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Abstract 

Hydrogeochemical research by NVVRI scientists 
during the period 1986-89 has shown that a large 
plume of organic chemicals has continued to migrate 
through an outwash aquifer following disposal at the 
Special Waste Compound (SWC) at the Gloucester 
-Landfill, near Ottawa, Ontario. The leading edge of - 

the plume, characterized by high concentrations of 
chloride and aliphatic ethers, e.g., 1,4-dioxane, has 
moved off site. ‘Most of the halogenatedhydrocarbons 

' have not been transportedso far and remain directly 
be_low the SWC in the outwash aquifer and the 
overlying aquitard. In this zone there is considerable 
evidence of dehalogenation reactions, which are 
probably microbially catalyzed. ‘ 

‘ Field and laboratory experiments were undertaken A 

to determine the mobility of the aliphatic ethers and_ 
some halogenated hydrocarbons in the outwash 
aquifer. The individual retardation factors derived 
from these experiments show good correlation with 

the octanol-water coefficient of each compound. 
.Comparison of the laboratory and field experiments 

. indicates that laboratory soil columns yield reasonable 
estimates of the retardation factors determined in the 
field. - 

The remedial alternatives considered for the site
V 

are reviewed and preliminary remedial measures 
taken on behalf of the site owner, Transport Canada, 
are described. Containment systems, such as slurry 
walls, are unsuitable because of the permeable nature 
of“ the bedrock beneath the SWC. The principal 
remedial option - recommended by consultants to 
Transport Canada should be successful in decon- 
taminat_ing large parts of the aquifer; however, the 
aquitard ‘underlying the SWC may ‘be extensively 
contaminated. by nonaqueous phase liquids and 
therefore require excavation. In situ biorestoration 
may be _required to complete aquifer decontamination 
following the five-year pump and treat operation. 
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Résumé
I 

Des recherches hydrogéochimiques effectuées 
_ 

entre.1986 et 1989 par les scientifiques de |’|NRE ont 
montré qu’un~grand panache de produits chimiques 
organiques poursuit sa migration_dans un aquifére 
alluvionnaire par suite de I"éli'rnihation a l’enceinte 
réservée aux déchets spéciaux (EDS) du site d’en-_ 
fouissement de Gloucester pres d’Ottawa (Ontario). 
Le bord d’attaque du panache, caractérisé par des 
concentrations élevées de chlorures et d’éthers ali- 
phatiques (p. ex. 1,4-dioxane), a franchi Ies limites du 
site. La plupart des hydrocarbures halogénés n’ont‘ 
‘pas été transportés si loin et restent directement sous 
FEDS dans l’aquifere alluvionnaire et la couche 
semi-perméable sus-jacente. ll y a dans cette zone 
des indications considérables‘ sur |’existence de 
réactions de déshalogénation probablement 
catalysées par4|’action microbienne. 

Des expériences ont été entreprises su_r Ie terrain 
et en laboratoire afin de déterminer Ia mobilité "des 
éthers aliphatiques et de certains hydrocarbures 
halogénés dans llaquifére alluvionnaire. Les facteurs 
particuliers de retard dérivés de ces expériences 
présentent de bonnes corrélations avec Ies coef—v 

viii
_ 

ficients de ipartage octanol-eau de chacun des 
composés. "La comparaison des expériences 
effectuées en laboratoire va celles m_enées sur le’ 

terrain indique que les colonnes de sols en laboratoire 
fourn_issent u_ne évaluation raisonnable des facteurs de 

_ 

retard sur Ie terrain. 

Les solutions de dépollution envisagées pour le 
site sont examinées et les mesures préliminaires de 
dépollution appliquées pour Ie compte du propriétaire 
'du site, Transports Canada," sont décrites. Les 
systémes de confinement, comme les murs de ciment, 

- ne conviennent pas en raison du caractére perméable 
du socle rocheux sous l’EDS. La principale option de 
dépollution reoomman_dée a Transports Canada par 
Ies spécialistes devrait perrnettre de réussir a 
décontaminer de grandes parties de l’aq'uifére;‘ 

't'outefois, Ia couche serni-pennéable sous l’EDS peut 
avoir subi une contamination étendue par_les,l_iqu_ides 
de la phase non aqueuse et son exca'vatio'n pourrait 
s’avérer nécessaire.’ Une _biorestauration sur |e'site 

' pourra étre ‘nécessairepour ‘cornpléter Ia déc'o_hta_mi- 
nation aprés |’opération‘de pompage et de traiternent 
d’u'ne durée de cinq ‘ans. 

A 

..

. <
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Introduction 

Public concern over the health risks associated 
with hazardous waste sites and the consumption of 
ground waters possibly polluted by these sites has . 

become acute i_n,t_he past decade. The assessment 
and remediation of such sites has involved -the 
expenditure of millions of dollars of public and private 
funds in Canada a_nd many times that amount in the ' 

U.S.A. With the announcement of the recent federall
' 

provincial agreement (April 1989) to create a five-year, 
C$250 rn_i_llion hazardous waste site cleanup program 
for orphan sites throughout Canada, it is essential that 
reliable and complete hydrogeologic remedial 
investigations must be undertaken if»_the program is to 
-avoid many of the inefficiencies that have plagued the 
US $5 billion Superfund of the‘ U_.S. EPA (e.g., Freeze

T 

and Cherry 1989; Hirschhorn and Oldenburg 1988). 
- This report is an example of the kind and detail of 
hydrogeologic and hydrogeochemical information that ~ 

will be required‘ at Canadian hazardous waste sitestif 
effective and efficient remedial technologies are to be 
chosen". ‘ 

.

V 

The purpose of this report is first to review and 
update the hydrogeological and hydrogeochemical * 

data from the Gloucester Landfill, near Ottawa, 
Ontario, and second to assess the remedial options 
for the restoration of the outwash aquifer beneath the - 

Special Waste Compound (SWC)._ The extent of 
groujnd-water contamination at this site has previously’ 
been documented in Jackson et al; (1985), i.e., Part 1 
of this report. In reviewing the hydrogeochemical data 
and remedial options, reference will be made to_the~ 
reports of the various consultants, notably Water and 
Earth Sciences Ltd. (WESA) and lntera Technologies 
Ltd., who have undertaken hydrogeological 
either for "the owner of the property, Transport 
Canada, or for ‘Environment Canada. However, this 
report is primarily a presentation and interpretation of . 

data from 1988 collected by the National Water 
' 

Research Institute (NWFtl) group associated with the 
continued assessment of ground-water contamination 
arising from disposals of organic‘ liquid wastes within 4 the Special Waste Compound at the Gloucester v 

Landfill. 

CHAPTER 1 

The remainder of the first chapter is concerned 
with the - origin and evolution of ground-water 
contamination at hazardous waste sites, the identity of 
the contaminants of concern at other sites in eastern

‘ 

Canada, the health risks associated with the.‘ 
consumption of such-contaminants in groundwaters, 
and the need for a reliable, remedial investigation of 
the hydrogeology of a site. ' 

Chapter 2 contains a review of waste disposal, 
- hydrogeological, and hydrogeochemica_l data from the 
Gloucester Landfill from previous reports that are not 
now generally available. New hydrogeochemical data 
collected by NWRl during 1988 are presented in 
Chapter 3 together with a discussion of the sampling 
and analytical methods used. These new data when 
coupled with the information on contaminant mobility 
presented in Chapter 4 allow the hydrogeologist to 
assess the appropriateness of the various remedia_I 
options (Chap; 5).

' 

GROUND-WATER QUALITY AT HAZARDOUS WASTE SITES IN EASTERN CANADA 
It is becoming increasingly apparent‘ that 

ground-water quality at most hazardous waste sites is 
dominated by the occurrence of light and/or dense 
’(relative to water) nonaqueous phase liquids, i.e., 
LNAPLs or DNAPLs. While it is entirely possible that 
sites‘ contain neither NAPL, i.e., the. "source of all, 
contaminantsis an aqueous solution, the potential 
presence of NAPLs.requires that this possibility be 
investigated before any remedial option is chosen. 

Figure 1 shows the location of five hazardous 
waste sites in eastern Canada that have been 
‘investigated by the NWFll ground-water contamination 

' group. DNAPLs have been identifiedin ground-water 
"samples and by fouled downhole equipment at three 
of the. five hazardous waste sites listed in’ Table 1; 
their presence in the other two sites is suspected but 
not confirmed. In addition to DNAPLs, samples from
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monitoring wells at Sydney, Nova Scotia, contained 
LNAPL liquids. 

Groujnd waters migrating around NAPL pools or . 

through parts of aquifers containing residual NAPL 
emulsions, i.e., droplets or "ganglia," will become con- 
taminated by mass transfer of the NAPLS to the 
ground water. As Hunt et al. (1988a) have shown, 
such mass transfer is very slow and dependent upon 
the solubility and molecular‘ diffusivity of the organic 
compounds comprising the NAPL, the rate of 
ground-water flow past the NAPL zones, and the 
surface area of the NAPL. The processes by which _' 

sinking LNAPL and DNAPL plumes dissolve and 
contaminate a whole. aquifer is shown in Figures 2 
and 3. 

The concentration of the "'i"‘th component of the 
NAPL in ground water is given by the approximation 
(Stumm and Morgan 1981; Banerjee 1984) 

c. = x,c, 

where x, is the mole fraction ofthe "i"th component in 
the NAPL and G, is the aqueous solubility of the

_ 

, 
component. 

‘ 

Two important observations may be made about this expression. 

Table 1.‘ Five Hazardous Waste Sites in Eastern Canada 

First, the equili_bri,um concentration of the "i"th 

contaminant i_n ground water adjacent to a NAPL pool - 

, 
will be less than the aqueous solubility limit by a factor 
proportional to the mole fraction of the'con_tami,nant in » 

the pool. This is because the contaminant preferen- 
tially partitions into the pool (Reinhard et al. 1984). 
Second, in thecase of several contaminants being 
present in a NAPL pool with sirnilar mole fractions, the 
concentration of each in adjacent ground water will be 
a function of their respective aqueous solubility. Wit_h 
time, the more soluble components will preferentially 
dissolve in the ground water because such mass

( 

transfer is primarily a ‘function of aqueous so|_ubi_|_ity 

rather than ground-water flow rate (Anderson et al. 
1987). This phenomenon is observed in the weather- 
ing of oil seeps (Hunt 1979) and in the remediation of ' 

solvent plumes in ground water (Feenstra, S., 1988, 
Applied Ground Water Research Ltd., Mississauga, 
Ont., pers. comm.). ‘ 

- - 

Volatile halogenated aliphatics, pesticides, and 
aromatic hydrocarbons have dissolved in ground water 
from NAPL pools and/or ganglia at most of the sites 
listed i_n Table 1 and have created plumes with 
aqueous concentrations of tens of mg/L, as shown in 
(Table 2. Because these concentrations exceed 
drinking water limits by as much as one thousand fold, 
the presence of these contaminants, is of foremost 
concern. - 

Sit; Geology Source of contamination’ 

Elmira Sequence of sand Industrial lagoons with 
- 

. and gravel aquifers chemical process wastes. - separated by till 
- aquitard. 1

I 

Gloucester Sequence of sand Disposal of 100 090 L of’
t 

and gravel aquifers, lab solvents, wood preser- separated by till vatives, and inorganics. aquitard. 

Hercier Esker overlying Disposal of 40 000 000 L fractured bedrock. of liquid industrial wastes. 
SmithVi11€ Thin till over Industrial reprocessing. 

fractured dolomite. of organic liquids. 
5YdDeY Thin till over Coking coal manufacture fracturedgsandstoney “and coal tar production.



’Table 2. Concentration Ranges of Contaminants of Concern in Ground 
Vaters at Five Hazardous Waste Sites in Eastern Canada 
(ppm (>1 ms/L). ppb (= 1~.1ooo ug/L). and pm (= pg/L) 
indicate maximum levels 
at each site;) 

detected in several monitoring wells 

DNAPL 
' 

. . 

Site composition Contaminants of concern 

Elmira 
. 

Presence BTEX; phenols and CPs (ppm); 2,4-D ' 

' uncertain and 2,4,5—T (ppb), PCDD (soil) 

Gloucester Presence» CFC113, solvents, QC, dioxane, 
uncertain benzene_(ppb); PCDDs, and PCDFs (ppq) 

Mercier Oil + PARS + Solvents, benzene, CB, and VC (ppm) 
solvents ' 

Smithville ’ 

Qil + TCE + PCBs, TCE, and CBS (ppb) 
PCB + CBs 

Sydney 
4 Coal tar BTEX and naphthalene (ppm)' L 

abbreviations: 
iii 

BTEX = benzene, toluene, ethyl benzene; and xylene 
CBS = chlorobenzenes 
CPs = chlorophenolsy 

dioxané = 1,4-dioxane 
= chlorofluorocarbon-113 . CFCl13 

(1,1,2-trichloro,1,2,2-trifluoroethane) 

trichloroethene (TCE), 

PCB = polychlorinated biphenyls 
PCDD = polychlorinated dibenzodioxins 
PCDF = polychlorinated dibenzofurans 

solvents = tetrachloroethene (PCB), 
l 1,1,2;tfiich1orbethane (TCA);"1;2—dichloroethane 

VC chloroethene (vinyl chloride) 
'

' 

2 , lo], 5-T 

HEALTH RISKS OF CONTAMIANATED 
GROUND WATER 

Guideline values for Canadian drinking water 
quality are set by a federaVprovinc_ia| subcommittee. 

» Some of the more relevant values are shown in Table _ 

3 along with comparable US. EPA values. In most 
V 

cases, Ca_nadian values do not exist for those 
compounds identified in the plumes migratingfrom the 
hazardous waste sites listed in Table 1; consequently 
U.S. EPA values are frequently adopted by Canadian 
regulatory authorities. 

;The . setting of these values is done in an 
extremely conservative way, involving the 
extrapolation‘ of animal cancer tests and sometimes 
human epidemiological data to predict human health. 
risks. Information from the most detailed assessment 
of these risks yet published (Gold et al. 1984)‘ is 

2,4—D ; 2,4-dichlorophenoxyacetic acid i- 
i

g 
; 2,4,Satrichlorophenoxyacetic acid

‘ 

displayed in schematic fonn in Figure 4, which 
includes a carcinogenic rati_ng of a wide variety of . 

compounds, most of which have been identified in the 
five hazardous waste sites considered in this paper. 
While this procedure has been criticized by leading 
toxicologists as being too conservative (Ames etal. 
1987; "Smith 1988), it is nevertheless a methodology‘ 
that is widely used by public health agencies. Thus, 

_ the health risk estimation technique forces chemists 
and hydrogeologists to design sampling and -analysis - 

programs to identify and quantitate potential carcino- 
gens in "ground water at concentrations that comply _ 

with the guideline values, the'so=called compliance 
levels. A 

K . 

The risk associated with drinking ground water 
contaminated with any of the compounds shown, in 

. 
‘Figure 4 isvtassurned proportional "to the value of



I 

A'AI'ab1e 3. Drinking Water Quality Guideline Values in ug/L (ppb) 

Canadian recommended 0.5. BPA,recommendAAeAd Compound 
maximum acceptable maximum contaminant 

concentration -. 

‘ 

8 level 

Benzene 5 5 A 

Chloroethene (VC) n.d. 2 

1,lo—D'ich;1oroben,zene 
V 

5 '75 

1,2—Dich1oroethaneA V 

"A 

n.d. 
A 

. 
_ 

5
A 

A 

'1,1‘—Dich1oroethene 
A 

’ n.d. -- 
' w 7”, 

A‘ 

Tetrachloromethane 5 
A 

A

5 

A1,1{1—Trich1oroethane (TCA) n.d. zoo 
.

- 

Trichloroethene (4'AI'ACE) n.d. ‘ 5 

Sources:' Guidelines‘ foi: Canadian Drinking Water Quality, 1987, and‘AA’A' 

Federal Register,_52(130.): 2e5690.—2«5717. s / 

n.d. = Not defined. 

A 

TD50 — "the dose rate (in mgAA/‘kg body weight/day)Athat,
A 

if administered chronically for the standard lifetime of 
the species (e.g., male rats), will-halve the probability 
of. remaining tumorless throughout that period" (Gold 
et al. 1984). This index of carcinogenic potency.A 

2 ranges from the most toxic — an isomer of 
tetrachlorodibenzodioxin (2,3,7,8-ATCDD) —to the least — green food dye no. 1. However, the contaminants 
of greatest concern to the hydrogeologist are those 
that a_re not only toxic but also mobile and persistent 
in the subsurf‘ace«(Jackson et al. 1985). 

Consequently, TCDD isomers, which a_re 
occasionally found in soils and ground water, may be 

t of less concern at a particular hazardous waste site 
because of their very low mobility due to their low 
solubility. Most of the organic contaminants of 
concern identified in Table 3 occupy that region in 

. Figure 4 between 1 mg/(kg-‘ and 1 g/(kg- cl). The 
compound with the lowest drinking water guideline 
value in Table 2 is vinyl chloride or chloroethene, 
which is a known Ahuman carcinogen and which is

' 

produced in ground water by the biodegradation of 
several common chlorinated organic solvents (Wolf et 
al. 1987). Because of its combined toxicity, mobility, 
and persistence, vinyl chloride is the co_ntam,in,a’nt of 
greatest concern at many sites, even though these 

sites may contain compounds identified in Figure 4 as 
being of much greater carcinogenic potential. This 
fact 

A’ 

necessitates the undertaking of .r‘e'media| 

investigations that are optimized for - such 
. contaminants of concern. ‘ 

THE NEED FOR FI_E,LIABL_E. REM.E,DIAL 
INVESTIGATIONS 

V 

The assessment 
__ 

of hydrogeological and 
hydrogeochernical conditions at a hazardous waste 
site should lead to a realistic appraisal of the potential‘ 

. 
_ 

of the various remedial technologies to achieve the 
required corrective action_. In America_n parlance these 
two steps are known as the remedial investigation and 
feasibility study or RI/ES when they are issued as a 

A 

single report. Because of the inadequacy of many 
. remedial investigat_ions in the U.S.A. (GAO 1988) and 
Canada, the prescribed remedialltechnologies have 
failed to attain their stated objectives, which may have 
been un_attainab_le in the first place_. 

An exce|_|ent example of a remedial investigation 
that failed to identify the actual conditions at a 
hazardous waste site and thereby u_ndermined the 
objectives of the feasibility study is that of Ville



J/.10On‘g 

til0 We
9 
92’ 

.LLQ one 
6.90 Om toug I00. 
l.IJé,._' 2<.".’ (Ding OD: egg 6 1ooug ‘@033 
E-2305 3gE_ > .9. ,'gu.1<\,11mg egg 
§”uJ_,-;, \l-LG. 
.52’-'8 

§E§§ Lu§E.1om9 c/)2» Ogg
E :<vZ 5; ‘'''o,g; 100mg 

ID 00 Pg" 
1-’ 

U) 
.1 
3‘ 
2 '9 
<. 

10g 

Figure 4,. Range of carcinogenic pot:e'nc'y ix”: lahoratiofy 

l. 

’ ' 

. 

'

\ —~ _2,,3,7,a.—rcoo 

‘—¢ AFLATOXIN (CRUDE) 

-—.~ BIS-(CHLOROMETHYl_.)ETHER 

V _-_ ——¢ HCDD MIx'TuRE* — -.—. 1.2-DIBROMO-3-CHLOROPROPANE 
(oecp) 

_—- VINYL CHLORIDE , —- -+ CARBON TETRACHLORIDE —— :-_ AROCLOR 1260 —— -\_1,2-DIBROMOETHANE (Ens) —- \_ Cl~lLORDANE' *
. 

eenzo (a) PYRENE 

-— - AROCLOR 1254 1
x 

—? —- 1,2-DICHLOFIOETHANE —'—‘ 4- 1.1- DICHLOROETHENE ", 

? —— seuzsus -— *~ D T - 

:*"x§_~ CHLOROFORM , -5- \ TETRACHLOROETHENE : 1,4 DIOXANE «

r \ 1,1,1-TRICHLOROETHANE 
._~_ .—+. 2,4,6‘-TRVICHLOROPHENOL _'_ \‘- TRlCHLQROET?lENE' + 

1.1- DICHLOROETHANE 

-4 —-F.l‘)°C Green No.1 

animals (after: Gold et: a_1. -1984,)". 

Mercier, Quebec (Martel 1988). From 1968 to 1972, 
approximately 40 000 m3 of liquid industrial wastes 
were disposed of in lagoons in an abandoned gravel ’ 

pit near Ville M_ercier on the south shore .of_ the 
St. Lawrence River, 20 km from Montreal (see Fig. 1). 
By 1971, local wells were closed due to contam_ination 
and by 1972, disposals were ordered ended. 
However, by May 1988, a plume of volatile organic 
chemicals had migrated at least 4.8 km from the 
disposal areas and_ had caused the closure of 
industrial and municipal water supply wells in 

Sainte-Martine (see Fig. 5) as well as numerous 
domestic wells between Sainte-Martine and‘ Mercier. 

In 1982,‘an Ftl/FS was undertaken that ledvto the . 

commissioning of a treatment plant in June 1984 to 
decontarninate the groundwater withdrawn from the 
aquifer beneath the former lagoons. It was intended 
that ' the treated water would have "similar 
characteristics as drinking water" and‘ could be used 
by Mercier for its potable water supply after five years 
of’ pump and treat operations (Simard and Lanctot 
1987). This treatment plant and three purge wells 
operated from June 1984 to J_une 1985 at 1.2 million 
m3/a at a cost of $7.4 million but failed to produce any 
significant improvement in theground-water’ quality 
entering the treatment plant vis-a.-vis the drinki_ng

. 

water guidelines. As of August 1988, concentrations 
of four toxic organic chernicals -in_ the purge. wells 
adjacent to thevlagoons were still substantially in 

' 

excess of drinking water guidelines (Table 4). 

The failure of the pump and treat operations to 
attain the objective of producing drinking water for 
Ville Mercier after five years of operation was due to 
the presence of DNAPL pools within the sand and 
-gravel surficial aquifer and the fractures of the 
bedrock; Chemical analysis of one of these pools by 
Laval University indicated that it was composed of a 
complex mixture of refined petroleum hydrocarbons 
(54%), volatile organic solvents (18%), and 
polyaromatic hydrocarbons (PAHs) (4.7%) (H. Pakdel 
1988, Chemical Engineering , Department, Laval 
University, pers. comm.). Ground water in contact 
with this DNAPL contained volatile organic solvents in 
concentrations oftonly 1% or 2% of their aqueous 
solubility, indicating relatively‘ ‘slow mass transfer‘ 
between the pool and nearby ground water. Conse- 
quently, aquifer purging operations failed to remove 
this subsurface source of contamination from beneath 
the lagoons, with‘ _the exception of a.pool that was 
pumped into the treatment plant and fouled the air 
st_rippi_ng columns, clarifier unit, and granular activated 

4 

A 
carbon columns. -_
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Table 4. 
I 

Cround—Vater Chemistry of Selected Toxic Organic Chemicals in 
- ug/L at Two‘of the Purge Vells, Hercier, Quebec, :lnbAug9ust 

1988, Compared to U.S. EPA Haximum Contaminant Levels (HCLS) 
-in Drinking Water 

_

« 

- 

Compound 
‘ 

’ Well 1 Well 3 ' EPA HCL _A 

Chloroethene (v_c) 160 
I 

92 2 
1 

Benzene 174 
\' 

V 

162 
9 

* 
In 5 

1,2—Dich_1o;oethane 
_ 

435 
_ _ 

’ 

72:3 - 5 

'1‘r»ich1oroethe'ne (Toe) 105 
' 

102 « 4 

Sampled and analyzed bi NVRI.. 
_

" 

MCLs taken from Federal Register, 52(,130), p. 25691, 8 July 1987. 
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- Because the DNAPL_s were not identified in the 
1982 RVFS, the remedialtechnology, pump and treat, - 

chosen to decontaminate the aquifer could only 
contain the migration of t_he dissolved contaminants 
from the DNAPL but could not remove the DNAPL 
pools from the aquifer" (Martel _1988). This conclusion 
has also been reached in’the 'Uv.S-.A. in similar 
situations (Feenstra and Cherry 1988; Mackay and 
Cherry 1989). Apart ‘from excavation of shallow 
DNAPL pools, there is no proven remed_ial technology 

V

. 

toremove DNAPLs,- although some techniques 
appear to show great promise (see Chap. 5).

‘ 

, The RI/FS of thevMe'r‘c'ier. site was completed for 
$300,000 (Simard and Lanctot 1987), of which less 
than $100,000 was for hydrogeological and hydro-- 

. geochemical investigation. Atthe Gloucester Landfill, 
where only 100 m3 of liquid wastes were disposed of, 
Transport Canada has spent approx_im_a_tely $450,000 
on hydrogeological and hydrogeochemical studies, 
and the research institutes’ of Environment Canada 

‘ 

_ (National Hydrology‘ Research Institute, NWFtl, River 
Road Environmental Technology Centre, Wastewater 
Technology Centre) have. spent atleast as much. In 

no sense then -can the 1982 Mercier Rl/FS be 
considered to have been. reliable and complete, 
because of the very small budget allocated to the 
hydrogeological investigation given the scale of 
disposals at the site. 

Three items were ,particu_lar|y absent from the 
original Mercier RI/FS. Firstly, the sand and gravel 
aquifer beneath the lagoons was ‘not sufficiently well 
investigated and therefore the DNAPL pools were not 
identified. Had they been identified, it would have 
been possible to determine, by laboratory column 
experiments, that their removal would be impossible 

‘\ 

by pump andtreat operations. In fairness, it must be 
added that ‘the’ 

, DNA_PL . problem was not fully I 

"appreciated by the hydrogeological community in
_ 

1982; however, the use of laboratory experiments in - 

contaminant hydrogeolcgy was well established. 
Secondly, no detailed assessment was conducted of” 
the extent ofccntamination of the bedrock beneath the 
sand a_nd gravel; Because of the very low-bedrock‘ 
porosities and high hydraulic gradients, ground-water 
flow and contaminant transport is extremely rapid in

‘ 

' 

the bedrock fractures and has led to the development 
of the long plume extending towards Sainte-Martine. , 

Thirdly, no mathematical simulation modelling of 
ground-water flow and contaminant transport was 
undertaken to optimize’ the remedial operations. 
Mathematical modelling of the site (D. Isabel, 1988, 
Geological Engineering Department, Laval University, 
pers. comm.) has now shown ‘that containment ofthe 
plume can be accomplished at much lower pumping 
rates than havebeen used over the period 1984-89, .. 

l’ 

and therefore containment can be accomplished much 
more inexpensively due to lower granular activated 

— carbon costs. 

The Mercier remediation has been. a costly 
‘ learning experience that should befully ap‘p'reci_ated by 
Canadian regulators, engineers, and hydrogeologists. 
While it is clear that not every site can besubjectto 
the same" extensive investigation that has 
characterized the Gloucester site, there must be some 
balance struck between funds al|oca_'ted for a particular 
Fll/FS, the health risks posed by the site, and the 
value of the ground-water resource that is threatened. 
However, it stands to reason that millions should not 
be poured into site remediation ‘before a reliable and 
complete 

’ remedial hydrogeologic and hydro- 
’ geochemical investigation is performed.



Gloucester»LandfilI and Outwash Aquifer

l 

_summarizes 

_ 

Much hydrogeological and hydrogeochemical work 
has been ‘undertaken at the Gloucester site during the 
past decade by both consultants to Transport Canada 
and resea_rch scientists and engineers of Environment ‘ 

Canada (e.g.,, Jackson et al. 1985). This chapter 
t_he hydrogeological and 

hydrogeochemical resu_|ts arising from’ the site 
assessmentstudies of NHRI and these consultants 
from 1976 to 1985. ’ 

e 
/_ 

SITE DE_SCFllPTl_ON 

Between 1969 and" 1980, the Govemment of 
Canada disposed of hazardous‘ wastes, principally 
organic chemicals from its la_bo_ratories in Ottawa, at 
the nearby Gloucester ‘Landfill (Fig. 6). The disposal 
operations took place within a "Special Waste _. 

Compound,-" hereafter referred to as the SWC, located 
at the southwest corner of the landfill. These 
operations involved ‘the excavation of trenches 
(12 m long x 3 m x 3 m) into’ which bottles of liquid 
chemical wastes were placed and subsequently’ 
combusted by detonation of" explosive charges set 
withinthem. The wastes consisted of’nonchlorinated 
solvents (56.4 m“), unspecified wood preservatives (30. 
m3), chlorinated solvents (8.6 ms), and smaller 
amounts of acidic and ferric chloride and other wastes 
(G EC 1985a). 

gl-IYDROGEOLOGY 
A 

' * 

Detailed soil coring and hydrogeological testing 
-have resulted in the identification of the five 
hydrostratigraphic units shown in Figure 7. Unit A, the 
fractured li,mestone‘bedrock, is encountered at depths - 

between 25 and 30 m and’is partly covered by a till 
. (Unit B) of relatively low hydraulic conductivity. 1 Unit 
C, overlying the till and/or bedrock, is a thick (up to 
25 m) sequence of silts, sands, gravel, and boulders 

, known as glacial outwash and fomis a semiconfined 
aquifer beneath thelandfill. This outwash is overlain 
by a discontinuous layer of silt, unit D. The surficial 

- WAST 
. er compouuo _3 .39 

CHAPTER 2 

aquifer, Unit E, may be up to 10 m thick and is 
composed of sands and gravels. 

The outwash aquifer, Unit C,. is composed 
-mineralogically of feldspar (50+%), quartz (20%), and

4 

minor amounts of mica, calcite, dolomite, and horn- 
blende. The organic carbon contentéof the aquifer 
sediments averages 0.06%. The aquifer has a mean 
hydraulic‘ conductivity of 10”‘ m/s, a porosity of 
0.30-0.35, and an average) linear ground-water ‘flow 
velocity of 0.05 m/d (Jackson et al. 1985;’ Michel et al. 
1984). The ground-water temperature is in the range

~ 

'9-10°C. 
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