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ABSTRACT

A 16 year study, started in 1977, was undertaken to assess a subsurface
contaminant plume emanating from the Terra Nova Regional Waste Disposal Site in
Newfoundland. Eleven (11) monitoring wells, installed at the waste site shortly after the
first cell was dug, were sampled regularly to detect changes in background groundwater
concentrations of selected chemical parameters. Four (4) surface water locations were
also monitored to detect changes in surface water chemistry. A geophysical study was
undertaken to provide data on the location of the contaminant plume and to derive useful
information on sub surface conditions. A geotechnical soil description including the
hydraulic properties of the overburden soils was obtained using several in situ and
laboratory techniques. Chemical analysis of the leachate plume was obtained via

monitoring well water sampling.

Groundwater sampling and the geophysical survey show that a leachate plume
exists down stream of the waste site, but remains within the confines of the site
boundaries. Electromagnetic (EM) surveys provide evidence that the leachate has
preferentially flowed along bedrock channels. The geochemical sampling results exhibit
variability with time suggesting preferential flow paths rather than a continuous uniform
plume. Ion concentrations of surface water sites showed that water quality concentrations

were below the Canadian Water Quality Guidelines for drinking water.
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CHAPTER 1

INTRODUCTION AND SITE CHARACTERISTICS
1.1 General

Leachate from landfills is the name given to the liquid phase made up of the
original liquid of the waste, and the products of percolation of precipitation down through
waste cells. It is a complex mixture of liquids containing dissolved inorganic and organic
constituents. Leachate moves in the direction of groundwater flow and is the main
source of contamination to water resources in the vicinity of waste disposal sites. Present
waste disposal practices in Newfoundland result in leachate plumes emanating from most
if not all waste sites. The rate of movement of leachate and its natural chemical
attenuation are of great importance for downstream sensitive receptors such as domestic
and municipal water supplies, and recreational areas. However, surface stream pollution
is another concern that must be kept in mind when controlling leachate flow. An
illustration of this was given by the surface water contamination in early May, 1992,
when an overland leachate flow was observed running from the site south into Square
Pond (see Figure 1.1). Further information as to the cause and corrective measures of

this event can be found in Guzzwell (1992).

The province of Newfoundland has approximately 240 active landfills which
service 95% of the province’s population and 227 abandoned landfill sites (Dominie,

1992). Because of a thin glacial till overburden in many locations, a wet maritime



climate, and poor landfilling practices, leachates generated at landfills can move
relatively quickly off site with concentrations sufficient to contaminate surface streams

and groundwater supplies.

Landfills in Newfoundland are located either in remote areas away from down
stream sensitive receptors, or adjacent to the sea coast. Natural attenuation over long
travel distances are relied upon to alleviate environmental effects from the remote
landfills, while landfills located near the sea coast rely on the dilution of the ocean to
mitigate the generation of leachates. However, concentrated leachates that are able to
utilize shorter flow paths in the geologic media have been known to contaminate water
bodies down stream as has happened at the Terra Nova landfill site in the past (e.g.,

Guzzwell, 1992).

1.2 Location and Purpose of Study

The Terra Nova regional waste disposal site is situated near the northern entrance
of Terra Nova National Park about 650 metres outside of the park boundary and 1 km
from the intersection of the Trans Canada Highway and the major road leading to the

Eastport Peninsula and the town of Glovertown (Figure 1.1).

In 1977, the Newfoundland Department of Environment chose the Terra Nova

Regional Waste Disposal Site to study in detail the hydrogeological impact that a typical

s
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waste disposal site in Newfoundland had on the surrounding environment, particularly
on groundwater resources. The landfill had also just begun operations and officials of
Terra Nova National Park were concerned about any deleterious affects the waste site
would have on the park. At the same time, residents of Glovertown were concerned that
Pissamere Pond, a designated alternative water supply, located between the waste site and
the town, would be adversely affected by this new landfill. The study was initiated to
determine leachate generation in the groundwater below the landfill, its movement, and
the attenuation of chemical concentrations in the leachate with time and distance from the
landfill. The results of this study to June 1991 are reported by J. W. Robinson (1991).
The present thesis uses the database collected for that report and additional new data as
follows:
1.) continued water quality sampling results of selected monitoring wells and surface
water sampling sites since 1991
2) a geophysical study of an area over and down stream of the site undertaken
specifically for the thesis
3.) pit excavations and geotechnical soil analysis used to provide soil description,
layering, and the hydraulic conductivity of the underlying soils

4.) information on a leachate leak which occurred May 1992

1.3 Previous Studies on Site

The site was originally investigated in 1975 along with four other sites to

4 -



determine the best location for a regional landfill. That preliminary survey, done by
Geotechnical Associates Ltd.(1975), consisted of hammer refraction seismic work, test
boreholes and soil grain size analysis. Overburden thickness was judged to be from 1.8
m to 4.6 m, the water table was found to be 1.2 m to 3.6 m below existing ground
elevations, and the soil type was determined to be fluvio-glacial material (mainly gravel
and sand with some boulders). Soil permeabilities ranged from 2.3 x 102 cm/s to 4.9

x 102 cm/s. No water quality analysis was carried out at the time.

Two unpublished interim reports were issued in 1979 and 1982 respectively. In
the first by Robinson and Lethbridge (1979), information was provided concerning the
construction of monitoring wells, water quality results to date, and slug test permeability
results. The second interim report (Robinson, 1982) described the leachate movement
determined from water sampling at the monitoring wells. A leachate plume was found
to be within the confines of the landfill as it existed at the time. There was no indication
of a degradation in surface water from streams sampling down grade of the landfill or
from Pissamere Pond, except for elevated concentrations of iron which was not a health
hazard. A new background well became necessary when new waste cells were dug up

stream of the background well.

Guzzwell (1987) carried out an EM-31 terrain conductivity survey and produced

a map of terrain conductivity values associated with the leachate plume, thus demonstrat-

- 5-



ing the usefulness of this technique. Electrical conductivity measurements on water
samples from monitoring wells were in good agreement with the geophysical survey and

outlined the present plume location.

Robinson (1988) discussed the retardation factors for a number of ion species
using water quality data from the monitoring wells. The study indicated that retardation

of the ion species in the soil was evident and was mainly due to adsorption.

A two well induced tracer test was carried out at the landfill in August, 1989
(Ivany, 1989) to obtain a more accurate value of the hydraulic conductivity of the glacial
till overburden. Three monitoring wells were drilled in an arc on the down stream side
of MW #10 so that one of them would be directly down stream from the well with
respect to groundwater flow. An ionic tracer, the chloride ion, CI°, was used as the
tracer. The hydraulic conductivity value was found to be k = 4.1 x 10° m/s which is
in the range of sandy silts and till according to Fetter (1988) and was consistent with the

type of till material which exists at the landfill.

Robinson (1991) performed slug tests on the landfill monitoring wells to obtain
hydraulic conductivity values of the overburden glacial till material. He modified a
computer program written by Thompson (1987) and analyzed the data from eleven

monitoring wells at the landfill. With some assumptions concerning the effective

-6 -



porosity of the formation, the hydraulic conductivity in the saturated zone was evaluated

and found to 4.5 x 107 m/s.

Finally, Guzzwell (1992) described the circumstances of an overland leachate flow
earlier that year which reached Square Pond situated within the Terra Nova National
Park boundary (Figure 1.1). The flow was caused by exceptionally high water table
levels at a location within the waste site where a topographic low made it possible for
the leachate to flow off site towards Square Pond. Partially frozen ground and a culvert
under a woods road next to waste site allowed the leachate to run onto the ice and into

the pond.

Two surficial hydrostratigraphic units have been identified within the region. Till
and outwash sands, and gravels form these units. Of these two, the outwash sand and
gravels have been recognized as the most productive with regards to well yield (Nolan

Davis and Associates, 1981).

Because no monitoring wells were drilled into the bedrock, no direct measure-
ments of bedrock permeability are available. However, information from two drilled
water wells situated 600 m to the northeast of the landfill provides some indication of

bedrock conditions (Table 1.1).



Table 1.1 - Water Well Information Near Landfill (Dept. of Environment, 1994)

Owner Ultramar Service Station Splash & Putt Cabins

Date Drilled 31/07/91 12/07/89

Depth 170.8 m 182.0 m

Casing Length 412 m 28.3 m

Water Found At 171.0 m 137.0 m

Yield 9.0 1/min. 36 1/min.

Static Water Level 6.1 m

Lithology Brown overburden to 41 m Brown sand to 28 m

Grey rock 41 mto 171 m Green siltstone 28 m

to 182 m

It appears that no satisfactory water supply was found in the overburden and that
the bedrock aquifer was used as the source of water to both these commercial
establishments. Water was found at depths of 130 - 170 m in green/grey siltstone. In
hydrogeological reports published by Water Resources Division, Department of Environ-
ment (Department of Environment, 1981), the Musgravetown Group offered good
potential yields. From the 202 wells surveyed in this rock group, the mean yield was

28.6 1/min and the mean well depth was 44.7 m.

1.4 Climatological Data
Contaminant groundwater movement is highly influenced by precipitation events
and seasonal recharge. Newfoundland’s climate is characterized by cold conditions with

temperatures moderated by the province’s proximity to the ocean. Monthly mean values



of temperature and precipitation at the Park Headquarters located 9 km south of the waste
site for the period 1961-90 are shown on Figure 1.2 and Table 1.2. The precipitation
is evenly distributed throughout the year. From December to March precipitation is
usually in the form of snow. The mean yearly precipitation total for this time period is
1184 mm. The warmest months are June, July and August, with July’s mean
temperature of 16.3°C. February is the coldest month with a mean temperature of

-6.6°C.

1.5 Common Landfill Operations in Newfoundland

Landfills in Newfoundland have typically been constructed by digging a pit or cell
in the overburden to a depth of 2 to 3 m. The cell is then filled with refuse and
compacted by heavy equipment until the garbage nears the natural elevation of the
surrounding ground. A cover or cap of native fill is then placed over the cells and
vegetation is allowed to grow on top of this cap. When a cell is filled and capped with
native soil, a new cell is dug and the process is repeated. The depth of the cell should
not be below the maximum water table level which usually occurs in April or early May.
This is not possible in many areas of the province since water tables are close to the
surface and/or there is little overburden above the water table. Overburden deposits in
many locations of Newfoundland are of glacial origin with varying degrees of silt.
Consequently hydraulic conductivities can vary widely ranging from 102 to 10° cm/s.

The absence of clay content and consequently lower absorption rates, combined with high

-9 .-
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Temperature

Daily Maximum (°C)
Daily Minimum (°C)

Daily Mean (°C)
Extreme Maximum (°C)
Date

Extreme Minimum (°C)
Date

Degree-Days
Above 18 °C
Below 18 °C
Above 5 °C
Below 0 °C

Precipitation

Rainfall (mm)

Snowfall (cm)

Precipitation (mm)

Extreme Daily Rainfall (mm)
Date

Extreme Daily Snowfall (cm)
Date

Extreme Daily Pcpn. (mm)
Date

Month-end Snow Cover (cm)

Days With
Maximum Temperature > 0°C
Measurable Rainfall
Measurable Snowfall
Measurable Precipitation

Table 1.2

TERRA NOVA NATIONAL PARK HEADQUARTERS

48°33'N 53°59'W/0, 84m

Jan Feb  Mar Apr May Jun Jul Aug Sep  Oct Nov
janv  févr  mars avr mai  juin juill aoQt sept oct nov
2.1 =25 1.2 5.5 1.7 17.1 21.6 20.7 16.2 10.2 4.9
-9.9 -10.8 -6.6 -1.9 2.1 6.6 1.0 11.2 7.5 2.8 -1.4
5.9 -6.6 -2.7 1.8 6.8 12.0 16.3 15.9 11.9 6.5 1.7
2.5 1.5 16.5 23.0 28.5 32.2 33.0 31.1 28.5 23.3 19.4

983/13 984/05+979/26 986/24 988/21 976/06+981/04 976/23+984/10 976/06 967/04
-27.8 -27.5 -28.5 -14.0 -9.4 -3.9 1.5 -2.0 -2.0 -8.0 -16.5
971/14 990/03 986/10 986/06 964/10 978/01+987/07 980/19 986/30 986/27 989/28
N N 0.0 0.0 0.1 2.9 22.3 17.9 1.4 0.1 N

N N 637.2 481.6 346.7 185.7 77.4 95.4 186.7 357.5 N

N N 2.0 12.6 B85.2 209.1 347.8 325.5 205.1 72.7 N

N N 102.7 15.2 0.7 0.0 0.0 0.0 0.0 1.0 N

37.7 41,1 52.7 60.3 88.2 83.6 81.1 97.9 98.1 104.4 88.4
65.1 64.3 51.1 29.7 4.6 0.9 0.0 0.0 0.0 4.6 23.0
102.7 105.4 103.8 90.0 93.0 84.5 81.1 97.9 98.1 108.8 111.5
4.4 63.0 43.2 38,1 T77.7 53.4 47.0 68.1 50.0 70.0 54.1
979708 973703 987/16 971/28 990/20 981/07 984/25 966/18 978/19 981/17 964/05
42.0 45,7 77.0 34.0 20.3 10.2 0.0 0.0 0.0 25.4 29.0

989703 967/03 988/08 988/13 962/23 976/13 990/31+990/31+990/30+965/29 986/30
4h.4  63.0 77.0 38.1 T77.7 53.4 47.0 68.1 50.0 70.0 54.1

979/08 973/03 988/08 971/28 990/20 981/07 984/25 966/18 978/19 981/17 964705
38 N 35 N 0 0 0 0 0 1 5
N N 19 28 3 30 3 31 30 31 26
4 5 8 9 14 13 12 14 13 15 12
9 8 7 4 1 * 0 0 0 * 4
13 " 13 12 14 13 12 14 13 15 ()

courtesy of Atmospheric Environment Services, Environment Canada

1962 to/a 1990

Dec  Year

déc année

0.1 8.7

-6.8 0.3

-3.2 4.5
16.1
969/06
-22.8
972/31

0.0 N

660.5 N

1.8 N

121.3 N

52.5 886.0

54.6 297.6

107.7 1184.3
49.3
974/10
35.6
964/21
49.3
974/10
19

15 N

7 126

8 42

14 160

Température

Maximum quotidien (°C)
Minimum quotidien (°C)
Moyenne quotidien (°C)
Maximum extréme (°C)
Date

Minimum extréme (°C)
Date

Degrés- jours
Au-dessus 18°C
Au-dessous 18°C
Au-dessus  5°C
Au-dessous 0°C

Précipitations
Chutes de pluie (mm)
Chutes de neige (cm)
Précipitations (mm)
Extréme quotidien de pluie (mm)
Date
Extréme quotidien de neige (cm)
Date
Extreme quotidien de préc. (mm)
Date
Couver. de neige, fin de mois (cm)

Journées avec
Température maximale > 0°C
Hauteur de pluie mesurable
Hauteur de neige mesurable
Hauteur de précipitation mesurable



hydraulic conductivities, lead to a rapid percolation of leachate around some landfill sites.

Hence bedrock aquifers are susceptible to leachate contamination, in many areas.

For example, at the Terra Nova site, an overland leachate flow in 1992
(Guzzwell, 1992) clearly indicated that the water table can reach the ground level
saturating the cells. This in combination with a frozen ground surface caused rapid

overland flow of the leachate.

1.6 Previous History and Characteristics of the Terra Nova Landfill Site

The site has been used as a waste disposal site by the town of Glovertown since
1970, first with a teepee incinerator which was situated near the present entrance. In
1975 a number of sites in the area were assessed to select a regional waste site for
domestic waste from the Eastport Peninsula and Terra Nova National Park. The chosen
site started operation in the fall of 1976. Table 1.3 is a list of the communities presently
using this landfill site and their population. Three air photographs in Appendix A taken
in 1964, 1976, and 1988, show how the waste site developed from a community based

to a regional sized waste disposal site.
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Table 1.3 List of Communities Using Terra Nova Landfill Site

Community Population (1992)
Burnside/St. Chads 336
Salvage 271
Sandy Cove 193
Happy Adventure 354
Eastport 609
Sandringham 282
Charlottetown 280
Traytown 387
Glovertown 2184
Terra Nova National Park (est.) 20
Total 4916

(Dominie, 1992)

A yearly generation of 0.5 tonnes of garbage per capita is currently used in
determining the amount of waste entering a landfill (Dominie, 1992). Therefore, the
yearly amount of garbage entering the Terra Nova landfill presently is estimated to be
2500 T/yr. The total waste disposed on this site from 1976 to the end of 1994 is roughly

42 000 tonnes.

The site has a locked gate and is open five days a week. Car wrecks and other
ferrous metal commodities such as washers, stoves, etc., are dumped at a specific
location for the purpose of recycling. A recycling company visits the site regularly to

crush and load this material for transportation to a mainland recycling plant.

The site is 32 ha in size and the active trench is backfilled usually every 3

months. Up to the end of 1994, 17 cells had been dug, filled with garbage, and capped.
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The cells are dug to about 2.5 m deep, rectangular in shape of varying sizes. The
location of the cells filled from 1976 to 1984 and the general layout of the site is shown
in Figure 1.3. Because of the time sequence of the establishment of the waste cells, the
contribution of each cell to the total leachate plume is complicated, and may best be
assessed by contaminant transport modelling and plume composition. Contaminant

transport modelling was not undertaken for this thesis.

1.7 Physiography

The waste site area slopes gently northward towards Bonavista Bay 4 km away
(Figure 1.1). The site is at an average elevation of 82 m. Surface drainage over the site
converges to a stream which flows under the Trans Canada Highway, through a marsh,
and then via a brook into Pissamere Pond. A brook flows out of this pond which
empties into Northeast Arm at Traytown. A woods road bounds the eastern border of
the waste site. Quarrying and logging operations use this road for transportation of

materials.

1.8 Bedrock Geology

The latest bedrock geology map of the area (O’Brien, 1986) is shown in Figure
1.4. It shows that the underlying Hardynian age Musgravetown Group bedrock consists
of parallel laminated and cross bedded green-grey siltstone, sandstone and minor

conglomerate, with cherty and vitric tuff interbeds; minor unseparated rhyolite flows, and
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Figure 1.4 Bedrock geology map of waste site area (O’Brien, 1986).
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hornfels. A NNE-trending fault is noted passing through the waste site bedrock. All of
the monitoring wells drilled on the site were terminated upon encountering bedrock.
From the bedrock depth and topography elevations, the bedrock gently slopes to the north

towards the ocean and is roughly parallel to surface slope.

1.9 Surficial Geology

The surficial geology of the area has been studied and reported by Jenness (1963).
Deposits of Pleistocene glacial till form a veneer over underlying bedrock and range in
thickness from a few centimetres to over 10 m. The Terra Nova area features ground
moraine, end moraine, indicator boulders, eskers, kames, kame terraces, outwash, and
outwash deltaic sediments. The ice movement in the area was from inland towards the
ocean in an easterly direction (Jenness, 1963). More recently, work by Kirby et al.,
(1988) has defined the overburden at the landfill site as morainal glacial till. The
composition of the glacial till typically reflects the composition of the underlying rocks.
The glacial till is composed of sandy or gravelly till with occasional boulders 0.5 m to
1 m in diameter. In test pits dug at the waste site in 1993 (see photographs #1 and #2
at the end of Appendix A), there was no evidence of more than one till layer. Grain

size and a complete soil description can be found in the following section.



1.10 Geotechnical Data
1.10.1 Test Pits

On September 21, 1993, two test pits were dug by an excavator (see photos,
Appendix A) to determine if soil layering existed, to further describe the soils at depth
by performing mechanical grain size analysis on grab samples at selected depths, to
determine depth to bedrock (if possible) for use in ground truthing of future hammer
seismic work, and to determine soil water content and hydraulic conductivity of the soils.
The location of each test pit is also shown in Figure 1.3. Test pit #1 was dug near MW
#10 (photograph #1 in Appendix A). Both pit sites were chosen so that they were not
near any waste cell and were easily accessible to the excavator. Test pit #1 encountered
bedrock at its maximum depth of 4.60 m below ground level (bgl). Water was observed
entering the pit at a depth of 2.65 m bgl. Soil samples were collected at depths of 0.9
m and 1.5 m respectively. A bulk sample from test pit #1 was also collected at a depth
of 1.5 m. The sides of the pit consisted of grey and brown fine sand and gravel till
throughout its depth. The same type of soil was found at test pit #2, (photograph #2 in
Appendix A). A soil sample was taken from this pit at a depth of 4.0 m bgl. and a bulk
sample was obtained at a depth of 2.55 m bgl. No bedrock or groundwater was
encountered to the final depth of 5.5 m. The test pit was not left open long enough for

the water table level to stabilize in it.
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1.10.2 Sieve Analysis and Water Content Determination

Mechanical grain size analysis was carried out on the test pit samples. Figure
1.5 shows the grain size distribution curves for the 5 soil samples. Three grab bag
samples and two bulk(bucket) samples were obtained as listed in Figure 1.5. Each curve
is similar in shape and position on the semi-logarithmic graph paper. The material can

be described as a light brown gravely sand with silt.

The water content of the three non bulk soil samples was carried out and found

to range from 6.7% to 10.5%.
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PART 1 METHODS AND
HYDROGEOLOGICAL FRAMEWORK

CHAPTER 2

GROUNDWATER AND SURFACE WATER QUALITY MONITORING

2.1 Imntroduction

The Terra Nova Landfill site has been monitored for water quality since September 1977,
one year after the landfill start up date. Since then, groundwater and surface water
sampling has been done regularly from monitoring wells and surface water locations over
and down stream of the landfill. Sampling frequency is further explained in section
2.4.2. Intotal, 14 monitoring wells have been installed. These are permanent sampling
installations. Equipment and materials used in the construction of these wells varied as
new construction techniques and drilling technologies were developed. The monitoring
wells upon which the bulk of the work reported in this study is based. are similar to each
other in construction and the data collected is believed to be consistent for analysis. As
stated in Chapter 1, section 1.8 (bedrock geology), no monitoring wells have been
installed in the bedrock. In addition to the monitoring wells, two surface water

monitoring sites were established downstream of the site.

2.2 Installation of Monitoring Wells
Ten monitoring wells (MW) were installed in May and July, 1977. These wells

were constructed using an air rotary drilling rig. The locations of these wells, numbered



1 to 10, are shown in Figure 1.3. At each site, a 153 mm (6") diameter cased hole was
drilled to probable bedrock. The sampling wells were made up of 50 mm (2") diameter
galvanized steel pipe equipped with a 50 mm brass, perforated well point, about 1 m in
length. A cement plug was installed above each well screen. Natural materials were
allowed to cave in around the screen as the casing was raised and removed. The annular
space remaining was backfilled with drill cuttings. At the time these wells were
constructed, small diameter PVC monitoring well casing and screens were not readily
available. It is recognized that the galvanized steel pipe with brass well point of these
earlier monitoring wells has the potential to bias metal results from water quality
samples. However, given that plume position and travel times were calculated from non
metal chemical parameters, any associated biasing is minimal. The construction details

of a typical sampling well installation are shown in Figure 2.1(a).

Due to the excavation of a new cell area south of MW #1, a new well, MW #15
was constructed in October, 1981 to take over MW #1, as a control well (see Figure 1.3
for location). MW #15 was installed using a solid stem auger drill. This well was also
advanced to bedrock. The well pipe and screen used for this well were of the same
materials as used in the earlier wells. The pipe and screen was assembled and lowered
into the hole with silica sand being placed around and just above the screen. Over the
sand a bentonite seal was installed by pouring bentonite chips down the hole and adding

water if needed. The remainder of the well annulus was backfilled with drill cuttings.
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Figure 2.1(b) shows MW #15 construction. In 1989, waste cells were dug up stream
of MW #15. However, by this time, the background chemical concentrations were well

established (over a 13 year period).

Monitoring well depths below ground level and their elevation (relative to a

temporary bench mark at ground level elevation at site 6) are shown in Table 2.1.

Table 2.1 Construction Details For Sampling Wells

Elevations of
Well # Top of Well Bottom of Well Ground Level Depth Below Ground

(m) (m) (m) (m)
1 37.94 32.46 36.88 5.49
2 37.60 30.27 36.94 7.35
3 36.99 31.64 36.00 5.36
4 36.05 29.11 35.27 6.95
5 35.98 29.05 35.02 6.92
6 31.48 24.75 30.45 6.74
7 31.51 26.40 30.48 5.412
8 27.93 22.25 26.94 5.67
9 28.79 22.28 27.92 6.49
10 26.40 19.32 25.36 7.07
115 45.47 40.56 44.56 4.00

1 The reason why numbers 11 to 14 appear to have been skipped in the well numbering scheme are due

to the fact that at the time of the original well installations, 4 surface water monitoring sites were
established, as discussed in the next section.



Three more wells were constructed in the summer of 1989 for an induced gradient
tracer test. The wells, numbered 16 to 18, were installed using PVC casing and screen
and dug by a hollow stem auger. The construction procedure of these wells is found in

Ivany (1989). Figure 2.1(c) shows their construction.

2.3 Surface Water Monitoring Locations

Four surface water monitoring locations (numbered 11 to 14) were established at
the beginning of the study. They were located at a small stream immediately down grade
of the monitoring well areas (site 11); on the upper side of the Trans Canada Highway
where this stream flows under the highway (site 12); at Muddy Brook which flow into
Alexander Bay (site 13); and at a point just above Pissamere Pond, where the same
stream sampled at sites 11 flows into the pond. These locations were down stream of
the landfill as shown in Figure 1.1. Two of the sites, #11 and #13 were sampled at the
beginning of the study for a short period of time only, and were abandoned as it became
apparent that they were not needed. Site 11 was considered too close to the landfill after
a few samples were taken and analyzed, and Site 13 was located at a pond that did not
receive any effluent from the landfill. Samples were obtained from sites 12 and 14 for

the remainder of the study.



2.4 Water Quality Monitoring

2.4.1 Sampling Methods

Surface water sampling was done by lowering the sample bottle into the stream
and sampling the stream from bottom to top by gradually lowering the bottle to the
bottom as it filled. The sample was taken upstream from the sampler’s position so as not
to disturb sediment in the stream. Samples were taken in nalgene water sampling bottles
cleaned by the respective lab the samples would be shipped. Each sample was placed
in a cooler either to keep from freezing in the winter or with ice packs for preservation
in the summer until delivered to the lab. No filtering was done with any samples.
Groundwater sampling was done by several different methods because of advances in
materials and equipment during the 1980’s. In 1979, a copper bailer attached to a nylon
cord was used. A peristaltic pump and plastic tubing was used to procure one set of
monitoring well samples in August, 1982, but this technique proved to be too slow and
was not repeated. This technique was tried as it was felt there maybe some biasing of

sampling results due to the copper bailer.

Bailers of different types of plastic were tried in the early 1980’s as they were
introduced to the industry. Despite the potential risk to sample result integrity of
changing materials, a PVC bailer and nylon cord was chosen for bailing the wells in
January, 1986. The change doesn’t appear to have affected the data collected from the

control wells (Robinson, 1991). In November, 1988, dedicated, PVC, inertial pumps
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(Waterra pumps) were installed in each well. This method of bailing is still in use
during yearly sampling at the landfill. It is an easy system to use and reduces the
likelihood of cross contamination. The chronology of the use of the various sampling

equipment is summarized in Table 2.2.

Table 2.2 - Chronology of Sampling Equipment Used

Date Equipment Used

1977-1986 Copper Bailer with Nylon Cord

August 1982 Peristaltic Pump and Plastic
Tubing

1986-1988 PVC Bailer with Nylon Cord

1988-Present Dedicated, PVC, Inertial Pumps

Up until 1991, well purging consisted of bailing a monitoring well until it went
dry or two volumes of the water in it were withdrawn. If the well was purged dry, a
water sample was taken several hours later after allowing the well to recover. After
1991, industry standards required that three volumes be withdrawn before sampling.
Until 1985, samples to be analyzed for metals were preserved with nitric acid. This
procedure was not followed after 1985 considering the short sample delivery time.
Metals results from the background wells showed no significant difference in background
levels before and after 1985. Samples have always been kept cool (4°C) and delivered

to the lab within 3 or 4 days.



2.4.2 Analytical Parameters Determined

Surface and groundwater samples have been collected at prescribed time intervals
since September 1977. The Water Analysis Facility, Memorial University analyzed the
samples obtained from Sept., 1977 to July, 1987. Ocean Chem Labs renamed Fenwick
Labs of Halifax analyzed samples from July, 1987 to June, 1990. Finally, Water
Analysis Laboratories of Mt. Pearl analyzed the samples from June, 1990 to the present.
An initial monthly sampling took place from September 1977 until June 1979 in
monitoring wells 1 to 10 to establish the baseline chemistry and allow the groundwater
time to recover from the installation procedures. Table 2.3 lists the 10 parameters
obtained during this period. Quarterly samples were taken starting in June 1979, for an
expanded number of parameters. These parameters are also shown in Table 2.3. In

November 1981, this sampling included the new control well, MW #15.

Starting in September 1982, less water sampling with a smaller number of
parameters tested for each sample was begun in order to reduce costs. Only monitoring
wells that were affected by leachate at that time were sampled. More parameters were
determined for the wells that were most affected by contamination. Once a year, all well
samples were analyzed as if they were in the first category with some additional

parameters. These changes in sampling frequency and parameters sampled are listed in

Table 2.4.



Table 2.3 - Water Quality Parameters Obtained

Monthly Samples September 1977 to June 1979

Alkalinity (as CaCO,) Iron
Kjeldahl nitrogen Nickel
pH Potassium
Total phosphorus Lead
Manganese Zinc

Quarterly Samples June 1979 to August 1982
Total Dissolved Solids (TDS)
Chemical Oxygen Demand (COD)
Biological Oxygen Demand (BOD)

Alkalinity (as CaCO;)
Hardness (Ca+Mg)

Kjeldahl nitrogen
Nitrate

Specific Conductance

pH Chloride
Calcium Sulphate
Manganese Ammonia
Iron Magnesium
Copper Lead

Lead Zinc

Table 2.4 - Water Quality Parameters Obtained after August 1982

Contaminated Wells, Control Well and Surface Water

Alkalinity TDS
Hardness COD
Kjeldahl nitrogen BOD
Nitrate Spec. Conductance
pH Copper
Total Phosphorus Chloride
Calcium Magnesium
Manganese Lead
Iron Potassium
Sodium Zinc
Suspect Wells
Hardness Magnesium
Spec. Conductance Chloride
Calcium TDS

Non Suspect Wells

Chloride Spec. Conductance
Once a Year Sampling

All Above + Ortho Phosphate

Cadmium Nitrite

Arsenic Arsenic

Chromium Fluoride

Sulphide
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The analytical results of the sampling program for each of the monitoring wells

and surface water sampling sites from 1977 to 1994 are shown in Appendix D.

2.4.3 Background Concentrations of Selected Ions

Background concentrations of selected ions were determined from early sampling
of MW #1, which was up gradient of the waste cells, and at Surface Water Site 14.
Results are shown in Table 2.5. The maximum acceptable concentrations for drinking
water as defined by the Canadian Water Quality Guidelines (1993) (CWQG) are also

listed in this table for comparison.

It will be noted from this table that the natural groundwater can be classified as
a soft good quality water. The trace metal ions iron, cadmium, lead, manganese, and
zinc, however, are present in higher concentrations than the recommended maximum

CWQG standards.
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Table 2.5 Background Water Quality

MW #1 Surface water site #14
Parameter # of average S.D. # of average S.D. CWQG
mg/l samples samples Maximum
Alkalinity 25 62.83 25.7% 43 16.11 26.71 ND
Ammonia 3 0.009 0.010 3 0.02 0.03 ND
Arsenic 3 0.001 NA 18 0.015 0.022 0.05
BOD 3 3.0 1.7 2 2.5 0.7 ND
Cadmium 8 0.009 NA 23 0.005 0.005 0.005
Calcium 14 8.34 10.60 37 9.20 9.71 ND
Chloride 11 10.73 4.43 18 47.93 52.08 250
Chromium 8 0.01 0.01 11 0.02 0.08 0.05
Cobalt 1 0.01 NA 2 0.008 2.58 ND
Conductivity 7 106.76 29.55 33 253.98 335.40 ND
(uS/cm)
Copper 16 0.05 0.06 29 0.67 0.31 1.0
COD 8 14.79 9.81 21 34.48 19.62 ND
Fluoride 1 0.04 NA 4 0.14 0.04 1.5
Hardness 8 20.46 13.42 20 35.49 29.47 ND
Iron 26 0.65 0.80 39 0.49 1.02 0.3
K. Nitrogen 26 0.27 22 14 0.44 0.52 ND
Lead 24 0.04 0.02 36 0.02 0.02 0.05
Lithium 1 0.005 NA 1 0.005 NA ND
Magnesium 12 1.60 2.25 36 2.59 3.75 ND
Manganese 26 0.45 0.40 39 0.03 0.04 0.05
Nickel 19 0.1 0.1 31 0.02 0.04 ND
Nitrate 8 0.01 0.01 8 0.02 0.02 10.0
Nitrite 4 0.03 0.04 3 0.02 0.03 1.0
pH 22 7.11 0.31 34 6.65 0.49 6.5-8.5
Potassium 23 1.33 1.20 34 2.51 3.82 ND
Sodium 12 5.60 2.15 35 25.27 24.18 ND
Sulphate 13 4.38 2.41 16 0.09 0.09 500
T. Phosphorus 20 0.08 0.04 16 0.09 0.09 ND
TDS 9 109.56 44.38 30 8.28 6.19 500
Zinc 26 25.20 12.46 36 0.15 0.51 5.0

ND - not defined; NA - not available; CWQG - Canadian Water Quality Guidelines




CHAPTER 3

PHYSICAL HYDROGEOLOGY AND HYDRAULIC PROPERTIES

3.1 Measurement of Water Table Fluctuations

Climatological data have been presented in Table 1.1 (Chap. 1) and are reported
in Table 3.1, together with evapotranspiration data. The potential maximum
evapotranspiration, and the monthly potential available amount of recharge shown in the
table were calculated using the Thornthwaite Potential Evapotranspiration Model. A
description and sample equations used in this model can be found in Thornthwaite et al.,
(1957). The model results are shown in Appendix B. One can see that the water budget
for June, July, and August is negative meaning potential evapotranspiration is greater
then precipitation. Also, little water infiltrates to recharge groundwater when the ground

is frozen (months of Dec., Jan., Feb., March).

Figure 3.1 is a plot of the mean monthly water table levels taken over 9 years of
data for well # 1, and the mean monthly precipitation. As can be seen, water table highs
correspond to spring runoff in April and May, and to precipitation events in October and
November. During these periods, the waste cells are partly below the saturated zones
and leachate can be transported (migrate) from them, thus contaminating the
groundwater. At the same time, since the flow rate of groundwater is higher, the rate

of pollutant release will increase.



Table 3.1 Potential Available Amount of Recharge Water
(Thornthwaite’s Model, 1957)

Mean Estimated Runoff Potential

Month Precipitation Potential R™ Recharge
P Evapotranspiration | (P(RC)) (mm)

(mm)” (ET) (mm) (mm)

January 102.7 0.0 0 102.7
February 105.4 0.0 0 105.4
March 103.8 0.0 0 103.8
April 90.0 15.0 11.7 63.3
May 93.0 55.0 12.1 25.9
June 84.5 91.0 11.0 -17.5
July 81.1 119.0 10.5 -48.4
August 97.9 107.0 12.7 -21.8
September 98.1 71.0 12.7 14.4
October 108.8 37.0 14.1 57.7
November 111.5 9.0 14.5 88.0
December 107.7 0.0 0 107.7

sk

Kk

see (Table 1.2)

and Chiang, 1994).

The infiltration (I) is calculated from the equation:

P=ET+1+R

where P and ET are defined as above, and R, the runoff, is calculated by multiplying the

mean monthly precipitation (P) by a runoff coefficient (RC).
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The runoff coefficient (RC) was assigned a value of 0.13 by obtaining a table of
runoff coefficients which assigns coefficient values based on slope (6%),
vegetative cover, and soil conditions for the landfill. In most cases surface water
runoff coefficients for landfill conditions lie within the range of 0.07 - 0.2 (Qasim
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Little recharge takes place from December to March due to frozen ground
conditions. The precipitation falling is mostly snow that accumulates and contributes to
spring runoff. The water table level in February is about at the same level as the lowest
water table levels in September meaning that there are two low water table periods

during the year.

A compilation of water level measurements taken weekly from all the monitoring

wells from 1977 to 1993 can be obtained from the provincial Department of Environ-

ment.
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3.2 Measurement of Groundwater Flow

As mentioned earlier, weekly water levels were taken at each monitoring well
since the landfill began operation. A visual representation of the slope of the water table
can be shown by plotting one set of water table elevations taken on the same day for all
the monitoring wells. Knowing the position of the monitoring wells, this data was
plotted using the contour software "Surfer". Assuming isotropic conditions, groundwater
flow lines were then drawn perpendicular to these contour lines. Figure 3.2 is a plot
showing these flow lines for two times of the year: September, when the water levels are
low, and April, when they are high. They both indicate the direction of flow is not
substantially affected by seasonal groundwater fluctuations (which range about 0.4 m).
Since the monitoring wells were screened over an appreciable length, with no special
attention paid to impervious seals (for wells 1 to 10 at least), the vertical hydraulic
gradient was not measured. Figure 3.3 gives the location of two geologic cross-sections
shown in Figure 3.4. These cross-sections provide information on depths to bedrock,
topography, and demonstrates the seasonal water table fluctuations of each monitoring
well. In an isotropic (same hydraulic conductivity value in all directions), unconfined
aquifer, groundwater movement is parallel to the hydraulic gradient which is perpen-
dicular to the water table contours. This is a reasonable assumption for glacial till

overburden which is present at this site.
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WATER TABLE ELEVATION - Sept. 5,91

Con tours n lMetres

A. Low Water Table Contour - September 5, 1991

WATER LEVEL ELEVATION - Apritl 26,91

Con tours n [Metres

B. High Water Table Contour - April 26, 1991

Figure 3.2 Water Table Elevation Comparisons
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3.3 Hydraulic Conductivity Measurements - Constant and Falling Head Methods

The constant and falling head laboratory methods were used to estimate the
saturated hydraulic conductivity(k) of two bulk remolded samples taken from two test pits
at the Terra Nova landfill. Two samples were considered sufficient to characterize the
overburden at the landfill since both test pits exposed the same type of soil which did not
change lithology with depth. The k value is meaningful only for the glacial till soil at
the point and depth of sampling. In conducting the permeameter tests, a sample of the
soil is taken from the bulk sample and repacked in a cylindrical container or cell of
known dimensions. The cell soil is saturated with water and by two methods, the

constant and falling head methods, the hydraulic conductivity k, is calculated.

The constant head test applies a constant differential head across the cross
sectional area of the cylindrical cell. The soil is enclosed between two porous plates and
the flow rate of water through the sample is measured. In the falling head test, the same
sample is used, but a burette of known cross sectional area filled with water is allowed
to slowly empty by gravity through the cell. Measurements of the change in height in
the burette with time are used for conductivity calculations. Figure 3.5 shows the set

up of each testing method.

- 40 -



(a) (b) CONSTANT HEAD
RESERVOIR  y

T I )

2

%
Ho ¥ [] | WATER LEVEL H P

7] y DROPS g -

4 %

H; % ;

CONSTANT HEAD AT 2 CONSTANT HEAD AT |
DRAIN LEVEL \ il Z DRAIN LEVEL S' %

Y 2 v 3]y [

VARIABLE T g iy % CONSTANT T = #
OUTFLOW—y [0 [ OUTFLOW =y | [o".07 % g
2 -

/ = / < // 222
%,

SAMPLE PERMEAMETER SAMPLE PERMEAMETER
CELL CELL
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The equation used to calculate the hydraulic conductivity using the constant head setup

1S:

where:
k = hydraulic conductivity (m/s)

= water flow rate through the cell (in?/s)
= soil sample length (m)

cross sectional area of the sample (m?), and

= » O ©
I

= constant hydraulic head difference (m)

The equation for calculating the falling head permeability is:

k===1n(-2
At 7,

where:
k = hydraulic conductivity (m/s)

a = cross sectional area of the burette (m?)
L. = soil sample length (m)
A = cross sectional area of the soil sample (m?)

t = duration of the test (s)

&
I

initial hydraulic head (m)

=
Il

final hydraulic head (m)
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The spread sheets showing the calculations and falling head graphs can be found

in Appendix B. A summary of the results is shown in Table 3.2.

Table 3.2 Test Pits Falling and Constant Head Permeability Results

(per test pit) m/s

Sample # Test Pit #1 Test Pit #2 Averages |
Depth (m) 1.5 2.2 - |
Dry Density (kg/m?®) 2160 1940 -

Constant Head 1.96 x 107 5.37 x 107 3.67 x 107
Permeability (m/s)

Falling Head 1.39 x 107 2.61 x 107 2.00 x 107
Permeability (m/s)

Permeability Average 1.68 x 107

3.99 x 107 l‘ 2.84 x 107 ||

However, laboratory permeability tests give only an indication of the permeabil-

ities of the matrix of the soil in a reconstructed state. They cannot take into account the

formation, heterogeneities, anisotropy - and other spatial variations of the overburden.

They are also affected by the degree of saturation of the specimen and some experimental

uncertainties (flow along the permeameter walls) (Bowles, 1986).

A better evaluation of the hydraulic properties of the overburden can be obtained

using in situ tests (e.g., slug tests or induced tracer tests). Consequently, falling and

constant head permeability values were not used in further calculations.

- 43 -



3.4 Summary

The value of the hydraulic conductivity determined by previous tests and the
falling and constant head laboratory methods are summarized in Figure 3.6. There is
an order of magnitude between the highest hydraulic conductivity, the tracer test, and the
lowest, the laboratory tests. However, hydraulic conductivities frequently vary by over
two magnitudes in the same lithological unit (Fetter, 1988). Also, a closer value to the
actual hydraulic conductivity is usually made from in situ measurements, rather than

disturbing the soil by removal to a laboratory for study.
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CHAPTER 4

GEOPHYSICS: ME THODS AND INSTRUMENTATION
4.1 Objective of Geophysical Investigation

It is realized that investigations of contaminant existence, movement, and
concentrations at landfills greatly benefit from geophysical techniques providing
subsurface information inferred from surface surveys (Benson et al, 1983). Subsurface
conditions in areas between monitoring wells can be inferred from information gathered
at each survey point, and geophysics gives a broad view of the subsurface that
complements specific point information from monitoring wells. Successive geophysical
surveys provide information on measured pattern changes with time (Greenhouse and

Monier-Williams, 1985).

Four geophysical techniques were used at the Terra Nova Waste Disposal Site:
terrain conductivity measurements, VLF-EM (very low frequency-electromagnetic),
resistivity measurements, and refraction hammer seismic. The objectives of the

geophysical surveys were:

1. to map any leachate plume(s) in areas down stream of the landfill if the plume is
of different conductivity then the surroundings.
2. to outline the waste cells from detection of buried metal targets and identification

of areas of high electrical conductivity.



to obtain information on changes in conductivity of soil with depth.

to obtain information on depth to bedrock derived from VLF - resistivity and
refraction seismic measurements.

evaluate depth to bedrock using refraction surveys and correlate to bedrock depths
obtained during well installation.

provide information on any bedrock channelling of leachate.

4.2 Detecting Leachate Plumes by Conductivity Measurements

Terrain conductivity and VLF surveys respond to changes in the electrical

conductivity of the subsurface soil, rock, and groundwater (Benson et al., 1981).

Conductivity, the inverse of resistivity, can vary over several magnitudes and can change

with many environmental factors, both man made and naturally occurring. Generally,

electrical current flows through the electrolyte contained in the moisture-filled pores and

passages within the insulating matrix. Conductivity is determined by (McNeill, 1980):

(1)

(2)
(3)
4)
(3

porosity: shape and size of pores, number, size and shape of interconnecting
passages

the extent to which the pores are filled with water (saturation)

concentration of dissolved electrolytes in the pore fluid

temperature and phase state of the porewater

amount and composition of colloids
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A leachate plume will have a higher conductivity reading than background but the
meter will not fluctuate rapidly. It is this contrast that is detected and mapped to infer
contaminant plumes emanating from landfills (Benson et al., 1981). Measurements of
conductivity in the subsurface do not provide an absolute value of the conductivity of a
particular lithology or cultural feature as there are heterogeneities in most subsurface
environments. The value observed is called the apparent conductivity and is a composite
value that represents the combined effects of the thickness of soil or rock layers, their
depths, and the specific conductivities of the materials. In most cases however,
conductivity contrasts rather than absolute values are what is looked for. The reader is
‘directed to a paper by Greenhouse and Slaine (1983) as to the effects different types of
geological settings and cultural features have on electromagnetic surveys of leachate

migration.

4.3 Previous Geophysical Surveys

During the selection of a regional waste disposal site (Geotechnical Associates,
1975), a number of locations in the general area were chosen for preliminary investiga-
tion. At each location, refraction seismic was used to obtain depth to bedrock
information. Unfortunately, the specific location of the refraction seismic work then
cannot be easily determined and therefore the results obtained can only be used as a
rough estimate of the depths to bedrock in the area (Geotechnical Associate Ltd., 1975).

The results however, suggest that overburden thickness is in the range of 1.8 - 4.6 m.
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4.4 Survey Grid System and Cell Locations for the Present Study

The geophysical surveys for the present study were conducted on a grid laid out
on the site by the author on May 20, 1993. The grid was designed to encompass much
of the contaminant plume emanating from the cells and travelling in the direction of
groundwater flow as determined from water level measurements in the 11 monitoring
wells. Due to waste cells being used at the time of the grid survey, the piling of cover
material, and the burning of existing waste at the site during the survey grid creation, the
grid extended south to bisect waste cell 80-7, but did not reach MW #15 (see Figure
4.1). The maximum grid width was important since it had to include an area of
background or unaltered groundwater chemistry on either side of the suspected plume so

that geophysical detection and mapping could be accomplished.

The rectangular grid was surveyed on June 15-16, 1993 (Figure 4.1) having
station and line spacings each of 50 ft (15.24 m). After bush clearing in the vicinity of
each station, the location was marked by a survey stake identified with the station
number. A total of 227 stations were installed. The grid had irregular sides due to
terrain and cultural features in the area. The final grid was 350.5 m (1150 ft) by 167.6
m (550 ft) with the longer axis roughly parallel to the plumes expected longitudinal axis.

All existing monitoring wells with the exception of MW #15, are situated within the grid.

The ground surface elevation was determined by standard levelling procedures at
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each of the 227 stations and tied into the monitoring well elevations obtained from
previous work to obtain a topographical map of the area. This information was also used
to tie in bedrock depths between monitoring wells by geophysical measurements. Terrain
conductivity measurements (EM-31), VLF resistivity, and VLF-EM geophysical data

were collected at each station site.

Cell locations were determined by measuring open pit locations during use and
recording the date of inception. This was made easier due to the fact that a full time
landfill supervisor is employed at this landfill. Cell locations and their month and year
of inception are shown in Figure 4.1. This figure is useful in properly interpreting EM-
31 results for leachate plume detection as nearby metal anomalies will affect the more
subtle leachate response. Also we are more interested in EM-31 responses down stream
of the waste cells rather than over them. EM responses due to lithological changes and
groundwater constituent concentrations are of interest to plume mapping now and in the

future.

There were a number of blank or missing values in the data sets due to the value
being removed because of cultural features. The Spyglass contouring software used to
provide the colour plots has a number of ways of treating missing values before
contouring. All assign a value to a missing data point by replacing it with a value based

on neighbouring data. The Spyglass contouring software used Kernel smoothing to
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assign a value to these missing points. Kernel smoothing assigns a value to a missing
data point by using the average of the missing value’s eight neighbours. Multiple passes
are used until no more missing data points remain. The method has a heavy smoothing
effect not only on the missing values but also on the known values. Consequently,
original data is not always preserved, but the results are very close to the original value

(Spyglass Manual, 1994).

4.5 Instrumentation
4.5.1 EM-16/16R Equipment for Very Low Frequency Electromagnetic (VLF-EM)
Method
The earth’s conductivity can be measured by transmitting an electromagnetic field
into the earth and measuring the induced secondary magnetic field caused by the primary

magnetic field as it is perturbed by a subsurface conductor.

The Geonics EM-16 measures the tilt angle of the magnetic field, while an add
on piece of instrumentation is plugged into the main instrument to make it into an EM-
16R. The EM-16R measures the apparent earth resistivity and a phase angle which is
the angle between the horizontal electrical (E,) and magnetic (H,) components of the
electromagnetic field. The EM-16R attachment has two probes (dipoles) that are driven

into the ground 10 m apart to measure the electric field and hence the apparent resistivity

i



of the earth between the probes as well as the phase angle.

Overburden resistivity calculations from VLF EM-16R survey data were obtained
using a 2 layer inversion program (Miller, 1985) as shown in Appendix C. To use this
program, an assumption is made that there are two layers of media below the survey
point, a surface layer of resistivity p,, and thickness h,, and an infinitely thick substratum
of resistivity p,. This is a valid assumption at this location since data from 10
monitoring wells have indicated the area is covered with a relatively uniform glacial till
overlying bedrock. The program calculates h, and p, values consistent with the input
values p;, and the apparent resistivity p, and phase angle ¢, measured at each station by

the EM-16R instrument, and the transmitter frequency, f, which in this case is 24000 Hz.

In order to obtain layer 1 resistivity values, p,, the thickness of the overburden
at each monitoring well location, as recorded during the drilling was used. The 10
monitoring wells are spaced relatively symmetrically over the survey area and were
therefore used to infer layer 1 resistivity and thickness between and surrounding them.
Since the input parameters of the program are p,(unknown), and p, and ¢, giving output
values h, (known at each well) and p,, an iteration was done to obtain the best p; value
at each well that would give a layer 1 thickness h; closest to the actual value as recorded

on the drilling log.
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The "best fit" p,; values at the monitoring well locations were then used to assign
layer 1 resistivity values to the remaining stations in the grid by a process known as

kernel smoothing.

Further information on instrumentation and interpretation of results using this
instrument is described in detail by Green (1991), CCME (1994), Geonics (1985),
Telford et al., (1987), and McNeill and Labson (1993). Figure 4.2 shows the

electromagnetic field components of a VLF transmitter.

4.5.2 EM-31 Terrain Conductivity Meter Method

Terrain conductivity measurements are probably the single most used geophysical
techniques for contaminated site investigations. The Geonics EM-31 was used for terrain
conductivity measurements at each of the 227 stations of the grid on August 23-24, 1993.
The weather was overcast and no instrument problems were encountered. Both profiling
and sounding were done at each grid point. Profiling involves moving from one
measurement point to another taking a reading while the instrument is slung over your
shoulder. The distance between the transmitter and receiver remains constant. Sounding
involves separating the transmitter-receiver distance so that the signal depth into the
ground is increased with greater transmitter-receiver separation. This is not possible with
the EM-31 since its transmitter-receiver distance is fixed. However some indication of

conductivity variation with depth can be obtained by varying the instrument height above
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the ground, plotting this data, and comparing the curve to known response curves
supplied with the instrument manual (Geonics, 1985). Figure 4.3 shows how the
primary and secondary electromagnetic fields are generated by the instrument. Further
information on instrumentation, uses, and interpretation of the EM-31 can be found in
the publications by Benson et al., (1981), Greenhouse and Slaine (1983), Geonics (1984),

and CCME (1986).

4.5.3 Refraction Seismic Method Using Hammer Seismic

A hammer refraction seismic survey using a Huntec FS-3 portable facsimile
seismograph unit was done at 13 locations (see Table 5.2 for grid locations) at the
landfill on November 15, 1993. The unit is a single channel time-distance plotting
instrument which permanently records an entire seismic event produced by either a
hammer blow on a metal plate laid on the ground or by an electrically detonated
explosive charge. A pair of geophones records the returning sound wave after it has
travelled through and along the interface of one or more soil and rock layers. The
information obtained to be used to determine the overburden thickness. The arrival times
of the seismic waves at various distances were accomplished by fixing the receivers or
geophones at one location and moving the energy source incremental distances from the
geophones. More information on instrumentation and interpretation of refraction seismic

results can be found in Haeni (1988), and Huntec (1970)
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PART II RESULTS AND
'INTERPRETATION

CHAPTER 5

GEOPHYSICS

5.1 Overburden Resistivity and Thickness Calculations from the EM-16R

Measurements

Table 5.1 shows the values of layer 1, p,, for each grid coordinate as explained
in section 4.5.1. These values were then used in the 2 layer inversion program (Miller)
to obtain a value of h, and p, at all the grid coordinates. Figures 5.1, 5.2, 5.3 show the
contour maps of p,, thickness, and p,. Using the thickness h; obtained, and survey data
on topography elevation for each station, a bedrock elevation contour map was then
generated (Figure 5.4). The EM-16R inversion program results and calculated bedrock
elevation data can be found in Appendix C along with levelling data done at each station

and well location. The EM-16/16R field data are found in Appendix C.

It 1s evident from looking at contour maps Figure 5.2 and Figure 5.4 that a
north-south oriented bedrock channel exists which kinks to the west splitting into two
deeper distinct channels. The overburden thickness map, Figure 5.2, displays this most
prominently but is also evident on the bedrock elevation contour map. Although the

overburden thickness contour map displays thickness, the ground surface over this area
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thickness data and EM-16R inversion program

Table 5.1
Best fit layer 1 resistivity values (p,) at station nearest well locations using well overburden

Layer 1 EM-16R Data Program Output
Nearest Thickness 0, Phase Best fit p, 0,
Well # Station X(@m) Y(m) (m) (ohm-m)  (degrees) (ohm-m) ohm-m)

1 T-250 302 69 4.4 70 27 26 231
2 Q-150 268 44 6.7 140 24 50 637
3 S-300 280 102 4.4 290 32 78 566
4 N-150 219 50 6.2 1000 16 115 8251
5 0-400 237 117 6.0 95 15 29 1688
6 J-200 152 55 3.1 1200 21 136 5325
7 K-400 170 119 4.1 750 20 76 3638
8 F-200 89 62 4.7 2600 20 166 12008
9 G-450 105 125 5.6 1200 19 126 6568
10 B-400 38 126 6.0 1600 18 151 9708
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Figure 5.2 Overburden Thickness from EM-16R Data - Terra Nova Waste Site

-25

-50

-100

-125

-150

-175
0 50 100 150 200 250 300

metres
WASTE CELL

GROUNDWATER
WELL ° — 3 FLOW
- =

Overburden Thickness (m)



_'[9-

o =e~o3

WASTE CELL

WELL

Figure 5.3

Lower Layer Resistivity - Terra Nova Waste Site

100 150 200 250

metres

- 1 L
H |
L |

2500 7500 12500 17500 22500

Resistivity (ohm-m)

GROUNDWATER
FLOW

>



_Zg-

W e ~~03

-75

-100

-125

-150

175

WASTE CELL :

WELL o

Figure 5.4

100

17.0

Bedrock Elevation - Terra Nova Waste Site

22.0

150

metres

27.0

Elevation (m)

200

300

GROUNDWATER
FLOW

i



slopes monotonically downgrade to the north so that any change in overburden thickness
would be a change in bedrock elevation and not a variance in ground surface elevation.
This bedrock channel or increased overburden thickness is a likely pathway for leachate
movement off site. Figure 5.1, the upper layer resistivity, shows a gradual increase in
resistivity of this layer to the north. As expected, resistivity is low over the later waste
cells probably due to the percolation of dissolved solids ongoing downwards in the waste
cells. Waste cells 76-12, 79-7, and 77-10, did not show any low resistivity pattern
similar to the other waste cells. This could be due to all the dissolved solids in these
waste cells being leached out of the cell and surrounding overburden material during the
13 to 18 years since these cells were in operation. Also it is evident that the kernel
smoothing method of the Spyglass software has reduced subtle resistivity changes since
this contour map was derived from the 10 monitoring well points and not the 227 grid
points. Figure 5.3, the lower layer resistivity, shows an area of low resistivity (high
conductivity) over and down stream of the waste cells. There is also an indication of low
resistivity in the channels as interpreted earlier. Again waste cell 76-12 does not appear
to have an influence on the low resistivity contours suggesting that there is little leachable

material left in this waste cell.

5.2 Fraser Filter Applied to EM-16 Data
Interpreting VLF-EM16 data can be difficult due to the dynamic range of values,

and the fact that a cross over response is apparent when traversing features such as
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vertical dykes or waste disposal cells. Fraser (1969) overcame this problem by devising
a simple numerical filter which converts in-phase (tilt angle) cross overs into peak
responses by subtracting successive values of tilt angle measurements along a survey
profile. The Fraser filter is widely used today in the reduction of VLF data. Given 4
data points (a, b, ¢, d) in a profile, the filter uses the equation (a+b)-(c+d) to give a
value which would be contoured at a point midway between ¢ and d. The equation is
then applied to the values (b,c,d,e) to produce a value located midway between the
position d and e, and so on. The filter shifts the dip angle data by 90° to convert cross-
overs into peaks and it attenuates long spatial wavelengths. This filter does not increase
random noise in the data, and is easy to use (McNeill and Labson, 1993). Figure 5.5
shows the contoured Fraser filter data while the data may be found in Appendix C. In
general, the area the waste cells is encompassed with the higher Fraser filter dip angle
values (ie. > 20). There is also evidence of a linear anomaly (conductive high, dip
angle >20 degrees) downstream of the waste cells and the splitting of anomaly at the

bottom of the contouring grid area.

5.3  Plume Outline for EM-31 Conductivity Measurements

The EM-31 terrain conductivity instrument was expected to give the best contour
map and outline of any leachate plume produced emanating the waste cells. Figure 5.6
presents the contoured results while the data may be found in Appendix C. The plume

outline from this contour map is shown in the lighter blue shades. Higher conductivity
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values down stream of the waste cells are indicative of a possible leachate plume. The
background conductivity is about 0.9 mS/m. As can be seen from this plot, the apparent
leachate plume has travelled at least 150 m from the nearest waste disposal cells and
seems to be channelling in several areas leading off the grid system. The highest
conductivity channel is seen on the horizontal axis at about the 40 metre position. This
leachate channel indicates that leachate has gone beyond the site survey. The other
channels indicated are on the horizontal axis at about 135 metres and a weaker

conductivity channel on the vertical axis at about 110 metres.

The high conductivity values noted on the contour plot correlate with the location
of the waste cells and derelict scrap metal on the surface east of monitoring well #2.
Responses to cultural features were evident by large fluctuations near vehicle wrecks and
over the waste cells. These abnormal results were confirmed by rotating the instrument
and observing major needle deflections. While these results helped in identifying waste
cell location, the large values suppressed the colour contouring outline of subtle changes
down gradient of the site due to the plume. It was therefore necessary to arrange the
EM-31 results in ascending order and remove values above 7 mS/m so that a better
colour outline of the contaminant plume would be evident on the colour contouring. The

amount of data removed for contouring purposes was 19%

A leachate plume appears to be up gradient of waste cell 80-7 because there are
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few grid points in this area and the contouring software has coloured a gradual high to

low conductivity plot.

We can compare the EM-31 conductivity response over the survey grid area with
the specific conductance of water samples obtained from the monitoring wells. Figure
5.7 is a contour plot of water conductivity taken 10 months after the EM-31 survey.
Here there is data from only 10 points, the 10 monitoring wells, while the EM-31 plot
has 184 data points. One should not put much faith in the grid area contouring between
the monitoring wells and the grid edges. Also because of an extremely low conductivity
value at MW #8, it was necessary to truncate the plotting of the area east of this well,
hence the black area on the contour plot. Although of different conductivity units, the
monitoring wells specific conductance and the EM-31 response are in general agreement
with each other. This is an important comparison since it correlates, remote sensing
response to an actual sub surface measurement. This is sometimes called "ground

truthing".

5.4 Hammer Seismic Results

The hammer refraction seismic results to determine depth to bedrock are shown
in Table 5.2. Results from this seismic survey were disappointing. No interpretation
of data was possible over the waste cells as was expected due to the loss of seismic wave

energy and the absence of reflectors while travelling through the landfill waste. Other
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Table 5.2

Hammer seismic results

No. Coordinates Seismic Velocity (ritical Depth
X@m) Y(m) V,(m/sec) V,(m/sec) listance X (m) Z(m)

1 30 -40 1333 2000 8.0 1.8

2 46 -122 325 4500 6.5 3.0

3 61 -103 1750 4667 14.0 4.7

4 91 -80 800 2500 4.0 1.2

5 122 -82 667 1167 4.0 1.0

6 152 -83 500 1750 3.0 1.1

¥ 183 -84 667 1667 4.0 1.3

8 213 -85 571 1667 3.0 0.8

9 244 -69 NI NI waste cell
10 274 -63 NI NI waste cell
11 302 -132 NI NI waste cell
12 305 -66 545 1167 6.5 2.0

13 320 -155 NI NI waste cell

V,; = velocity of overburden
V, = velocity of bedrock

NI = not iterpreted

X, = critical distance - distance from the origin at which tw straight line segments,

representing different velocities, intersect.

Z = depth to reflector

Depth Equation:

_Xc | 2V
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locations produced depths to reflectors from 0.80 m to 4.7 m. These values were much
less than depth to bedrock information from the monitoring wells drilling logs or from
two test pits. A possible explanation is that the reflectors encountered were the top of
the water table with no interpretable reflector below. Early experimentation with the
hammer seismic equipment revealed that the layer of extensive moss and shrub growth
covering the ground at the landfill would have to be removed where ever the metal plate
was placed in order to provide a good energy coupling between the plate and the
overburden. Since this survey was not our primary source of depth to bedrock
information, shot points were done on the roadway which traverses the landfill site. This
may have lead to another problem of seismic energy being lost along the raised gravel
roadbed/glacial till interface. A number of results of the seismic refraction survey
indicated that seismic velocity was decreasing with depth. These were usually over areas
of the waste cells and were not used to determine depth to bedrock. Consequently, none
of the calculated depths from this seismic refraction survey were incorporated into Figure

5.4, bedrock elevation.

5.5 Summary

From EM-31 and EM-16/16R results, the leachate plume was found to have
migrated at least 150 m down stream of the nearest waste disposal cell. There appears
to be channelling of the leachate along preferred bedrock channels leading off the survey

grid system used for contouring purposes. A comparison of colour contour plots of

«



groundwater specific conductance from the 10 monitoring wells and the EM-31 terrain
conductivity response were in general agreement with each other. However, the lack of
data points (10) of the monitoring well specific conductance plot compared to the number
of data points (184) of the EM-31 plot detracts from both plots comparing more

favourably. Hammer seismic results were not reliable due to poor energy coupling.
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CHAPTER 6

GEOCHEMISTRY

6.1 Water Quality Results

Tables showing the water quality sampling results from all monitoring wells and
surface sampling sites are shown in Appendix D. A plot of concentration versus time
for selected sampled constituents for each monitoring well is also shown in Appendix
D. Water sampling started in 1977 and presently occurs once a year. Basically two
persons were involved in sample procurement at this landfill, Mr. Robert Lethbridge and
the author. One or two samples sets showed a pronounced variability with respect to a
recognized trend of sample sets taken before and after. These were not included in any
curve fitting. The reasons for these outlyers may have been mislabelled samples or cross

contamination from other monitoring wells.

6.2  Breakthrough Curves for Contaminant Migration

Since the start up dates and location of each cell are known along with the
background groundwater concentrations of the area, these plots can be considered break-
through curves for the travel of contaminant leachate plumes from the waste cells as they
pass a down gradient monitoring well. Long term monitoring was needed to gain useful
data from all monitoring wells due to groundwater velocities and the distance of the
farthest well, MW #10 from the closest waste cell. From these plots it is possible to
determine the rate of contaminant movement by species. Looking at Figure 3.3, section

A1-A2, multiple peaks can be expected with respect to time due different start up dates



of the waste cells. With time and distance from the source, the concentration peaks will

diminish in height, broaden, and overlap.

The shape of each curve is a result of many factors, both physical and chemical.
Physically, the primary driving force for leachate movement is the hydraulic gradient
that produces groundwater flow advection. The characteristics of the matrix that the
leachate is travelling through will affect advective transport. However, mechanical and
molecular diffusion disperse contaminants, although the effect of molecular diffusion

contributes little to contaminant movement except at very low groundwater velocities.

Chemical reactions will predominantly reduce the concentration of contaminants
(attenuation).  The most important chemical reactions are solution-precipitation,
oxidation-reduction, adsorption-desorption, acid-base reactions, and microbial cell

synthesis (Driscoll, 1986).

From looking at the plots from each monitoring well and comparing the well’s
location with respect to the centre of the nearest up gradient waste cell, a conceptual
view of the leachate plume can be obtained. Several types of plots can be observed.
Some wells are influenced by leachate from only one waste cell while others are
influenced by more than one waste cell. This is mainly indicated by the number of

concentration peaks in the plots. Also, for monitoring wells that are at longer distances
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from the waste cells, a concentration peak may not have passed the well location yet.

Finally some plots show no significant rise or fall in concentrations over time.

An example of a single peak plot is shown in Figure 6.1. Here calcium from
MW #6 has a well defined peak. A waste cell directly above the monitoring well started
December, 1976 and the next cell was started in May, 1977. Therefore, the first cell
was in use for 5 months before being covered. It is possible that source concentrations
were increasing over the 5 months it took to fill the cell. This would depend mainly on
rainfall events while the cell was opened. A slight broadening of the concentration peaks
would result. MW #6 is immediately adjacent and down stream of this waste cell. A
concentration rise with a maximum peak occurred during 1982, 3 years after the closed
cell start up and abandonment. It appears that most of the leachate had passed the
monitoring well by November, 1984, if one looks at the plots of many of the sampled
parameters for MW #6. This time varies by element upon observation of MW #6
concentrations plot and by a cells width in the direction of groundwater flow when other
concentrations plots are assessed. It was observed by analysing these plots that after 4
or 5 years, most of the soluble material has leached from a waste cell. Even after this
time period has elapsed, some contaminants will still leach from the waste cells since the
concentrations plots do not diminish in concentration to their original background values.
Indeed, it has been observed that landfills used during the Roman Empire times still

produce leachate (Freeze and Cherry, 1979).
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CALCIUM
Terra Nova Waste Site - MW# 6
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Figure 6.1 Example of a single peak concentration plot

. e



An example of a double peak plot is shown in Figure 6.2. Here the leachate

plume from possibly two or more waste cells are contributing to the chloride concentra-

tions of MW #4.

A third type of plot is one which has no defined peak but a continuing rise in
concentration since sampling began. The concentration versus time plots for many of the
chemical parameters sampled in MW #10 shows this trend. Figure 6.3 shows that the
concentration gradient of manganese is still rising meaning the maximum plume front
concentration has not yet reached this monitoring well. Monitoring wells that are at
longer distances from the waste cells, showed a more erratic concentration value between
samples as the plume front is passing the monitoring well location. Concentrations are
varying in magnitude with each sample taken as can be seen in Figure 6.3. It is possible
that this is due to a tortuous path travelled by the contaminants which have caused "mini
slugs" of contaminant to arrive at the well over time. Mirecki et al., 1993, suggested
in a study on the geochemistry of a landfill near Memphis, Tennessee, that leachate
flowing away from this landfill, which is situated in an alluvial aquifer, does so as
discrete "pulses" along preferential flow paths rather than as a continuous plume. This
could explain the increasing variability with time of the sampling results as shown in

Figure 6.3.



CHLORIDE
Terra Nova Waste Site - MW# 4
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Figure 6.2 Example of a double peak concentration plot
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MANGANESE

Terra Nova Waste Site - MW# 10
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Figure 63 Example of a continuously increasing concentration plot
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Finally, for some of the parameters sampled, after a first concentration peak had
moved past the monitoring well, concentrations remained elevated and highly variable.
Figure 6.4, a plot of iron concentrations for MW #7, is an example of such a plot that

after 1980, remained elevated in concentration and highly variable.

An important difficulty with the interpretation of the results from the sampling of
the monitoring wells is that each monitoring well has one screen set just above bedrock
and not multiple screens where discrete sections of the well could be sampled. It is
possible that plume detection could be delayed due to leachate passing a well above the
well screen and not being detected until part of this plume has reached down to the well
screen. There are no LNAPLs (light non aqueous phase liquids) in the leachate make
up, therefore, this would preclude a separation of species based on liquid density. Also
samples taken from deep wells can be viewed as a systematic bias. However, it allows

relative concentration peaks and trends to show up.

6.3  Velocity Determinations from Breakthrough Curves

A table of the time and maximum peak concentrations of different species as they
pass a monitoring well can be constructed based on a review of water quality sampling
results. From the water quality results of Appendix D, Table 6.1 shows the time of
peak concentrations for each monitoring well for selected chemical parameters. Some had

double peaks. The average velocity of the solute for selected ions can be calculated from
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Figure 6.4 Example of a concentration plot with no perceived trend.
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TABLE 6.1 PEAK CONCENTRATION DATES AND VALUES - TERRA NOVA REGIONAL WASTE DISPOSAL SITE

Alk Ca Cl Cond. Fe K Nitro. Pb Mg Mn Ni K Na DS Zn
(mg/i) (ma/l) (mgf) (micromhos/cm)  {ma/l) (mg/l) (mg/l) (mg/h) {mafl) (malf) (mg/t) (ma/t) (mg/)) (ma/l)

AW #

Date 23/5/89  28/11/88  17/2/88 23/8/89 17/8/92 NA 28/11/89 28/11/88 17/8/92 NA 27/3/80 17/8/92 28/11/88 28/11/88

Cone. 668 269.9 361 2350 70 5.19 60.4 55 26 190 1930 161

Date(2) 17/8/90 10/5/89

Conc. 10 1470

MW #2

Date 23/5/60 23/5/89 26/5/88 23/5/89 13/12/89 NA 1/6/80 10/3/89 23/5/89 NA 13/12/89 17/8/92 28/11/88  18/5/84

Cong, 1060 376 532 3500 178 0.54 75 78 11 200 2360 58

MW #3

Date 13/12/89 13/11/80  17/8/92 2/10/94 17/8/92 NA NA 17/8/92 17/8/92 NA NA 4/10/94 4/10/94 NA

Conc. 138 67 247 1210 112 17 2 230 1110

MW #4

Date 29/4/80 1777179 14/8/78 14/8/79 19/8/92  4/10/94 NA 177778 14/8/79 7/8/88 19/8/82 19/8/92  21/11/78  14/8/79

Conc. 537 210 187 1495 189 39 1343 58.3 0.1 15 210 1173 2555

Date(2) 7/8/89 11/8/87 7/8/88 18/7/90 11/8/87 7/8/88 7/8/89

Conc. 542 228 436 2240 39 129 2260

MW #5

Date NA 9/11/81 9/11/81 9/11/81 9/11/81 NA 17/8/92 1/4/81 9/11/81 NA 1/4/81 9/11/81 9/11/81 9/11/81

Conc. 125 100 1590 200.5 0.92 26.7 8.5 49.4 105 1402 211

Date(2) 26/5/88 4/10/94 28/11/89  26/5/88

Conc. 850 9.5 1100 105

MW #8

Date 10/8/82  9/11/81 10/8/82 10/5/82 2/3/82 NA 1/6/90 9/11/81 9/11/81 NA 2/3/82 2/3/82 10/5/82 NA

Conc. 173 219 77 370 65.6 2.35 4.48 19.4 28 25.2 243

Date(2) 29/4/82 4/5/87 11/8/87

Conc. 20.5 124 245

MW #7

Date 10/11/82 10/11/82 10/11/82 5/8/84 NA 29/4/80 NA 10/11/82 10/11/82  31/7/81 24[7/80 29/4/80 29/4/eC 29/4/80

Conc, 564 240 162 1840 28.1 48.3 122 0.315 54.9 181 1084 107.8

Date(2) 5/8/84 29/2/84 10/11/82 10/11/82

Conc. 35.4 84 1853

Date(3) 28/02/84

Cone. 1820

MW #8

Date 23/11/83  11/8/87 11/8/87 11/8/87 Ci NA NA 11/8/37 NA NA NA Ci 11/8/87 NA

Cone. 140 351 80.1 620 5.59 5§75

MW #9

Date 23/2/87 11/8/87 4/5/87 26/5/88 Cl NA NA 11/8/87 11/8/87 NA 24/10/77 3/3/86 11/8/87 18/5/84

Conc. 512 602 97 1500 148.3 483 48.5 23 9840 135

MW #10

Date 13/11/80 Cl 13/12/89 13/11/90 Cl NA Cl Cl Cl NA NA Cl Cl Cl

Conc. 602 427 965

MW #15

Date 28/11/88 18/11/87 13/11/85 26/5/88 15/2/85 NA NA 3/3/88 22/5/85 NA NA 22/3/90  13/11/85 13/11/85

Conc. 788 131 350 2500 300 50 133 714 1659 93

Date(2) 26/5/88 18/11/87 18/11/87

Conc. 350 53.4 1610

NA - no concentration peak or trend was evident
Cl - continuously increasing concentration



this table, given that for each well we know the date of start up of the nearest up gradient
cell, and the distance from the centre of the cell to a well. Not all ions had a discrete

mass breakthrough curve as can be seen from Table 6.1.

What we would like to find is the average linear groundwater velocity which is
faster than the average velocity of the solute front for chemical species. Because leachate
is made up of a number of chemical species that adhere to the native soils at different
rates, the reactive chemical parameters will travel slower than unaltered groundwater in
the area. This reduction of the solute velocity or retardation differs from species to
species. A retardation factor r, can be obtained using the following equation:

where: v, = average linear velocity

Vx

rf:z v, = average velocity of solute front

We can obtain an average linear groundwater velocity using the chloride ion peak
concentration velocity information from selected wells. The chloride ion is not very
reactive, does not participate in redox reactions, is not sorbed onto mineral or organic
surfaces, and does not form insoluble precipitates (Fetter, 1992). Therefore, its average
peak concentration velocity will closely represent the true groundwater velocity. This
is why the chloride ion is suitable as a conservative species to use in tracer tests. An
estimate of the groundwater velocity can be calculated from the time of peak concentra-

tion arrivals of chloride of MW #5, #7, #9, and #10. These wells are in a straight line

along cross section A1-A2 in the direction of groundwater flow and down stream of all
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the waste cells (see Figure 3.3). For most parameters tested, the contaminant front has
not yet reached MW #10, however for chloride, it has peaked. This is related to the
chloride ion’s conservatism meaning that it reacts little with native soil and groundwater
but moves through the sub surface at near the velocity of the groundwater. Therefore
it should be th first chemical species to arrive at a well in advance of other non
conservative species. A plot of peak concentration arrival times of chloride versus
distance along the groundwater flow path for these four wells is shown in Figure 6.5.
The three cells that provide the major leachate contribution or contaminant to these wells
as seen in Figure 3.3 are also plotted along with dates of cell start up. From the slope
of the line drawn, the chloride ion velocity was found to be 19.5 m/yr. Plots of other
species an be done similar to the one for chloride. A plot of calcium for three wells,
Figure 6.6, shows that the calcium ion velocity was calculated to be 17.1 m/yr. A
slower velocity is indicative of a more reactive ionic species. Figures 6.7 and 6.8 are
similar plots for geological-cross section B1-B2 (see Figure 3.3). The chloride and
calcium ion velocities were averaged for the two lines on each graph and found to be
17.4 and 16.9 m/yr respectively. The chloride ion should be the faster travelling ion
due to its retardation factor nearly equal to one. The closeness of the two waste cells
started in 1978 and the earlier cell started in 1976 up gradient of the first two has
provided for a merged leachate by the time the plume reached the first monitor well due

to the time lag of the 1976 cell inception.
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Figure 6.5 Chloride velocity analysis using A1-A2 peak concentration arrival times
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Calcium Velocity Analysis A1-A2
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Figure 6.6 Calcium velocity analysis using cross section A1-A2 peak concentration

arrival times for calcium.
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Chloride Velocity Analysis B1-B2

1990
1988+
1986
1984-
1982

1980+

Peak Conc. Arrival Time - Chloride (yr)

1978~

1976 T

MW #2 « MW #4

MW #8 _

1/slope = 16.2 m/year

1/slope = 18.4 m/year

m Dec.76

T T
200 250

Horizontal Distance Along
Flow Path (arbitrary) (m)

T
100 300

m waste cell and start up time

Figure 6.7 Chloride velocity analysis using cross section B1-B2 peak concentration
arrival times for chloride.
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Figure 6.8 Calcium velocity analysis using cross-section B1-B2 peak concentration
arrival times for calcium.
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6.4  Future Position of Contaminant Plume

Hydrogeological and geophysical data obtained during the study indicates that the
underground contaminant plume is still within the confines of the waste disposal site
area. There is slightly increased concentrations of constituents at the surface water
sampling site, however, all parameters tested are within the Canadian drinking water
guidelines (CCME, 1988). More information on surface water impairment can be found

in section 6.5.

The future position of the plume can be estimated from continuing the line of
Figure 6.5 a distance equal to the distance to the Trans Canada Highway.  This
extrapolation assumes no significant changes in lithology, gradient, or additional in waste
input into the system. Knowing that the Trans Canada Highway is about 275 m along
the groundwater flow path from MW #10 and using regression analysis, the estimated
date of the contaminant front arrival is the year 2002. Figure 6.9 shows the graph of

the results of regression analysis.

6.5 Surface Water Sampling Results
While this thesis deals primarily with the groundwater contamination of the Terra
Nova waste disposal site, two surface water sites have been monitored since the landfills

inception (Figure 1.1). Site #12 is located where surface drainage from the landfill
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Figure 6.9 Prediction of contaminant plume arriving at Trans Canada Highway using
chloride concentration peaks.

-90 -



crosses the Trans Canada Highway via a culvert, while site #14 is a brook that is
sampled as it runs into Pissamere Pond. Field surveys have found that the topographical
map of Figure 1.1 is incorrect since this brook actually drains a marsh area that receives
surface drainage from the landfill and enters Pissamere Pond at the site #12 location.
The concentration versus time plots of water sampling for site #12 and #14 are presented
in Appendix D, page . Surface water sampling of site #12 over a 14 year time frame
show a gradual increase in concentrations for alkalinity, calcium, chloride, magnesium,
potassium and total dissolved solids. The concentration increases range from a seven
fold increase of calcium (4 to 30 ppm) to a two fold increase for total dissolved solids

(100 to 200 ppm).

Site #14 was also sampled over a 14 year period and showed a gradual increase
then a gradual decrease in concentrations of a number of parameters (calcium, chloride,
potassium, magnesium, sodium, and total dissolved solids) during the time period
August/76 to October/94. Other chemical parameters such as lead and manganese had
no perceived trend, while zinc and iron did not vary above background concentrations.
Concentrations were over all lower than at site #12. As an example, calcium peaked at
30 ppm at site #12 in May 1990 while site #14 highest value was 11 ppm. This is in
agreement with its location which is further away from the landfill and draining from a
marsh which would attenuate the overall concentration of constituents in the water by

biodegradation and oxidation-reduction reactions. The increases in concentration with
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time at site# 14 are not considered substantial. There were substantial concentration
peaks (above CWQG) of iron and manganese at site #12 during the study period. Both
had high peaks in 1981-82 showing a degradation of down-gradient surface waters most
probably due to leachate runoff from the landfill. Ion concentrations of both sites are
presently within the Canadian Water Quality Guidelines for drinking water. Iron
concentrations above drinking water quality guidelines for site #12 were noted in
background concentrations at the start of the study and until 1982 where they peaked, but

have gone down substantially in recent years.

6.6 Geochemical Zonation
6.6.1 Discussion

It is important to discuss the concept of oxidation and reduction reactions at
landfills and how they are controlled by the presence of organic material. Many
inorganic chemical reactions are controlled largely by the presence of organic compounds
(Fetter, 1992). For example, glucose, which is a sugar found in organic waste,
decomposes in the presence of oxygen to carbon dioxide and water. The carbon dioxide
in turn forms carbonic acid in the leachate. The presence of liquid and solid waste
materials at a landfill creates decomposition processes that play an important part of a
landfill’s geochemical system. In the study of leachate plumes at landfills, a three part
geochemical zonation based on the supply and depletion of available oxygen has been

found to exist. The zones consist of an anaerobic zone that represents the landfill, a
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transition zone, where leachate is mixing with oxygenated water, and an oxidation or
aerobic zone farther down stream, where there is abundant amounts of dissolved oxygen
due to the dilution of the leachate with natural groundwaters (Fetter, 1992; Sudicky et
al., 1983) Figure 6.10 presents a schematic drawing of these zones. Geochemical
zonation of organic matter in the groundwater down stream of a landfill is governed
mainly by the amount of dissolved oxygen in groundwater as it comes in contact with
waste material. The decay of organic material in groundwater is largely through
biological activity (Baedecker and Back. 1979). Initially, decomposition occurs under
aerobic conditions, however, once the oxygen is consumed, anaerobic decomposition is
favoured. Anaerobic decomposition produces reduced gases such as methane. When
reduced leachate, leachate that reaches the water table, the leachate becomes more
oxidized from dissolved oxygen available in the groundwater. Baedecker and Back
(1979), found that the ratio of Kjeldahl nitrogen to the nitrate cation (Kjl N/NO;), was
greatest in the anaerobic zone, where ammonia was present, decreased in the transition
zone, and was very low in the aerobic zone. where the nitrogen was primarily in the

form of nitrate.

6.6.2 Results
Figure 6.11 is a plot of the ratio of reduced nitrogen to nitrate (Kjl N/NO;)
versus time for MW #5 situated 15 m down stream along the groundwater flow path

from a waste cell begun in Aug/78 and closed in July/79. Referring to Figure 6.11,
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Figure 6.11 Geochemical zonation of MW #S5.
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initially, no leachate had reached the monitoring well and the ratio is quite low.
However, by late 1980 the ratio had increased many fold indicating that MW #5 was then
now in an anaerobic zone where ammonia was present and microorganisms were
decomposing matter obtaining their oxygen from the reduction of sulphate and nitrate.
Finally, a transition zone is seen from about late 1982. The transition zone occurs
because the upstream cells have been closed since 1976 and 1978 respectively and
leachate production is decreasing over time. Consequently, there is less demand for
dissolved oxygen from natural groundwaters because of this decreasing leachate

production. Similar geochemical zonation occurs at other monitoring wells.

It is difficult to use these results for a quantitative estimate of the advance of the

contaminant plume. However these data could be useful for validating further numerical

modeling of the site.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

The leachate plume emanating from the Terra Nova Regional Waste Disposal site
has been studied. Chemical sampling of monitoring wells over and down gradient of the
waste cells along with geophysical surveys indicate the leachate plume has not yet
reached the Trans Canada Highway, but has moved in the glacial till overburden along
bedrock channels since the site’s inception in 1977. A period of 4 to 5 years is a good
estimate of the time it took for the major portion of material to have leached from the
waste cells. However, a much smaller amount of leachate will still be generated from
these cells for many years after closure. The landfill is presently receiving domestic

garbage from the region’s communities and future monitoring will be necessary.

Test pit logs, sieve analysis, and borehole logs, confirm that the stratigraphy is
uniform over the study area and consists of glacial sand and gravel till. Permeability
tests performed in the laboratory, and slug and tracer tests performed on site gave a

resulting hydraulic conductivity value of between 10* and 10 cm/s for the till.

EM and VLF geophysical surveys show evidence of channelling in the bedrock

where the leachate plume has preferentially flowed. Hammer seismic results were



disappointing due to poor energy coupling.

Contaminant migration average velocities were calculated to be between 16 m/yr
and 25 m/yr by plotting the chloride ion concentrations along the groundwater flow path.
A linear extrapolation from the 17 year observation period indicates that by the year 2002

the edge of the contaminant plume will reach the Trans Canada Highway.

There has been some impairment to surface water quality down gradient of the
landfill, and as expected, the farthest site from the landfill, a brook flowing into
Pissamere Pond, shows only slightly elevated concentrations with respect to background
concentrations. Surface sampling site #12 showed elevated iron and manganese during
1981-82 which greatly exceeded CWQG for drinking water. Recent sampling show that
these chemical parameters are presently lower in water samples taken than the maximum

acceptable concentration for drinking purposes.

7.2 Recommendations

Existence of leachate plumes around waste disposal sites in Newfoundland creates
the risk of possible detrimental effects to down stream receptors due to leachate
migration over time. It would be prudent to monitor more landfills in the province on

a continuing basis as waste contaminant plumes cannot be observed.
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The following recommendations specific to this site to further the scientific understanding

of leachate migration are listed below;

1y

2)

3)

4)

It is recommended that computer modelling using commercially available flow
and transport software be done to predict the movement of leachate. Calibration
of the modelling process can be done using existing information.

Surface water quality sampling should continue on a yearly basis to report any
significant changes in downstream water bodies. This precautionary measure 1s
mandatory in some countries. MW #9 and #10 should be sampled until the
highest concentration peak for other chemical constituents of the leachate plume
have reached these wells.

Geophysical mapping of the contaminant plume using the EM-31 terrain
conductivity instrument should be done every few years to see if this method can
cheaply follow the leachate plume’s movement. The results would also indicate
the relative concentration of the plume.

Work should be done on predicting the leachate plume concentration at distances
farther than the present monitoring well system. A question that needs to
answered 1s "How far away do you need to be from this landfill for natural
attenuation to remove all contaminants related to the landfill from the ground-

water?
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APPENDIX A

Aerial and Test Pit Photographs
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1964 Air Photograph of Waste Site Area
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1976 Air Photograph of Waste Site Area
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1988 Air Photograph of Waste Site Area
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21, 1993

Photograph #2 - Test pit #2, close up showing soil characteristics

- 109 -



APPENDIX B

Evapotranspiration Model Results
& Test Pit Soil Permeabilities
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THORNTHWAITE’S POTENTIAL EVAPOTRANSPIRATION MODEL

Jan. Feb. March Aprii May June July Aug. Sept. Oct. Nov. Dec.

Latitude Adjustment Factors

Lat.

0.81 080 1.02 113 128 129 1.31 1.21 1.04 094 079 0.75
0.79 0.81 1.02 113 129 1.31 132 122 104 094 079 074
677 08 102 114 130 132 133 122 104 093 078 073
076 080 102 1.14 1.31 133 134 123 105 083 077 072
075 079 102 114 132 134 135 124 105 0983 076 071
074 078 102 115 133 136 137 125 106 092 076 0.70

Latitude of Waste Site 48 degrees

Monthly Mean Temperatures in Degrees C. - Terra Nova National Park HQ 1962-1990
-5.9 -6.6 2.7 1.8 68 120 163 159 11.9 6.5 1.7 -3.2

Intermediate Resulits
0.76 0.80 1.02 1.14 1.31 1.33 1.34 1.23 1.05 093 0.77 0.72
0.0 0.0 0.0 1.8 6.8 12.0 16.3 159 11.9 6.5 1.7 0.0
0.00 0.00 0.00 0.21 159 376 598 576 3.72 149 020 0.00

Parameter ISUM = 22.7

Parameter A = 0.868

Monthly Potential Evapotranspiration (cm)
0.0 0.0 0.0 1.5 54 9.0 119 106 71 3.7 1.0 0.0
Total (cm) = 50.2

Monthly Mean Precipitation(mm) - Terra Nova National Park HQ 1962-1990
102.7 1054 103.8 90.0 93.0 845 81.1 979 98.1 108.8 1115 107.7

Potential Amount Available for Recharge(mm)
102.7 1054 103.8 75.1 38.7 -57 -37.4 -86 274 71.8 101.9 107.7

Latitude Ajustment Factors relate to the potential amount of sunlight available per month
for a certain location on the earth

Input parameters are:
Monthly mean temperature of location
Latitude of location

Monthy mean precipitation of location

Parameters ISUM and A are used to calculate potential available evapotranspiration
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PERMEABILITY DATA

Sample ID: Test pit #1 Sample area A 58.09 cm2
Depth: 15 m Tube area a 0.102 cm2
H 8.8 cm Dry mass 1103 g
Diameter D 8.6 cm Sample volum 551.2 cm3
diameter d 0.36 cm Dry density 2.16 g/ecm3
Constant Head Permeability Q 0.01813 cm3/sec
h 140 cm
k=Q*H/(h*A) cm/s = 1.96E-05 cm/sec
Falling Head Permeability
h (cm) time (min) time (sec) dh/dt (cm/sec) h ave(cm) reg. dh/dt
96.8 0.00 0.00
93.1 0.50 30.00 0.123 85.0 0.118
89.8 1.00 60.00 0.110 91.5 0.114
84.5 1.83 109.98 0.106 87.2 0.111
74.9 3.33 199.98 0.107 79.7 0.104
65.3 5.00 300.00 0.096 70.1 0.095
53.3 7.25 435.00 0.089 59.3 0.085
48.6 8.33 499.98 0.072 51.0 0.078
34.7 11.67 699.96 0.070 41.7 0.069
28.6 13.33 799.98 0.061 31.7 0.060
23.0 15.00 900.00 0.056 25.8 0.055
Regression Output:
Constant 0.031772343
Std Err of Y Est 0.003959955
R Squared 0.973882882
No. of Observations 10
Degrees of Freedom 8
X Coefficient(s) 0.0009040654 1
Std Err of Coef. 5.2343664E-05
slope 0.00090407
k=slope*(a*H)/A = 1.39E-05 cm/sec
TEST PIT #1
FALLING HEAD PERMEABILITY
0.13
by 1
0.12
0.1 »—5—7‘5
a5 O —
T 009- K
= 5
0.7 m——
0.06 —
003500 30.00 40.00 50.00 60.00 70.00 80.00 90.00
h ave(cm)

-==— Experimental Data -==— Linear Regression
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PERMEABILITY DATA

Sample ID: Test pit #2 Sample area A 58.09 cm?2
Depth: 22 m Tube area a 0.102 cm2
= 9.5 cm Dry mass 1069.7 g
Diameter D 8.6 cm Sampie volume 551.84 cm3
diameter d 0.36 cm Dry density 1.84 g/cm3
Constant Head Permeability Q 0.04594 cm3/sec
h 140 cm
k=Q*H/(h*A) cm/s = 5.37E-05 cm/sec
Falling Head Permeabiity
h (cm) time (min) time (sec) dh/dt (cm/sec) h ave(cm) reg. dh/dt

98.0 0.00 0.00

92.1 0.50 30.00 0.197 95.1 0.194

86.5 1.00 60.00 0.187 89.3 0.185

79.5 1.67 100.02 0.175 83.0 0.175

64.0 3.33 199.98 0.155 71.8 0.158

50.8 5.00 300.00 0.132 57.4 0.135

39.1 6.67 400.02 0.117 45.0 0.116

29.4 8.33 499.98 0.097 34.3 0.099

20.6 10.00 600.00 0.088 25.0 0.084

Regression Output:
Constant 0.0453180514
Std Err of Y Est 0.0026933124
R Squared 0.9963387443
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) 0.0015672757
Std Err of Coef. 3.878656E-05
slope 0.00156728
k=slope*(a*H)/A = 2.61E-05 cm/sec
TEST PIT #2
FALLING HEAD PERMEABILITY
0.2
0.18 e
% 0.12 /_,’—ﬂ;..-—-
0.1 /-r/
0.08
20.00 30.00 40.00 50.00 80.00 70.00 80.00 80.00 100.00
h ave(cm)

~==— Experimental Data —==— |inear Regression
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APPENDIX C

Geophysical Details and Results
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Inversion Program For EM16R Data (after Miller)

rhol/rho2 = upper/lower layer resistivity;

rhoa = apparent resistivity

frequency = remote transmitter operating frequency;

phase = phase angle by which the horizontal electric field(E,) leads the vertical magnetic field(H,)

C This program will invert EM 16R data

10 write(*,*)’Enter rhol,frequency’

read(*,*)rl,f

write(*,*)’Enter rhoa,phase’

read(*,*)ra,ph

if ((ra .gt. rl .and. ph .gt. 45.0) .or.
(ra .It. r1 .and. ph .It. 45.0)) then
print *,'No two layer solution possible’
goto 291

endif

q=sqrt(ra/rl)

ql=(45.0-ph)*3.14159/180.0

al=q*cos(ql)-1.0

a2=q*sin(ql)

a3=sqrt(al*al + a2*a2)

a4 =atan(a2/al)

if (ph .gt. 45.0) a4=a4 + 3.14159

bl =qg*cos(ql) + 1.0

b2=q*sin(ql)

b3 =sqrt(bl*bl + b2*b2)

b4 =atan(b2/bl)

ril =a3/b3

rl2 =a4-b4

if(ph .1t. 45.0) then
vl=-rl2

else
vl =-(r[2-3.14159)

endif

v2=exp(-vl)

h = 79.758*abs(v1)*sqrt(10*rl/f)

if(ph .1t. 45.0) then

rl=rll1*v2
else

rl = -rll*v2
endif

rl3 = (1.0+rD/(1.0-1])
r2 = rl*ri3*ri3
print *’ f =" f
print *," rl1 = ’rl
print *, r2 = 12
print *,” h = ’h
291 print *,” Do you want another solution? 1=yes,0=no’
read(*,*)1
if(II .gt. 0) goto 10
310 end
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Table C-1 Terra Nova Waste Site - EM16R Inversion Program Results and Bedrock
Elevation Calculations

COORDINATES P, P, THICKNESS TOPO CALCULATED
STATION X Y interp. ohm-m DEPTH ELEV. BEDROCK
{m) {m) ohm-m Z(m) (m) ELEV.(m)
AA-350 0 -107 151.1 24541 et | 25.0 17.9
AA-400 0 -122 151.0 38865 51 248 19.7
AA-450 0 -137 151.0 37737 52 256 20.4
A-300 15 -91 151.8 19710 8.8 258 17.0
A-350 15 -107 151.3 27076 19.1 257 6.2
A-400 15 -122 151.0 20387 5.2 25.5 20.3
A-450 15 -137 150.9 20335 47 26.8 221
A-500 15 -152 150.9 271
B-00 30 0 166.0 12477 3.2 26.2 23.0
B-50 30 -15 166.0 13572 3.1 258 227
B-110 30 -34 164.6 20152 3.2 26.5 223
B-150 30 -46 162.0 17017 4.5 245 20.0
B-200 30 -61 158.2 24187 5.0 251 20.1
B-250 30 -76 155.2 17158 5.4 248 19.4
B-300 30 -91 152.0 14610 9.7 24.0 14.3
B-350 30 -107 151.4 16923 4.2 244 20.2
B-400 30 -122 150.6 9696 5.0 251 201
B-450 30 -137 150.2 16913 42 251 20.9
C-00 46 0 166.0 14766 2.2 26.6 24 4
C-50 46 -15 166.0 25503 2.0 26.2 242
C-100 46 -30 165.3 25498 2.6 258 23.2
C-150 46 -46 163.6 8913 5.0 253 203
C-200 46 -61 160.5 1756 8.5 253 16.8
C-250 46 -76 156.9 19041 17 25.8 241
C-300 46 -91 153.4 25072 6.1 254 19.3
C-350 48 -107 150.7 14519 5.8 257 19.9
C-400 46 -122 149.0 12756 4.9 25.3 204
C-450 46 -137 148.2 7175 e 25.1 17.8
C-500 46 -152 148.0 4296 104 249 145
D-00 61 0 165.8 13784 21 27.2 251
D-50 61 -15 165.8 19769 21 26.8 247
D-100 61 -30 165.5 14311 2.7 26.5 238
D-150 61 -46 164.4 17472 27 26.1 234
D-200 61 -61 161.7 10714 49 26.1 212
D-250 61 -76 167.6 17607 6.0 259 19.9
D-300 61 -91 152.9 8551 53 26.1 20.8
D-350 61 -107 148.8 8667 6.4 26.1 19.7
D-400 61 -122 145.9 13089 6.8 258 19.0
D-450 61 -137 144.5 7109 8.2 254 17.2
D-500 61 -152 144.0 10183 4.4 254 21.0
E-00 76 0 164.9 15866 23 27.7 254
E-50 76 -15 164.9 26270 23 27.3 25.0
E-100 76 -30 164.7 10966 34 26.9 235
E-150 76 -486 163.6 8085 4.8 26.8 22.0
E-200 76 -61 161.0 105639 4.8 26.9 221
E-250 76 -76 156.5 9262 47 26.2 215
E-300 76 -91 150.7 9697 6.0 26.7 20.7
E-350 76 -107 145.2 10150 5.8 26.7 21.2
E-400 76 -122 141.2 8584 6.0 26.4 204
E-450 76 -137 139.1 8619 6.7 26.2 19.5
E-500 76 -152 138.3 22072 2T 26.2 235
E-550 76 -168 138.2
F-00 91 0 162.3 16048 1.9 28.3 26 4
F-50 91 -15 162.3 24462 1.7 28.0 26.3
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Table C-1 Terra Nova Waste Site - EM16R Inversion Program Results and Bedrock
Elevation Calculations

COORDINATES P, P, THICKNESS TOPO CALCULATED
STATION X Y interp. ohm-m DEPTH ELEV. BEDROCK
{m) {m) ohm-m Z(m) (m) ELEV.(m)
F-100 91 -30 162.1 9491 43 27.6 23.3
F-150 91 -46 1611 10904 4.0 27.3 23.3
F-200 91 -61 158.3 11963 4.5 271 226
F-250 91 -76 153.3 11933 4.3 26.6 223
F-300 91 -91 146.5 5200 71 27.3 20.2
F-350 91 -107 139.9 7145 6.0 27.7 217
F-400 91 -122 1380 7176 51 27.4 223
F-450 91 -137 132.4 8491 56 26.8 21.2
F-500 91 -1562 131.4 20871 29 271 242
G-00 107 0 157.5 22847 1.5 30.1 28.6
G-50 107 -15 157.6 31461 1.5 29.3 27.8
G-100 107 -30 157.3 9826 4.1 28.6 23.6
G-150 107 -46 156.2 17904 3.5 27.7 24 2
G-200 107 -61 153.2 132061 4.1 27.8 23.7
G-250 107 -76 147.6 10083 7.3 271 19.8
G-300 107 -91 140.1 4944 8.1 27.6 19.6
G-350 107 -107 1327 5498 76 27.7 201
G-400 107 -122 127.2 3858 7.6 27.7 201
G-450 107 -137 124.2 6552 &8 27.5 22.0
G-500 107 -162 1231 13461 13.2
H-00 122 0 150.1
H-50 122 -15 150.3 5156 83
H-100 122 -30 150.4 10124 2.7 297 27.0
H-150 122 -46 149.4 5625 6.9 30.5 236
H-200 122 -61 146.2 3341 8.0 28.7 20.7
H-250 122 -76 140.1 6351 7.5 28.2 207
H-300 122 -91 131.8 5720 6.6 28.6 22.0
H-350 122 -107 123.6 4817 6.1 29.1 23.0
H-400 122 -122 117.6 4274 58 29.0 23.2
H-450 122 -137 1141 4662 54 28.5 231
H-500 122 -162 113.0
1-00 137 0 141.3
1-50 137 -15 142.0 11820 1.8 321 30.3
I-100 137 -30 1426 8632 21 31.2 29.1
I-150 137 -46 141.8 4552 13.5 314 17.9
1-200 137 -61 138.4 3991 5.1 29.8 247
1-250 137 -76 131.6 3594 1.0 28.6 17.6
1-300 137 -91 122.4 3813 7.3 28.7 214
1-350 137 -107 113.2 5358 5.1 29.0 239
1-400 137 -122 106.4 5312 4.8 28.8 24.0
1-450 137 -137 102.7 4054 55 28.7 23.2
J-00 152 0 132.2
J-50 152 -15 1838 6948 24 31.7 29.3
J-100 152 -30 134.9 18363 1.6 325 30.9
J-150 152 -46 1346 11158 3.2 32.2 290
J-200 152 -61 130.9 5296 8.5 30.8 253
J-250 152 -76 123.3 3939 6.3 30.2 239
J-300 152 -91 113.0 4436 6.2 30.1 249
J-350 152 -107 102.8 5226 5.2 29.7 245
J-400 152 -122 95.3 4034 B.F 29.3 23.6
J-450 152 -137 913 4670 48 29.3 245
J-500 152 -152 89.9 13664 1.9 29.4 275
K-00 168 0 125.0
K-60 168 -18 126.5 16086 1.2 33.4 322
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Table C-1 Terra Nova Waste Site - EM16R Inversion Program Results and Bedrock
Elevation Calculations

COORDINATES P, P, THICKNESS TOPO CALCULATED
STATION X Y interp. ohm-m DEPTH ELEV. BEDROCK

(m) (m) ohm-m Z(m) (m) ELEV.(m)
K-100 168 -30 128.2 12088 14 334 32.0
K-150 168 -46 127.9 2481 13.8 33.0 19.2
K-200 168 -61 123.8 2793 12.0 32.8 20.8
K-250 168 -76 1153 2295 4.9 31.5 26.6
K-300 168 -91 103.9 4488 4.2 31.0 26.8
K-350 168 -107 92.9 4803 43 31.3 27.0
K-400 168 -122 849 3708 4.7 30.3 25.6
K-450 168 -137 80.9 4305 4.0 30.2 26.2
K-500 168 -152 79.5 10602 1.9 30.0 281
L-00 183 0 119.6
L-75 183 -23 121.6 10737 1.2 34.4 33.2
L-100 183 -30 122.3 10157 1.1 34.1 33.0
L-150 183 -46 121.5 1310 113 33.8 225
L-200 183 -61 116.6
L-250 183 -76 106.9 3165 4.0 33.7 286
L-300 183 -91 94.4 4189 49 326 26.8
L-350 183 -107 827 2568 53 31.7 26.3
L-400 183 -122 74.6 3428 4.2 31.6 27.6
L-450 183 -137 70.7 3400 40 31.8 27X
L-500 183 -152 69.4 10923 16 317 293
L-550 183 -168 69.2
M-00 198 0 114.8
M-75 198 -23 1156.8 14078 1.2 30.9 32.7
M-100 198 -30 116.2 6081 1.2 33.9 327
M-150 198 -46 114.6 4544 5.8 33.9 27.6
M-200 198 -61 108.6 7786 10.8 334 224
M-250 198 -76 97.8 3936 4.3 33.2 28.3
M-300 198 -91 84.2 3876 36 32.6 28.5
M-350 198 -107 72.0 3358 8.7 321 237
M-400 198 -122 63.8 1697 4.6 324 27.2
M-450 198 -137 59.9 3777 2.5 31.8 29.8
M-500 198 -152 58.7 3949 24 323 29.7
N-00 213 0 107.8 321
N-60 213 -18 108.1 30217 0.6 33.1 32.5
N-100 213 -30 108.0 4243 23 34.6 323
N-150 213 -46 105.8 8085 57 343 28.6
N-200 213 -61 99.3 8443 17.0 33.6 16.6
N-250 213 -76 88.1 3384 3.8 33.7 29.9
N-300 213 -91 7472 2810 29 329 30.0
N-350 213 -107 61.9 2007 7.6 331 255
N-400 213 -122 £3.5 32.7
N-450 213 -137 49.5 32.9
N-500 213 -182 47.9
0-00 229 0 96.7
0-70 229 -21 96.8 4868 17 347 33.0
0-100 229 -30 96.4 3769 2.0 35.6 33.6
0-150 229 -46 94.2 3245 4.2 35.1 30.9
0-200 229 -61 88.3 3543 4.1 34.5 304
0-250 229 -76 78.5 34.3 343
0-300 229 -91 66.3 786 25 33.7 31.2
0-350 229 -107 581 1933 26 34.0 314
0-400 229 -122 47.2 5111 10.6 34.5 23.9
0-450 229 -137 42.6 5348 1.7 34.5 32.8
0-500 229 -152 40.3 21396 1.6 35.3 33.7
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Table C-1 Terra Nova Waste Site - EM16R Inversion Program Results and Bedrock
Elevation Calculations

COORDINATES P, P THICKNESS TOPO CALCULATED
STATION X w interp. ohm-m DEPTH ELEV. BEDROCK
(m) (m) ohm-m Z(m) (m) ELEV.(m)
P-00 244 0 823
P-75 244 -23 B82.2 596 2.6 35.6 33.0
P-100 244 -30 817 35.3
P-150 244 -46 80.2 352
P-200 244 -61 76.3 34.9
P-250 244 -76 69.8 46444 11.7 34.4 227
P-300 244 -91 61.4 4816 2.7 34.7 32.0
P-350 244 -107 53.1 43172 14.0 35.5 21.5
P-400 244 -122 46.3 1763 51 353 30.2
P-450 244 -137 41.3 1379 4.0 353 313
P-500 244 -152 376 3710 1.2 35.5 343
Q-oc 259 0 67.7 36.6
Q-75 259 -23 67.3 662 4.1 36.3 36.3
Q-100 259 -30 66.6 1317 7.9 36.8 28.9
Q-150 259 -46 65.9 805 9.9 36.2 26.3
Q-200 259 -61 64.5 916 9.6 359 26.3
Q-250 259 -76 62.3 1099 94 36.0 26.6
Q-300 259 -91 59.0 357
Q-350 259 -107 55.1 36.2
Q-400 259 -122 50.5 363
Q-450 259 -137 45.4 4031 0.8 371 36.3
Q-500 259 -152 40.4 3933 1.0 36.7 357
Q-550 259 -168 37.2 9191 36.8
R-0 274 0 56.2 37.2
R-75 274 -23 55.3 36.7
R-100 274 -30 542 1828
R-150 274 -46 53.6 368
R-200 274 -61 54.1 4.0 36.6 326
R-250 274 -76 55.6 20 36.1 34.1
R-300 274 -91 §7.2 36.3
R-350 274 -107 58.1 36.6
R-400 274 -122 56.7 36.9
R-450 274 -137 52.6 4552 2.4 37.2 348
R-500 274 -162 469 5646 1.7 376 359
R-550 274 -168 427 9617 1.3 37.7 36.4
S-0 290 0 48.7
S-60 290 -18 47.2 1188 2.2 38.1 35.9
S-100 290 -30 45.2 3836 2.5 374 34.9
S-150 290 -46 443 4856 29 37.3 344
S-200 290 -61 455 3.0 37.0 34.0
S-250 290 -76 491 36.8
S-300 290 -91 54.2 547 2.8 36.6 33.8
S-350 290 -107 59.3 1692 8.8 36.4 27.6
S-400 290 -122 61.7 1842 4.7 37.0 32.3
S-450 290 -137 60.3 3956 25 37.2 347
S-500 290 -162 55.8 28704 0.5 375 37.0
S-550 290 -168 51.8 85857 0.4 37.9 37.5
T-00 305 0 437
T-75 305 -23 39.5 1758 1.9 39.0 371
T-100 305 -30 38.9 908 7.9 394 315
T-150 305 -46 37.5 3462 26 38.2 356
T-200 305 -61 38.5 38.0
T-250 305 -76 426 361 9.4 37.4 28.0
T-300 305 -91 49.0 2681 17 38.0 36.3
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Table C-1 Terra Nova Waste Site - EM16R Inversion Program Results and Bedrock
Elevation Calculations

COORDINATES P, P, THICKNESS TOPO CALCULATED
STATION X Y interp. ohm-m DEPTH ELEV. BEDROCK
(m) (m) ohm-m Z(m) (m) ELEV.(m)
T-350 305 -107 56.9 3765 24 38.0 356
T-400 305 -122 63.2 37.2
T-450 305 -137 65.9 109272 0.5 37.7 37.2
T-500 305 -162 64.4 85907 0.6 38.0 37.4
T-550 305 -168 62.0 68690 0.7 39.2 38.5
U-00 320 0 39.7 3870 0.3 409 40.6
U-50 320 -15 37.4 1290 0.9 39.7 38.8
U-100 320 ~-30 344 2184 7.2 40.7 33.5
U-150 320 -46 32.7 1272 6.5 39.9 334
U-200 320 -61 331 793 52 39.8 346
U-250 320 -76 36.5 6226 0.9 38.3 374
U-300 320 -91 42.8 11853 1.0 37.9 36.9
U-350 320 -107 52.0 8811 1.6 38.6 37.0
U-400 320 -122 61.5 38.8
U-450 320 -137 68.7 39.3
U-500 320 -1562 711 391 39.1
V-00 335 0 711 4491 0.5 417 412
V-50 335 -15 37.2 1586 0.4 41.2 40.8
V-100 335 -30 34.8 101 121 413 29.2
V-150 335 -46 31.8 40.3
V-200 335 -61 30.0 444 2.0 40.1 38.1
V-250 335 -76 327 39.3
V-300 335 -91 38.4 39.1
V-350 335 -107 48.0 38.6
V-400 3356 -122 59.2 38.4
V-450 335 -137 69.3 39.7
V-500 335 -152 74.5
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Table C-2 Terra Nova Waste Site EM-16/16R Survey (freq. = 24000 hz)

Coordinates EM-16 EM-16
STATION X ¥ In Phase Quadrature Resistivity Phase Angle
(m) (m) (%) (%) (ohm-m) (deg.)
AA-350 0 -106.68 5 -2 1600 12
AA-400 0 -121.92 -2 -6 2900 12
AA-450 0 -137.16 -8 -6 2800 12
A-300 15.24 -91.44 1100 12
A-350 15.24 -106.68 -4 -6 300 14
A-400 16.24 -121.92 -4 -6 2400 15
A-450 15.24 -137.16 -10 -8 2800 16
A-500 15.24 -152.4 -14 -9
B-00 30.48 0 28 4 4000 24
B-50 30.48 -16.24 28 4 4000 23
B-110 30.48 -33.528 30 4 5000 21
B-150 30.48 -45.72 29 3 3000 18
B-200 30.48 -60.96 24 2 2900 15
B-250 30.48 -76.2 21 0 2300 16
B-300 30.48 -91.44 7 -1 900 13
B-350 30.48 -106.68 -2 -4 3000 18
B-400 30.48 -121.92 -8 -2 1600 18
B-450 30.48 -137.16 -14 -7 3000 18
C-00 45.72 0 25 4 6000 27
C-50 4572 -15.24 26 4 9000 25
C-100 45.72 -30.48 27 4 7000 22
C-150 45.72 -45.72 28 2 2100 21
C-200 45.72 -60.96 23 2 600 27
C-250 45.72 -76.2 18 0 2200 15
C-300 45.72 -91.44 5 -1 2100 13
C-350 4572 -106.68 -1 -4 1900 16
C-400 45.72 -121.92 -5 -5 2200 18
C-450 45.72 -137.16 -9 -5 1100 18
C-500 4572 -152.4 -15 -7 600 19
D-00 60.96 0 25 6 6000 28
D-50 60.96 -15.24 28 5 7500 26
D-100 60.96 -30.48 27 4 5000 25
D-150 60.96 -45.72 23 2 2700 17
D-200 60.96 -60.96 24 2 2300 20
D-250 60.96 -76.2 18 1 2000 15
D-300 60.96 -91.44 5 -3 1800 20
D-350 60.96 -106.68 -3 -2 1400 18
D-400 60.96 -121.92 -5 -4 1400 15
D-450 60.96 -137.16 -9 -4 900 17
D-500 60.96 -152.4 -18 -8 2200 20
£-00 76.2 0 23 6 6000 26
E-50 76.2 -15.24 27 5 10000 26
E-100 76.2 -30.48 26 4 3500 24
E-150 76.2 -45.72 22 3 2100 22
E-200 76.2 -60.96 19 1 2000 19
E-250 76.2 -76.2 17 2 2200 21
E-300 76.2 -91.44 2 -2 1600 18
E-350 76.2 -106.68 -2 -3 1700 18
E-400 76.2 -121.92 -17 -4 1400 18
E-450 76.2 -137.16 -16 -5 1200 17
E-500 76.2 -162.4 -22 -9 5000 20
E-550 76.2 -167.64 -17 -8
F-00 91.44 0 22 5 7000 28
F-50 91.44 -16.24 25 6 10000 27
F-100 91.44 -30.48 27 5 2500 22
F-150 91.44 -45.72 21 2 2900 22
F-200 91.44 -60.96 17 2 2600 20
F-250 91.44 -76.2 5 -1 2600 20
F-300 91.44 -91.44 i -2 1000 20
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Table C-2 Terra Nova Waste Site EM-16/16R Survey (freq. = 24000 hz)

Coordinates EM-16 EM-16
STATION X Y In Phase Quadrature Resistivity Phase Angle
(m) (m) (%) (%) (ohm-m) (deg.)
AA-350 0 -106.68 5 -2 1600 12
F-350 91.44 -106.68 -5 -4 1300 19
F-400 91.44 -121.92 -10 -5 1500 20
F-450 91.44 -137.16 -18 -5 1400 18
F-500 91.44 -152.4 -30 -10 4250 19
G-00 106.68 0 20 5 10000 28
G-50 106.68 -15.24 25 8 12000 26
G-100 106.68 -30.48 24 $ 2600 22
G-150 106.68 -45.72 23 4 4000 20
G-200 106.68 -60.96 19 1 2900 20
G-250 106.68 -76.2 15 0 1200 16
G-300 106.68 -91.44 -3 -3 800 19
G-350 106.68 -106.68 -9 -3 1100 20
G-400 106.68 -121.92 -1 -4 700 20
G-450 106.68 -137.16 -20 -8 1200 19
G-500 106.68 -152.4 -25 -8 3000 20
H-00 121.92 0
H-50 121.92 -15.24 25 6 2200 28
H-100 121.92 -30.48 22 4 3800 26
H-150 121.92 -45.72 19 1 1100 20
H-200 121.92 -60.96 16 0 750 22
H-250 121.92 -76.2 -2 0 950 18
H-300 121.92 -91.44 -8 -4 1000 19
H-350 121.92 -106.68 -10 -2 950 20
H-400 121.92 -121.92 -13 -3 950 21
H-450 121.92 -137.16 -25 -7 800 19
H-500 121.92 -162.4
1-00 137.16 0
1-50 137.16 -15.24 25 8 5500 29
1-100 137.16 -30.48 30 8 4000 29
1-150 137.16 -45.72 23 4 400 18
1-200 137.16 -60.96 14 0 1200 24
1-250 137.16 -76.2 11 0 450 19
1-300 137.16 -91.44 -2 -1 700 20
1-350 137.16 -106.68 -6 -2 1100 20
1-400 137.16 -121.92 -13 -3 1100 20
1-450 137.16 -137.16 -25 -6 800 20
J-00 152.4 0
J-50 162.4 -15.24 25 10 3000 28
J-100 152.4 -30.48 29 9 7500 27
J-150 152.4 -45.72 30 8 3000 22
J-200 1524 -60.96 14 0 1200 21
J-250 152.4 -76.2 5 -1 850 21
J-300 152.4 -91.44 -2 -2 1000 21
J-350 152.4 -106.68 -6 -2 950 19
J-400 152.4 -121.92 -13 -3 700 19
J-450 152.4 -137.16 -25 -5 850 19
J-500 152.4 -152.4 -28 -12 3750 22
K-00 167.64 0
K-60 167.64 -18.288 24 8 8000 30
K-100 167.64 -30.48 30 9 6000 30
K-150 167.64 -45.72 18 2 300 21
K-200 167.64 -60.96 12 -1 350 20
K-250 167.64 -76.2 -1 -2 800 26
K-300 167.64 -91.44 -5 -2 1150 22
K-350 167.64 -106.68 -7 -2 1000 20
K-400 167.64 -121.92 -18 -4 750 20
K-450 167.64 -137.16 -25 -6 900 20
K-500 167.64 -162.4 -27 -8 2900 22
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Table C-2 Terra Nova Waste Site EM-16/16R Survey (freq. = 24000 hz)

Coordinates EM-16 EM-16
STATION X Y In Phase Quadrature Resistivity Phase Angle
(m) (m) (%) (%) (ohm-m) (deg.)
AA-350 0 -106.68 5 -2 1600 12
L-00 182.88 0
L-75 182.88 -22.86 23 8 6000 32
L-100 182.88 -30.48 32 1 6000 33
L-150 182.88 -45.72 27 14 300 25
L-200 182.88 -60.96 -11 -6 100 22
L-250 182.88 -76.2 -4 -3 1050 25
L-300 182.88 -91.44 -4 -1 850 20
L-350 182.88 -106.68 -7 -2 550 21
L-400 182.88 -121.92 -18 -5 700 20
L-450 182.88 -137.16 -25 -6 700 20
L-500 182.88 -162.4 -25 -8 3000 22
L-550 182.88 -167 64 -20 -5
M-00 198.12 0
M-75 198.12 -22.86 24 8 7000 30
M-100 198.12 -30.48 29 9 3000 30
M-150 198.12 -45.72 37 10 900 20
M-200 198.12 -60.96 -9 -7 400 14
M-250 198.12 -76.2 -2 -4 1000 22
M-300 198.12 -91.44 -2 -2 1000 22
M-350 198.12 -106.68 -1 -1 250 16
M-400 198.12 -121.92 -29 -8 400 22
M-450 198.12 -137.16 -29 -8 1000 22
M-500 198.12 -152.4 -23 -5 1050 22
N-00 213.36 0
N-60 213.36 -18.288 23 8 16000 31
N-100 213.36 -30.48 25 8 1950 29
N-150 213.36 -45.72 26 8 1000 16
N-200 213.36 -60.96 3 -2 170 17
N-250 213.36 -76.2 -2 -4 950 23
N-300 213.36 -91.44 1 -1 950 25
N-350 213.36 -106.68 6 -1 220 18
N-400 213.36 -121.92 -85 -14
N-450 213.36 -137.16 -40 -13
N-500 213.36 -152.4
0-00 228.6 0
0-70 228.6 -21.336 22 7 2400 30
0-100 228.6 -30.48 20 3 1850 30
0-150 228.6 -45.72 13 1 900 23
0-200 228.6 -60.96 5 -2 900 22
0-250 228.6 -76.2 1 -3
0-300 228.6 -91.44 2 -2 450 33
0-350 228.6 -106.68 2 3 650 25
0-400 228.6 -121.92 -13 2 95 16
0-450 228.6 -137.16 -33 -6 1200 20
0-500 228.6 -152.4 -28 -6 6500 23
P-00 243.84 0
P-75 243.84 -22.86 32 1 400 36
P-100 243.84 -30.48 25 6 15 25
P-150 243.84 -45.72 2 -4 16 37
P-200 243.84 -60.96 0 -4 60 24
P-250 243.84 -76.2 1 -2 180 10
P-300 243.84 -91.44 3 -3 1050 20
P-350 243.84 -106.68 -6 -4 80 15
P-400 243.84 -121.92 -29 -8 240 18
P-450 243.84 -137.16 -31 -6 260 20
P-500 243.84 -1562.4 -31 -8 1300 25
Q-00 259.08 0
Q-75 259.08 -22.86 29 11 300 30




Table C-2 Terra Nova Waste Site EM-16/16R Survey (freq. = 24000 hz)

Coordinates EM-1€ EM-16
STATION X Y in Phase Quadrature Resistivity Phase Angle
(m) (m) {%) (%) (ohm-m) (deg.)
AA-350 0 -106.68 5 -2 1600 12
Q-100 259.08 -30.48 23 13 210 21
Q-150 259.08 -45.72 i2 5 140 24
Q-200 259.08 -60.96 i 2 140 23
Q-250 259.08 -76.2 7 3 525 30
Q-300 259.08 -91.44 16 2 5 27
Q-350 259.08 -106.68 -33 4 10 18
Q-400 259.08 -121.92 -44 -3 55 30
Q-450 259.08 -137.16 -40 -10 2000 30
Q-500 259.08 -152.4 -33 -7 1600 27
Q-550 259.08 -167.64 -22 -2 1900 19
R-00 274.32 0
R-75 274.32 -22.86 36 14 60 52
R-100 274.32 -30.48 25 6 15 36
R-150 274.32 -45.72 -2 -5 45 26
R-200 274.32 -60.96 -4 -2 400 21
R-250 274.32 -76.2 5 4 260 37
R-300 274.32 -91.44 20 9
R-350 274.32 -106.68 c 11
R-400 274.32 -121.92 -1 5
R-450 274.32 -137.16 -38 -9 1000 20
R-500 274.32 -152.4 -29 -5 1400 21
R-550 274.32 -167.64 -19 -2 2200 20
S-00 289.56 0
S-60 289.56 -18.288 26 1 500 28
S$-100 289.56 -30.48 26 i0 750 19
S-150 289.56 -45.72 9 6 650 16
$-200 289.56 -60.96 o 4
S-250 289.56 -76.2 -8 1
S-300 289.56 -91.44 -10 6 290 32
S-350 289.56 -106.68 -4 7 160 19
S-400 289.56 -121.92 -18 4 390 21
S-450 289.56 -137.16 -41 -9 1050 22
S-500 289.56 -162.4 -21 -2 110C0 26
S-550 289.56 -167.64 -22 -4 22000 21
T-00 304.8 0
T-75 304.8 -22.86 25 8 600 25
T-100 304.8 -30.48 17 4 90 20
T-150 304.8 -45.72 -10 -1 525 17
T-200 304.8 -60.96 -18 2
T-250 304.8 -76.2 -20 4 70 27
T-300 304.8 -91.44 -24 0 1000 26
T-350 304.8 -106.68 -23 2 1000 22
T-400 304.8 -121.92 -31 -3 60 29
T-450 304.8 -137.16 -37 -8 28000 21
T-500 304.8 -152.4 -29 -5 22000 21
T-550 304.8 -167.64 -21 -3 16000 20
U-00 320.04 0 14 9 2800 37
U-50 320.04 -15.24 32 12 800 34
U-100 320.04 -30.48 1 3 95 15
U-150 320.04 -45.72 -26 -6 95 17
U-200 320.04 -60.96 -38 -6 120 20
U-250 320.04 -76.2 -30 -2 2200 25
U-300 320.04 -91.44 -23 -1 3000 21
U-35C 320.04 -106.68 -36 -6 2000 20
U-400 320.04 -121.92 -46 -10
U-450 320.04 -137.16 -38 -9
U-500 320.04 -152.4 -31 -6
V-00 335.28 0 16 8 3400 38




Table C-2 Terra Nova Waste Site EM-16/16R Survey (freq. = 24000 hz)

Coordinates EM-16 EM-16
STATION X Y In Phase Quadrature Resistivity Phase Angle
(m) (m) (%) (%) (ohm-m) (deg.)

AA-350 0 -106 68 5 -2 1600 12

V-50 335.28 -15.24 30 9 1200 38

V-100 335.28 -30.48 22 2 38 37

V-15Q 335.28 -45.72 -24 0

V-200 335.28 -60.96 -43 -7 210 30

V-250 335.28 -76.2 -27 -2

V-300 335.28 -91.44 -23 0

V-350 335.28 -106.68 -35 -5

Vv-400 335.28 -121.92

V-450 335.28 -137.16

V-500 335.28 -1562.4 -42 -10
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Table C-3 Terra Nova Waste Site - Fraser Filter Data

STATION X ¥ Y(midway) EM-16 in Fraser
(m) (m) {m) phase(%) Filter (%)

AA-350 0.0 -106.7 -114.3 8

AA-400 0.0 -121.9 -1295 -2

AA-450 0.0 -137.2 -114.3 -8

A-300 15.2 -91.4 -99.1

A-350 15.2 -106.7 -114.3 -4

A-400 16.2 -121.9 -129.5 -4 16

A-450 18,2 -137.2 -144.8 -10

A-500 182 -152.4 -76.2 -14

B-00 30.5 0.0 -7.6 28

B-50 30.5 -15.2 -24.4 28 3

B-110 30.5 -33.5 -39.6 30 5

B-150 30.5 -45.7 -53.3 29 14

B-200 30.5 -61.0 -68.6 24 25

B-250 30.5 -76.2 -83.8 21 40

B-300 30.5 -91.4 -99.1 7 38

B-350 30.5 -106.7 <1143 -2 27

B-400 30.5 -121.9 -129.5 -8

B-450 30.5 -137.2 -68.6 -14

C-00 457 0.0 -7.6 25

C-50 457 -15.2 -22.9 26 1

C-100 457 -30.5 -38.1 27 6

C-150 457 -45.7 -63.3 25 1

C-200 457 -61.0 -68.6 23 25

C-250 457 -76.2 -83.8 18 37

C-300 457 -91.4 -99.1 L) 29

C-350 457 -106.7 -114.3 -1 18

C-400 457 -121.9 -129.5 -5 18

C-450 457 -137.2 -144.8 -9

C-500 457 -152.4 -76.2 -15

D-00 61.0 0.0 -7.6 25

D-50 61.0 -15.2 -22.9 28 3

D-10C 61.C -30.5 -38.1 27 8

D-150 61.0 -45.7 -53.3 23 7

D-200 61.0 -61.0 -68.6 24 23

D-250 61.0 -76.2 -83.8 19 41

D-300 61.0 -91.4 -99.1 5 32

D-350 61.0 -106.7 -114.3 -3 16

D-400 61.0 -121.9 -129.5 -5 19

D-45C 61.0 -137.2 -144.8 -9 18

D-500 61.0 -162.4 -76.2 -18

E-0C 76.2 0.0 7.6 23

E-50 76.2 -15.2 -22.9 27 2

E-100 76.2 -30.5 -38.1 26 12

E-150 76.2 -45.7 -53.3 22 12

E-200 76.2 -61.0 -68.6 19 22

E-250 76.2 -76.2 -83.8 17 36

E-300 76.2 -91.4 -99.1 2 38

E-350 76.2 -106.7 -114.3 -2 33

E-400 76.2 -121.9 -129.56 -17 19

E-450 76.2 -137.2 -144.8 -16 6

E-500 76.2 -152.4 -160.0 -22

E-550 76.2 -167.6 -83.8 -17

F-00 91.4 0.0 -7.6 22

F-50 91.4 -156.2 -22.9 25 1

F-100 91.4 -30.5 -38.1 27 14

F-150 914 -45.7 -53.3 21 26




Table C-3 Terra Nova Waste Site - Fraser Filter Data

STATION X Y Y(midway) EM-16 in Fraser
(m) (m) (mj phase(%) Filter (%)

F-200 91.4 -61.C -68.6 14 32

F-250 91.4 . -76.2 -83.8 6 26

F-300 91.4 -91.4 -99.1 1 21

F-350 914 -106.7 -114.3 -5 24

F-400 91.4 -121.9 -129.86 -10 33

F-450 914 -137.2 -144.8 -18

F-500 91.4 -152.4 -76.2 -30

G-00 106.7 0.0 -7.86 20

G-50 106.7 -15.2 -22.9 25 2

G-100 106.7 -30.5 -38.1 24 7

G-150 106.7 -45.7 -53.3 23 13

G-200 106.7 -61.0 -68.6 19 30

G-250 106.7 -76.2 -83.8 15 46

G-300 106.7 -914 -99.1 -3 32

G-350 106.7 -106.7 -114.3 -9 19

G-400 106.7 -121.8 -129.5 -11 25

G-450 106.7 -137.2 -144 .8 -20

G-500 106.7 -162.4 -76.2 -25

H-00 121.9 0.0 76

H-50 121.9 -16.2 -22.9 25

H-100 121.9 -30.5 -38.1 22 12

H-150 121.9 -457 -563.3 19 27

H-200 121.9 -61.0 -68.6 16 45

H-250 121.9 -76.2 -83.8 -2 32

H-300 121.9 -91.4 -99.1 -8 13

H-350 121.9 -106.7 -114.3 -10 20

H-400 1219 -121.9 -129.5 -13

H-450 121.9 -137.2 -144 8 -25

H-500 121.9 -152.4 -76.2

1-00 137.2 0.0 -76

iI-50 137.2 -15.2 -22.9 25

1-100 137.2 -30.5 -38.1 30 18

1-150 137.2 -45.7 -83.3 23 28

1-200 137.2 -61.0 -68.6 14 28

1-250 137.2 -76.2 -83.8 11 33

1-300 137.2 -91.4 -99.1 -2 28

1-350 137.2 -106.7 -i14.3 -6 30

-400 137.2 -121.9 -129.5 -13

1-450 137.2 -137.2 -68.6 -25

J-00 152.4 0.0 -7.6

J-50 152.4 -15.2 -22.9 25

J-100 152.4 -30.5 -38.1 29 10

J-150 152.4 -45.7 -53.3 30 40

J-200 152.4 -61.0 -68.6 14 41

J-250 162.4 -76.2 -83.8 5 27

J-300 152.4 -91.4 -99.1 -2 22

J-350 152.4 -106.7 -114.3 -6 30

J-400 152.4 -121.9 -129.5 -13 34

J-450 152.4 -137.2 -144.8 -25

J-500 152.4 -152.4 -76.2 -28

K-00 167.6 0.0 -9.1

K-60 167.86 -18.3 -24.4 24

K-100 167.6 -30.5 -38.1 30 24

K-150 167.6 -45.7 -53.3 18 37

K-200 167.6 -61.0 -68.6 12 36

K-250 167.6 -76.2 -83.8 -1 23




Table C-3 Terra Nova Waste Site - Fraser Filter Data

STATION X Y Y(midway) EM-16 in Fraser
(m) (m) (mj phase(%) Filter (%)

K-300 167.6 -91.4 -99.1 -5 16

K-350 167.6 - -106.7 -114.3 -7 31

K-400 167.6 -121.9 -129.5 -18 27

K-450 167.6 -137.2 -144.8 -25

K-500 167 6 -152.4 -76.2 -27

L-00 182.9 0.0 -11.4

L-75 182.9 =229 -26.7 23

L-100 182.9 -30.5 -38.1 32 39

L-150 182.9 -45.7 -53.3 27 74

L-200 182.9 -61.0 -68.6 -11 24

L-250 182.9 -76.2 -83.8 -4 4

L-300 182.9 -81.4 -99.1 -4 17

L-350 182.9 -106.7 -114.3 -7 32

L-400 182.9 -121.9 -129.5 -18 25

L-450 182.9 -137.2 -144.8 -25 2

L-500 182.9 -152.4 -160.0 -25

L-550 182.9 -167.6 -83.8 -20

M-00 198.1 0.0 -11.4

M-75 198.1 -22.9 -26.7 24

M-100 198 1 -30.5 -38.1 29 25

M-150 198.1 -45.7 -53.3 37 77

M-200 198.1 -61.0 -68.6 -9 32

M-250 198.1 -76.2 -83.8 -2 8

M-300 198.1 -91.4 -99.1 -2 26

M-350 198.1 -106.7 -114.3 -1 85

M-400 198.1 -121.9 -129.5 -29 22

M-450 198 .1 -137.2 -144.8 -29

M-500 198.1 -152.4 -76.2 -23

N-00 2134 0.0 -9.1

N-60 213.4 -18.3 -24 4 23

N-100 2134 -30.5 -38.1 25 19

N-150 213.4 -45.7 -53.3 26 50

N-200 2134 -61.0 -68.6 3 30

N-250 2134 -76.2 -83.8 -2 6

N-300 2134 -91.4 -99.1 4 48

N-350 213.4 -106.7 -114.3 6 88

N-400 213.4 -121.9 -129.5 -55

N-450 2134 -137.2 -144.8 -40

N-500 213.4 -152.4 -76.2

0-00 228.6 0.0 -10.7

0-70 228.6 -21.3 -259 22

0-100 2286 -30.5 -38.1 20 24

0-150 228.6 -45.7 -53.3 13 27

0-200 228.6 -61.0 -68.6 5 15

0-250 228.6 -76.2 -83.8 1 2

0-300 228.6 -91.4 -99.1 2 14

0-350 228.6 -106.7 -114.3 2 50

0-400 228.6 -121.9 -129.5 -13 50

0-450 228.6 -137.2 -144.8 -33

0-500 228.6 -152.4 -76.2 -28

P-00 243.8 0.0 -11.4

P-75 243.8 -22.9 -26.7 32

P-100 243.8 -30.5 -38.1 25 55

P-150 243.8 -45.7 -53.3 2 26

P-200 243.8 -61.0 -68.6 0 2

P-250 243.8 -76.2 -83.8 1 4




Table C-3 Terra Nova Waste Site - Fraser Filter Data

STATION X i Y(midway) EM-16 in Fraser
(m) {m {m) phase(%) Filter (%)

P-300 243.8 -91.4 -99.1 3 39

P-350 243.8 -106.7 -114.3 -6 57

P-400 243.8 -121.9 -129.5 -29 27

P-450 243.8 137 2 -144 8 -31

P-500 243.8 -152.4 -76.2 -31

Q-00 259.1 0.0 -11.4

Q-75 259.1 -22.9 -26.7 29

Q-100 259.1 -30.5 -38.1 23 29

Q-150 259.1 -45.7 -53.3 12 37

Q-200 259.1 -61.0 -68.6 1 1

Q-250 259.1 -76.2 -83.8 7 36

Q-300 259.1 914 -99.1 15 55

Q-350 259.1 -106.7 -114.3 -33 66

Q-400 259.1 -121.9 -129.5 -44 4

Q-450 259.1 -137.2 -144.8 -40 29

Q-500 259.1 -152.4 -160.0 -33

Q-550 259.1 -167.6 -83.8 -22

R-00 274.3 0.0 -i1.4

R-75 274.3 -22.9 -26.7 36

R-100 274.3 -30.5 -38.1 25 67

R-150 274.3 -45.7 -53.3 -2 22

R-200 2743 -61.0 -68.6 -4 31

R-250 2743 -76.2 -83.8 L 21

R-300 2743 -91.4 -99.1 20 26

R-350 274.3 -106.7 -114.3 0 59

R-400 274.3 -121.9 129.5 -1 66

R-450 2743 -137.2 -144.8 -38 9

R-500 2743 -152.4 -160.0 -29

R-550 274.3 -167.6 -83.8 -19

S-00 289.6 0.0 -8.1

S-60 289.6 -18.3 -24.4 26

S-100 289.6 -30.5 -38.1 26 41

S$-150 289.6 -45.7 -53.3 9 42

S$-200 289.6 -61.0 -68.6 0 27

S-250 289.6 -76.2 -83.8 -8 6

S-300 289.6 -91.4 -99.1 -10 4

S-350 289.6 -106.7 -114.3 -4 45

S-400 289.6 -121.9 -129.5 -18 40

S-450 289.6 -137.2 -144.8 -41 16

S-500 289.6 -152.4 -160.0 -21

S-550 289.6 -167.6 -83.8 -22

T-00 304.8 0.0 -11.4

T-75 304.8 -22.9 -26.7 25

T-100 304.8 -30.5 -38.1 17 14

T-150 304.8 -45.7 -53.3 -10 45

T-200 304.8 -61.0 -68.6 -18 16

T-250 304.8 -76.2 -83.8 -20 9

T-300 304.8 -91.4 -99.1 -24 10

T-350 304.8 -106.7 -114.3 -23 21

T-400 304.8 -121.9 -129.5 -31 12

T-450 304.8 -137.2 -144.8 -37 18

T-500 304.8 -152.4 -160.0 -29

T-550 304.8 -167.6 -83.8 -21

U-00 320.0 0.0 -7.6 14

U-50 320.0 -15.2 -22.9 32

U-100 320.0 -30.5 -38.1 11 61




Table C-3 Terra Nova Waste Site - Fraser Filter Data

STATION X Y Y(midway) EM-16 in Fraser
(m) (m) {m) phase(%) Filter (%)

U-150 320.0 -45.7 -53.3 -26 107

U-200 320.0 -610 -68.6 -38 53

U-250 320.0 -76.2 -83.8 -30 11

tJ-300 320.0 -914 -99.1 -23 9

U-350 3200 -106.7 -114.3 -36 29

U-400 320.0 -121.9 -129.5 -46 25

U-450 320.0 -137.2 -144.8 -38 13

U-500 320.0 -152.4 -76.2 -31

V-00 335.3 0.0 7.6 15

V-50 3383 -15.2 -22.9 30

V-100 335.3 -30.5 -38.1 22 47

V-150 335.3 -45.7 -563.3 -24 119

V-200 335.3 -61.0 -68.6 -43 68

v-250 335.3 -76.2 -83.8 -27 17

V-300 3353 -91.4 -99.1 -23 12

V-350 3353 -106.7 -114.3 -35

V-400 335.3 -121.9 -129.5

V-450 335.3 -137.2 -144.8

V-500 335.3 -152.4 -42




Table C-4 Terra Nova Waste Site EM-31 Survey

Coordinates

Orientation and Height Above Ground of Instrument (units - millimhos/m)

STATION X Y hip hip hhigh ground ground knee
{m) (m) 1.0m (90 deg) 2.0m Om {side) 0.5m

AA-350 0 -107 9.0 17.0

AA-400 0 -122 1.1 1.3 11 1.4 14 1.4

AA-450 0 -137 0.9 0.9 0.7 1.3 13 1.3
A-300 15 -91 8.5 30.0
A-350 15 -107 156 1.5 1.2 21 1.6 1.9
A-400 15 -122 0.9 1.0 0.9 15 14.0 0.9
A-450 15 -137 0.6 0.5 0.5 0.9 05 C6
A-500 15 -152 0.5 0.5 0.6 0.5 0.5 0.5
8-00 30 0 0.5 06 0.7 0.6 1.3 0.6
B-50 30 -15 0.6 0.6 0.8 1.1 0.5 0.5
B-110 30 -34 0.7 1.0 0.8 1.9 01 1.9
B-150 30 -46 0.1 13 0.8 5.0 01 1.8
B-200 30 -61 2.2 2.2 13 3.2 0.7 29
B-250 30 -76 27 2.9 2.0 26 4.0 2.8
B-300 30 -91 1.3 1.3 1.0 16 i.4 1.6
B-350 30 -107 1.1 1.0 0.9 1.5 1.0 1.5
B-400 30 -122 1.2 1.2 0.5 1.7 13 *.5
B-450 30 -137 0.5 0.5 0.5 0.5 0.6 0.6
C-00 46 0 0.5 0.5 0.5 0.7 0.9 0.5
C-50 46 -15 0.7 0.7 0.7 0.9 1.2 0.9
C-100 46 -30 1.2 1.1 1.1 11 26 0.8
C-150 46 -46 1.1 12 11 1.7 14 13
£-200 46 -61 1.5 1.4 13 26 1.4 21
C-250 46 -76 1.6 1.7 1.4 25 1.8 22
C-300 46 -91 11 1.1 1.1 1.4 1.5 1.4
C-350 46 -107 1.2 1.2 1.1 1.7 1.4 1.5
C-400 46 -122 26 26 17 3.3 26 3.1
C-450 46 -137 3.0 3.1 2.4 29 55 3.0
C-500 46 -162 0.6 0.6 0.5 0.5 0.5 0.5
D-00 61 (o} 0.4 0.4 0.4 0.6 0.7 0.5
D-50 61 -16 0.9 0.9 0.7 1.0 11 1.0
D-100 61 -30 1.6 1.6 1.4 1.7 28 1.7
D-150 61 -46 1.6 1.6 1.3 1.6 27 17
D-200 61 -61 1.8 1.8 14 25 25 22
D-250 61 -76 1.5 15 1.3 1.8 1.9 1.6
D-300 61 -91 1.3 1.3 1.0 1.8 1.2 1.5
D-350 61 -107 1.6 1.3 1.2 20 1.3 1.7
D-400 61 -122 3.2 3.2 28 39 4.0 4.0
D-450 61 -137 1.3 1.5 1.3
D-500 61 -152 0.4 0.4 0.4 0.6 07 0.5
E-00 76 0 0.4 0.4 0.5 0.7 0.6 0.4
E-50 76 -15 1.2 1.2 1.1 1.1 25 1.1
E-100 76 -30 1.9 1.5 1.8 3.1 1.9
E-150 76 -46 1.6 1.4 11 2.0 26 1.5
E-200 76 -61 1.5 1.7 1.3 21 20 1.9
E-250 76 -76 1.8 1.8 1.4 25 1.7 23
E-300 76 -91 1.3 1.3 1.2 1.7 1.4 1.6
E-350 76 -107 Y7 17 1.4 24 1.6 2.0
E-400 76 -122 2.9 29 21 29 3.9 3.0
E-450 76 -137 0.4 0.5 04 0.3 1.6 0.4
E-500 76 -162 0.1 01 0.3 0.2 0.3 0.2
E-550 76 -168 0.2 0.2 0.3 1.3 0.0
F-00 91 0 1.6 17 1.3 1.0 3.0 16
F-50 91 -15 1.6 1.6 1.3 1.7 2.6 16
F-100 91 -30 1.2 13 0.9 1.7 23 17
F-150 91 -46 1.7 1.8 11 29 23 24
F-200 91 -61 1.3 1.4 1.2 1.5 21 1.2
F-250 91 -76 1.8 1.8 1.5 21 1.3 2.0
F-300 91 -91 i.2 1.2 1.1 1.7 1.1 1.4
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Table C-4 Terra Nova Waste Site EM-31 Survey

Coordinates Orientation and Height Above Ground of Instrument (units - millimhos/m)
STATION X Y hip hip hhigh ground ground knee
{m) (m) 1.0m (9G deg) 2.0m Om (side) 0.5m
F-350 91 -107 27 28 20 27 3.1 29
F-400 91 -122 11 1.4 0.8 1.1 1.5 1.0
F-450 91 -137 0.2 02 0.3 0.4 0.2 04
F-500 91 -152 0.3 c.0 0.3 0.3 04 0.3
G-00 107 0 1.4 1.8 13 2.0 2.7 0.8
G-50 107 -15 15 14 1.4 1.3 20 1.3
G-100 107 -30 17 18 15 1.8 25 1.8
G-150 107 -46 2.8 2.8 2.1 3.2 3.2 31
G-200 107 -81 2.5 2.5 1.8 3.0 27 2.9
G-2560 107 -76 1.4 1.2 1.2 1.7 1.7 1.7
G-300 107 -91 16 1.5 1.2 2.3 1.6 21
G-350 107 -107 3.2 3.2 2.4 3.5 49 34
G-400 107 -122 1.7 1.7 1.4 1.2 3.1 17
G-450 107 -137
G-500 107 -152 0.5 14 1.2 0.7 1.9 0.7
H-00 122 0 35 3.5 2.4 8.2 1.5
H-50 122 -15 9.5
H-100 122 -30 50 1.8 3.6 6.6 7.0 5.6
H-150 122 -46 4.0 4.0 27 5.0 4.5 45
H-200 122 -81 26 2.8 22 3.5 2.5 3.3
H-250 122 -76 1.9 =9 1.5 2.0 1.8 2.1
H-300 122 -91 26 27 2.0 29 29 2.9
H-350 122 -107 3.6 3.8 24 A 50 4.4
H-400 122 -122
H-450 122 -137 0.3 0.3 03 0.9 0.6 0.5
H-500 122 -162 0.5 13
i-00 137 0
1-50 137 -18 5.0 64 48
i-100 137 -30 4.1 3.7 2.7 4.0 49 46
i-150 137 -46 2.4 24 1.9 3.5 3.0  Jr
1-200 137 -61 2.3 2.2 1.8 2.9 2.3 2.6
i-250 137 -76 35 35 28 4.5 5.0 3.9
1-300 137 -91 49 4.9 82 45 6.8 50
i-350 137 -107
1-400 137 -122 0.1 0.2 0.8 13 1.3 1.3
1-450 137 -137 0.2 0.4 0.6
J-00 152 0 1.5 1.6 1.6 6.0 0.8 2.4
J-50 152 -15 2.7 27 2.3 3.2 3.3 82
J-100 152 -30 2.4 24 1.9 35 3.0 27
J-150 152 -46 2.7 2.1 1.9 33 1.7 28
J-200 152 -61 2.8 2.6 21 3.0 3.1 2.8
J-250 152 -78 45 45 3.1 53 50 5.0
J-300 152 -91 3.9 4.0 3.1 4.5 8.0 2.9
J-350 152 -107 1.1 1.3 1.0 1.3 1.5 1.2
J-400 152 -122
J-450 152 -137 0.3 27 0.0 2.7
J-500 152 -152 0.2 0.2 0.3 2.1 1.0
K-00 168 0
K-60 168 -18
K-100 168 -30 1.9 1.9 1.3 31 1.7 2.6
K-150 168 -46 1.6 1.9 1.5 1.7 23 1.6
K-200 168 -61 1.8 1.8 17 2.5 2.2 1.7
K-250 168 -76 2.3 2.1 13 3.0 25 21
K-300 168 -91 2.8 23 2.9 3.3 2.9
K-350 168 -107 1.8 0.8 13 1.4 1.8
K-400 168 -122
K-450 168 -137 03 0.3 0.3 1.0 0.8 0.8
K-500 168 -152
L-00 183 V] 50 58 18.0
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Table C-4 Terra Nova Waste Site EM-31 Survey

Coordinates

Orientation and Height Above Ground of Instrument (units - millimhos/m)

STATION X Y hip hip hhigh ground ground knee
{m) {m)" 1.0m (90 deg) 2.0m Om (side) 0.5m

L-75 183 -23

L-100 183 -30 23 2.4 1. 4.8 332 3.3
L-150 183 -46 2.0 20 17 3.7 1.5 26
L-200 183 -61 2.7 2.8 24 5.8 6.0 0.7
i-250 183 -76 3.0 2.8 2.0 42 2.8 3.3
L-300 183 -91 1.3 1.3 1.5 2.8 23 12
L-350 183 -107 1.0 1.4 0.9 22 1.7 1.2
L-400 183 -122

L-450 183 -137 0.2 0.1 0.1 0.8 0.6 02
L-500 183 -152 0.1 0.1 0.5 40.0

L-550 183 -168

M-00 198 0

M-75 198 -23 23 2.5 1.7 43 22 33
M-100 198 -30 1.3 2.5 20 0.4 4.0 0.3
M-150 198 -46 13
M-200 198 -61 4.9 49 3.8 5.2 6.3 52
M-250 198 -76 1.4 0.6 1.3 22 1.0 13
M-300C 198 -91 0.4 0.5 0.5 1.2 1.0 06
M-350 198 -107

M-400 198 -122 0.4 04 0.3 1.7 0.3 0.9
M-450 198 -137 0.4 0.2 04 2.0 0.5 1.0
M-500 198 -152 4.0 2.z 6.2 15.0

N-00 213 C

N-60 213 -18 1.5 1.5 2.0 0.4 3.5 0.3
N-100 213 -30 3.6 3.4 2.8 4.4 3.1 3.8
N-150 213 -46

N-200 213 -61 0.6 1.1 0.8 3.2 1.2 22
N-250 213 -76 3.5 47 2.8 5 5 46
N-300 213 -91 1.3 4.z 2.7 9.5 34
N-350 213 -107 35 3.5 2.8 51 1.9 4.3
N-400 213 -122 4.4 4.2 3 5 52 4.7
N-450 213 -137 6.8 6.4 5 7.7 8.5 6.9
N-500 213 -152

0-00 229 0 8.8 16 20

0-70 229 -21 1.7

0-100 229 -30 0.3 0.3 0.5 2.8

0-150 229 -46

0-200 229 -61 7.8 94 5 13 25 12
0-250 229 -76

0-300 229 -91

0-350 229 -107 25 22 24

0-400 229 -122 13 12 7 17 13 20
0-450 229 -137 6.6 72 5.8 7.5 7.5 6
0-500 229 -1562

P-00 244 0

P-75 244 -23

P-100 244 -30

P-150 244 -46 2.6 7.8 5

P-200 244 -61 22 24 18

P-250 244 -76 12 10 22

P-300 244 -91 18 15 16

P-350 244 -107

P-400 244 -122 80 130 100

P-450 244 -137 92 55 88 42 320 44
P-500 244 -152 32

Q-00 259 0

Q-75 259 -23

Q-100 259 -30 0.1 0.1 0.2 0.5 0.2
Q-150 259 -46
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Table C4 Terra Nova Waste Site EM-31 Survey

Coordinates Orientation and Height Above Ground of Instrument (units - millimhos/m)
STATION X Y hip hip hhigh ground ground knee
(m) (m) 1.0m {90 deg) 2.0m Om (side) 0.5m
Q-200 259 -61 10 1C 8.5 10 10 11
Q-250 259 -76
Q-300 259 -91
Q-350 259 -107 7.5 8 6 1M 1M 9
Q-400 259 -122 7.7 7.9 6.5 16 5 15
Q-450 259 -137
Q-500 259 -152 65 65 46 48 110 63
Q-550 25¢ -168 170 165 110 160 230 195
R-0 274 0
R-75 274 -23
R-100 274 -30 0.1 0.1 0.2 04 0.2 0.2
R-150 274 -46
R-200 274 -61 1.1 1.7 1.5
R-250 274 -76
R-300 274 -91 11 6 15
R-350 274 -107 21 21 17 3.7 50 3.7
R-400 274 -122 8 449
R-450 274 -137
R-500 274 -152
R-550 274 -168
S-0 290 0
S-60 290 -18 G.7 0.7 0.4 0.9 0.4 06
S-100 290 -30 0.1 0.1 0.3 0.7 0.3 0.1
S-150 290 -46
§-200 290 -61 2.6 5 5.8
S§-250 290 -76
S-300 290 -91 42 11 12 8 54 4
S-350 290 -107
S-400 290 -122
§-450 290 -137 3.8 57 43 6.9 21 13
§-500 290 -152
§-550 290 -168
T-00 305 0 4.5 =g 3.0 7.2 43 6.3
T-75 305 -23 0.1 0.2 0.1 0.1 0.3 0.1
T-100 305 -30 0.1 0.2 0.1 0.1 0.3 0.1
T-150 305 -46 0.5 0.5 0.3 1.2 03 1
T-200 305 -61 23 23 2.1 3.0 1.1 24
T-250 305 -76 18.0 18.0 30.0
T-300 305 -91
T-350 305 -107 4.7 4.7 9.5
T-400 305 -122 2.8 3.0
T-450 305 -137 25 3.9 1.8
T-500 305 -152 2.5 3.0 2
T-550 305 -168 0.5 1.2 0.5
U-00 320 0 0.1 0.1 0.1
U-50 320 -15
U-100 320 -30 0.4 0.6 0.6 1.3 0.5
U-150 320 -46 59 6.2 6.6 14
U-200 320 -61
U-250 320 -76
U-300 320 -91
U-350 320 -107 24 2.0 11 6
U-400 320 -122 3.3 34 4.1 3
U-450 320 -137 6.7 8.1 10
U-500 320 -152
V-00 335 0
V-50 335 -16
V-100 335 -30
V-150 335 -46
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Table C-4 Terra Nova Waste Site EM-31 Survey

Coordinates

Orientation and Height Above Ground of Instrument (units - millimhos/m)

STATION X Y hip hip hhigh ground ground knee
(m) (m) 1.0m (90 deg) 2.0m om (side) 0.5m
V-200 338 -61
V-250 335 -76
V-300 335 -91
V-350 335 -107
V-400 335 -122
V-450 335 -137
V-500 335 -152
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APPENDIX D

Water Quality Results and
Concentration versus Time Plots
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TERAA NOVA LANOFILLL SITE - ANALYTICAL RESULTS - WELL No. 1
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0f-Mev 81 LR Y a2 540 148 538 a 4 291 0.22 0z2 1350 4 il 633 0085
02 Mar-82 15 (X5 5.01 oo 178 19 (] 1.74 012 011 18 60 L] 120 724 0100
10-May 82 Eig ars L1 112 na a 1] 6 ] oar 0.02 080 H2 140 T2 0040
10-Aug82 518 070 554 rn & 1] 3 a5 588 ooe ool 31 80 8 140 65 0001 c.010 0044
10-Hav-82 £m [:5:1] 894 13 w7 bs 104 182 o8 02l 41.00 108 108 005z
26 Janid S44 084 L") LI§ LB BT 1s 1.54 o oar 8.0 1og T4 0030
23-una3 58 094 743 1.56 s1.4 1na a8 a1 a48 e 81 662 0088
07 -Sap-3 sm 102 887 128 » 89 285 a0 027 20 170 [1+5] 140 IS 0 050
23-Nov 82 509 oer 704 126 8.9 7 .00 0as 027 3330 120 140 ra otz
29-FebB4 L] 103 732 1.4z 552 1432 463 024 a3 40 120 107 6.C6 0 0%
18-May 84 T 129 1350 2.84 879 Ll &.10 047 032 48 50 185 a7 108 0 068
O Aug a4 R 132 760 280 B84 33 580 oeR 033 63.00 308 s a o
15-Fab S 880 127 17,00 a0 984 40 B840 129 01§ 50.00 199 o 681 0 084
72-May-85 50 187 1860 440 “@ 550 154 41.00 a2
08 -Aug -85 1200 138 25.00 g0 1w 59 450 280 0x 400 553 20 648 0 oas
13 Mo 85 16.00 230 3900 e 124 80 7.30 400 64.00 340 £60

O3 Mhar 86 2000 180 7800 13.00 132 140 830 13.00 &3 00 473 r68
Od-May-80 19.00 ¥ 59.00 1400 168 157 s60 1500 84.00 o603 758

13 Aug B8 22.00 280 §200 18.00 228 200 13.00 21.00 a81.00 682 geg §.52

11.Dac 88 2540 3.3 11600 26.00 an 270 1750 2220 103.00 873 12%0

23 Fub87 26.50 288 127.00 2430 260 341 15.80 1970 81.80 889 1240
04-May-87 2360 ce 160 48 N7 283 0.43 2378 0.02 bR 765 178g 0z atle 0.19 0.02 0.170 C.050 0104 arr 62 o0 0 800
11.Aug 87 4140 130 17048 %73 a8 295 749 1”0 004 4854 1298 1875 § 016 ozr 054 001 0840 oz a1 aa ot eo2  oeen
18 Hov-87 33100 400 17486 Wa 5085 25 01 P e 381 680 008 w2m 1145 000 & 019 013 045 am 0350 0.080 Q080 ar ot 017 0080
17-Fab8a 3480 J42 202 4480 89 45 [R] 542 81 1400 3700 aus 67 40 1330 2000 754 0.64 a1 Go4 o 0510 0130 G0 [ ] [E-} ook Oied
26-Muy-BE 3430 137 2300 S5 80 552 288 15 40 3470 g 8150 1350 2000 089 aer 008 001 0210 0080 0050 oo 008 008 0800
07 Aug ke 41,30 185 24400 58 50 Ba1E 585 0 ane.7 20 1610 4000 0.29 PRT] 12806 1950 7 K] on 007 0008 0280 0GEG 0080 g aor [T ]
28 Nov 88 40.70 0 ED 269 32 60 40 % Ji8 34.63 3w 047 161 00 1830 1730 101 149 628 014 . ood 0270 0.080 oor o4 B} 014 &0
10-Mar -89 45 70 404 25000 40.00 87) LEL ] 7753 amn 27.00 34 @0 013 104 00 1470 783 1830 705 44 00s Q12 oo caic o110 aox oos ot o ool t Tog
23-May B8 4800 488 23300 68.00 8123 €58 ] 145 o 3000 %50 1200 87.00 1430 2830 3250 6 48 105 [R1] 0.249 G043 0030 0340 0 080 oos ot oos 004 3 800
G7-Aug 89 S9.80 488 K@ 51 00 7493 L) a T4z 4 302 1.20 oo aol AG.00 1470 1660 718 012 oo 0.038 oous Qoo 00X oote oos Q1 ood oan [-3- 111
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TERRA NOVA LANDFILLL SITE - AMALYTICAL RESULTS - WELL No. 1

continued
Dets cd As Mo s o n NHe NOI  NOZ K| N T. M P04 T Phow 804 _ T.OC. r BOD __ COD DO COLOR  TURB.  Acidity U Orgenic N
2040117 oo 0031 0.A08 | s s
Od-Aug- 17 aor agol 0579 0058 ay
08-Sep-17 001 0001 045 0T )
o5.0a.17 001 LEE) 0081 56 174
24017 aos3 0.118 o128 56 1089 a0
08-Now-77 0.008 0005 0073 92 are 1.85
20.Nov 17 0.008 opar oor (B4 125
21 Ceo?? 0216 0053
23-FenTa 0azr 0.074
20 Mas.78 0043 0082
18-Ape.78 0241 0.074
26 May-78 o181 0084
208078 GRE] 0089
VA T8 0005 0078
04-0c1.78 0095 0.044
08-0ec 78 0052 0.194
28-Dnc-T§ o0d 0.059
|6-2an78 0083 oose
07 Feu7s sal 001 0 008 0135 anz 18 0.006001
09 Ape-T9 0018 0005 0OTE 0495 4 2 % Qe
02 May-19 0005 0006 0006 0253 5 "
0B-un 79 000S 0008 oo 0575 § 2 a
17 -duicT$ 0008 0412 ] 7
1AAug T 0034 oves H
21-Now-T8 0363 82
2% Apr80 2016 0688 0138 [}
24180 2 oeat @
T0.hazv-80 0.008 0.008 0.008 2 4 2
01 -Apr-8t 0008 [Et] 0235 ) 3 19
18-Augd1 0108 LT 2 9
09 Mo i1 aaz 044 [ 13 i7
02 Mar82 0036 LF 7 [ 52
10 My B 0.008 058 14 9
10-AgEd 00032 0.008 0.002 azr o086y as age 1 8
10 Nov 82 0.002 074 0.083 0 1 H
-Jandd 00z 018 0 1m 07 ] 13
13.un83 o087 048 0088 LE] 0021 ]
OF-Sep-83 0019 07 0048 08 008 £
23-Now 3 LE 01 o.08 1 008 10 170
29-Fatd4 003 02 0.162 1] 004 19 170
18 May 84 (] 04 0,058 o8 0.06 24
05-hug 84 0.002 029 0053 088 004 ! k]
15 Fabs 0.008 o7 0,183 07 008 13 &7 170
22 Muy 85
04 Aug 8% 003 021 0162 o8 004 2 170
13 Nov s 38
63 Mar-88 26
6 May 88 3
10 Aug 85 54
11-Duc86 8
21Fabd? &0
04 aay 87 oce nal o8 02 0.05 0.08 008 0 ol 0os 01 0.1 01
1A 47 018 ose ar [ a1 )
18 Now 87 008 ol e ae 03
17-Fenal 0008 018 23 [EF] o7 o1
26 My 40 nos 03 EL] 107 ol o1
O7-Aug 08 aos2 o268 285 086 012
28 Nov sl 064 oo: s 87 £ 083 103 125
10-Mar-9 0181 ne
23 Muy 89 oz 0as
o7 Aug 89 000s  oo0e 106
13-Duc 89 o1a7 106
27 Mur-30 (] e
01 un g0 .08
VBl B0 009
13-Naw- 80 01s8 0008 540
\T-Ag92 00005 0008 0.18 [ 0.08 87
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 2

Yr_ M D Date Al 8b Ay Ba Bs B cd Ca cr Cu Fe Pb Co Mg Mn Mo NI P K Se si Na Sr Sn T
77 7 20 20-Juk77 0.001 oo 5565 0014 0022 2617 0a77 1.066 1307 0014 001 2,573 9088

77 8 4 04-Aug77 0001 001 4442 oM 0.031 1835 0069 1.154 001 001 1576 8404

77 8 5 05-Sep-77 6001 0.01 367 0014 0028 A | 0058 081 0014 0005 812 1458

77 10 5 05-0a-77 001 4 0.009 0018 0.508 0042 056 0.008 0.008 1379 804

77 10 24 24-Oct-77 001 303 0107 0023 4.109 0058 0738 1.137 0.107 0008 34 8.235

77 11 8 08-Nov-77 0008 0005 3503 0008 0005 0023 001 8341 001 0005 0.005 0853 10 045

77 1t 23 23Nov-77 0005 251 0.co? 002 1429 0035 0527 1034 0.007 0 005 1608 4055

77 12 21 21-Dec-77 0457 0042 1191 0008 1.76

78 2 22 22-Feb-78 0671 0018 1.108 001 1828

78 3 20 20-Mar-78 0.297 0014 1.081 001 2089

78 4 18 18-Apr-78 0598 a0t 0.848 001 1.735

78 5 20 28-May-78 0422 0.103 0486 0.025 1.642

78 8 28 28-Jun-78 0149 201 0.203 0025 1655

78 8 17 17-Aug-78 0.878 0.019 0.158 0.01 1.287

78 10 4 04-Oct-78 0.104 0012 0.181 0.01 1728

78 12 6 06-Dac-78 0272 oo 0033 0.039 1.852

78 12 28 28-Dec-78 0665 0.018 0073 0.01 1674

79 1 16 16-Jan-79 0391 0058 0083 a0t 1.61

78 2 7 07-Feb-79 00 435 oot 00 0.235 0109 0.01 0914 008 001 0.01 178 aee

78 3 7 07-Mar-78 534 5438 0.055 139 0.885

79 4 9 02-Apr-78 6927 0.056 1428 0187 088 1.01

78 5§ 2 02-May-79 369 0043 5.47 0035 0.542 0.88

789 6 6 06-Jun-79 494 0059 8951 0048 1221 0857

9 7 17 A7-Juk79 394 4.476 0 066 0.831 0 706 2322 5§82

79 8 14 14-Aug79 4.06 042

79 11 21 21-Nov-79 353 0.732

80 2 11 11-Feb-80 885 255

80 4 20 28-Apr-80 528 056

80 7 24 24-JubB0 503 127

80 11 20 20-Nov-B0 469 o1 787 0.089 183 048 24 58

a1 4 1 01-Apr81 518 023 10.7 038 16 048 137 833

81 8 18 18-Aug-81 559 052 151 0.04 124 053 154 X ]

81 11 8 06-Nov-81 0.94 025 138 0.045 1.84 0.422 4 712

82 3 2 02-Mar-82 8.01 o1 1 0.13 123 036 124 soa

82 5 10 10-May-82 818 001 864 001 109 0.34 125 58

82 8 10 10-Aug-82 0.005 0.0003 605 0001 0014 136 0.035 113 032 0001 001 0.68 580

82 11 10 10-Nov-62 818 174

83 1 26 26-Jan-83 108 226

83 6 23 23-Jun-83 26 164 407 1.85 10

83 9 7 07-Sep83 268 175 453 1.63 118

83 11 23 23-Nov-83 m7 193 612 1,78 136

84 2 29 29-Feb-f4

84 5 18 18-May-84 §6:7 0174 29 0.06 972 1.48 219 185

B4 8 5 05-Aug-84 28 028 38.8 0.09 1186 1.58 23 23

85 2 15 15-Feb-85 100 0.12 38 0007 18 298 27 5

85 5 22 22-May-85 103 248 1565 34 37 b}

85 8 6 DE-Aug8S 110 27 18 29 kR 30

B85 11 13 13-Nov-85

86 3 3 UF-Mar-88

88 S5 6 08-May-86 150 40 23 78 4 43

B6 8 13 13-AugBs 160 38 32 13 34 47

86 12 11 11-Dec-88 218 567 372 243 3.85 871

a7 2 23 23-Feb-87 208 548 48 33 0.37 aa

87 5 4 04-May-87 0.12 0.22 023 0.01 0.12 001 259.7 024 003 0.27 0.44 0.03 4424 36.46 0.04 24 023 332 12 02 01
87 8 11 11-Aug-87 1.81 005 12 0.01 15 0.01 8048 36 001 0.18 1.13 0.05 0.02 20851 174.08 6.01 16 44 025 882 40 01 o1
87 11 18 18-Nov-87 0.29 007 047 0.01 01 a0z 31767 045 012 213 005 008 5762 3074 0.03 07 58 on 103 18 a1 08
88 2 17 17-Feb-B8 oar am 0.12 o0 011 0005 318 on oo7 127 0.03 011 58 4 782 0.08 128 472 0.04 188 103 147 03X 01
88 5 26 26-May-88 1.15 008 0.15 001 018 0005 322 024 014 140 0.02 0.08 614 746 004 132 464 005 148 ws 148 008 01
88 & 7 07-Aug-88 1 0.22 618 0005 0.18 001 338 031 a7 136 0.09 008 ais6 83 0.05 1.35 51 0.1 107 18 oo8 oo7
88 11 28 28-Nov-f& 317 0.008 012 0004 026 0.004 355 68 034 0.16 7403 0.17 009 84.7 693 008 296 6.01 0.07 174 118 108 o003 02
89 3 10 10-Mar-88 24 0.05 0.09 001 0.01 0005 364 0.02 002 162 008 0.91 75 .7 001 588 01 121 on

89 5§ 23 23-May-89 3z 0.05 0027 0117 0.005 0.17 0.005 376 0.05 004 141 0.18 057 68 80 0.03 §71 a1 18 01

89 8 7 07-Aug-8@ 013 0.05 0.007 0.031  0.005 0.02 0.005 328 0.01 0.005 29 0ot 0.07 70 669 0.01 608 0.1 131 008

89 12 13 13-Dec 83 496 0.05 0.109 0.006 0.02 0011 340 007 004 178 01 067 73 74 002 13 0.1 148 0 X2

80 3 27 27-Mar-50 0.05 005 002 0.005 0.02 a0 295 0.01 001 264 0.0s 0.02 58 65 002 345 01 808 a1

B0 6 1 01-Jun-80 184 0.05 0278 0.007 0.15 0.08 320 0.32 002 128 054 0.89 14 n 0.07 55 0.1 168 om

o0 7 18 18-Jukd0 683 0.05 0135 0.005 0.04 001 315 0.01 001 141 005 1 68 82 002 55 01 188 01

B0 11 13 13-Nov-80 208 0001 0.005 0s 005 0.4 0.0032 310 0.005 007 1] 0021 0048 §7 59 0.048 50 0.005 150 oo

w2 817 17-Auga2 17 0001 0005 05 oos 047 00008 200 0.005 0.08 (1] 013 0005 46 H 0.022 76 0.005 200 oo

M7 13 13-Jubid 31 0008 0008 06 005 02 0.007 120 0.008 003 3 0 038 0 005 a3 19 0.008 71 0.005 200 o0

B4 10 5 056-Oct-Bd 38 0.008 0.005 0s 0.08 0.3 0.0058 94 0005 0005 85 0025 0.008 b} 19 0.005 58 0005 160 oo
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 2
continued

Y M D Date v Zn NH4 NO3 NO2 KL Ni. T.NK _PO4 T.Phos. COI1  HCOJ S04 Yoc. ¢ F 1 80D. COD. DO. TDS. VSS HARDNE Cond TURB. pH AR Ackdey L
T 0 W77 17927 0.478 0087 053 535 7.15 438
T8 4 04ARgTT 3.166 0.602 0.132 54 713 026
m 9 6 O8Sep7l .71 0.848 0075 38 7 108 709 W8
77 10§ 8okn 132 0308 0043 L1 an 711 %58
10 24 4077 15.606 0445 024 (] "3 1428 283 L] 200 854 ¥4
77 11 8 O0BNov-77 0.01 0.023 0.076 128 19.8 1182 158 1 19 784 110
7 1t A BNew-T7 18165 0385 0148 08 42 078 7 14 28
77 12 2 21-Dec7 3525 0555 0.15 7.09 64
78 2 2 22Feb78 5132 041 0106 o]
78 3 20 20-Ma-78 4553 0374 0057 28
78 4 18 18-Ap-T8 344 051 0047 %4
w5 ¥ ZMay-78 2704 0327 oort 743 24
78 6 28 28-JunT8 172 0288 Q.151 725 26
78 B 17 (\TAugT8 £.112 0218 0083 7.15 24
78 10 4 04078 2441 032 0.101 7.44 204
78 12 6 08078 153 0262 0168 9.03 234
78 12 28 28-Dec-78 72 0317 0072 729 %8
7% 1 16 1&JanTR 419 0255 0.008 843 27 :
7 2 7 0IFeb79 3546 0127 0312 0067 ” 21 3 H 73 4 0.005
79 3 7 O7-Mar79 1901 0082 0254 0007 0S5 1 35 18 2037 A5 1% 2
™0 4 9 0eAp79 3508 0408 00§ 0216 086 1 7 2 4 4841 87 703 1258
79 5 2 02May-79 366 0006 0005 0008 0272 2 ] 0 7 76 2179 14768 735

7% 6 6 0hnTd 2151 013 0488 0057 237 13 £ 35 M6 10745 = 5
%07 7 \T-duT9 2074 0.005 0.691 6 11 17 257 15713 72 44
7% 8 14 14AugTd 18 76 1392 833

7% 11 21 21-Nov-T 8 88 1183 11515

@ 2 11 11-FabsD 7 a7 78 M

0 4 29 WAp-E0 9 10t 1549 109.89

0 7 24 244480 8 1779 12714 856

8 11 20 20-Nov-80 201 0005 0018 0021 1 12 11 27 74 1374 120 712 57
8 4 1 O1-Ap8) 207 0027 0318 0471 100 42 1 13 o7 02 100 am s1.1
81 8 18 13-Augdl 275 004 086 2 58 -3 n 82 120 87 52
81 11 9 09Noval 135 0019 as 2 44 2 " “ 707 70 LS »
€ 3 2 mMard2 134 0.188 024 12 4 2 24 55 04 80 n 3
& 5 10 10-May-82 28 0008 a12 08 4 14 86 774 110 83 52
@2 & 10 10Aug82 182 0002 0.083 08 65 1 12 n 447 100 842 L]
&2 11 10 10-Nav-82 87 ] 276

B 1 26 %lin8d 168 100 %5

B3 8 23 23Jun8l 286 0038 08 37 0015 181 884 74
8 9 7 07-SepBd 231 0002 08 4 005 216 330 7.41 c48
8 1t 23 Z3HoE) a1 0.0G2 08 78 008 7 485 794 a4
B4 2 29 29Fe84

84 S 18 16-MayB4 582 0.002 045 0.14 12 118 ooz o 547 665 695 142
84 8 5 0SAugd4 85 0.002 0.47 a2t &9 100 004 7 -] 740 1507
8 2 15 15Feb-85 68 0002 078 0278 18 190 005 9.9 1 650 1000 662 197
86 5 22 2MeSs 52 192 728

% 8 6 08 1o 200 28 764 1100 858 244
85 11 13 13-Nev-85

B 3 3 03MarsE

8 5 8 DdMayS5 ¥ n 57 897 1430 F.7
86 8 13 13Augss N 40 57 1440 LE] 344
8 12 11 11-DecB8 3 320 75 1207 1660 1
87 2 23 23Fenay a0 342 58 ne 1680 36
87 5 4 OdMays7 011 2488 005 00S 005 o1 01 0.05 0.1 0.1 0.1 1235 50 448
87 6 11 Il-Aug87 001 10084 486 114 1770 2500 83 £
87 11 18 18-Nov-87 020 1512 01 s103 ve] 2090 1030 4 750 83 o5
8 2 17 17Feb88 on 07 o1 904 43 1960 1040 2750 818 102
&8 5 28 26-May-88 007 197 532 1790 2500 e ]
82 8 7 07-Aug8a 008 185 9703 435 1880 11041 2000 845 )
8 11 28 WNwas at 6842 23 408 2380 300 682 0
Bg 3 10 10-Mar-89 oor s 0 1230 »8 420 2110 808 1230 2020 (1] 1010
& S5 D DMay8s ao8 40 0 124t 410 2080 638 12188 3500 1] 1080
8 8 7 Ol-Aug8e 0.01 b1 0 10608 415 s 2340 11071 75 698 ]
8 12 13 130ec89 003 » o 534 u% 27130 150 1650 an %
80 3 27 2T-Mer@0 0.01 13 a4 538 33 230 979 1650 an 28
0 8 1 0-Jun®d 008 46 038 960 400 1810 1580 856 3000 a8 00
0 7 18 180 a0t % 044 238 ar 1860 1070 3080 a7 o
0 11 13 13Nev-B0 o1 i 260 280 1830 s62 1010 2030 58 808
2 8 AT 17AgR 01 2 att 0.03 68 008 135 1190 578 ] 1750 8.41 osa
M T 13 13Ju4 008 2 1t 002 w7 om 1150 510 48 1500 721 B4
94 10 5 05-OchB4 005 20 17 0.02 12 o008 58 1300 84 w2 1520 702 (28]
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS -WELL No. 3

Yr M D Date Al Sb As Ba Be B Cd Ca Cr Cu Fe Pb Co Mg Mn Mo Ni P K Se Si Na Sr
77 7 20 20-Juk77 0001 0.01 743 o018 0033 5147 0049 1502 4931 0015 1.494 889

77 8 4 04-Aug77 0001 a01 6453 0007 0.017 503 0042 3506 0014 0.808 4. 461

77 0 § 05-Sep-77 0001 001 604 0009 0.037 283 0052 2.303 0005 3878 0.524

77 10 5 05-Oct-77 oot 348 0005 0018 0734 0028 1497 0005 08 501

77 10 24 24-0-77 001 37 41 0005 0079 28315 0.079 8535 12025 0.008 2.861 258

77 11 8 08-Now-77 0 005 60.56 0005 0005 0038 001 7801 0.008 0008 0842 9 875

77 11 23 23-Nov-77 0005 855 0005 0038 56875 004 1843 408 € 005 0704 8.025

77 12 21 21-Dec-77 221 001 1803 0005 0376

78 2 22 22-Feb-78 1885 0013 1.435 oo 1607

78 3 20 20-Mar-78 0.495 oo 0926 001 0.401

78 4 18 18-Apr-78 1.03 0033 0973 0.01 0.443

78 5 28 28-May-78 21768 0016 8266 0025 &7

78 6 28 28-Jun-78 8712 0.01 3651 0.025 1.425

78 8 17 17-Aug-78 7464 0018 1.831 0011 0982

78 10 4 04-Oct-78 3508 002 2124 001 0 849

78 12 6 06-Dec-78 0247 0018 1161 0041 0731

78 12 28 28-Dac-78 542 0039 1239 0.01 067

79 1 16 16-Jan-79 2805 0027 0862 001 05

79 2 7 07-Feb-79 0.01 41 001 0032 2979 00865 001 0664 0.865 0.01 0.01 0.56 428

79 3 7 07-Mar-79 7.67 9224 0177 2274 098

7% 4 9 09-Apr-79 5773 0044 6 685 0307 072 0705

79 5 2 02-May-79 516 0086 458 0058 0549 0592

79 68 8 06-Jun-79 7.31 0017 941 0.029 2336 213

™ 7 17 17-Juk78 5.78 8197 0.085 1125 1875 1.687 4.56

76 8 14 14-Aug-79 619 NA NA 1211

78 11 21 21-Nov-78 442 NA NA 0.714

80 2 11 11-Feb-80 885 NA NA 265

80 4 29 29-Apr-80 4.01 NA NA [X-7]

80 7 24 24-Jul-B0 451 NA NA 117

80 11 20 20-Nov-80 361 006 6.65 0023 1564 168 239 48

81 4 1 Ot-AprBt 423 048 664 03 132 176 117 485

81 8 18 18-AugBt a7a 3.08 102 0.48 1148 212 aas 5§73

81 11 8 08-Now81 584 026 678 0065 137 213 159 84

82 3 2 02-Mar-82 11.6 0.04 161 a1e 138 223 22 908

82 5 10 10-May-82 628 001 108 oo 124 215 056 47

82 8 10 10-Aug-82 0 005 0.01 8.97 a0 005 18.3 0185 34 212 g.o1 266 512

82 11 10 10-Nov-82 557 153

83 1 28 26-Jan-83 4.92 144

83 8 23 23-Jun-83 6.04 699 183 1.36 502

83 9 7 07-Sep-82 516 1 092 i.24 464

83 11 23 23-Nov-83 466 11 133 088 485

84 5 18 18-May-B4 55 105 118 1.08 5356

84 8 5 05Aug8q 26 86 o.01 133 0.57 54

85 § 22 22-May-85 29 48 1.47 223 57

85 8 @ 06-Aug-85 4.8 11 118 1.68 0.74 481

B85 11 13 13-Nov-85 58 8 1.44 166 7

88 § 6 06-May-86 54 10 0.08 18 21 85

88 8 13 13-Aug-88 53 75 16 23 1.14 83

88 12 11 11-Dec-88 86 15.8 196 28 78

87 2 23 23-Feb87 a7 132 25 27 04

87 5§ 4 04-May-87 002 003 005 oo 005 001 11.41 0.02 001 007 aos 002 257 337 001 06 001 128 61 01
87 8 11 11-Aug-87 0.16 058 054 001 0.27 0.18 170.48 0.64 004 749 0.98 0.22 35.73 Ky &K 013 47 a3 0.42 414 2] ot
87 11 18 18-Nav-87 003 002 0.42 0.01 004 a02 6.18 0.05 001 1.16 0.08 004 224 038 003 04 1 003 m0e o1 a1
88 5 26 26-May-88 045 0.18 eo3 a0t 0.08 0005 16.5 004 001 187 0.01 0.04 414 473 002 054 135 003 879 161 009 01
88 B8 7 07-AugBa 1.72 0088 ao4 0001 oor 001 181 0.08 003 24 a1 004 48 545 0.01 081 1.28 01 208 o1 014
88 3 10 10-Mar-89 10 017 001 002 0063 29 001 008 32 06 D.22 74 68 004 176 01 239

89 § 23 23-May-88 81 0.041 0825 0035 018 011 49 009 035 100 2 08 27 86 013 398 a1 206

88 8 7 07-Aug-BS a1 0002 0048 0005 002 0005 206 001 0005 14 001 003 66 66 001 21 0.1 8

89 11 28 28-Nov-88 12§ 0021 013 0002 023 0092 2417 0.08 008 3578 059 0.09 833 658 006 361 506 005 238 244 anl
88 12 13 13-Dec-80 418 005 0118 0.007 002 0.079 38 01 003 30 057 001 a7s 888 0.04 835 01 428

90 7 18 18-Jul-80 " 0.05 0229 0005 004 001 59 00s 008 42 005 05 13 15 006 22 01 539

90 11 13 13-Nov-80 2.34 0.01 0005 0.5 00§ 042 0.0203 87 0012 006 48 0.178 0.045 15 16 0.038 317 0005 54

82 8 17 17-Aug-92 16 0001 0.005 05 Q.05 0.39 0.0005 44 0.008 018 12 0.71 0.005 17 21 0022 81 0.005 140
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 3
continued
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TERRA NOVA LANDFILLL SITE - ANALYTICAL RESULTS - WELL No. 4

Y M D Date As Ba Be B Cd Ca Cr Cu Fe Pb Co Mg Mn Ni K Se Na Sr Sn Ti
77 8 4 04-Aug-77 0.001 0.01 2713 0.007 001 1.132 0.052 0.207 0.005 1.587 7.323

77 9 5 05-Sep77 0.001 0.018 3.7 0.007 0.0t 0.48 0.043 0.108 0.005 7.545 1.851

77 0 5 05-0a-77 0.01 204 0.005 0.011 0.254 0.031 0.196 0.008 2389 883

77 11 8 08-Now-77 0.005 16.49 0.005 0.005 0.038 0.01 4.268 0.014 0.005 0641 8.575

77 11 23 23-NowT7 0.005 3 0.005 0.059 1.851 0.131 0819 0.368  0.005 2438 5.556

77 12 21 21-Dec-77 0.251 0.02 0.332 0.005 182

78 2 22 22-Feb-78 0388 0016 0.329 0.01 2264

78 3 20 20-Mar-78 0183 0.01 0.208 0.01 2.359

78 4 20 20-Apr-78 0.555 001 0273 0.01 2175

78 5 20 28-May-78 0.471 0039 0.202 0.025 2477

78 6 28 28-Jun-78 0.269 0018 0239 0.025 2.085

78 8 17 17-Aug-78 0.394 003 0.062 0.01 2254

78 10 4 04-Oct-78 0265 0.022 0.019 0.01 2224

79 4 9 08-Apr-79 70.72 0.01 18.145 0.064 17.31 2462

79 5 2 02-May-79 87.479 0.013 28.94 0.026 22 33.862

79 8 8 06-Jun-79 9.1 0017 26687 0.021 21.69 378

7% 717 17-Jui-79 20982 20.89 0.01 13432 49.18 3.753 28.28

7% 8 14 14-Aug-79 155 51 0.187 8355 0.08 33.95 58.32 14.55 43.01

79 11 21 21-Now-79 14114 0.021 40343 32.07 48.49 4.04 37.38

80 2 11 11-Feb-80 166.2 0.055 27.44 373 55.01 5.041 38.35

80 4 29 29-Apr-80 149.57 0.04 422 3217 53.04 465 374

80 7 24 24-Jul-80 167.6 0.04 86 0.01 31.28 55.7 378 311

80 11 20 20-Nov-80 139.1 0.06 6.68 0.07 31.23 37.05 3,18 302

81 4 1 01-Apr-81 131.6 0.02 30 0.18 296 79 5.09 38.8

81 8 18 18-Aug-81 143 048 64.9 0.09 239 52.4 3.42 438

81 11 9 09-Nuv-81 154 0.21 543 004 26.7 53.05 4.8 535

82 3 2 02-Mar-82 123 0.04 46.9 009 289 418 5.45 50.28

82 5 10 10-May-82 149 0.03 51 0.02 118 417 383 34

82 8 10 10-Aug-82 0.005 0.0049 135 0.001 0.03 56 0.026 26.8 40.8 0.01 3863 305

82 11 10 10-Nov-82 144 0.475 638 0.146 259 58.9 383 34.5

83 1 26 26-Jan-83 128 0.04 538 0.095 238 49.9 454 338

83 6 23 23-Jun-83 140 0.036 403 0.01 18.5 45 342 32

83 9 7 07-Sep-83 100 0.02 58.2 0.034 19.2 39 3.55 304

83 11 23 23-Nov-83 112 0.08 459 0.032 217 419 3.58 331

85 8 6 08-Aug-85 150 85 26 69 38 38

86 8 13 13-Aug-88 170 120 30 67 45 40

87 8 11 11-Aug-87 0.15 0.38 0.92 0.01 021 0.02 22817 088 0.1 88.34 0.74 0.28 38 65 4313 0.07 28 6.1 0.52 93.5 1.7 0.1 0.1
88 8 7 07-Aug-88 4.84 0224 025 0.005 0.38 0.01 218 0.38 08 363 0.32 03 386 129 0.1 33 327 0.1 130 2.3 009 0.33
89 8 7 07-Aug-89 0.17 0.002 0.088 0.005 0.06 0.005 156 0.01 0.005 121 001 0.38 i 89.9 0.01 9.69 0.1 167 003 oo
90 7 18 18-Juk80 16 0.197 0.005 0.04 0.02 144 001 0.15 153 0.05 233 35 103 0.02 38 01 202 o
92 8 19 18-Aug-82 170 0.005 05 0.05 052 0.0005 42 0.005 017 189 029 0.005 26 49 0.013 15 0.005 210 Q01
94 5 13 13-May-04 20 0.005 05 0.05 03 0.01 59 0.005 003 99 0.07 0.005 20 3 0.005 1 0.005 210 0.01
84 10 4 04-Oct-04 48 0.005 05§ 0.05 03 0.0034 36 0.005 0.005 110 0024 0.008 18 32 0.005 87 0.005 180 0.01
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TERRA NOVA LANDFILLL SITE - ANALYTICAL RESULTS - WELL No. 4

continued
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. §
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 5

continued
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No.6
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 10
contnued

YO M 0 Des v zn MU woa NOZ K T.h PO4 T Phos COM  HCOd B4 TOC o 1 BOD COD. DO TDS TS5 HARDNE Cond. TURS.  pH u S5 ORGAN N
noa 4 3077 0429 0084 74 ™=
W _m 1 (5] 005 14 0 108 11
7 ow 4 S0 0188 oors 24 408 15
7 10 2 701 024 015 " 79 F¥7] 397 M1 s7 728
[ Gl 0013 o079 000 1 u3 135 304 3 o8 808
” ouon as78 092 ora 1 71 5121 " M
n o2 n 33 0.108 0024 700
n I8 8902 0127 0123
no3 0 S5 001 0125
™ 4w (] 0083 oo7s
w5 B 5308 019 0131 78
n e n 5574 007 0121 788
[ 5418 0,008 0081 781
o0 4 5153 aon acss 784
" 8 574 0223 0.208 708
w12 o 579 0177 (] 784
» o1 oe 5408 008 0062 ™
L | 747 o= Q7 aara " 10 % " 14 o008
™ 3 7 103 0097 0008 0o 0388 2 ] 0 1907 1049 1%
™ o4 988 a1 00es ao? LEN] "] 8 13 1 182 1 02
L 508 0008 0005 00) 0343 3 7 3 4 150 s 1007 T
™ & 8 e75 0008 0008 0008 028 s 14 1 20 01 1722 1
w 7w 855 0.008 [ 1 i) s LR 188
0 11 20 608 0,008 ao08 0o 3 s 2 7 o Qe 17 m
soa 54 180
L 1" L 101 0.006 0 4 2 1 L w Wi 180 708 I
T 3 "4 om 0 64 [ 1 " 100 -1 180 &
u & a4 0008 02 13 3 7 %0 w1 180 *
2 3 1w m 0.002 oM 0z4 a9 39 s 1o s 120 [ ]
n 1" 10 a8
n oen 0289 4 " T2 H
. e ¥ 045 a2 128 18 a3 m3
811 Bhedd oose 43 133 208 s M
M2 I WFes 048 48 168 14 700 My
M5 M 0218 51 131 0 M WS
MO8 5 0SAgM 53 14 Fl C1)
B2 15 15Febds 8 129 0 17 11
B8 12 T2MeydS 128
o8 6 ORAgM 58 48 7 “ 180 13 n
811 13 13Novas 12 154 70 "
- 3 3 O)hdw-M 13 15 288 14
W 5 & ObMeyss 11 158
Mo 3 DAgM #e 12 s 158 4 L2 T
- 2 1 1Omc88 15 1] n m
w21 D 13 s a2 124
L1 L 4 Od-day a7 aor 15 008 aos oas ot 0.1 0.08 ar 2] a3 ot k] 350 1
a8 1Agd 001 1234 LE] &2 376 ro 12 40
[ AN T QT ¥ ] 508 1an 5] 7 151 278 1428 s .. a7
B 1 17 1Fess 00 1 ot 3 a7 08 s at0 781 142
B3 28 MieyM 00 138 171 s 400 120
W 8 7 kg om 48 007 13e 175 128 «o 180 K
M1 A I 00 s u 158 318 50 820 50
M 3 10 WMesM 0D » n9 a7 (2] ar 51 1 510 812 270 oo
n D RDMye  on u 181 14 0 . waa as [TCRT 008
8 8 7 OrAg 001 1 m 175 17 00 1383 0 m 174 oos
W 1213 0= ool “ 7 «Q 2400 i) = 704 418 008
W3 U e 001 1 ar = " W 800 704 3 0.08
W 8§ 0-ke@0 001 a LE] 189 M 00 418 80 aie 73 0 aos
W7 18 Buw 0w = 1 33 » s ® 76 15 W 008
80113 13Mvs0 O 3 st ™ 7% e &1 ees PY- 0001
$1 7 3 kel 008 " 24 2 10 v 408 TM 30 0001
BT 12 11 f1Dec®l 008 2 M 4 542 4w 75 40 a0
B3 10 M2 00§ 101 4 » 1 390 ‘ 182 582 mo om 0001
g & 3 D2 oM oM 15 « 38 571 9 bz} a2 121 a8 o0
7”0 AgH 00 “ 004 a0 » Q 57 414 an 784 a8 a2 LT
R 1 DN 0w 28 LYl 14 74 » 18 04 M2 78 08 18 0.001
©W 2 8 20Femsl 008 u 027 28 5] 2 M 1§ 194 51 758 a8 00
3§ 21 My 005 = a8 32 £ ] 15 528 ns 387w £ a2 0001
M8 13 13Mayss 008 0 004 00z » 416 an 08 W7 741 a0 B0
W10 5 050a® 008 n 037 002 % ] w0 14 w78 108 418 0008



LST -

TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 11

continued
Daile HH4 NO3 NO2 K} Ni. T. NR. PO4 Y. Phoa, B4 T.0.C. (=} 1 B.0.D. C.0.D. D.O. T.D.8. T.S5.5. HARDNES Comnd. COLOR TURB. pH Ak,  Ackdiy L EPM BAL. ORGAM.
04-Aug-77 0699 0.13 38 482 a2 39.978
03-Sap- 77 0223 0.072 20 14 164 66 54 22310
03-0ct-77 0486 0074 1 4.11 3.3 18 23.400
24-Qct. 77 0.741 0114 1 142 58.96 432 69 21 712 784 40133
08 Nov-77 0.038 0.067 17.4 14 314 130 ] 023 796 742 2422
23 Nov 77 0778 0.089 23 14.2 41.42 4 94 23922
18- Apr 78 06t8 0038 1" 20067
29-May 78 1.269 0.104 708 19 13.058
28-Jun-78 0.643 0.108 8.32 48 19.283
17-Aug 78 0.481 02N 837 112 20878
04-Oct-78 0.226 0.082 LR 1 EE- ]
21-Nov 78 0.442 0.3s 564 26 28718
08 Dac-78 025 0.23 % 48 20.408
28-Dec-78 087 0113 [ X~ 32 B.020
16-Jan-79 0.301 0.068 3% 42 2729
07-Feb 79 0.003 0.674 0.081 12 41 kx] 13 .14 S 0.005 20904
07-Mer-79 0.043 0003 0.001 0133 1 10 2327 545 12 43 64
09 Apr-79 0418 0.005 0023 0774 3 10 13 49 3423 844 [ ¥ L X -] 0.4
02 May-79 0.143 0.003 0004 0.663 1 L] 1 32 2 L] ] 33.54 S.68 ] N4
08-Jun-79 1.612 0003 20001 1.9 3 32 1 47 2363 130.57 6% 172 104
17-Jul- 79 0.005 0.547 7 19 0.48 1564 6853 673 132 23,551



- 86T -

TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 11

Date Al As Ba Be B Cd Ca Cr Cu Fe Pb Co Mg Mn Mo NI K Se Na Sr §n T In
04 Aug- 77 0.001 0.0t 342 0.003 0.0t 0.787 001 0.284 0.003 1557 8.113 0.134
03 Sep-77 0.001 0.01 136 0.009 0.023 11 0.024 0138 0.003 4.998 121 0311
03-Qct-77 0.01 224 0.003 oot 0.833 0.01 o118 0.003 137 4983 0.068
24.0et.77 001 2.08 0.003 0.0t 1318 0.002 1.02 0.258 0.003 2858 621 007
08-Nav-77 0.003 2433 0003 0008 0073 0.01 3448 0.01 0.003 0.738 a.16 0.018
23 Naw- 77 0,003 291 0.003 0.014 1.24 0013 X 0463 0.003 2839 (5 0034
18- Apr- 78 1.73 001 0914 (X3} 1.338 o.ad
28-May-78 2179 a.01 1.601 0.023 4.49 001
268-Jun-78 1a 0.01 032 0.025 2.03 0.644
17-Aug-78 1.467 001 0.423 0.01 1103 0.041
04-Oct-78 057 0.01 023 0.01 121 0
21-Nav-78 2%7 0018 o1 .01 13 0038
08-Dec-78 1.7 0012 0133 0.0 1.148 0.081
28-Duc-78 0.463 0.01 0.108 0.0 1.3689 0.0
16 Jan 79 023 0.01 0.083 0.01 0e8 ool
07-Feb- T8 .01 20 0.0t 0.01 0.43 0.01 oot 0.738 0.387 0.01 0.01 1.36 474 [ 03] ]
07 Mar-78 2.1 0.707 001 0.3% onz 1Mn
08-Apr-79 1.891 oot 1076 0.01 0.848 0483 0.107
02-May-79 1.36 0.01 0979 0.0t 0.645 a3 0.014
06 Jun-79 435 0.01 2314 0.01 1.782 1343 02
17-Jul- 79 337 1.029 0.01 0893 0.433 1163 8.14 0.018
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 12

Dave Al As Bz Be B Cd Ca Cr Cu Fa Pb Co Mg Mn Mo NI P K Se S Na Sr Sn Ti Y Zn
o4 Aug 77 0.003 a0y 339 0.008 0023 0779 oo R3] 0.005 1.763 3.961 0.038
03 Sap-77 0.001 001 424 0.007 0.028 083 0.021 0.0t 0.005 361 1.644 0.013
050ct 77 oot awm 0.003 Qo1 0674 oot 0.024 0.003 16803 3683 0236
24 0ct-77 oM 3.04 0.003 [+X+]] 0368 0009 0.792 0.042 0.003 2442 a9 0303
23 Nov 77 0.003 239 0.003 Q019 o628 oot 0.642 0.003 0003 2 406 6205 0019
21-Dac 77 0479 001 oan 0.00% 1.88 oot
22-Feb-78 0.338 Q.01 0138 001 1.54 0281
20-Mar 78 0311 0.0t 0.078 001 0978 a.o18
18-Apr-T8 a3 (10} 0.084 0.01 1.985 0.
29 May 78 G.689 0.0t 0.044 o023 2075 0.01
28.Jun T8 1.003 001 0038 0.023 1.702 001
17 Aug 78 2.101 0o 0.166 o.o18 2342 0.083
04.Qct-78 0.873 001 0.02 0.01 1.997 0135
21-Nov-78 0.834 0.011 0.014 0.0t 2264 003
08-Dec-78 0.767 0.02 0014 0014 2129 0.082
28-Dac 78 0.382 00t Qo017 0.01 2.864 003
07 Fab-78 0.01 an 0.0t o1 0218 001 0.0t 0.831 0.039 0.0t 0038 323 10.02 01
07 -Mar.78 a4 0.994 001 0381 0091 597
09-Apr-79 319 001 0269 0.01 1.48 0.04 0013
02-May-79 207 0.01 0.3% 001 0.723 0.046 0.044
08 Jun-78 I 001 1916 00! 1.568 0843 0.023

17-Jul 79 406 0.368 0ot 1.602 0.033 3143 L1} oo
14 Aug 79 273 0.01 0.366 a0t 1.18 0033 1.804 614 oo2s
21.Nav-79 1 0.01 2 688 3216 0877 »23 17.09 o021
20 Apr-80 54 0.04 132 203 1 8.09 12.21 oo

24 Jul 80 .18 00! 123 0.01 121 0063 323 781 0018
20 Nov 80 S22 003 0.62 0.0t 1.42 oi1s 383 "2 oo
0t-Apr- 81 a.04 0.01 1.03 001 1.69 0.9 61 116 001
18- Aug B 18 003 322 o001 208 084 503 187 00y
08-Nov- 81 V7.2 0.01 543 0.003 34 J.i82 9.3 2.1 0.01
10 May-82 948 0.01 207 0.01 2 132 434 [ 0.0t
10-Aug B2 13 0.001 0.0t 4.81 00135 383 111 0.0t 703 183 001
10-Nov 82 1" 0089 1.81 ool 2.58 103 452 128 [1+]]
26 Jan 63 895 0.01 122 0003 1.67 047 318 784 0.0t
23-Jun 83 174 4.02 16.1
07 Sep 83 1"e 0.01 182 0.004 2.73 0.37 428 12.8 0.01
23 Nov-83 = 0016 1.12 0001 1.7 03 38 1n2 00w
20 Feb- B4 897 0.014 1.07 0.001 206 083 361 103 023
18 May-84 128 0.003 151 0.004 29 032 926 188 o029
03-Aug 84 121 0.01 126  0.002 32 083 5.13 166 0.02
22 May 83 LX) 0.76 29 018 15
06 Aug-83 1" 0.31 341 007 34 13 o
13-Nov-B83 " o2 31 0.03 18
03-Mar-86 86 oNn 28 on 13
08 May 88 73 03 0.002 24 a1 13
13 Aug 86 12 018 a7 029 82 19 001
11 Duc-86 88 o1s 33 ]~ ] 17
23 Feb 87 108 0.14 38 onz 181
04 Msy-87 0.04 o0 0. 0.0t 0.04 001 11.57 0.0t 0.01 0.09 (o)) 001 313 0.02 0.01 3 0.0t 163 0.t 0.1 01 oo o
18 Nov-87 007 ()] 007 001 Q.08 0.01 18.33 0.01 001 003 003 0.01 S04 0.03 aot 3] 207 0.08 478 o1 01 ol 001 om
17 Feb 88 0.07 007 001 0.01 0.06 0.003 16 0.0t ao01 033 0.01 0.01 v 01 0.0t 0.1 8.66 [PXs]] 4.01 178 om 017 (3] (1] oo?
26 May 88 0.17 007 0.0 0.0t 0.03 0.005 138 0.01 0.01 0.3 00t 0.01 362 008 0.0t 0.01 852 0.01 3.07 X 0.08 0.01 ol oo oo
07-Aug B8 0.08 oo [X+]] 0001 0.02 oo 199 0.0t o on 00t 0.0 33 0.03 0a1 01 626 0.1 179 0.07 1] oo 0o ool
28 Nov- 88 012 0003 0.01 0.06 2128 0.01 0.02 om 0.01 5.08 oo 0.0t 141 0.03 33 203 0.08 001 om (-1 0.03
10-Mar 89 005 0.0t 0.0t 0.03 0003 1Z 0.0t 0.0t 0.07 001 o.01 39 om Q.01 11.6 0.1 249 o oo oom
23 May B89 008 o002 0.003 0003 003 0.0053 119 0.01 ool 0.34 Qo1 o001 31 a7 0.0t 138 om o0t [T .}
07-Aug B9 908 0002 0003 0.003 0.02 0.003 17 c.ot 02.009 0.03 0.01 0.01 44 0.08 0.01 378 0.1 172 o ool o1
13 Dec B9 003 0012 0003 0.3 0003 28 001 00t 01 (4] 0.01 .81 0.04 o 153 01 37 oo oot ood
01 Jun 80 005 0003 0.003 0.08 001 27 Q.01 .01 [+X: -] 003 0.01 34 0.0t o0 12 a1 2 om [-¥] as

16 Jul 80 Q.08 ooar 0.003 0.04 001 19 0.01 oo Q.19 o003 0.01 422 ao7 0.0z 74 01 173 om oo [T
13 Nov-80 003 0.008 03 008 02y 0.0003 x 0.003 0.00% a1 0.001 0.003 57 0.003 0003 14 0.003 n oo 8] ] [-J:--]
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 12

continued
Date NH4 NO3 HO2 Kj ML T.NIL T. Phoa. coy HCO3  scd Toc. ¢l F 2.00. COD. 0O TOS. HARDNESS _ Cond. COLOR  TURB.  pH Alk. u Sb _ ORGAN. N
O4-husg-77 0738 o2y 47 [Fx)] 12
05-Sap-17 0381 PR 1 17 138 65 J4
050 77 0543 009 | 518 512 as
240677 0364 014 1 Pl 6039 706 73 i 433 06
I N7 0524 .08 12 128 65 K] 4
21-Dve-T7 04re 0023 601 92
22Fab 78 0268 012 224
20-Mar 78 0.295 0.08§1 e
18-Apc78 0389 o089 ad
29 May-78 0.702 aors 701 64
2878 o548 CRL] [ 78
17-Aag-18 0392 0326 0326 583 68
04-0c1.78 0.301 o oes 589 24
1-New T8 o897 0275 an ‘e
08-Cuc-78 03 0213 a4z [
28-Dea T8 0.483 013 2 32
or-Fabt 0.008 03 008 2 4 ] 14 615 a2 0005
07 Mar-74 0135 0,008 0.002 0158 5 4 1393 64.13 E# 12
o Ape 79 o.an o088 g0 0 641 3 21 5 ar 125 97 are a8 022
G2 Muy 19 Q37 0.008 0.008 o706 4 13 5 & 16 7 60 47 su7 ET]
o dunTi O Ed2 129 a0od 0947 $ "W 4 5 21 .44 91.28 a9 ([E )
17079 o8 0 421 7 a2 0 17.52 9994 &3 (L8]
14-Auig 18 o207 0158 5 ¥E] 1al 1229 ez 17 662 a2
21 -Now- 1§ 0005 346 02 9 183 445 227.49 T 44 mr
29-Apr 80 0 051 in 0.168 7 17 9 26.11 11396 132 w7
Z4-Jul 8 0308 0 864 3 9 123 17.12 100.95 so 104
20-Nov-#0 otz 0429 0005 4 2] H 4 83 2032 100 835 14
01-Apr#1 0684 108 0074 a 1 1 64 ane 130 03 0
i-Auig 81 0008 tas 24 FL] a5 143 45 4 190 L] (]
09-hcv ) 0.008 095 & 0 3 48 123 a4 w 704 0
10 May 82 o267 G4 s e 45 102 EER) 10 (11 n
10-Aug 82 kS ] 101 Oaa 18 Fil 3 &0 135 627 80 @54 »
10-Nov 82 2188 1.45 0035 25 2 1 3 "W 42 7 n
26-Jan83 042 106 a8 25 148 32 74 s T ([F]
23-hun83 i 1 Q2
07-5ap-83 03 1.04 0033 41 19 00S 55 124 125 0 22 &m Ma
23-Norv 83 117 o087 G026 53 w7 o.os 12 108 88 0 29 as ®xa
29 Fon84 0z 089 0023 52 171 0.04 F a7 78 et 277
18- Way &4 0554 1.2 © 007 24 Ne 0oz 53 159 210 7% a2
05-Aug 84 167 53 0323 95 2% 004 5 1] 147 200 e
22 May 85 125
08-Aug-BS 24 0 F 1700 LX) )
13-Nov-85 Ee] s 199 s
03-Mar 88 EZ] T 158 7]
06 May 86 3 13
13-Aarg 86 a7 0 107 208 167 “
PE-Duc-88 4 102 208 42
23 Fenar 34 ray 21 mae
04 May-87 cog 008 008 0.1 01 0.0% ot a 143 a 25 210 "
18- MNovEl 'R} 268 ri2 345 668 515 1 n
17-Fab-88 o1 s a6 V&0 46 225 158 E
26-May 88 *s s 250 an
07-Aug 48 §1.2 21 1 7.8 @ 10 ]
28 Nov 88 51 4 N %0 1580 101 ©
10-Mar-83 6.1 69 19 188 4 58,5 310 744 4 o.08
23 May 89 as 227 150 1050 425 200 Ta ®e (1)
07-Ausg 29 817 s 26 110 606 225 re (1] (1]
13-Dec 9 n 20 783 60 971 400 (8] F 1
Ol ~har-B0 01§ J9e8 14 21 12 836 Jia 1 « oo
184180 08 s87 28 172 648 m 17 1] o
12-Nov-30 kT 50 257 9 W 3 734 was L]
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 13

Dale Al As Ba Be B Cd Ca Cr Cu Fe Pb Co Mg Mn Mo NI K Na Sr Sn T
04-Aug-77 0.001 0.01 2326 0.005 0.018 0.637 0.01 0.035 0.025 0.478 5.191
05-Sep-77 0.001 0.01 255 0.005 0.023 0.66 0.01 0.035 0.005 5.101 0.448

05-0ct-77 0.01 2.64 0.005 0.01 1.049 0.01 0.046 0.005 0.638 7.735
24-Oct-77 0.01 2.83 0.005 0.023 0.853 0.012 0.842 0.061 0.005 0.789 7.1
23-Nov-77 0.005 3.22 0.005 0.024 0.739 0.01 0.802 0.014 0.005 0.924 9.03
21-Dec-77 0.599 0.01 0.038 0.005 0.72
22-Feb-78 0.546 0.01 0.012 0.01 0.747
20-Mar-78 0.609 0.01 0.047 001 0.991
18-Apr-78 0.365 0.01 0.057 0.01 0.653
29-May-78 0.249 0.01 0.043 0.025 0.597
28-Jun-78 1.727 0.01 0.116 0.025 1.154
17-Aug-78 1.084 0.01 0.231 0.01 1.128
04-Oct-78 1.504 0.01 0.072 0.017 0.835
21-Nov-78 0.8a1 0.01 0.028 0.01 0.862
06-Dec-78 0.943 0.01 0.033 0.01 0.837
28-Dec-78 0.794 0.011 0.053 0.01 0.965
16-Jan-79 0.462 0.01 0.04 0.01 1.06
07-Feb-70 0.01 4.2 0.01 0.079 0.295 0.01 0.846 0.076 0.064 1.13 12.1
07-Mar-79 27 1.081 0.01 0.516 0.063
09-Apr-79 4.411 0.01 0.266 0.01 0.978 0.011
08-Jun-79 712 0.01 0.575 0.01 1.722 0.043
17-Jul-79 7.08 0.866 0.01 1.668 0.064 1.389 20,86
12-May-82 5.58 0.01 0.55 0.01 1 0.02 1.41 12
12-Aug-82 0.005 115 0.001 0.04 0.64 0.002 231 0.12 0.01 1.75 329
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 13

conminued
Dute v In NH4 NO3 NOZ Kj. ML T. Nit. PO4 T. Phon. 304 T.0.C Cl B8.0.D. C.0.D. 0.0. T.D.8 7.8.3. HARDNESS Cond COLOR  TURB. pH Al Acldity U EPM BAL Bb  ORGAN. N
aave 0 348 0055 0s L E] L} LR
am 03243 0088 1 16 103 591 22 293
Qo5 0883 cua 1 464 an 1 22 821
[ EL] 0Jre ci29 i 142 5344 60z 78 1§ aar 10 40 190
ooz 038 ot 21 @7 19 | 12 LR
oot 0.351 c 023 L) 22 LL%= 1)
0or3 (& +] 0084 04 2an
0014 aan [FRE) (R} 3) &8
agi4 0837 n.ose 18 20 pea
oo 1] aara 4 12 1224
0.024 0.801 0128 548 12 W
Qoas 0089 REL] 52 ! 28322
Qa7 0288 G.oal 54§ te 31 083
o023 0439 022 574 14 8 460
oo 0 366 0.724 588 26 29 23
anpe 0382 0.082 LR 3z 3 .068
.04 o142 Qo074 588 2 13 940
0073 0005 0.432 0 ceg a7 9 Bz 4@ 578 4 41 314
68 0008 Q ok oo ar 3 i 1632 T4 54 £43 ; EEA 1R}
Qo03 oo 0.008 aora oan 3 ar i L= 121.78 L] 1.6 B0 a2 0247
Q017 000§ 0 00§ aoot 033 H &3 2 EL] 2598 21051 LErd 32 aran
[ 0008 0 448 L] L] EL] @/n e 67 84 1 LIl
oo a7 Xl 0587
oo 0148 667 0.047 15 54 1 20 140 396 200 859 13 17 8a7
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 14

Date Al As Ba Be B Cd Ca Cr Cu Fe Pb Co Mg Mn Mo Ni P K Se Na Sr Sn Ti

24-Oct-77 0.01 3.25 0.005 0.01 0.502 0.01 0.775 0.03 0.005 0.537 4.115
23-Nov-77 0.005 282 0.008 0.01 0.413 0.01 0.667 0.013 0.005 0.506 3.895
20-May-78 0.225 0.01 0.054 0.025 0.569

28-Jun-78 0.544 0.01 0.017 0.025 0.705

04-Oct-78 0414 0.01 0.01 0.01 0676
21-Nov-78 0.579 0.013 0.073 0.01 0.7

16-Jan-79 0.22 0.018 0.01 0.01 0.58
07-Feb-79 001 263 001 0.01 0.195 0.01 0.01 0.639 0.092 0.01 0.019 0.69 3.66
07-Mar-79 1.77 0.2 0.01 0.426 0.027

09-Apr-79 2.752 1.685 0.4985 0.081 0.672 0.025

17-Jul-79 372 0.549 0.01 1.022 0.142 0.749 462
10-May-82 223 0.01 0.29 0.01 0.52 0.01 0.5 2.8
10-Aug-82 0.005 5.13 0.001 0.01 0.33 0.003 1 0.02 0.01 0.72 517
07-Sep-83 5.46 1.2 14.3
05-Aug-84 4.7 1.78 24
06-May-86 56 0.18 0.002 143 0.01 20
13-Aug-86 9 0.56 24 0.02 1.82 a
11-Dec-86 6.7 0.29 1.56 0.05 19.5

23-Feb-87 6.4 0.28 1.62 0.02 214
04-May-87 0.13 0.03 0.03 0.01 0.01 001 654 0.01 0.01 0.16 0.05 0.01 1.5 0.01 0.01 1 0.01 18.4 0.1 0.1 0.1
11-Aug-87 0.01 0.05 0.01 0.01 0.36 002 551 043 0.01 0.34 0.05 0.01 113 0.17 0.01 0.1 1.8 0.72 886 0.2 0.1 0.1
18-Nov-87 0.24 0.02 0.11 0.01 0.01 0.01 11.17 0.01 0.01 0.26 0.05 0.01 294 0.03 0.01 0.1 4.1 0.02 251 01 01 01
26-May-88 0.21 0.09 0.01 0.01 0.02 0.005 747 0.0 0.01 0.37 0.01 0.01 1.73 0.03 0.01 0.1 3.06 0.02 221 003 0.03 0.1
08-Aug-88 0.08 0.032 0.01 0.001 0.01 0.01 122 0.0t 0.02 0.72 0.01 0.01 2.63 0.04 0.01 0.1 1.58 0.1 335 0.05 0.05 005
28-Nov-88 0.33 0.005 0.01 0.01 7.9 0.01 0.01 0.01 1.74 0.02 0.01 2.39 0.05 2 0.03 0.01 0.02
23-May-89 0.05 0.002 0.005 0.005 0.01 0.005 88 0.01 0.01 0.22 0.01 0.01 1.9 0.01 0.01 15 0.1 238 0.03
07-Aug-89 0.05 0.002 0.005 0.005 0.02 0.005 3 0.01 0.005 0.34 0.01 0.01 0.04 0.05 0.01 2.06 0.1 422 0.03
13-Dec-89 0.08 0.008 0.005 0.02 0.005 11 0.0t 0.01 0.36 0.02 0.01 2.54 0.02 0.02 271 0.1 245 0.03
27-Mar-90 g.18 0.006 0.005 0.02 0.01 881 0.01 0.01 0.29 0.05 0.01 1.75 0.01 0.02 23.4 0.1 147 0.03
01-Jun-90 0.12 0.005 0.005 0.02 0.01 9.4 0.01 0.01 0.07 0.05 0.01 22 0.02 0.02 33 0.1 22 0.03

18-Jul-90 0.11 0.015 0.005 0.02 0.01 14 0.01 0.01 0.51 0.05 0.01 2.88 0.08 0.02 26 0.1 38 0.03
13-Nov-90 0.05 0.005 0.5 0.05 0.45 0.0005 89 0005 0.005 0.41 0.001 0.005 1.69 0.005 0.005 2.95 0.005 18 0.01
31-duly-81 0.2 0.005 0.2 0.0005 8.6 0.005 0.01 0.19 0.002 0.005 2.68 0.03 0.01 24 0.005 45 0.01
11-Dec-91 0.2 0.005 05 0.05 0.26 0.0005 8.6 0.005 0.005 0.22 0.002 0.005 21 0.01 0.005 2.06 0.008 20 0.01
24-Mar-92 0.3 0,005 0.5 0.05 1.5 0.0005 37 0.005 0.005 6.7 0.00% 0.005 8.9 10 0.246 85 0.005 44 0.01
03-Jun-82 0.11 0.005 05 0.05 0.87 0.0005 11 0.005 0.005 0.2 0.003 0.005 201 0.005 0.043 3.83 0.005 21 0.01
19-Aug-92 0.06 0.005 05 0.05 0.5 0.0005 12 0.005 0.005 0.54 0.003 0.005 2.48 0.06 0.0t 213 0.005 » 0.01
23-Nov-92 0.12 0.005 0b 0.05 0.58 0.0005 10 0.005 0.005 0.22 0.004 0.005 242 0.03 0.005 245 0.005 2 0.01
26-Feb-93 0.13 0.005 0.5 0.05 0.7 0.0005 7.4 0.005 0.005 0.22 0.001 0.005 1.53 0.02 0.005 2.28 0.005 34 0.01
20-May-93 0.35 0.005 0.5 0.05 0.22 0.0005 8.7 0.005 0.005 0.24 0.001 0.005 1.57 0.005 0.005 267 0.005 4 0.01
13-May-94 0.2 0.005 0.5 0.05 03 0.0027 4 0.005 0.02 012 0.005 0.005 0.96 0.01 0.005 2.04 0.005 16 0.01

04-Oct-94 0.22 0.005 05 0.05 0.3 0.0005 59 0.005 0.005 0.59 0.001 0.005 1.58 0.005 0.005 1.57 0.005 24 0.0
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - SURFACE SITE No. 14

continued

Dals ¥ In N4 NO3 NO2Z L T N PO4 T. Pres felex} HCO3 S04 1oc (= F BO0D coD [oXe] TDS TSS HARDNESS Cord COLOR 1LFB pH Alx Acadity Li 5o
M4 0a-1? co1s 0 485 0135 18 142 S4 42 { 8] 1 12 518 8

I Nov 77 oo 0238 0083 12 93 &6 € LE
29 May.78 003t @29t 0113 68 &4

26 Jun 78 0028 0472 0128 (X5 122

04-0c1.78 o0ar 0z 004 (2T ]

20 hov-78 0015 6 4z6 0.298 a8 1]

18-an79 o174e 015 agon a3 i“n

07-Fan-79 0088 a0es 0513 0301 10 w0 2 14 a1 32 oG0S

OF -Mar-79 cos 0005 0.02 0001 0 asn 3 10 4.58 w9 5.8 22

0Apr-78 GO 000k 0005 Gal4 043§ | 8 El 54 a7 14 s

170079 0ot 0.00§ 150 6 1 8 1474 5644 678 "

10 May 82 o0 0.026 0.64 33 63 “© 34 85 a6 594 3

10 Aug-82 om 0058 0.58 0.081 27 a8 2 18 “ 176 60 6531 T

07-%p83 ar L 90 %0 1.08 82t [ ]

05-Aug 84 0051 56 3 190 .4

06-May. 86 44 il

13-Aasg 88 [ 4 45 157 24 To1 123

E T a "9 173 T

23 Faba7 at 101 177 Te
04 Msyd7 001 014 008 00§ 005 01 o 006 0.1 01 anr 0.1 70 187 ]

Agd? o0 167 wa 16 408 %0 78 H

1ancv 87 003 013 0.1 73 79 180 a0 240 12 [
6 May88 00 (T i 120 200 12

08 Ausg 88 aot 2] M4 605 110 4“3 aus 17 F

WNovEE 0D 0.0t 325 wz 170 2000 73 Y

23 May 83 ool 001 73 81 150 24 a ¥s0 am [ ] Q0§
Q07 Aug 89 oot oce 488 797 21 40 r 320 704 “0 [E: 3
130scE9 001 oot w“s 28 22 3 ara 25 875 4 008
2 Macis oot 002 “s 5 2600 3 200 s9 na 006
Otwnga 0l 001 001 7.59 Q 143 2 us 193 [¥] T 008
18480 oo a6z 002 16 tl Fiied LLR:] %0 71 " o0os
13 Nov 80 ooz 0 00s a2 14 136 L] %2 1283 [ E 7] 1L} Q 00t
I daly-91 008 004 60 w w 8 328 22 Ta o 001
11-Oucdt oGS 002 11 10 124 4 o9 Fits ap 158 0001
20Mac2 U6 178 7 124 17 28 4 129 675 854 s 0001
03 Jin g2 a o5 008 14 » a (= 1) 4 87 184 4 LY =] 143 0001
18-Aug 52 0.08 o1 6ol aoz £3 613 FL 175 t 402 245 (1] 24 000
23-how 83 oor 002 017 002 a2 50 013 0 148 12 349 22 LR 2 0001
20 Fa-@d oo0s 004 026 0ae 13 .o 012 145 19 2438 218 (F-] 122 000
0Mays3 00§ 0.02 ez 00z 1 2 a2 ] 106 12 42 15as an 13 0001
13 May-34 oos ooz 03 coz 4 Q1 8 4 139 1089 672 n 0 008
04 Oct B4 0os 0 005 049 6o 3 622 46 a5 4 a2 1339 T1s 17s 0 008
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TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 1§

Y M D Dats M As ™ [ (] cd__Ca cr Cu Fa Pb_ G0 My Mo Mo N » K 3 8 Na “ & n
N on # O8-Nov-81 464 017 an 013 22 2838 24 1278

& 3 1 2w 458 017 18 003 559 219 1268

2 5 10 10Mayal 54 004 24 008 278 88 185 38

2 8 10 10Aga ooms 378 0.001 0.0 o8 0173 25 23 0.01 202 938

82 11 10 10-Nov-82 503 0254 083 0213 2n 205 1 804

83 1 26 28Jn 85 48 0168 LB 004 188 e 153 488

8 8 23 23Jund) 518 02 087 0088 184 sas 17 an

0§ 7 07Sepd saz 034 272 ot 122 4T 238 458

3 11 23 Dhevsd 425 03 075 a19 (81} 444 2m 544

2] 2 1 19-Febld 425 0.047 0.01 0.002 1 arn 17% 504

M8 1B 1My 578 0238 ore 008t 118 088 194 ()

M 8 5 Al 242 o1 3% oo 08 156 418 »

8 3 18 |BFends ] oz 00 0128 20 110 03 w

[ 5§ 12 ey 68 230 nt 3 132 100

5 8§ DShuges 81 2% 5 10 7 130

83 11 13 13-Nov-as 120 210 4 70 » 210

e 3 3 O-Ma-58 1o 250 50 mw 7 240

] 5 4 O4M-8 oos 014 1.0% 0.0 oM 001 11812 a1 aor one 013 014 423 3204 aot 133 a1z “s 0s 01 01
sa $ 8 08-May-58 . 220 42 83 4 170

W8 13 (3Auges % 180 3 Q “ 160

8 12 11 11-Deci8 ] 168 37 u7 "s 281

& 11 18 18NovT 0w o008 o0t 001 045 002 130.48 044 006 25 006 02 544 WW 008 09 “s  on 185 08 a1 03
88 3 20 20-Mey-B8 101 an 1 oot 084 0005 1 o on 163 0 [c¥a] %07 b2 008 s 102 01 33 2e¢ ass 015 os
B8 7 0l-Augte €51 0213 007 0003 060 001 44 aw 015 97 01 01l w3 e aoa 32 “o  on 1@ 04 000 04t
58 11 28 28-NowBa 272 0017 oss 0.002 07t 0003 10407 o7 ('3} 1nrw Q14 023 Qa5 245 oo 258 m oos 147 178 o oo 018
B3 10 10Mu-39 12 05 001 0 0008 65 oot 0 W oo oot a 2458 oot 108 01 169 o4

8 5 23 Diayse 088 00068 0664  0.005 04 008 a8 0.0t 002 ® 0w 11 n 108 001 %05 0.1 158 007

& 8 7 0l-Agte 005 0202 0005 026 0008 60 o0 0005 003 001 0n 2 83 a1 ] 01 01 140 om

& 12 13 1Dectd 03 048 08 0 0008 79 am 008 78 008 05 n 13 0w 108 o1 123 ot

w 3 27T 2T-Mm- 0os 0135 0.008 027 oot ™ 001 0o 297 0.08 006 -] 77 om 822 L8} T4 arn

0 & 1 Otdunio 213 079 0005 0% 00 8 001 0m & 02 ate 2] ) 003 ] a1 130 0a

0 T 8 1850 1 a5 0008 045 aot E1 aot ao02 66 008 aat 25 788 a0 L1k ) o1 138 00

80 11 13 I3-Now-Ed 44 0008 s 008 088 000 69 Qoos om &3 o 0.064 F- 1 0.008 L] 0.005 100 0.01



TERRA NOVA LANDFILL SITE - ANALYTICAL RESULTS - WELL No. 15

~ 99l

continued

Yr M D Dam v In N NGS Ho2 ML _TML  PO4_ Y.Phos. CO3 HCOI 804 YOO cl F | BOD. COD DO DS

81 1 # 08-Nov-81 838 ore 048 L] 72 [ 8 58 a8 10 (X} 0

2 3 2 m@Mwl2 0.12 (5] s ] %

2 5 10 10Mey-82 0.001 058 0% 48 el (] (-7 ] 848 =

& 8 10 10-Augd2 0.002 028 0.1 1 s 1 13 54 = 0 7.12 41

82 11 10 10NHev&2 0008 0.207 0.047 07 4 1 18 ] %8 7.82 5

83 1 28 268 0.002 02 0038 0% 42 36 (] 8 TN &

862 2%l 0022 04 0.047 12 &4 2 ('] 882 471

0 0 7 Thepsd 0088 o 013 19 8 0.08 11 ] 1s 2 42

B 12 DeNewsd 0043 0% 0042 17 7 008 10 137 1% 788 269

M2 28 2Fesd 0.050 047 0.082 11 74 004 17 & L] 842 %05

M3 18 1My 0om 04 0008 14 79 0045 ] & 150 14 538

848 5 0SAuged 0018 085 0.008 18 L] 004 1 213 “7 670 0

8 7 15 i5Fesss & 0008 28 0247 18 190 008 16 751 1140 1400 566 23

85 5 22 22Mey s 8 208 1819

s & 8 o 0 02 170 1479 2000 33 1

2 11 13 13-NowsS ] %0 2% 1656 2400 £

88 3 3 (O Mwss 58 330 5 1808 2250 £

8 5 4 O4May36 008 97 008 0.08 008 ] ot 008 ot 01 204 0.1 1180 2500 =0

L] 3 8 (S-Mayda & 172 1430 2120 e

L] 5 13 ¢ M 280 131 13 1670 .11 512

88 12 11 11-Decfl FL ] 0 14 1193 1060 454

&7 11 18 18Newd? 019 107 o1 7777 319 1810 57 240 &1 a7

8B 5 28 ISMeyS3 008 [ 318 1420 2500 885

B 8 7 O-AgSs 006 o1 768 258 1210 e 2000 112 6%

8 11 28 28-Nov-as 006 486 4t 468 1280 200 142 718

% 3 10 10Mm2 001 a 960 172 M2 1100 % 410 1740 73 788

o S 23 23Nay-8d 002 30 8214 100 1320 404 2104 2000 an 614

8 8 7 OlAg® 00 19 155 240 1020 2851 008
B 12 13 13D« 002 53 5 3 1080 @ 38 125 7048 274 o.08
0 3 27 WMmE0 001 20 180 180 125 7 1400 0 e o
%0 8 1 Ol-ues0 001 '] 038 640 150 924 W s 1740 ss e 008
W7 18 18ke90 001 £ 091 810 138 s 20 1660 72 M o
90 (1 13 (3Newd) 005 19 100 180 781 00 92 1220 a8 7 0.004
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Concentration (mg/l)

Concentration (micromhos/cm)

ALKALINITY CALCIUM CHLORIDE
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