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Chapter 1: Introduction 

Pockwock 
Lake 

Mt. Uniacke 

• 
Highway 
101 
Landfill 

0 

102 

N 

I 

Dartmouth 

10 

5 10 15 km 

Figure 1.1 Location Map of the Highway 101 Landfill, Halifax County (modified from 
McKechnie et al., 1983). 
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Chapter 1: Introduction 

Jack Lake, near Bedford, ranked the highest using these criteria. Again, public 

opposition halted the develop1nent of this site (McKechnie et al., 1983). 

With the need for a new site growing, the government bought ha of land from 

a private land owner. By July 1977, prelitninary engineering reports were completed, 

stating that although not as suitable as its predecessors, any problems at this site could be 

overcome (McKechnie et al., 1983). In November of 1977, the Highway 101 Landfill 

opened. 

The impact of the landfill on the environment has been both long and short 

tenn. The short term probletns include dust, odour, litter, pests (seagulls, flies, and 

rodents), and increased traffic and noise (McKechnie et al., 1983). Reduction of these 

problems occurred through various operational1nodifications. The long-term problems, 

that will not go away with the closing of the landfill, are leachate and In ethane 

production. These problems will be a continuing concern in the near and distant future. 

1.2 Problems with Leachate 

Leachate is the liquid created when water percolates through the waste in the 

landfill. The water picks up many soluble ions, co1nplexes, and organics, changing the 

chemistry of the water. The exact chemistry of the solution is dependent on what is 

the landfill. Typically leachate is enriched in ammonia, some metals, sulphates etc. 

(Table 1.1) (World Health Organization, 1993 ). The best to reduce the leachate 

production is to avoid its creation by eliminating the water that co1ne into contact with 
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the waste. This is a nearly impossible because large area involved and its 

exposure to weather. For this reason, landfill siting is reco1nmended where there is a low 

water table and a naturally impervious soil liner. 

Arsenic 
Total Dissolved 13900 75 834 not given 

Solids 

Potassiu1n 853 1.35 14 20 to 2050 

Chloride 3830 6.36 220 100 to 3000 
se 

Table 1.1 Comparison between leachate composition at Highway 101 Landfill site, with background levels, 
impacted well levels and U.K. leachate levels. 
1. Leachate collected during a pumping test within closed landfill (Jacques Whitford, 1995a) 
2. Background levels for all well depths (surficial, intermediate, and deep) (Jacques Whitford, 

1995b) 
3. U.K. levels for household waste from Dept. of the Environment 1985 

The 1nain sources of water that co1ne into contact with the garbage are either the 

surface water (precipitation) percolating down through garbage or the watertable (if the 

landfill is below saturation depth). It is practically impossible to eliminate all the water, 

so the best first 

in leachate treatment is to collect it via a collection system. is generally 

accomplished by the installation of a layer permeable material that contains perforated 

pipes leading to the treat1nent area above an impervious liner. At the Highway 101 site 
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pipes leading to the treatment area above an impervious liner. At the Highway 101 site 

the "impervious" liner was the natural glacial cover, with at least one 1neter of co1npacted 

cover added 1naterial in the peat areas (Beasy Nicoll Engineering and H.J. Porter and 

Associates, 1977). The collection syste1n consists of perforated PVC pipes leading to 

the treatment facility. The leachate has a considerably different chemistry than natural 

groundwater (Table 3.1 ). It is for this reason that any leachate that escapes the collection 

system, or any leachate that leaves the treatment area without complete and proper 

treatment, presents a hazard to the local groundwater. 

If the groundwater does become contaminated, it is problematic because it 

influences both the surface water and anybody using the groundwater. The surface water 

is vulnerable because the aquifer is semi- to unconfined, allowing for groundwater 

discharge to the surface. This is of particular concern for the Sackville River and any of 

the surrounding lakes. If this water becomes too concentrated in contaminants, 

particularly 1netals and ammonia, they could have a detri1nental effect on aquatic fauna 

and flora and any wildlife of the surrounding area. Another 1nain concern is for the 

people who get their drinking water from wells dug in the same aquifer as the landfill. 

some of the 1nonitoring wells on the landfill site, concentrations of contaminants exceed 

Canadian Drinking Water Standards. 
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1.3 Background to the Highway 101 Leachate Treatment 

During construction of the landfill it was realized that leachate would be of 

concern. For this reason, an on-site leachate treatment plant was constructed with the 

early construction of the landfill. The initial installation proved inadequate and the 

systetn was expanded in 1986- 1987. The first stage of treatment consists of a 

pretreatment area. In this area there is precipitation of metals and dissolved solids, and 

adjustinent of pH. This process creates a sludge which is then put back into the landfill. 

This system currently processes 0.9 Lis of leachate (Jacques Whitford, 1995b). 

The next stage is an aerated lagoon system. This is cotnposed of four lagoons 

where the leachate goes from one lagoon to another. The problem is that the overflow 

from the pretreattnent (3 L/s) is also allowed to enter into lagoons with no precipitation 

and filtering to get rid of dissolved solids and metals (Jacques Whitford, 1995b ). 

Another problem which has arisen is the fact that some surface drainage is also going 

into the lagoons contaminating them with leachate. 

The final stage of treatment is an engineered wetland where plants take out 

remaining problematic ions and compounds (Jacques Whitford, 1995b). Figure 1.2 

shows a sutnmary of the treattnent systetn. The water the wetland then drains into 

the Sackville River. The provincial regulation, dating from 1990, concerning 

effluent going into the Sackville River is with respect to atntnonia. This regulation 

requires a sample taken from down-river, surface site S5, must have a value of 2.5 mg/L 

or less (Jacques Whitford, 1995b ). For this regulation to be satisfied, Porter Dillon 

6 
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( 1994) recalculated the li1nit at end of pipe levels to be 23 mg/L. date the discharge 

has been within the limit except for June 1994 (Jacques Whitford, 1995b). 

1.4 Scope and Purpose 

This project attempts to devise a methodology for determining che1nical changes 

in the groundwater in the vicinity of the Highway 101 Landfill. Particularly, it looks at 

how the leachate fro1n the Highway 101 Landfill affects certain ion concentrations in 

groundwater. The aim is to differentiate change caused by leachate from background 

noise. The background noise arises from a ntunber of variables including: seasonality, 

the sampling techniques of different contractors, the different laboratories involved, and 

possible different analytical measuring techniques used by these laboratories. It is 

important to realize that, because of the large nu1nber of wells ( 63) and parameters (up to 

45) tested, only a s1nall subset of wells and parameters were used in this thesis. The first 

six parameters in Table 1.1 shows the parameters tested. If the impact of leachate on the 

groundwater can be observed, then the rate and direction of contaminant transport can be 

predicted. Such information would be particularly important where contmninated 

groundwater is 1noving towards the Sackville River. Again, time and effort design 

of any remedial action, which 1nay need to take place upon closure 1996, would be 

facilitated by such prior knowledge. 

This thesis is divided into three parts. background 1naterial is covered in 

one giving insight into the hydrogeological conditions locality the history 
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riP~.rpl,non1'"1'lPlr\t of the landfill. two looks at t'\'Hft1•\"',.,,F, .... ,",.,""'1'~"'v.ut'\.",..,:u.._-.......... Jl'v'"'&."' ... '. CJlanges at particular 

or closely ('M" ..... ,,....,..,~rl clusters should an indication on 

parameters and most rt,.. ............ ,., 

of the 

results, available and provides recommendations 

for remediation of the trrfn~...,.r~nJ<:ll'h""..- contmnination proble1n and for an improved 

monitoring program Highway 1 01 Landfill and the 
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2.1 Regional Setting 

The Highway 101 Landfill is located bet\veen Upper 

Sackville and Mount Uniacke. Bedrock in this area is the Goldenville Group of the 

Megutna Supergroup (Keppie, 1979; Schenk, 1995). The Goldenville Group is 

Cambrian to Early Ordovician age and consists greywackes, composed 

feldspar and quartz, interbedded pelitic horizons (Schenk, 1995). These rocks 

10 

well defined Bouma sequences, indicating that they were deposited in a deep-water 

environment (Schenk, 1995). The Acadian Orogeny and the subsequent emplacement of 

granitoid intrusives of the South Mountain Batholith, metamorphosed the rocks to the 

greenschist facies (Keppie and Muecke, 1979). Structurally, the landfill is located on 

southern flank of a NE-SW trending anticline, 

this area (Corey, 1987; Keppie, 1979). 

Bedrock Geology 

a depth 0.5 to >20m beneath 

no major faults having been tnapped 

2. It occurs at 

cover 
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Figure 2.2 Photograph of an outcrop approximately 350 m south of the Highway 101 
Landfill entrance. It shows: greywacke interbedded with slate, near vertical 
bedding and joints. 
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Figure 2.3 Projected strike ofbedding at Highway 101 outcrop (modified from Jacques Whitford, 1995b) 
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Figure 2.4 Photograph of the outcrop area to the south of the landfill entrance showing 
oxidation and the near-vertical cleavage. 
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2.3.1 .. 1 Specifications 

J. and Nicoll set out original 

specifications 1977 the wells at the Highway 1 should be 

constructed. The specifications the wells were dependent on depth of the wells. 

Originally, there were to be two well types- shallow and deep. All were to a 

locked seal at the top of the that is at least 1. 0 m above ground shallow 

wells should have had a casing that is grouted into the surficial1naterial to a 1. 0 m depth. 

The casings were to be slotted through entire length .5 minto bedrock) and packed 

with gravel (H.J. Porter Ltd. & Beasy Nicoll Engineering Ltd., 1977). Deep wells were 

grouted 1.5 minto bedrock. The casing was to be slotted at the bottom a gravel 

pack. See Figure 2. 7 for complete well specifications 

In 1990, Porter Dillon, on behalf of the Metropolitan Authority, did a report on 

the status of the piezometers, fixed any problems and constructed more deep wells 

(>9.6 m). the construction and rehabilitation of these wells, some well specifications 

were changed. specifications varied depending on the depth wells but 

had a lockable cover installed. The surficial wells all had a 1.5 m screened section 

was wrapped a and were ....... .u,..., ..... ~, ..... above rrr-,..,.,, .... .ro level p1p1ng. 

Silica sand was packed between the 

was to act as a water hnrr•or 

and piping was a second '-" ........... .,""., ...... 

to isolate were 
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Groundwater is contained a ......... , ................. .. 

·r·v:J~,ron,...~t-~rc ..... ._ .. , . ._. .............. r, hydraulic flow uJ..l'"'"'"A.VJ.J.. hydraulic 

velocity. 

through the rock. Measuretnent 

this test water 

withdrawn measurements are 

measures the rate at the \Vater 

the Bail test was 

piezometer is 

long it takes water to 

reach original height. conductivity was ............ ,,_,. ................. at 21 rt.+·t-.o.-.c:.-.-.i- wells at 

The . .-...... n,. ........ r .... mean for wells was 

h,::>.nlrr.r•lr it was 

25 
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10-6 
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is questionable). 
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deep 1-\.c>rllrr.l'•lr was 3.60* (Porter 1992). From information, the 
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velocity a r'A1n"t-:ln411n<:l1nf" 

contaminant movement. 

The flow direction and hydraulic gradient are estimated using hydraulic head 

the piezotneters. Hydraulic head is the height the water reaches above a datum. 

26 

for measurements to be comparable~ they must be within the same unit and tneasured at 

approximately the smne titne. To ensure that the measurements were in the same unit 

both the stratigraphy and degree of fracturing in cores were used (Porter Dillon, 1992). 

The height that the \Vater rises is dependent on the pressure, the higher the pressure the 

higher the water level in the piezotneter. From these measurements, equipotential 

contours are plotted. The hydraulic gradient is the tneasure of how the gradient changes 

over a distance. As for air, water flows from high pressure (high potential areas) to 

pressure (low potential areas). the case of the Highway 101 Landfill the flow moves 

predominately in a SW direction (Porter Dillon, 1992) (Fig. 2.9). Topography influences 

the groundwater flow, particularly in the surficial material. Although there are no 

measuretnents, it is suggested that the drumlin that was on the western side of the landfill 

surficial groundwater beneath the 

dnunlin would flow away from the high areas of the drumlin outward in all directions, 

waste 

IS into landfill, the height of topography increases, the 

case a 
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surface topography. This effect was thought to mini1nal the 

because the leachate collection system which withdraws water frotn beneath the landfill 

and lowers the watertable. If 1nounding were to occur, the 

to a 1nore westward flow (Porter Dillon, 1992) (Fig. 2. 

2.3.3 Hydrogeochemical Background 

direction would change 

Background water chetnistry is needed to detennine whether the leachate from 

the landfill is having any effect on the local groundwater. Establishtnent of background 

concentrations occurred twice. The first time in 1978, with the Baseline Water Quality 

Study (Beasy-Nicoll Engineering Ltd., H.J. Porter and Ass., 1977) and the second time in 

1995 (Jacques Whitford, 1995). The Baseline Water Quality Study sampled from 

residential and monitoring wells and also from surface water. The 1995 study used, as its 

reference, the chemistry of the monitoring wells that did not appear to be impacted, 

according to geophysical tests, by either leachate or by road salting. 

2.3.4 Leachate Composition 

( 

parameters, parameters can signal the impact of the leachate on were 
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~""J.Vl,l,;:! over the average. 

Most of the '""'=l"'n·ClT.P. indicator are ... ,,.. ............. range 

municipal (World Organization, hn'''"o'tra-r a fe\V 

"'" 1-.-.h"t-""' and..,.......,, ......... ..,.,...,"'"'""' are lower exceptions: ........ u"'_.._....,.,.. is higher expected, 

than the """""''""t-"'•r1 average concentrations (World Organization, 1993) (Table 1. 
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2.4.1 Site Preparation 

When the Highway 10 1 site was chosen as the landfill for the Metropolitan area, 

\Vork had to be done before any waste could be disposed of Basic site preparation 

included the building of access roads, maintenance buildings, as well as installing power 

and sewer lines. There were also site specific characteristics that were addressed to 

make the site tnore secure from leachate transport. In areas where bedrock came to 

within 1 m of the surface a 1 m thick layer of cotnpacted till was added. Another 

problem that was of concern was the low-lying peat bog near the center of the landfill. In 

the peat bog the water table came to the surface, allowing any waste deposited to be in 

continuous contact with ground\vater. To prevent this from occurring, a 1 m layer of 

cotnpacted fill was added to the boggy area. 

2.4.2 Site Operations 

The Highway 10 1 Landfill is a sanitary landfill site. This tneans that the garbage 

is compacted and covered on a daily basis. The method used for the landfill site is the 

area method. In this method waste is placed in strips on top of the existing surface, it is 

then compacted and covered nearby areas. When waste reaches 

1.5 m height or the end the day, it is covered creating cells. These cells are 1-J''-'-"'"'""'......_ 

on top of one another creating a mound or hill of garbage. 
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as 

solids (TDS). \vere anew 

database t\vo reports Litnited~ 

Dillon Limited, 1994) entry errors. 

The next step eliminating ano1nalously high values possibly '-'«'..1."'-'u 

collection or by analytical errors. process was accomplished 
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Figure 3.1 Ammonia and potassium concentrations in the intermediate well at well site?. 

Figure 3.2 Arsenic and total iron concentrations in the deep well at well site 4. 
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DEEP WELLS n= 

LEACHATE BACKGROUND 

Minimum Mean STD Mean+ 2 STD 

Potassium 4 1.31 1 
Sulfate <2.0 112 7 23.55 
Ammonia 9 <0.05 0.15 0.065 
Iron 3 0.01 1.6 0.283 0.438 1.1 
Arsenic 0.075 <0.002 0.016 0.019 
TDS 13900 14 163 84 170 

SHALLOW WELLS n =27 

Potassium 3.94 
Sulfate 
Ammonia 9 <0.05 
Iron 3 <0.01 
Arsenic 0 
TDS 14 127 127 

ALL WELLS n= 

Potassium 1.12 
Sulfate 

159 
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Figure 4.1 Ammonia concentrations at well site 3. 

Figure 4.2 Total dissolved solids concentrations at well site 3. 
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Figure 4.4 Total iron concentrations at well site 3. 
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Figure 4.5 Potassium concentrations at well site 3. 

Figure 4.6 Sulphate concentrations at well site 3. 
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TDS is shows 

increase in levels between 1981 and 1982 This is not used as an impact date 

range because none other parameters show such an early date of impact and TDS 

must be retlected in other 1najor co1nponents. It is therefore suggested that the 1982 data 

point is a feature of the variability of the data set. The earliest impact date for the 

surficial well is therefore considered to be October 1990. The date of impact for the 

intermediate is difficult to determine because of the long period without sampling 

between August 1981 and February 1995. This date range can be narrowed by 

calculating the TDS by using the total ion sum. This shows a relatively low 

concentration of about 180 1ng!L in 1990. This indicates that the plu1ne impacted 

between July 1990 and February 1995. No TDS were measured for the deep well. 

Calculating TDS using total ion sum (shown by "c" Fig. 4.8) shows that impact 

occurred prior to the installation 1990. The total ion sums of the deep well indicate 

that the deep well is the most intluenced by the contaminant plume. 

When arsenic is used as an indicator parameter, the deep well is the only one that 

suggests possible impact (Fig. since is only one measurement above 

the background threshold, and since the unimpacted wells displayed a considerable 

confidence can be placed on 

an 

three well types 4. occurs 
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Figure 4.8 Total dissolved solids at well site 8. 
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4.3.2 Site C 

Well C is a single deep It is one well a senes contains three 

deep wells. These wells are located at various locations around the leachate treatment 

facilities (Fig. 2.6). Each one of these shows a different pattern in paratneter levels 

through time. From Figures 4.13 through 4.1 well levels are above the threshold 

levels since its installation in 1981. Well B, on the other hand, sho\vs that the 

concentrations of most of the paratneters are within or just above threshold, indicating 

that the well has not yet been impacted. Well C is the only 

an impact date can be calculated. 

in this series for which 

The ammonia levels rise above threshold levels, and are therefore impacted, 

between July 1987 and June 1988, but there is a drastic increase in concentrations 

placing it orders of magnitude above threshold between August 1990 and September 

1993 (Fig. 4.13). The TDS levels from 1981 through 1983 show concentrations is close 

to threshold levels. The samples between 1984 and 1987 are at threshold values, 1988 

the values are above threshold. indicates impact occurred between July 

1987 and June 1988 (Fig. 4.14). Arsenic shows a clear impact between July 1987 and 

4. August 1990 

consistently n• crn.:>r 

between 1990 

As case 

background ULI. ,,.,,, ... .a'UL'U. 

4. 

September 1993, as seen 

4.18). 

wells site 8, levels are 

makes it • ......,.""'"""""~ to 
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Figure 4. 20 Total dissolved solids concentrations at well site 2. 
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Figure 4.22 Sulphate concentrations at well site 2. 
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4.4.2 Well Site 6 

Well site 6 is complex the sense that only the deep shows the impact, 

while the surficial well remained unitnpacted. Sect. 4.3.1, this is not the normal 

behavior. Another indication that this well does not behave as expected is the lack of 

ammonia in either of the wells at this site. This is problematic because ammonia 

generally shows the earliest impact dates. The ammonia level well site 6 shows some 

early variations above threshold. From 1983, both the surficial and deep wells are within 

the background range, indicating that they are unitnpacted (Fig. 4.23). Total dissolved 

solids in the surficial well are consistently below threshold levels, while the deep well is 

at threshold until 1995, when it reaches impacted levels. The date of impact can be 

narrowed after calculating the total ion sum. This indicates that the well was impacted 

beh,veen September 1993 and July 1994. Using arsenic as an indicator, the surficial \Veil 

is consistently below threshold, but the deep well increases above the threshold value 

between Septetnber 1993 and July 1994 (Fig. 4.24). 

Looking into well history there does not seem to have been any problems with 

deep well conditions, although, a cracked cement grout was found in the surficial well 

(Porter Dillon, 1991). Looking then to the development of the landfill, it shows the 

east of the 1 (Fig. 2. 

area waste to area. was 

removed and used for cover. The area was then waste. It is suggested that 
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Figure 4.23 Ammonia concentrations at well site 6. 

Figure 4.24 Arsenic concentrations at well site 6. 
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5: RECOMMENDATIONS AND CONCLUSIONS 

5.1 Critique of Highway 101 Landfill Groundwater Monitoring Program 

The size, age, and complexity of the Highway 101 Landfill and its groundwater 

monitoring program has made a challenging project. a result 

of the progrmn and the historic database, the geochemical conclusions 

shortc01nings 

could be 

derived from the data in this project were more limited than had been hoped. For 

example, statistical evidence for seasonality or 

Sotne ways to 

future monitoring projects can suggested. 

and satnpling and analytical techniques. 

Well Maintenance 

wells are to 

the 

answer 

same 

the data are 

situation 

concerns are 

are a 

a 
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• Keep track of any construction being done around the landfill site making sure 

to note the location and duration. This 1nay help to explain anomalous results. 

Sampling and Analytical Techniques 

• Set up specific clearly defined protocols for collection methods including 

such things as: filtering procedures, equipment used, smnpling jars, purging 

etc. This should give more consistent results, especially if the responsibility 

of sample collection changes. 

• Test parameters more frequently. The more often this is done the more 

accurate the results for initial i1npact dates and velocity determinations 

be. 

• Set up a list of parameters to be tested and test all of these parameters 

consistently. This would eliminate some of the gaps in the record and allow 

for more accurate results. 

Specify quality analysis and quality control (QA/QC) procedures. give an 

idea of the precision of the sampling and lab techniques. Specify the methods of testing 

the parameter by as not procedures yield equivalent 

duplicates, samples and run to ""'-''-'""'"-"-'-L"-'-'-'- Or>r>Hr<"lr>'lT 

data. Such would the incorporation errors and 

data interpretation. 
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5.2 Possible Remediation Techniques 

the current study and geophysical work (Jacques Whitford~ 1995b) Is 

no question that leachate is escaping fro1n the Highway 101 landfill. The proximity of 

the landfill to the Sackville River, the groundwater flow directions, and the velocities 

makes this an immediate concern. From this thesis, the predicted arrival dates of the 

contaminants at the Sackville River suggest that action will have to be taken soon 

order to prevent pollution of the surface water. There are a nmnber of re1nediation 

techniques available for eliminating or reducing contamination. The suitability of the 

methods depends on the: geology~ topography, climate, size, and cost. Remediation 

techniques can be divided into five main areas: source control, containment, 

hydrodynamic control, pump and treat, and in-situ treatment. These techniques 'Nill be 

reviewed briefly and evaluated with respect to the Highway 101 Landfill site. 

5.2.1 Source Control 
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discharge. This would mean that the capacity of the current treatment plant would have 

to be expanded. 

5.2.4 Pump and Treat Systems 

The pump and treatment alternative has some similarities to the hydrodynamic 

control because the pumping creates changes in the hydraulic gradient and the 

groundwater flow. Pump and treatment is the most com1nonly used remediation 

alternative, and involves intercepting the contmninated water (EPA, 1990). For this 

method, the wells would have to be placed down-gradient between the contaminant 

plume front and the Sackville River. When the contaminated water is brought to the 

surface, treatment can occur by physical, chetnical, or biological means. Physical 

treatment includes: reverse osmosis, adsorption, density separation, filtration, or steam 

stripping (EPA, 1990). Precipitation, oxidation/reduction, ion exchange, and 

neutralization are the chemical treatments, while activated sludge, aerated surfaces, 

impoundments, anaerobic digestion, ticking filters and rotating biological discs are the 

biological alternatives (EPA, 1990). 

are two things that need consideration. 

The first is fact that well becomes stagnant 

and not be pmnped or cleaned. The second is 

from 

tailing lS 

rate VVJUUA·.LLU.J.J.UdlJ.I,. IV'-<--'--'--'-0-'"""'- up ""'""t-''-'-''-'"""Jl-'-'H...__,_..__) 
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1990). The contaminants tend to tnove into the smaller pores sorbing to the matrix 

material. slo\v release of contaminants from the geologic materials occurs through 

time 1990). Pump and treatment alternatives are most successful when the 

geologic material is sandy, silty soils. 

This method could be used at the landfill site by creating a of inceptor 
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wells. Placement of the wells would be between the contaminant plume front and the 

Sack:ville River. The spacing of these wells is important. If the wells are not spaced 

closely enough, or there is not enough conductivity bet\veen wells, than the leachate will 

finger between the wells and reach the Sackville River. The treatment of the pumped 

contaminated water would have to be sufficient to reduce contaminants to acceptable 

levels for surface discharge 

5.2.5 Best Solution for the Highway 101 Landfill 

One thing that becotnes clear is that none of the remediation methods are very 

suitable 

including 

flow. 

the Highway 101 Landfill site because the contamination is at all depths, 

deep bedrock (Sect. 4.3), anisotropic nature groundwater 

and treat methods. hydrodynamic used an impermeable 

geotexile cover, should keep most of the leachate being produced """~~--....... the landfill. 

There is 
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the itnpact on the deep well is unclear because of the late installation dates. From the 

parmneters tested, an impact sequence was determined. The first parameters showing 
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impact were the TDS is useful providing an early warning the 

main body of the contaminant plume will soon follow. Important information was also 

found using the unimpacted wells. Statistical tests on these could not detect seasonal or 

tetnporal trends; probably because of the high uncertainties of the data values due to 

smnpling and analytical problems. The main indicator parameters, except for ammonia, 

showed background levels within the threshold of the previously defined background 

range. The ammonia showed concentrations that were generally at or above the 

threshold limit 

Estimates on the flow velocity of the contaminant plume are another important 

concern, especially when considering the timing of future remediation plans. The 

estitnated flow velocities range from 11.4 to 22.4 m/yr (Porter Dillon, 1992). These 

estimates are reasonable considering the calculated range the groundwater flow 

velocity (2.17 to 21 m/yr). rate of flow of the contaminants cannot be higher than 

the velocity of the groundwater, because the contaminants are transported by the 

and are generally because 

processes. 

setni-parallel to tnay accelerate 

biological 

One of the outcomes of this project is that the hydrogeochemical and geophysical 
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In general, the hydrogeochemical method gives a much larger plume extent than the 

geophysical means. Some of the plumes detected by the geophysical terrain 

conductivities were not picked up by hydrogeochemistry, probably because of the 

lack of wells in the immediate area. One advantage the hydrogeoche1nical method has 

over the geophysical method is that conta1ninant flow velocity estimates can be 

calculated. Because the geophysical terrain conductivity was only measured once, in 

1995, it is itnpossible to estimate of the rate of plume movement 

Since the contaminant plume occurs in an unconfined to semi-confined aquifer, 

re1nediation should occur before the contamination plume reaches the Sackville River. 

Possible remediation methods have been reviewed, but none of the methods are very 

suited to the Highway 101 Landfill site. The reason is that the contamination plume 

travels at all depths, including the deep bedrock (Sect. 4.3). Another problem arises 

the anisotropic nature of the hydraulic conductivity in the rocks. solutions that 

require a closer look include: hydrodynamic control of the groundwater with an added 

i1npermeable cap and inceptor wells. Both of these 1nethods involve pumping 

contaminated grotmdwater. This \Vater would require treatment. the earlier 

consultant ..,,....._,,_._._..,..,, it is current leachate treatlnent cannot 
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A 

Well* 
Number Date Date 

2-A 
2-b 03/09/95 19 

03/07/95 
09/15/93 
03/07/95 6 
09/13/93 

4-C 
5-A 02/01/95 

04/11178 06/01/89 
1/90 02/01/95 

6-A 02/16/78 
6-C 03/15/95 16 
7-A 03/12/95 

07/25/90 6 
1128/77 03/13/95 15 

8-C 03/01/78 03/13/95 

03/16/95 
02/01/95 
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