCE 0 biodegradaﬁon, and
may be used as tracers, marking the movement of the contaminant plume. The presence of TCB
and a lack of ¢-DCE in the uppermost features suggests that TCE is being removed by a
mechanism other than the typical anaerobic pathway. For example, aerobic biodegradatién of

TCE can cometabolize both TCE and hamral gas to reduce TCE to TCE epoxide and finally to

" organic acids and carbon dioxide (Wilson and Wilson, 1985). Since TCBs are preéent in séveral

of the uppermost features, the plume may be assumed ‘to have spread through these fractures. The
decline of the ratio of TCE to TCB concentrations in these upper features (Figure;13) indicates that
TCB from the plume ié moving through these features, and TCE has beeri removed. Since no ¢-
DCE was detected, and the uppermost zones have high Eh and dissolved oxygen (Figures 10 and
11), biodegradation activities would likely be aerobic. While. present evidence supborts the
pOSSlbﬂJty aerobic biodegradation, since no effort was made to determine if aerobic blodegradanon |

products were present, this possibility can not be venﬁed as yet.

‘Results from this work confirm that contamination extends into the deeper units of the Lockport

formation, howevér, the presence of anaerobic bidde‘gradaﬁon products suggests that .

bioremediation is also occurring in all but the most oxic features and zones. The lower TCE

‘concentrations measured in the uppermiost features may also be a function of continuing pump and

treat operations around the perimeter of the contaminant source area. The treatment wells extend
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to the upper bedrock and may be reducing contamination in some of the highest features. The
presence of TCBs inﬂxesé same Zones however indicates that the contamninant is migrating through
" these features, if at reduced levels. As previously mentioned, the low ratio of TC‘E to 1,2,4-TCB
concentrations (ﬁgmg 13) also indicates that there is a decline in TCE relative to TCB levels in

these upper features of the Eramosa from 173 to 183 masl. Since ﬁ'ichlorqbenzenes were a

- - ‘ !
! i H

component of the original contaminant spill, they indicate the presence of the pIUme;

:
(—
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Conclusions

The findings of this study c‘_onﬁrm TCE contamination in larger 1;5 m zones and in discrete
features throughout the Lockport formation underlying the CWML Smithville site. Restlts from
larger zones, discrete features, time series and geochemical data demonstrate that the field methods »
developed specifically for this work yield reproducible a‘nd. representative results. No single source

of TCE contafmination was isolated, but rather, zones and features with a range of concentrations

" of TCE from O to 17 pg/L were locaied in borehole 56, approximately 100m from the so_urcé area.

Concentrations observed in discrete features were higher than those observed in the larger,
corresponding zones. This suggests that fractures are the principal u:ansport pathways for TCE
averaging of concentrations across the 1.5m sampling interval. TCE contamination has also been

observed in both boreholes 56 and 34C in the Gasport unit (150 masl), confirming that TCE has

‘been carried to depth, .in both boreholes down gradient from the source 6f contamination.

Biodegradation of TCE is observed to occur, since c-DCE, an anaerobic biodegradation product

has been confirmed in most lower zones and features. The lowest contaminant concefitrations

-coincide with low redox pqtenﬁal zones, suggesting enhanced biodegradation in more anoxic

environments. Trichlorobenzenes have also bécn measured in these features, and since these resist

degradation, hlgher TCB concentrations at depth act as tracers which suggest natural

| biodegradation of TCE. Low TCE and high TCB concentrations in the uppermost zones which

have higher dissolved oxygen and high Eh suggest that aerobic biodegradation may be occurring.
Future work may be focused on the development of techniques for the measurement of aerobic

biodegradation products, including carbon dioxide, and organic acids.
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Bibdeéradation' offers a potential solution for the cont_é,minaﬁbn problem in the CWML site -
bedroék." _ Howéver, more knowledge about the mechanism of this process ié required in order to
detgrmine if the process can be artificially enhanced and accelerated. Information about the
" substrate type and .ava'ilability for bom aerobic and ana&obic biodegradation should be determined
éinoe substrate addition may .enhance natural biological acﬁvity leading to the complete removal of

TCE from the groundwater system. If possible, current methods should be modified to measure the

trace levels of biodegradation products present and assess the rate of biodegradation. Field work

might also be conducted to measure methane levels, since aerobic biodegradation may occur

through cometaboli'sﬁl of methane and TCE. 'In situ bioremediation including the possible aerobic

and anaerobic biodegradation of the TCE in the groundwater at the CWML should be further

investigated to evaluate its remediation potential.
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