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1.0 INTRODUCTION

This report documents the assessment conducted to compare the four short-listed sites -
Sites D, H, I and K - from an agricultural perspective. The purpose of this impact
assessment was to identify the order of preference of the sites (i.e. best site(s) or worst
site(s)), with respect to agriculture considerations. The results of this study contributed to
the multi-criteria comparison of the four sites and the identification of the recommended
site.

A primary focus in comparing the sites was to address potential impacts of the landfill
component of the proposed composite waste management facility.  Although the
composite facility as a whole was taken into account, the landfill component was
considered to be the most significant in identifying and comparing potential agricultural
impacts.

The key considerations addressed in this study were:

. the potential removal of agricultural land; and

. the potential disruption of agriculture, including nuisance effects such as noise,
dust debris and rodents.

The comparison of the four sites involved the following steps:

. the identification of criteria and indicators appropriate for the assessment and
comparison of the potential agricultural impacts of the sites;

. the collection of data for the four sites according to the criteria and indicators
identified;
. the analysis of the site data to identify the advantages and disadvantages of the

sites with respect to agricultural considerations; and

. the comparison of the sites’ advantages and disadvantages to identify, from an
agricultural perspective, the most preferred/least preferred site(s).
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20 STUDY APPROACH
2.1  Method

The four sites were analyzed and compared by examining data collected through field
visits, farmer interviews, comments received from the Lambton County Ontarioc Ministry
of Agriculture and Food (OMAF) agricultural representative and air photo interpretation.
Two factors and nine indicators (see Table 1) were used in assessing each site and
comparing the four sites. Documentation included determining land use designations, soil
capability, the type of farming operations, their size, the machinery movement from each
farm as well as identifying any abandoned farm land in the area. Farmers were also asked
if the existing Moore Township disposal site had any effect on their farming operations.

Precise weighting of criteria and indicators was found to be unnecessary. Three
indicators, “cleared agricultural land designated for agriculture within site”, "amount of
cleared agricultural land designated for agriculture within 500 m from the site boundary”,
and "number of farm units within 1,000 m study area", were considered the most
important indicators. One indicator, "number of potential farm units within 1,000 m study
area" was found to be a good summary indicator and was central to identifying which site
is best with respect to agriculture.

2.2  Study Area Used

The study area used in the site analysis included the site and an area within 1 km of each
site. This provided a broader area for study than the 500 m from the perimeter of a fill
area within which the most significant adverse environmental effects are considered to

occur (Ontario Ministry of the Environment 1987). This broader study area provided a
more conservative basis for the assessment and comparison of the sites.

23 Time Frame

It was assumed that the landfill will operate for 20 years from its opening date.
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TABLE 1
AGRICULTURE INDICATORS FOR EVALUATION OF SHORT LIST SITES
Evaluation
‘ Criteria Indicators Rationale Data Sources
| Removal of | Cleared agricultural land Designated agricultural land shows a long term | Official planning
Agriculture designated for agriculture commitment by the municipality to retain such | documents.
within site, | land for agricultural purposes. Field visits.,
Cleared agricultural land Lands which have been designated other than Official planning
designated for other uses within | agricultural still have potential to produce documents.
site. | excellent yields and contribute to the . Field visits.
| agricultural economy of the area. |
Number of potential farm units | Use of this indicator provides a total area of Air photo
removed (1 farm unit = 40 ha cleared agricultural land that would be removed | interpretation.
of cleared agricultural land)’. by the facility in the form of farm equivalents.
It is a sum of the two indicators above.
Disruption Amount of cleared agricultural | Nuisance effects from landfill may have Farmer interviews.
of land designated for agriculture moderate effect on the growing of crops, Air photo
Agriculture within 500 m from site cultivation and other farm related activities. interpretation (1:5,000
boundary. scale).

Amount of cleared agricultural

land designated for agriculture

> 500 m but < 1,000 m from
site boundary.

land designated for other uses
within 500 m from site

boundary.

Amount of cleared agricultural

land designated for other uses
> 500 m but < 1000 m from
site boundary. )

Amount of cleared agricultural

Nuisance effects from landfill may have
minimum effects on the growing of crops,
cultivation and other farm related activities.

Nuisance effects from landfill may have
moderate effect on growing crops, cultivation,
raising livestock and other farm related

activities.

Nuisance effects from landfill may bave

Farmer interviews.
Air photo
interpretation.

Farmer interviews.
Air photo
interpretation.

Farmer interviews.

Number of potential farm units
within 1,000 m study area.
(Note: 1 farm unit = 40 ha of
cleared agricultural land).

minimum effect on growing crops, cultivation, Air photo
raising livestock and other farm related interpretation.
activities.

Use of this indicator provides a total area of Air photo
cleared agricultural land that would be interpretation.

disrupted by the facility in the form of farm
equivalents. It is a sum of the four indicators
above.

Number of farmers using haul

| Waste hauling may interfere with slow moving

| Farmer interviews.

route to move equipment. | farm equipment with wide or tall loads. l

! The largest proportion (25%) of farms in Lambton County are between 28 and 52 ha. Although the
average farm area in Lambton is approximately 80 ha, the median area of these farms is approximately
40 ha. (OMAF 1992). Therefore, 1 farm unit = 40 ha of cleared agricultural land disregarding land use
designation.
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24  Key Assumptions

Secondary data sources (soils, drainage and Canada Land Inventory mapping) were
assumed to be reasonably correct. Soil capability and drainage characteristics were
assumed to be relatively equal throughout all areas studied, so this information was not
useful in the comparative evaluation.

The existing landfill at Site K was visited and observations were made regarding litter and
rodent control and odour. While it was assumed that there will be control of nuisance
effects associated with the new facility, it was also assumed that occasional problems
could occur.

2.5 Data Collection

Information on soils and their drainage characteristics was derived from Lambton County
soil mapping (Matthews et al. 1957), Moore Township drainage mapping (OMAF 1981)
and Sarnia area Canada Land Inventory mapping (OMAF undated). Additional data was
collected through field visits to the sites that took place (June 13-14, 1991, to Site H and
1); (May 27-28 and August 24-25, 1993, all sites). During the 1993 visits, farmers within
the study area were interviewed where possible (see Schedule I). The Lambton County
agricultural representative was also contacted several times during the progress of this
project. His opinions are outlined in a letter attached to this report (Schedule II).
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3.0 COMPARISON OF SITES - ANALYSIS AND RESULTS
3.1  Existing Conditions at Each Site

3.1.1 SiteH

Agriculture on Site H

The majority of the site has been cleared of forest and 68 ha of soybeans are presently
being grown. The Canada Land Inventory mapping of soils indicates that the site has a
predominant capability rating of Class 2 with the limitation being excessive moisture.
However, the OMAF (1981) drainage map shows drainage tile has been installed and this
site is drained by the Wylie Drain that runs north/south on the east side of the site and the
Johnston Drain on the south side. Field visits confirmed that drainage tile was in place.
The soil is Brookston clay (Matthews et al. 1957). This soil is by nature poorly drained,
but with the installation of tile drains can produce good yields of fall wheat, alfalfa, corn
and soybeans.

Agricultural Activity Within 1,000 m of Site H

There are no farm structures within 1,000 m of the site. Cropping occurs immediately to
the west and to the east (Site I) and near the northern perimeter of the 1,000 m study
zone.

3.12 Sitel
Agriculture on Site 1

This site is identical to Site H in terms of the soil type and the crop being grown. At the
present time, 75 ha of soybeans are being grown. The site has tile drains installed which
drain to the Rankin Drain east of the site and to the Johnston Drain south of the site. The
only interference to these agricultural lands has been the installation of large hydro towers
located on the eastern side of the property. These towers do not significantly interfere
with farming operations.

Agricultural Activity Within 1,000 m of Site I

There are no farm structures within 1,000 m of the site. Cropping occurs immediately to
the west (Site H) and extends eastward to Highway 40.
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3.1.3 Site D
Agriculture on Site D

The majority of the site has been cleared of forest and 57.7 ha of soybeans are being
grown. The Canada Land Inventory mapping of soils indicates that the site has a
predominant capability of Class 3 with the limitations being undesirable soil structure
and/or low permeability. The soil is Caistor clay. This is a fine textured soil with a low
organic matter content. Because of the fine texture, water does not move through the soil
easily and may pond at the surface. OMAF (1981) drainage mapping shows that
agricultural drains have been installed with the majority of the drainage to the Coyle
Drain east of the site and some drainage to the Wheeler Drain west of the site.

The only interference on these agricultural lands is a number of drainage swales
throughout the site. These swales are vegetated with grass and trees. Such swales may
interfere with cultivation/harvesting operations, especially when large equipment is used.

Agricultural Activity Within 1,000 m of Site D

There are four agricultural structures within 1,000 m of the site used for equipment
storage. To the west and south of the site, either cash crops (soybeans) or wheat, alfalfa
and corn for local beef production are being grown in rotation. To the northwest and
north sides there are crop fields in which soybeans, improved hay and wheat are being
grown. These fields belong to a large 180 ha beef farm located on Moore Township
Road 6/7. To the northeast of the site there are crop fields for a dairy operation.

3.14 Site K
Agriculture on Site K

This site has the smallest area (14.9 ha) in terms of cleared agricultural land but is the
only site on which cleared agricultural land is designated for agricultural use. Most of the
cleared agricultural land is located at the southwestern part of the site. The majority of
this area has only been cleared in the last decade and as a result, the dark organic soil has
produced excellent yields of corn. This area is tile drained and water drains to the Coyle
Drain on the west side of the site. The soil is Caistor clay. The Canada Land Inventory
rating of this soil is Class 3, with the limitations being undesirable soil structure and/or
low permeability.
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At the northern boundary on the eastern side there is another area that has been cleared.
This small (3.2 ha) meadow may be used for hay. The dominant soil is Caistor clay,
however, some Brookston clay has been mapped through a part of this field.

The farmer who owns the fields to the south of the existing Moore Township landfill was
interviewed and asked if the existing landfill causes any problems for his farming
operation. He indicated that a large quantity of debris (plastic bags) accumulates in his
fields and jams equipment during cultivation and harvesting operation. He also indicated
that the Coyle Drain to the west of the property was becoming wider and as a result more
maintenance is required on the small bridges that are used to access the fields.

Agricultural Activity Within 1,000 m of Site K

While Site K has the smallest area of cleared agricultural land on site, it has the largest
amount of cleared agricultural land (592.2 ha) within its 1,000 m study zone. There are
two farm structures used for equipment storage.

To the north of the site there are crop fields for a dairy farm as well as several cash crop
operations. To the south and east of the site, fields are being used to grow forage crops
for two local beef operations (located at the corner of Moore Township Roads 6/7 and
18/19, and Highway 80 and Moore Township Road 18/19), as well as cash crops for
another area farm.

3.2  Net Effects and Data Analysis

of cleared agricultural land designated for agriculture within 500 m from site boundary",
and "number of potential farm units within 1,000 m study area", were considered the most
important indicators. One indicator, "number of potential farm units within 1,000 m study
area”, was found to be a good summary indicator and was central to identifying which site
is best with respect to agriculture. Table 2 shows the data collected for each site
according to the criteria and indicators.

Three indicators, "cleared agricultural land designated for agriculture within site”, "amount

As Table 2 shows, all sites contain viable agricultural land. From 14.9 to 75.0 ha of
cleared agricultural land will be removed, depending on the site chosen.
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TABLE 2

DATA FOR EVALUATION OF SITES

1 Sites
5 Evaluation Indicators
| H ilism K
Removal of Agriculture
Cleared agricultural land designated for agriculture within site 0.0 0.0 0.0 11.7
(ha).
Cleared agricultural land designated for other uses within site 680 | 750 577 32
(ha). ! !
Number of potential farm units removed (1 farm unit = 40 ha) 1.7 1.8 1.4 04
of cleared agricultural land. :
Disruption of Agriculture |
. Amount of cleared agricultural land designated for agriculture 0.0 , 0.0 134 170.9 i
| within 500 m from site boundary (ha). i :
Amount of cleared agricultural land designated for agriculure | 0.0 Y 161.0 286.0
| > 500 m but < 1,000 m from site boundary (ha).
Amount of cleared agricultural land designated for other uses . 80.8 110.4 111.3 274
within 500 m from site boundary (ha). !
Amount of cleared agricultural land designated for other uses | 97.2 114.0 143.2 107.9
> 500 m but < 1,000 m from site boundary (ha).
Number of potential farm units within 1,000 m study area (1 4.4 58 10.7 14.8
farm unit = 40 ha of cleared agricultural land). i
Number of farmers using haul route to move equipment. 2
SITE RANKING

FEBRUARY 1995
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From an agricultural perspective, Site H would be the best site to build the waste
management facility. Although 68.0 ha would be removed from agricultural production,
the site is designated for industrial use, somewhat isolated from the farming community
and only 4.4 potential farm units within 1,000 m would be affected by the facility. In
comparison to other sites, Site I is a close second, as 5.8 potential farm units would be
affected within 1,000 m and 75.0 ha designated for industrial use would be removed from
production. Sites D and K are in third and fourth place respectively. Building the facility
on these sites would affect 10.7 and 14.7 potential farm units within 1,000 m respectively.

During the analysis the sites, the criteria and indicators were reviewed to ensure that the
interests of the farm community both on and off site were represented. All four sites are
located in areas where intensive agriculture is occurring and the only significant areas of
non-farm use include the chemical plant located to the south of Sites H and I and the
existing Moore Township landfill facility located on Site K.

Tables 3 to 6 outline the possible environmental effects of a waste management facility on
the site, the mitigative measures that could be implemented to Iessen the environmental
impacts, and the net effects.

Table 7 provides a summary of the advantages and disadvantages of the sites for facility
siting from an agricultural perspective.

To check the agricultural ranking of the sites, the opinions of the interviewed farmers and
the Lambton County agricultural representative were reviewed. These comments were not
addressed in the evaluation, but they generally matched the evaluation results. The
majority of farmers accessible for interviews (near Sites D and K) strongly recommended
that the landfill not be situated in the area of D and K as it would create a number of
problems for existing farms including:

. interference with farm machinery movement;

. an increase in the rodent population in the area (rats and mice may invade
livestock barns in the winter where it is warmer and there is a good supply
of food); and

. an increase in the amount of debris blowing across fields (this point was

raised by two farmers that live near the existing landfill).

FEBRUARY 1995 M.M. DILLON LIMITED
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TABLE 7
ADVANTAGES AND DISADVANTAGES OF

EACH SITE FOR FACILITY SITING

would be removed.

would be removed.

would be removed.

Advantages/ - / LSIIES o
Disadvantages H | 1 D K
Advantages Site does not Site does not Site does not contain | Site has lowest area

contain land contain land land designated for of cleared
designated for designated for agriculture. agricultural land
agriculture. agriculture. (14.9 ha).
Area is isolated Area is isolated Forests on the west

| from intensive areas | from intensive areas | and east sides would

: of agricultural of agricultural help act as a buffer.
activity. activity.
Site is isolated by Site is isolated by
industrial area to industrial area to
the south, St. Clair | south and large
River to the west forested area to the
and large forested north.
area to the north.
Landfill located at Landfill located at
this site would have | this site would have
minimum effect on | minimum effects on
adjacent agricultural | adjacent agricultural
operations. | operations.

| Disadvantages | Site is cleared and ! Site is cleared and Site is cleared and Site contains some
tile drained and is tile drained and is tile drained and is land designated for
being used for a being used for a being used for a high | agriculture.
high value crop. high value crop. value crop.
68.0 ha of cropland = 75.0 ha of cropland | 57.7 ha of cropland | Site is situated in an

| area of highly

intensive agriculture.

Fields to the west

| (Site H) will be

isolated and may
become abandoned
in future.

Site is situated in an
area of highly
intensive agriculture.

Nuisance effects of
existing landfill have
already been seen by
local farmers.

FEBRUARY 1995

10.7 farm units
would be potentially
affected by nuisance
effects of the landfill
facility.

14.7 farm units
would be potentially
affected by nuisance
effects from the
landfill.

M.M. DILLON LIMITED




Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4A - Agriculture Impact Assessment 15

The local agricultural representative was asked to visit each site. Sites H and I were
visited in the summer of 1991 and D and K in the summer of 1993. Comments received
from this representative suggested that, from an agricultural perspective, either Site H or I
would make a logical place to site the facility, as each would have a minimum impact on
adjacent farms and no viable farms are within the 1 km study area boundaries.

Sites D and K are least preferred as the facility would have the greatest impact on the
farming community concentrated in this area. The majority of these farms are run by full
time farmers and many of the farms in the area are larger than the County average. The
agricultural representative’s ranking of the sites is similar to that reached through the
evaluation (OMAF 1993).

Summary

Based on the data collected through field visits, farmer interviews, discussions with the
Lambton County agricultural representative and air photo interpretation, an agricultural
preference ranking for site selection was determined.  Farmer and agricultural
representative opinions were considered when ranking the sites. Site H is most preferred
from an agricultural perspective, for the siting of the waste management facility. Site I is
a close second. Sites D and K are the third and fourth preferences respectively.

FEBRUARY 1995 M.M. DILLON LIMITED



Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4A - Agriculture Impact Assessment 16

REFERENCES

Matthews, B.C., N.R. Richards and R.E. Wicklund. 1957. Soil Survey of Lambton
County. Ontario Soil Survey Report No. 22.

Ontario Ministry of Agriculture and Food. 1981. Artificial Drainage System. Moore
Township, Lambton County. Map scale 1:25,000.

Ontario Ministry of Agriculture and Food. 1992. Agricultural Statistics for Ontario 1991.
Publication 20.

Ontario Ministry of Agriculture and Food. 1993. Letter from Lambton County
Agricultural Representative, Bryan Boyle, dated July 23.

Ontario Ministry of Agriculture and Food. Undated. Canada Land Inventory Soil
Capability for Agriculture. Map scale 1:50,000.

Ontario Ministry of the Environment. 1987. Land Use On or Near Landfills and Dumps.
Policy No. 07-07.

FEBRUARY 1995 M.M. DILLON LIMITED



Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4A - Agriculture Impact Assessment

SCHEDULE I

DESCRIPTION OF FARM INTERVIEWS



SCHEDULE I

Interviews were conducted on a "drop-in basis” and were informal. The agricultural specialist
briefly outlined to each farmer the purpose of his visit and proceeded to ask the following
questions using an air photo of the study sites:

1. What is the location of all lands that are rented, owned or leased?

2. What is the type of operation that is being operated and its size?

3. Is the existing landfill operation causing any nuisance affects to the farm?

4, Which roads are commonly used to transport machinery to fields that are rented,

leased or owned?

Most farmers had additional comments on the best place to site the landfill and asked when
the decision would be made.

Although only nine farmers were interviewed, the lands that were farmed by the farmers
interviewed did comprise a major portion of the study areas for Sites D and K. No
interviews were conducted for Sites H and I as the farm operators for their respective study
areas were not readily available during investigations.

During the long list site evaluation, owners and/or tenants of the long list sites were asked
to respond to a questionnaire regarding agricultural production on the sites. Figures 1 to 4
show the farmed lands of the short list sites for which interviews were conducted or
completed questionnaires were received.
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SCHEDULE 11

LETTER FROM
ONTARIO MINISTRY OF AGRICULTURE AND FOOD




. Ministry of Ministére de

' @ Agriculture  I'Agriculture et g ;g;, oﬁ;‘ 733tar .
and Food de I'Alimentation NON 1RO |

Ontario

Agriculture & Rural Services (519) 882-0180
: 1-800-265-1441

July 23, 1993. f RECE'VED

JUL 26 1995
Tom Young '

M M Dillon Ltd. M.M. DI

100 Shepard Ave. E. 7°"°NT<[5 gr!'gncléTD'
Toronto, Ontario.

M2N 6N5

Dear Tom:

I've taken the opportunity to inspect the agriculture in
_close proximity to sites D, K, H and I in Moore Township in
Lambton County. All of the sites have good potential to produce
the three main cash crops of our county namely corn, soybeans and
wheat. The most negative impact on agriculture from both the
aspect of taking the land out of production and impacting on
surrounding agricultural operations would result from selection
of site D or K, and the least would be from site H or I.

S8ITE D AND K
The corn and soybeans currently being grown around these sites

shows the strong potential for crop production in that area.
With respect to site K there is a question as to why it has a
major indentation in it, because there will be an obvious impact
on agriculture in that area being surrounded on three sides by a
dump site. The farmsteads along the sixth line of Moore are the
ones where the most impact from the dump would be seen. The
sixth line development tends to be more traditional in terms of
the smaller land holdings of one to two hundred acres rather than
the larger less concentrated farms in other parts of the county.
There are several very active commercial farms in that area
including Mel Anderson's dairy farm, and Donald Anderson's beef
farm.

S8ITE X AND I

In this general area there is less agricultural potential due to
the land use in the close proximity, namely the Chemical Plants
and by-product storage ponds. There are very few farmsteads
anywhere near site H and I and the impact on neighbouring
producers would be minimal certainly in comparison to site D and
K.

Q
€
g

Ontario, there's no taste like home g‘
Un bon go0t de chez nous no




As a result of my investigations and working knowledge of
the areas involved, to have the least possible impact on
agriculture in the areas surrounding the sites my recommendation
for selection of sites would be: )

First - H
Second - I
Third . =D

Fourth - K

If I can be of further assistance to you, feel free to
contact me. .

Yours sincerely,

Bryan Boyle
Agricultural Representative,
Lambton County.
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1.0 INTRODUCTION
1.1  Purpose and Objectives

This report documents the assessment conducted to compare the four short-listed sites -
Sites D, H, I and K - from a biological perspective. The purpose of this impact
assessment was to identify the order of preference of the sites (i.e. best site(s) or worst
site(s), if any) with respect to biological considerations. The results of this study
contributed to the multi-criteria comparison of the four sites and the identification of the
recommended site.

A primary focus in comparing the sites was to address potential impacts of the landfill
component of the proposed composite waste management facility.  Although the
composite facility as a whole was taken into account, the landfill component was
considered to be the most significant in identifying and comparing potential biological
impacts.

The key considerations addressed in this study were:

. the potential for loss of biological systems; and

. the potential for disruption of biological systems;

The comparison of the four sites involved the following steps:

e the identification of criteria and indicators appropriate for the assessment and
comparison of the potential biological impacts of the sites;

. the collection of data for the four sites according to the criteria and indicators
identified;
. the analysis of the site data to identify the advantages and disadvantages of the

sites with respect to biological considerations; and

. the comparison of the sites’ advantages and disadvantages to identify, from a
biological perspective, the most preferred/least preferred site(s).

FEBRUARY 1995 MM. DILLON LIMITED
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1.2  Biology Report Organization

This report is organized into four sections:

J Section 1 provides an introduction;

. Section 2 describes the study approach;

. Section 3 provides the site comparison and evaluation results; and
. Section 4 provides a summary.

FEBRUARY 1995 M.M. DILLON LIMITED
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2.0 STUDY APPROACH
2.1  Method

The basic method used in the detailed Biology comparison of the short list sites involved
identifying units of habitat, classifying them into indicators (habitat types), measuring their
area (or length), multiplying the indicator areas by the indicator and impact study zone
weights, and summing the weighted scores. For easier comparison, the summed scores
were normalized on a 0.0 to 1.0 scale by dividing each site score by the largest site score.

In the detailed comparison of the short list sites, the Biology evaluation becomes a more
system-driven analysis. Rather than individual features alone, the combination of features
becomes the focus. The overall Biology site ranking reflects the combination of a number
of features. There is only one criterion, i.e. to compare potential for loss or disruption of
biological systems. Indicators are habitat types which have meaning only after weighting
according to assumed habitat value and impact magnitude.

Results were considered by observing site scores and potential variations with different
weights. Where there was uncertainty about the real biological significance of an
indicated difference in scores, sites were ranked equally. Site scores could have been
modified by observations of significant species, but this did not seem necessary with the
data collected.

All sites have some biological features on them or in close proximity. Consequently, all
sites have some biological concerns associated with them, no matter how relatively minor.
Sites with higher scores have higher relative impact associated with them and lower
biological preference in site selection. Preferred sites would have relatively low impacts
on natural habitats representative of pre-settlement conditions and would maintain future
options with such habitats that exist in the area.

2.2  Study Area Used In Analysis

The study area used in the analysis consisted of each site plus a 1 km band around each
site. This provides a broader area for study than the distance of 500 m from the perimeter
of a fill area within which the most significant adverse environmental effects are
considered to occur (Ontario Ministry of the Environment 1987). The off-site band was
separated into three impact study zones. A 1-200 m impact study zone was differentiated
because most off-site impacts are expected to be of greatest magnitude in close proximity

FEBRUARY 1995 MM. DILLON LIMITED
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to the site. Thus, there was a total of four impact study zones. Impact study zones were
given progressively less weight due to probable less impact the further they occurred from
the site according to the following weighting scale:

On-site 1.00
1-200 m from site 0.10
201-500 m from site 0.05
| 501-1,000 m from site 0.01

An additional impact study zone along haul routes was considered but not used in the
numerical evaluation due to lack of information about the extent and relative impact value
of such a study zone. If it had been used, there would not have been a change in Biology
ranking of sites. The least preferred site had the most valuable habitat along its potential
haul route and the most preferred site had the least valuable habitat along its potential
haul route.

2.3 Dates of Data Collection

Sites H and I were visited on June 13 and 14 respectively in 1991 and all four sites were
visited on the following dates in 1993:

May 27 Sites D and K .
May 28 Sites H and I |
June 19 Sites D and K
June 20 Sites H and [
June 21 Site H and vicinity, Site K
June 22 Sites D, H, and I |
August 24 Sites Hand I

- August 25 Sites D and K
October 15 Sites D, H, I and K

Lists of species documented during site visits were compiled and are presented in
Schedule 1.
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Secondary source data had been collected over several previous years of the site selection
process. A check for updated agency information was made with the Ontario Ministry of
Natural Resources (OMNR) Chatham office in July 1993. Further site investigations are
recommended for the recommended site.

2.4  Key Assumptions

Key assumptions include the sufficiency of data collection for comparative purposes and
the reasonableness of the weights that were used. At this stage, it was assumed that any
on-site habitats would be either removed or very strongly impacted. Examination of
preliminary facility characteristics and design indicated this to be a reasonable assumption.
In the site selection process, the key mitigation measure is site avoidance. Detailed
examination of further potential mitigation measures will not occur until a single site is
selected.

The biological importance of all drains in similar physiographic conditions was not used
in the evaluation and therefore was assumed equal. If biological evaluation of drains had
been used, there is not likely to have been a change in the Biology ranking of sites. The
major drain, Coyle Drain with permanent flow possible, flows along the west boundary of
Site K (OMAF 1981). Investigations of the Rankin Drain east of Site I in 1991 identified
some small fish, but flow was insufficient for fish habitat during 1993 investigations at
this Drain. Surface water was also considered as a separate criteria group whose results
are documented in a separate Appendix.

2.5 Data Collection

The key criterion, indicators, rationale and data sources are presented in Table 1.
Indicators are derived from actual habitat types encountered. Other habitat types,
including hedgerows, old fields and specimen trees, comprise such a small proportion of
the study areas and are of such relatively low biological value that they were not deemed
worthy of indicator status for this site comparison. These other habitat types may be
described in more detail when a single site is selected.
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TABLE 1
BIOLOGY INDICATORS FOR EVALUATION OF SHORT LIST SITES

biological systems | a)

b}

c)
d)

e)
f

g)

regional life science Area of
Natural and Scientific Interest

candidate sensitive area
high quality forest
medium quality forest
shrub woodland

ponds and open wetlands

permanent natural streams

Seven indicators were identified in the study areas. Definitions for the indicators and

basic form and function
for biological processes
and diversity in the
natural environment.
Their identification
allows the attribution of
biological values and

| directs focus for

| protection, enhancement
or monitoring actions.

Criterion Indicators Rationale Data Sources
Compare potential | Amount and type of biological Biological systems Topographic maps
for loss or systems potentially affected: represented by various (scales of 1:10,000
disruption of habitat types provide the and 1:50,000).

Aerial photographs
(April 1992 at scale
of 1:5,000).

OMNR Forest
Resources Inventory
Maps (1978,
1:10,000 scale).

Site visits and
roadside checks.

Life science ANSI
report (Lindsay
1984).

OMNR Sensitive
Areas Reports
(1977/78).

Government review
agencies and the
public.

relative weights used within each impact study zone are described in Section 3.1.
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3.0 COMPARISON OF RESULTS: ANALYSIS AND RESULTS
3.1  Existing Conditions With Respect to the Four Sites
Descriptions of the indicators (habitat types) and relative weights used are provided below.

a) Regionally Significant Life Science Area of Natural and Scientific Interest

One regionally significant life science Area of Natural and Scientific Interest (ANSI)
known as Clay Creek Woodland occurs in the extreme east of the outer impact study zone
of Site . Life science ANSIs were selected by the OMNR to protect outstanding
landscapes, environments and biotic communities not represented in Provincial Parks. A
cabinet-approved policy for ANSIs was established in 1983 (OMNR 1983, 1987). Those
which contribute to a lesser degree to the provincial protection objective than provincially
significant life science ANSIs are considered to be regionally significant ANSIs. Clay
Creek woodland is described as a large woodland of about 320 ha situated along Clay
Creek and the Coyle Drain (Lindsay 1984). It is particularly noteworthy for its large size
in the largely deforested area known as the Deciduous Forest Region (Rowe 1972). This
indicator was given a relative weight of 8 per unit area (hectares).

b) Candidate Sensitive Area

OMNR Sensitive Areas Reports from 1977/78 describe an area known as Bickford Woods
which is located in the study areas of Sites H and I. The area presumably did not have
the quality to become an ANSI but was described to contain 105 ha with a "good sense of
completeness” in the vegetation growth layers and included a concentration of swamp
white oak and a good variety of other oaks and plant communities. More current
examination indicates that it does contain a variety of communities ranging from hawthorn
woodland to mature oak. Great Blue Herons were seen flying to and from the Bickford
Woods area and a nesting colony may exist there but could not be confirmed.

During previous steps in the landfill siting, an attempt was made to avoid such areas but it
appears that 4 ha in the northeast corner of Site H form an isolated part of this candidate
sensitive area. The forest on-site could be considered high quality, with a component of
sycamore (rare in the county according to Tiedje and Tiedje 1992) as well as oak and
hickory. This indicator was given a relative weight of 4 per ha. Documented
Environmentally Sensitive Areas (Hoffman et al. 1979/80) have been avoided in short list
site selection.
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<) High Quality Forest

Remaining wooded areas were categorized as "high quality forest”, "medium quality
forest” and "shrub woodland” in accordance with Figure 1. Both tree height and species
composition were considered. The most valued (i.e. "high quality") forest is defined by a
function of stand height and the proportion of tree species which are either most
representative of stable forest composition in the Deciduous Forest Region (OMNR Site
Region 7E) or known to be indicative of highly productive sites (Hills 1959; Braun 1964;
Burger 1976; Leak 1982). These species include hard maples (sugar or black maple),
oaks, hickories, walnuts, beech, sycamore, tulip-tree and/or white ash if it occurs with
hard maple.

The designation of forest type was based on OMNR Forest Resource Inventory data
complemented by aerial photography interpretation and site visit data (where available).

This indicator was given a relative weight of 4 per ha.

d) Medium Quality Forest

Medium quality forest is also defined by a function of stand height and composition (see
Figure 1). It is typically dominated by species other than those mentioned above
describing "high quality” forest, often species such as soft maples, poplars, elms or red
ash. These stands have often been cut for merchantable timber in the recent past and/or
occur on poorly drained soils that limit the growth of many tree species. Wetland areas
are common in the remaining naturally vegetated parts of the St. Clair clay plains
physiographic region (Matthews et al. 1957, Chapman and Putnam 1984) and have
generally not been classified by the OMNR using the Ontario wetland evaluation system
(OMNR 1993). This indicator was given a relative weight of 2 per ha.

e) Shrub Woodland

Shrub woodland is typically dominated by hawthorns and prickly-ash, although scattered
taller trees may occur. It is typically in long term succession from abandoned agricultural
land to more mature forest. No significant areas of old field, an earlier successional type,
were identified. Shrub woodland was given a relative weight of 1 per ha.
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f) Ponds and Open Wetlands

Ponds and open wetlands (naturally vegetated) form a small proportion of the study areas.
Units of this indicator were given a relative weight of 4 per ha. The largest areas of this
indicator are artificial evaporation ponds associated with the chemical plant south of
Sites H and I. Only the older ponds of this complex, prior to recent pond expansion, were
measured for the evaluation. The ponds are not natural but a reconnaissance visit
indicated use by the provincially significant Ruddy Duck and Black Tern, as well as the
regionally significant Lesser Scaup (OMNR 1993).

g) Permanent Natural Streams

Permanent natural streams in the study areas included the St. Clair River, Bowens Creek
and Clay Creek. These were avoided with a buffer of at least 500 m during site
definition. For comparative purposes, each 100 m length of such streams was made
equivalent in weight to 2 ha of high quality forest. In recognition of its significance and
public concern, the St. Clair River was also double-counted as both a permanent natural
stream and a measurable ponded area. This is consistent with the emphasis in the
Chatham District Fisheries Management Plan (OMNR 1990).

Table 2 provides the raw data together with the numerical site evaluation. Figures 2 to 5,
show the habitats identified and used in the Biology evaluation of the four sites.

3.2  Mitigative Measures and Net Effects

Tables 3 to 6 outline the possible environmental effects of a waste management facility on
the sites, the mitigative measures that could be implemented to lessen the environmental
impacts, and the net effects.

3.3  Advantages and Disadvantages of the Four Sites

Site K is clearly the site containing the most significant biological habitat. It contains a
large and diverse forest classified as medium quality per average unit of area, although
there are some sections with high quality characteristics (maturing oak and hickory) and
other sections of noteworthy swamp wetland. A large shrub woodland provides
significant transitional habitat. Noteworthy plants include Wild Crab Apple, which is rare

FEBRUARY 1995 MM. DILLON LIMITED




TABLE 2
BIOLOGY EVALUATION OF SHORT LIST SITES

IMPACT STUDY ZONES AND Zone |Indleatorl 5 T S i SRR
INDICATORS Weight | Weight Amount | Wid | Amount| Witd | Amount| Wtd | Amount | Wid

' ha or m | Amount | ha or m | Amount | ha or m | Amount | ha or m | Amount
ON-SITE 1.00
CANDIDATE SENSITIVE AREA 4 0.0 0.000 4.1 16400 0.0 0.000 0.0 0.000
HIGH QUALITY FOREST 4 0.0 0.600 00 0.000 0.0 0.000 0.0 0.000
MEDIUM QUALITY FOREST 2 89 17.800 il 6.200 0.0 0.000 202 40400
SHRUB WOODLAND 1 14 1.400 0.0 0.000 0.0 0.000 360 36.000
PONDS AND OPEN WETLANDS 4 0.6 2.400 0.2 0.800 0.0 0.000 0.8 3.200
0 m - 200 m ZONE 0.10 |
CANDIDATE SENSITIVE AREA 4 0.0 0.000 1.6 0.640 4.0 1.600 0.0 0.000
HIGH QUALITY FOREST 4 9.8 3920 0.0 0.000 6.6 2.640 0.0 0.000
MEDIUM QUALITY FOREST 2 38.2 7.640 2.1 0.420 4.5 0.900 41.5 8.300
SHRUB WOODLAND 1 00 0.000 14.6 1.460 35 0.350 02 0.020
PONDS AND OPEN WETLANDS ! 4 0.0 0.000 31 1.240 21 0.840 0.0 0.000
200 m - 500 m ZONE 0.05
CANDIDATE SENSITIVE AREA 4 0.0 0.000 22.0 4400 11.9 2.380 00 0.000
HIGH QUALITY FOREST 4 85 1.700 28 0.560 21.1 4220 1.7 0.340
MEDIUM QUALITY FOREST 2 493 4,930 122 1.220 88 0.880 256 2.560
SHRUB WOODLAND 1 0.0 0.000 83 0415 3.0 0.150 0.1 0.005
PONDS AND OPEN WETLANDS 4 08 0.160 11.5 2.300 113 2.260 0.1 0.020
500 m - 1000 m ZONE 0.01
REGIONAL LIFE SCIENCE ANSI 8 0.0 0.000 0.0 0.000 5.0 0.400 0.0 0.000
CANDIDATE SENSITIVE AREA 4 0.0 0.000 36.1 1.444 39.2 1.564 0.0 0.000
HIGH QUALITY FOREST 4 00 0.000 370 1.480 41.3 1.652 42 0.168
MEDIUM QUALITY FOREST 2 255 0.510 224 0.448 234 0.468 0.7 0.014
SHRUB WOODLAND 1 6.7 0.067 381 0.381 14.2 0.142 1.1 0.011
PONDS AND OPEN WETLANDS 4 1.5 0.060 23.0 0.920 20.4 0.816 Q.7 0.028
PERMANENT NATURAL STREAMS 8/100 m 0 0000 1,500 1.200 | 1,300 1.040 0 0.000
TOTAL SCORE ' 40.587 41928 22302 91.066
NCRMALIZED SCORE 0.446 0.460 0.245 1.000
BIOLOGY PREFERENCE RANK 2 2 1 4
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in Lambton according to Tiedge and Tiedge (1992). Noteworthy bird species breeding on
the site include Yellow-throated Vireo and Nashville Warbler. Yellow-throated Vireo is a
bird of extensive southern deciduous woodlands and the Nashville Warbler is rare in
Lambton County according to atlas (Cadman et al. 1987) data. Although not of direct
biological interest, Site K is also the only site underlain by hydrocarbon gas resources
according to the OMNR.

Site I is almost entirely cultivated and almost devoid of natural areas on-site (except for
some hedgerows and specimen trees). Its vicinity does contain noteworthy forests and
chemical plant evaporation ponds used by species such as the provincially significant
Ruddy Duck and Black Tern, as well as Lesser Scaup that is rare in the Site Region
(Windsor to Toronto), according to OMNR (1993).

Sites D and H both have noteworthy blocks of forest near their edges whose exclusion
would significantly improve the impact level. Forest on Site H has a noteworthy
component of sycamore (rare in Lambton) and has the same chemical plant evaporation
ponds in its vicinity as Site I. Site D has some interesting small ponds used by Great
Blue Herons as well as intermittent watercourses whose value may not be sufficiently
reflected in the numerical evaluation.

34 Conclusions

Site I is biologically the most preferred site for facility siting. Sites D and H are in
second preference and cannot be significantly differentiated at this level of analysis.
Mitigation measures proposed for Sites D and H would include exclusion of the wooded
blocks from the facility operating area. Site K is biologically the least preferred site.
Site K consists predominantly of valuable biological habitats that could not be avoided by
facility operations.
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40 SUMMARY

Biology comparison of the four short list sites involved identifying units of habitat,
classifying them into indicators (habitat types), measuring their area (or length),
multiplying by indicator and impact study zone weights and summing the weighted scores.

The impact study zones used in the analysis consisted of each site plus three concentric
ring zones around each site. Indicators were given progressively less weight due to
probable less impact the further they occurred from the sites. Indicators within each zone
were weighted in order of recognized biological value in terms of pre-settlement
representativeness and maintaining future options.

Site I is biologically the most preferred site for site selection. Sites D and H are in
second preference and cannot be significantly differentiated at this level of analysis.
Mitigation measures proposed for Sites D and H would include exclusion of the wooded
blocks from the facility operating area. Site K is biologically the least preferred site.
Site K consists predominantly of valuable biological habitats that could not be avoided by
facility operations.
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LIST OF VASCULAR PLANTS AT EACH SITE

Site Observed

| Stams
Family Scientific Name Common Name | N =Native
| I=Introduced | D H I K
PTERIDOPHYIES Lo A T e e i e e
EQUISETACEAE Equisetum arvense Field Horsetail N ¥ 4 v v
| DRYOPTERIDACEAE Dryoperis carthusiana Spinulose Wood Femn N v
| Onoclea sensibilis Seasitive Fern N v N
GYMNOSPERMS
PINACEAE Picea abies Norway Spruce I ¥
Pinus nigra | Austrian Pine | ¥
AﬁGIOSPERMS - M(;NOCOTYLEDONS
ALISMATACEAE | Ali.wl'rm plantago-aquatica ‘ Water-plantain N ¥ ¥ ¥ )
ARACEAE ‘ Arisaema tripkyllum ' Jack-in-the-pulpit N N oW ¥
'Ep;c;};; foetidus ' Skunk-cabbage N ¥
CYPERACEAE Carex cristatelia Crested Sedge N ¥
Carex granularis Granular Sedge N y
Carex lupuling Hop S;dge _ N ¥ v
Carex stipata Awl-fruited Sedge N v v v
Carex vulpinoidea Fox Sedge N ) ) )
Cyperus esculentus Yellow Nut Sedge N v
Eleocharis obtusa Blunt Spike-rush N J
Scirpus atrovirens Dark Green Bulrush N J 4 v
Scirpus validus Soft-stem Bulrush N + ¥
GRAMINEAE Agrostis gigantea Rediop I ¥ A
Aqrostis perennans Autumn Bent Grass N +
Agrostis stolonifera Creeping Bent YN Y
Bromus inermis Smooth Brome I 7 ) ) ¥
Bromus latiglumis Tali Brome N v 4 v v
Dactylis glomerata Orchard Grass I ¥ ¥ y v
Digitaria sanguinalis Large Crab Grass I ¥ N
Echinocloa crusgalli Bamyard Grass I ¥ v y y
Elymus repens Quack Grass 1 v v v v
Elymus virginicus Virginia Wild-rye N v 4 N
Festuca pratensis Meadow Fescue I + ¥ ¥
Glyceria striata Fowl Manna Grass N ¥
Hordeum jubatum Foxtail Barley N 4 + v
Hystrix patla Bottle Brush Grass N 7
Leersia oryzoides Rice Cut Grass N ¥ \’
Lofium perenne Perennial Rye Grass I ¥
Panicum capillare Witch Grass N ¥ )
Phalaris arundinacea Reed Canary Grass N ¥ v y v
Phieum pratense Timothy I v ) 4 4
Phragmites australis Common Reed N v v ¥ N




LIST OF VASCULAR PLANTS AT EACH SITE

{Continued)

Status ; Site Observed
Family Scientific Name Common Name Ni='Native jil ———re———r——————— —
I=Introduced | D | H | 1 | K
R con) | o anni st Bl G I EAERE
I Poa compressa Canada Blue Grass N | 4
| Poa pratensis Kentucky Blue Grass N |y 7 ¥
| Setaria faberi Giant Foxtail 1 o
Setaria pumiia Yellow Foxtail 1 Y ¥ ¥ 4
I Setaria viridis Green Foxtail 1 4 ) ¥ )
Triticum ae@m_ ------ Wh_eat - ) 1 ) ¥
Zea mays Com 1 v
IRIDACEAE Iris versicolor Wild Blue Flag N v | v
Sisyrinchium engustifolium | Narrow-leaved N ' v
Blue-eyed-grass |
JUNCACEAE Juncus acuminatus Sharp-fruited Rush N ¥ B
| Juncus dudleyi Dudley's Rush N ¥
Juncus effusus Soft Rush N 4 ¢ v
LEMNACEAE  Lemna minor | Common Duckweed N BEEERE
LILIACEAE Asparagus officinalis ! Garden Asparagus I ¥
Erythronium americanum | Yellow Trout Lily N ¥ v 4
Hemerocallis fulva Orange Day-lily | 1 v
Maianthemum racemosum . False Solomon’s-seal N v
| Trittium grandifiorum | White Trilliom N v |
POTAMOGETONACEAE | Potamogefon sp.  Pondweed N —— y o
| Tvmisceaz Typha angustifolia | Narrow-leaved Catail N REEERERERER
Typha latifolia Common Cattail N | ) ) ¥
| ANGIOSPERMS - DICOTYLEDONS
| ACERACEAE Acer negundo | Manitoba Maple N v |+
I Acer nigrum B Black Maple N v
Acer rubrum Red Maple N N v'
Acer saccharinum Silver Maple o - _I;l \l' 4 ¥ 4
| Acer saccharum Sugar Maple N ¥
AMARANTHACEAE Amaranthus retroflexus _ Redroot ﬁgwmd 1 4 w' v y
ANACARDIACEAE Rhus radicans . l:ms_onwy N ) v ] v oA
" AocyNacEAE Apocynum Spreading Dogbane N ¥ v ¥ {
androsaemifolium _ =
Apocynum cannabinum Kl [I'ldif!l Hemp N .' )
| ASCLEPIADACEAE Asclepias incarnata Swamp Milkweed N 4 ¥
. | Asclepias syriaca Common M:]kw;;d D N . { ¥ 4 v |
Cynanchum rossicum Dog-strangling Vine | \’ + ¥ 4
BALSAMINACEAE .;r;apariens capensis Spotted Jewelweed N y N y ¥




LIST OF VASCULAR PLANTS AT EACH SITE

{Continued)

Status Site Observed
Family Scientific Name Common Name N = Native T
I = Introduced D H l I K
BERBERIDACEAE Berberis vulgaris Common Barberry I ¥
Podophylium peltatum . May-apple N ¥ .\’ 1
BETULACEAE | Betula papyrifera | White Birch N < i
Carpinus caroliniana Bhue-beech N ¥ v ¥
Ostrya virginiana Hop-hombeam N 4 | + ¥
BIGNONIACEAE Catalpa speciosa Catalpa I 4 : v
CANNABACEAE Cannabis sativa Marijuana I N
CAPRIFOLIACEAE Lonicera tatarica Tartarian Honeysuckle I v ¥
Sambucus canadensis Common Elder N ¥ v
Sambucus racemosa ssp. Red-berried Elder N v
pubens
Viburnum lentago Nannyberry N ¥ v
Viburnum rafinesquianum Downy Ammow-wood N v
CELASTRACEAE Celastrus scandens Bittersweet N .
' Euonymus abovata Running Strawberry-bush N J
CHENOPODIACEAE ‘“(.fhenapodiwn album Lamb's-quarters I ¥ ) ¥ )
COMPOSITAE Achillea millefolium Common Yarow N/ FRIERERE]
| -A;lbms:'a artemisiifolia Common Ragweed N ) ¥ N LA
" Ambrosia trifida Giant Ragweed N v [T
Arctium minus Burdock 1 "I B O
Aster cordifoh';s_ . Heart-leaved Aster N ) . T
Aster ericoides | Heath Aster N + 4
Aster lanceolatus | Tall White Astel.'“- N ) ¥ )
Aster lateriflorus - One-sided Aster N 4
Aster macrophyllus Large-leaved Aster N + N
Aster novae-angliae .I."Iew England Aster N ¥ ¥ \I v
Aster pilosus Frost Aster o N ¥ 4
Aster puniceus Purple-stemmed Aster N ¥
I Bidens cemmua Nodding Beggarticks N ¥ +
| Bidens tripartita o | Beggarticks | 4
Chrysamlwmum_. . Ox-eye Daisy I v ¥ 4
lencanthemum ?
Cicho;ium intybus Chicory I ) ¥ | ¥ ¥
Cirsium a;v.e.r.ise Canada Thistle I ) ¥ A v
Cirsium vulgare Bull Thistle . .I- - ¥ y - 4 )
| Conyza canad;u N Horseweed N 1 ) '\J_
(Canada Fleabane)
Erigeron annuus Daisy Fleabane N v y y
Erigeron philadelp_fucus - Philadelphia Fleabane N A N o
Eupatorium perfoliatum Bun;set- - N \f_ _l = e




LIST OF VASCULAR PLANTS AT EACH SITE

{Continued)
Status | Site Observed
Family i Scientific Name Common Name N = Native | =1
| =Introduced | D  H I | K
COMPOSITAE : Eupatorium rugosum i White Snakeroot ' N v
(CONT’D)
[ Evchamia graminifolia Grass-leaved Goldenrod -’ N J ) )
Hieracium aurantiacum Orange Hawkweed o i ¥
‘ Hieracium caespitosum Yellow Hawkweed I )
Inula helenium Elecampane 1 J y \f
Lactuca serriola Prickly Lettuce - I J J ) )
Solidago altissima Late Goldenrod | N 4 v v v
Solidago canadensis Canada Goldenrod N y ¥ A ¥
Sonchus arvensis Perennial Sow-thistle I \f
Sonch.m’ asper Spiny Sow-thistle | \f A
Sonchus oleraceus  Annual Sow-thistle | ¥
Taraxacum officinale Common Dandelion | v y ~J' v
Tragopogon pra_rensis Meadow Goat’s-beard 1 v ¥
Tussilago farfara Coltsfoot I v 4
Xanthium strumarium Cocklcb-ur NI ) ) )
CONVOLVULACEA!;_ - Convolvulus arvensis Field Bindweed 1 7 ¥
CORNACEAE e ! Silky Dogwood N 4 4
Cornus foemina racemosa . Grey_ D-ogwood N 4 4 ¥ ¥
Cornus s-}atamfem ' Red-osier Dogwood _ N ¥
CRUCIFERAE " Alliaria petiolata ' Garlic Mustard | ¥ ¥ N A
Barbarea vulga_n:s . Yellow Rocket I ¥ v
Hesperis matronalis . _Ba}m’s Rocket i I v ¥ v v
Lepidium campestre Field Pcpper—gtnss ] I ) )
| Thlaspi arvense Penny Cress I v ¥
! DIPSACACEAE \: D:'psacm;lllanum Teasel | I v y v v
EUPHORBIACEAE Acalypha virginica - Three-seeded Mercury N y \i
' FAGACEAE Fagus grandifolia American Beech _ N ¥ v
Quercus alba White Oak N ) ¥
Quercus bicolor Swamp Ww QOak N ¥ ¥ ¥
Quercus macrocarpa Bur Qak . N ¥ ¥ N v
{ Quercus rubra | Red Oak N ¥ v ¥
GE;ANIACE.AE Geranium maculatum ‘;rl-ld .Geraniurn N v v ) )
e e Herb Robert 1 v J
GROSSULARIACEAE | Ribes americantm Wild Black Currant N ) ) i Y
' Ribes ;)mosbari Prickly Gooseberry | N \F v v
5 Ribes rubrum Red Currant 1 ¥
GUTTIFERAE Hypericum perforatum Common St. John's-wort | + N




LIST OF VASCULAR PLANTS AT EACH SITE

{Continued)
Status Site Observed
Family Scientific Name Common Name N=Native, ——T7—T =
I=Introduced | D H I K
JUGLANDACEAE Carya cordiformis Bitternut Hickory N )
Carya ovata Shagbark Hickory N ¥ ) J
Juglans nigra Black Walnut N v ¥
LABIATAE Leonurus cardiaca Motherwort I v ) ¥
Lycopus americanus American Water-horehound N ¥ o ¥ y
Mentha arvensis Field Mint N ¥ v AN
Meniha spicata Spearmint I v
Nepeta cataria Catnip I N ¥ ¥
Prunella vuigaris Heal-all N v v
Scutellaria galericulata Common Skullcap N iy 4
UEGUMINO-SAE Amphicarpa bracteata Hog-peanut N 4
Gleditsia triacanthos Honey Locust N v
Lathyrus sylvestris Sweet Pea I ¥ ¥
Lots comiculatus Birdsfoot Trefoil 1 ¥ v |9
Medicago lupulina Black Medic | )
Medicago sativa Alfalfa I A v
Melilotus alba White Sweet-clover | y ¥ ) ¥
Melitotus officinalis Yellow Sweet-clover . A v v oA
Trifolium hybridum Alsike Clover 1 ¥ v
Trifolium pratense Red Clover 1 \I N ¥ v
Trifolium repens White Clover 1 ) ) \f J
Vicia cracca Bird Vetch I ¥ ¥ \’ J
Vicia sativa Common Vetch I J 4
LYTHRACEAE Lythrum salicaria Purple Loosestrife I v
MALVACEAE Abutilon theophrasti Velvetleaf I v A )
Malva neglecta Common Mallow 1 v ¥
OLEACEAE Fraxinus americana White Ash N Yo AN A
Fraxinus nigra Black Ash N v
Fraxinus pennsylvanica Red/Green Ash N o ¥ { v
ONAGRACEAE Circaea lutetiana Enchanter’s-nightshade N 4 v v
Oenothera biennis/ Evening-primrose N ¥ ¥ A i
parviflora
OXALIDACEAE Oxalis stricta Wood-sorrel N ¥ + v )
PLANTAGINACEAE Plantago major Broad-leaved Plantain I y A ¥ ¥
PLATANACEAE Platanus occidentalis Sycamore N, rare in ¥
county
POLYGONACEAE Polygonum lapathifolium Nodding Smartweed N v ¥ v
Polygonum hydropiperoides | Mild Waterpepper N v
Polygonum persicaria Lady’s Thumb 1 v




LIST OF VASCULAR PLANTS AT EACH SITE

(Continued)
Status Site Observed
Family Scientific Name Common Name N = Native T :
I = Introduced H I K
POLYGONACEAE Polygonum virginianum Jumpseed N - ¥
(CONT'D)
Rumex crispus Curly Dock I ¥ v ¥ v
Rumex obtusifolius Bitter (Broad) Dock I ¥ ) ) A
Rumex verticillatus Water Dock N i
PRIMULACEAE Lysimachia cifiata Fringed Loosestrife N v ¥ ¥
Lysimachia vulgaris Garden Loosestrife 1 ¥
RANUNCULACEAE Actaga rubra Red Baneberry N ¥ ¥
Anemone canadensis Canada Anemone N v ¥
Clematis virginiana Virgin's-bower N ¥ ¥
Ranunculus abortivus Small-flowered Buttercup N ¥
Ranunculus pensylvanicus | Bristly Crowfoot N Y 4
| Ranunculus sceleratus Cursed Crowfoot I ¥
[ RHAMNACEAE Rhamnus cathartica Purging Buckthom | 7 ¥
Rhamnus frangula Glossy Buckthom 1 v
“l-{(.);;cmﬁ Agrimonia gryposepala Agrimony N ¥ v v
Amelanchier arborea Serviceberry N v
Crataegus calpodendron Late-flowering Hawthom N ) v
Crataegus corusca Hawthom N )
Crataegus crus-galli Cockspur Hawthom N ) ) J )
Crataegus pedicellata Scarlet Thorn N y
Crataegus punctata Doited Hawthom N ¥ i
Fragaria virginiana Common Strawberry N ¥ v + ¥
Geum aleppicum Yellow Avens N ¥ ) ) )
Geum canadense White Avens N ¥ )
Geum laciniatm Cut-leaved Avens N v oo
Malus coronaria Wild Crab Apple N, rare in v
county
Malus pumila Apple | ¥ v N v
Potentilla norvegica Rough Cinguefoil N1 y 4 \f «I
Potentilla recta Rough-fruited Cinquefoil 1 o 3 y
Prunus nigra Canada Plum N o
Prunus serofina Wild Black Cherry N v ~J
Prunus virginiana Choke Cherry N ¥ v v ¥
Pyrus communis Pear 1 N y
' Rosa multifiora Multiflora Rose 1 v v ¥ ¥
Rosa rubiginosa Sweetbriar I v
Rosa palustris Swamp Rose N iy y
Rubus allegheniensis Common Blackberry N v




LIST OF VASCULAR PLANTS AT EACH SITE

(Continued)

Status Site Observed |
Family Scientific Name Common Name N = Native
1 = Introduced H I K
ROSACEAE (CONT'D) | Rubus idaeus Wild Red Raspberry N ¥ ¥ V¥ ¥
Rubus occidentalis Black Raspberry N w.f
Spiraea alba Meadowsweet N ¥ ¥ v v
RUBIACEAE Cephalanthus occidentalis | Buttonbush N ¥ ¥ v v
Galium aparine Cleavers N7 ¥ v v 4
Galium mollugo Wild Madder I v
Galium palustre Marsh Bedstraw N v
RUTACEAE Zanthoxylum americanum Prickly-ash N ¥ v v v
| SALICACEAE Populus x canadensis Carolina Poplar N ) \l Y
Populus deltoides Cottonwood N v ¥ v
Populus tremuloides Trembling Aspen N v +
Salix alba White Willow I ¥
Salix fragilis Crack Willow I ) ) + 4
Salix petiolaris Slender Willow N )
Salix x rubens Hybrid Willow ¥
SAXIFRAGACEAE Penthorum sedoides Ditch Stonecrop N J Y
SCROPHULARIACEAE Mimulus ringens Monkey-flower N yJ ¥
Verbascum thapsus Common Mullein I ) 4 v
Veronica serpyllifolia Thyme-leaved Speedwell I +
SOLANACEAE Solanum dulcamara Climbing Nightshade 1 AN A
Solarium ptycanthum Eastern Black Nightshade 1 v
TILIACEAE Tilia americana Basswood N ¥ y v
ULMACEAE Ulrmus americana White Elm N 4 ¥ i +
UMBELLIFERAE Cicuta maculata Spotted Water-hemlock N ¥ v 3y A
Cryptotaenia canadensis Honewort N v
Daucus carota Wild Carrot I v ) ¥ ¥
Osmorhiza claytonii Sweet Cicely N y v ¥
Sanicula trifoliata Black Snakeroot N ¥ v
Sium sauve ‘Water-parsnip N \f o v
URTICACEAE Boehmeria cylindrice False Nettle N v
Laportea canadensis Wood Netile N ) iy
Pilea pumila Clearweed N ¥ ¥
Urtica dioica Stinging Nettle N ¥ ¥ v 4
VERBENACEAE Verbena hastata Blue Vervain N LA A A
Verbena urticifolia White Vervain N y
VIOLACEAE Viela affinis Marsh Violet N N
Viola canadensis Canada Violet N v
Viola seroria Common Blue Violet N ¥



LIST OF VASCULAR PLANTS AT EACH SITE

{Continued)
Status Site Observed
Family Sclentific Name Common Name N = Native T =
1 = Introduced D | H I K
VITACEAE Parthenocissus inserta Virginia Creeper N ¥ ¥ 4 ]
Vitis riparia Riverbank Grape N ¥ y ¥ A




COMPARISON OF BIRD SPECIES AT EACH SITE

5

Y

onwye

Species present and probably breeding.

Species expected based on habitat considerations.
Species present and probably not breeding.
Species identified off-site within 1 km of site.

Common Name Scientific Name e

D H I K
Great Blue Heron Ardea herodias C C Cc
Canada Goose Branta canadensis D D A
Green-winged Teal Anas crecca D D
Mallard Anas platyrhynchos B D A A
Blue-winged Teal Anas discors D D A
Gadwall Anas strepera D D
Lesser Scaup Aythya affinis D D
Ruddy Duck Oxyura jamaicensis D D
Turkey Vulture Cathartes aura A A
Northern Harrier Circus cyaneus A
Red-tailed Hawk Buteo jamaicensis B A B B
American Kestrel Falco sparverius B A B
Killdeer Charadrius vociferus A A A A
Spotted Sandpiper Actitis macularia A A
American Woodcock Scolapas minor B
Black Temn Chlidonias niger D D
Rock Dove Columba livia B B
Mourning Dove Zenaida macroura A A A A
Black-billed Cuckoo Coccyzus erythropthalmus A
Eastern Screech Owl Otus asio A
Great Horned Owl Bubo virginianus A A A B
Ruby-throated Hummingbird Archilochus colubris A
Downy Woodpecker Picoides pubescens B A
Northern Flicker Colaptes auratus B A A
Eastern Wood-Peewee Contopus virens A A A
Willow Flycatcher Empidonax traillii A A
Least Flycatcher Empidonax minimus A
Great Crested Flycatcher Myriachus crinitus A
Eastern Kingbird Tyrannus tyrannus A A A




{Continued)

COMPARISON OF BIRD SPECIES AT EACH SITE

Common Name Scientific Name ote

D H I K
Homed Lark Eremophila alpestris A A
Tree Swallow Tachycineta bicolor B A C B
Barn Swallow Hirundo rustica A C C B
Blue Jay Cyanoscifta cristata A B A
American Crow Corvis brachyrhynchos A A A A
Black-capped Chickadee Parus atricapillus A A
White-breasted Nuthatch Sitta carolinensis A
House Wren Troglodytes aedon B A
Veery Catharus fuscescens B
Wood Thrush Hylocichla mustelina A B A
American Robin Turdus migratorius A A A A
Gray Catbird Dumetella carolinensis A A A
Brown Thrasher Toxostoma rufum B
Cedar Waxwing Bombycilla cedrorum B A
European Starling Sturnus vulgaris A A
Yellow-throated Vireo Vireo flavifrons A
Warbling Vireo Vireo gilvus A A
Red-eyed Vireo Vireo olivaceus A A
Blue-winged Warbler Vermivora pinus B
Nashville Warbler Vermivora ruficapilla A
Yellow Warbler Dendroica petechia A A C A
American Redstart Setophaga ruticilla A A
Ovenbird Seitrus aurocapillus A
Common Yellowthroat Geothylpis trichas A A A
Scarlet Tanager Piranga rubra A
Northemn Cardinal Cardinalis cardinalis A B B A
Rose-breasted Grosbeak Pheucticus ludovicianus B A A
Indigo Bunting Passerina cyanea A A A A
Field Sparrow Spizella pusilla A
Vesper Sparrow Pooecetes gramineus A A A A
Savannah Sparrow Passerculus sandwichensis B A A A
Song Sparrow Melospiza melodia A A A A
Red-winged Blackbird Agelaius phoeniceus A A A A
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COMPARISON OF BIRD SPECIES AT EACH SITE

(Continued)
Common Name Scientific Name St

D H I K
Eastern Meadowlark Sturnella magna B A B
Common Grackle Quiscalus quiscula A A A A
Brown-headed Cowbird Molothrus ater A A A A
Northern Oriole Icterus galbula A A B A
House Finch Carpodacus mexicanus A A
American Goldfinch Carduelis tristis A A A A

Note: For purposes of this study, the presence of pairs of birds or singing males in June, in suitable habitat,
has been taken as "probably breeding". In some cases, definitive evidence such as nest with eggs was
observed but was not necessary.

11




OTHER WILD VERTEBRATES OBSERVED AT EACH SITE

Common Name Scientific Name it

D H K
AMPHIBIANS
Salamander {unidentified species) ¥
American Toad Bufo americanus ¥ v y
Gray Treefrog Hyla versicolor ¥ V’ +
Northern Leopard Frog Rana palustris y ¥ ¥
Green Frog Rana clamitans ¥ V V'
REPTILES
Common Garter Snake Thamnophis sirtalis \’
MAMMALS
Eastern Cottontail Sylvagus floridanus v
Woodchuck Marmota monax ¥
Grey Squirrel Sciurus carolinenis J
European Hare Lepus europaeus \’
Raccoon Procyon lotor ¥
White-tailed Deer Odocoileus virginianus ) v v

12
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1.0 INTRODUCTION

1.1  Purpose and Objectives

This report documents the assessment conducted to compare the four short-listed sites -
Site D, H, I and K - from a design and operations perspective. The purpose of this
assessment was to identify the order of preference of the sites (i.e. best sites(s) or worst
site(s)) with respect to design and operations considerations. The results of this study
contributed to the multi-criteria comparison of the four sites and the identification of the
recommended site.

The key considerations addressed in this study were:

. the potential landfill capacity of each site; and

. the potential differences in site development costs at the four sites, including the cost
of clearing and grubbing, fencing, power servicing, road works and leachate treatment.

The comparison of the four sites involved the following steps:

. the identification of criteria and indicators appropriate for the design and operations
assessment;

. the collection of data for the four sites according to the criteria and indicators
identified,

. the analysis of the site data to identify the advantages and disadvantages of the sites

with respect to design and operations considerations;

. the comparison of the sites’ advantages and disadvantages to identify, from a design
and operations perspective, the most preferred/least preferred site(s).

FEBRUARY 1995 MM. DILLON LIMITED
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1.2  Technical Report Organization
The report is organized into four chapters.
Chapter 1 - Introduction

A description of the purpose and objectives of the site comparison and the
organization of the report.

Chapter 2 - Study Approach

An outline of the study methodology and a description of the study area, time frame,
and assumptions used to make the site comparisons.

Chapter 3 - Comparison of the Sites: Analysis and Results

A description of the existing site conditions, a comparison of the sites based on the
design and operations criteria, and the results of the study.

Chapter 4 - Summary

A summary of the results and conclusions of the site comparison based on design and
operations.

FEBRUARY 1995 MM. DILLON LIMITED
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20 STUDY APPROACH
2.1  Overview of Method Used to Assess and Compare the Four Sites

The four potential sites were evaluated under the two headings of Service and Cost.

The criterion under the heading of Service is to compare the potential landfill capacity of
each site.

Under the heading of Cost, the criterion is to compare the site development costs. For each
site, the following indicators of cost were measured:

. clearing and grubbing;

. fencing;

s power servicing;

. access/on-site road development; and
. leachate treatment.

The cost indicators were selected to identify potential differences in site development costs.
Capital costs for features common to each site were not considered. Operating, closure, and
post-closure costs were also not considered because these costs would be common to each
site regardless of the site location.

For each indicator, a cost was estimated and the total site development cost for each site was
tabulated. An evaluation was made based on potential landfill capacity and site development
costs to identify significant differences between the sites.

Common service-related criteria such as reliability and flexibility were not considered in the
site comparison. An assessment of reliability was not undertaken because each of the sites
were considered equal at this stage in the site selection process. In terms of design and
operations, the measure of reliability would relate to the design of leachate or gas control
systems. Because the hydrogeological evaluation determined that the sites were
hydrogeologically similar, the design of leachate or gas control works would be the same for
each site. Therefore, a reliability criterion would not lead to the identification of significant
differences between the sites.

Flexibility is often measured in the site layout, landfill development direction, and design and
operation of the leachate control system. It was assumed that each of the sites may be
considered equal in terms of flexibility. Site layout is largely a function of useful site area

FEBRUARY 1995 MM. DILLON LIMITED
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which is being measured by potential landfill capacity. Landfill development direction is not
likely to be critical given the remote locations of the potential sites, and design and operation
of the leachate control systems can be considered the same for each site.

2.2  Study Area

The study area considered under the criterion to compare the potential landfill capacity, was
limited to the proposed property limits of each site.

For most of the indicators under cost, the study area was limited to the proposed site
boundaries. However, to compare the costs of power servicing, the distance to the
appropriate power source determined the size of the study area for that indicator. The
distance beyond the site’s boundaries to the nearest access road defined the study area for
evaluating the capital cost of access road development. The study area for evaluating the cost
of leachate treatment was defined by the haul distance from the site to the final leachate
treatment location.

2.3 Time Frame

The time frame used to evaluate the potential landfill capacity was the proposed 20-year life
span of the proposed landfill facility. Site development costs were estimated using 1993
dollars. Other than leachate treatment, the cost of each indicator was a one-time capital cost.

For leachate treatment, the cost was estimated based on the present value cost for hauling
leachate to the Leachate Treatment Facility at the Sarnia Landfill over a period of one
hundred years.

24  Key Assumptions

The potential landfill capacity was estimated for each site based on the generic composite
facility characteristic assumptions included in Schedule I. Figures showing the site location,
size, and the preliminary layout of site features are also appended to Schedule I.

Costing assumptions for the comparison of site development costs criterion are described
below for each indicator. Effort was made to use realistic cost estimates for each indicator;
however, because the comparison of costs between sites is relative, the accuracy of the unit
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costs should not influence the comparative evaluation because the same unit costs were
applied to each site.

Land purchase costs were not included in the site development costs because the purchase
price will be negotiated at the time of purchase.

Clearing and Grubbing

An assessment was made on each site by the natural environment group to identify areas of
medium quality forest and shrub woodland on the 1:10000 mapping. Separate costs were
used for clearing and grubbing depending on the type of vegetation.

Fencing

The cost of supplying and installing chain-link fencing was estimated assuming the fence
would be located around the entire perimeter of each site.

Power Servicing

It was assumed that a 500 kVA service would be required for each site. An estimate was
prepared in conjunction with Ontario Hydro to bring power service from the nearest available
line to the proposed Materials Recovery Facility at each site. It was assumed that an
overhead line would be used to bring power into each site.

Road Works

The road works cost estimate was prepared assuming that access and on-site roads would be
upgraded or constructed to a paved roadway suitable for heavy truck traffic.

Leachate Treatment

Leachate treatment costs assume that leachate from the waste disposal facility will be trucked
to the existing Leachate Treatment Facility (LTF) at the Sarnia Landfill Site.

It was assumed for the purposes of this site comparison, that the leachate from the sites
would be hauled to treatment for 100 years. A cost of leachate haulage to the Sarnia LTF
was estimated for Site H assuming the leachate would be transported in a 9000 gallon (41 m?)
truck. The quantity of leachate was estimated in year 20 assuming a leachate generation rate

FEBRUARY 1995 MM, DILLON LIMITED
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of 200 mm/year. After applying the generation rate to the 1,000,000 tonne landfill area, daily
leachate production was estimated at about 73 m’/day (16,000 imperial gallons per day).

Truck operating costs and the driver’s salary including benefits were estimated for Site H at
$110,000 for year 20. Truck operating costs were assumed to be $1.60 per kilometre. A
linear increase in truck and salary cost was assumed for years O to 20 and a uniform cost of
leachate disposal was assumed for years 21 to 100 after the landfill is expected to close. The
present value of these annual costs was calculated using a discount rate of 6% to arrive at the
100-year cost estimate of $1.08 million. The leachate disposal cost estimate for Site H was
adjusted for each of the other sites according to the haul distance to the LTF.

The rationale for selecting leachate treatment at the existing landfill site, as opposed to
building a new leachate treatment facility on-site and pumping effluent from the treatment
to a municipal sewage treatment plant (STP), is primarily cost savings. The cost of treating
leachate at the existing LTF at the Sarnia Landfill is very low in comparison to capital and
operating costs for a new treatment facility and the cost of installing a forcemain for effluent
to an existing sewage treatment plant (STP) such as Corunna. This is based on the
assumption that on-site pre-treatment of the leachate would be necessary to meet the sewer
use by-law allowing discharge to a STP.

A key assumption supporting the trucking of leachate to the LTF is available capacity.
Currently, the LTF is treating between 4000 and 5000 imperial gallons per day (Igpd) (18 to
23 m*/day). The amount of leachate generated is expected to increase slightly with the
contribution of the 5-year expansion of the site, then decline upon site closure when the site
will be covered with a low permeability cap. The LTF is sized to treat between 10,000 and
30,000 Igpd.  Given the current flows, it appears that the LTF would be able to
accommodate the extra leachate that would be generated by the long-term site.

2.5 Data Collection

The potential landfill capacity for each of the sites was computed using the composite facility
characteristic assumptions included in Schedule I. Features including the access roads, scales,
on-site roads, materials recovery facility, storm water management ponds, and stockpile areas
were plotted on each 1:10000 scale site plan and the remaining space was allocated as
potential landfill areas. For each site, separate blocks of land were allocated for landfill
development.
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Data sources for estimating site development costs were 1:10000 scale mapping, and
discussions with Ontario Hydro for power servicing costs. Clearing and grubbing, fencing,
and access/on-site road unit costs were estimated based on experience on other projects.

Evaluation criteria, indicators, rationale, and data sources are summarized on Table 1.

TABLE 1
EVALUATION CRITERIA

Evaluation Criteria

Indicators

Rationale

Data Sources

1. Compare Potential
Landfill Capacity

estimated maximum
landfill capacity

« flexibility in site
layout and
development

* 1:10000 mapping
* facility characteristics
assumptions

2. Compare Site
Development Costs

clearing & grubbing
fencing

power servicing
road works

leachate treatment

* minimize cost to
Lambton County

+ 1:10000 mapping
* County of Lambton
* Ontario Hydro

FEBRUARY 1995
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3.0 COMPARISON OF SITES: ANALYSIS AND RESULTS
3.1 Existing Conditions

From a design and operations perspective, the features affecting potential landfill capacity are
the shape, topography, geology, and hydrogeology of the site. The hydrogeological
investigations suggest that geology and hydrogeology of the sites are nearly identical. The
topography for each of the sites is also similar. Because of these similarities, design
assumptions concerning the buffer width, maximum depth, height, and slopes are common
for each site. As a result, the features having the most influence concerning the potential
landfill capacity, at this early design stage, are the shape and size of the sites.

For the comparison of site development costs, the site features affecting this criterion are the
site size and shape, woodlot area, distance from the site to the nearest access road, power
source, and haul distance to the Sarmnia LTF. Haul routes to the LTF were along the
Moore-Sombra Townline, Highways 40 and 80, County Road 31, and along Churchili and
Blackwell Sideroads.

A description of each of the four potential sites and the existing features of the sites that
affect the site comparison follows. Each of the sites is shown in plan on the figures
appended to Schedule L.

Site D

Site D is approximately 76 hectares in size. The shape of the property resembles a square
with a small triangle of area removed from the southeast corner of the site.

The southern border of the site is located approximately S00 m north of Highway 80. There
is a border of medium quality forest along the east edge of the site ranging in width from 50
to 100 m from the east limit of the site. The site is approximately 21.7 km from the Sarnia
LTF and the nearest power supply is an existing 8 kV 3-phase line at Highway 80, about
500 m to the south of the site.

FEBRUARY 1995 M.M. DILLON LIMITED
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Site H

Site H is nearly square and is about 79 hectares in size. The site is located adjacent to the
Moore-Sombra Townline and is approximately 29.3 km from the Sarnia LTF. A medium
quality forest is present in the northeast corner of the property. The closest power supply to
the site is a 16.2/27.6 kV line located approximately 1.5 km to the west of the site at the
junction of Highway 80 and the St. Clair Parkway (County Road 33).

Site I

Site I is approximately 77 hectares. The site is nearly square, however, the perimeter of the
site dips down in the northeast corner of the site to omit a small rectangular shaped parcel
of land. There are no woodlots within the site property. The site is also located along the
Moore-Sombra Townline. The distance to the closest power supply is 2 km to a
16.2/27.6 kV line at the junction of Highway 80 and the St. Clair Parkway (County Road 33).
The Sarnia LTF is located approximately 28.4 km from the site.

Site K

Site K is the most irregularly shaped site. The area of the site is approximately 86 hectares.
The site is as wide as 1.2 km along the north side and as narrow as 300 m across the middle
of the property. A large proportion of the site is treed. There is 36 ha of shrub woodland
and 20 ha of medium quality forest.

The Moore Township landfill site is located on the property. Access to the site is via the
Moore Township 21/22 Sideroad. The closest power supply is the 8 kV line located along
Highway 80 to the south.

3.2  Advantages/Disadvantages of the Four Sites

The criterion and indicators listed in Table 1 were applied to each site. The methods used
to evaluate the criteria and the results of the evaluation are presented below.

Criterion 1 - Compare potential landfill capacity
The potential landfill capacity criterion identified Site H as having the largest potential

capacity of 2.1 million tonnes. Sites I and D were identified as having a potential capacity
of 1.9 million tonnes. Potential capacity at Site K was estimated to be 1.4 million tonnes.
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As stated earlier, the criteria influencing potential landfill capacity is the site area and shape.
This is demonstrated when comparing Sites K and H. Even though Site K is larger in area,
the shape of the site reduces the potential landfill capacity because the space available for
landfill development is too small in the narrow areas of the site.

The results of the potential landfill capacity evaluation are presented in Table 2.

TABLE 2
CRITERION 1 - COMPARE POTENTIAL LANDFILL CAPACITY

Block Site D Site H Site I Site K
Block 2 1,000,000 t 1,000,000 t 1,000,000 ¢ 1,000,300 t
Blocks 2 & 3 1,400,000 ¢ 1,600,000 t 1,600,000 ¢ 1,100,000 t
Blocks 2,3 & 4 1,900,000 t 2,100,000 t 1,900,000 ¢ 1,400,000 t

Criterion 2 - Compare Site Development Costs
Indicator 1 - Clearing and Grubbing

Clearing and grubbing costs to remove vegetation within the developed parts of the site were
highest on Site K which has the most area of vegetative cover. Sites D and H had 0.5 and
4.6 hectares of forest respectively, and for Site I there are no clearing and grubbing costs
expected.

Indicator 2 - Fencing

Fencing costs were estimated by applying a cost per metre to the measured perimeter of each
site. Site K had the largest perimeter and the perimeter of Sites H, I, and D were about the
same.

Indicator 3 - Power Servicing

Power servicing costs were estimated assuming that a 500 kVA service would be required
at each site. For sites H and I, the nearest power service was located at the junction of
Highway 80 and the St. Clair Parkway (County Road 33). The cost to bring power to Site H
and I includes the cost for Ontario Hydro to extend the existing 16.2/27.6 kV line by
approximately 1.5 km for Site H and 2.0 km for Site I. The cost to extend the power line
is $51,000 for Site H and $67,900 for Site I. Costs to bring power from the Ontario Hydro

FEBRUARY 1995
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lines into each of the sites were estimated assuming overhead lines. The total power
servicing costs were $55,000 and $72,000 for Sites H and I respectively.

The costs to bring power into Sites D and K were estimated assuming that overhead lines
would be brought in from the existing 8 kV, 3-phase line along Highway 80. The costs for
Sites K and D were $41,000 and $24,000 for this indicator.

Indicator 4 - Road Works

The difference in the total cost of road works between sites is largely a function of the
distance from the site boundary from the nearest road. Site K had the highest road cost
because the access road from Highway 80 must be upgraded. Because Site D is located
500 m from the nearest access point (Highway 80), the new road construction cost is high.
Costs for road development for Sites H and I were similar.

Indicator 5 - Leachate Treatment

The cost to haul leachate to the Samia LTF was calculated for Site H based on the
assumptions stated earlier. A comparison cost was estimated for each of the other three sites
based on the measured haul distance to the LTF. As expected, the estimated leachate
treatment cost for Site H was highest ($1.08 million) followed by Sites I, K, and D. The
sites in close proximity to each other (Sites H and I, and Sites D and K) had similar leachate
treatment costs. There is about a $200,000 difference in the cost between the two pairs of
sites.

The site development costs for each of the sites are presented in Table 3. Table 3 shows
each of the indicators, the appropriate unit cost for each (if applicable), the measured
quantity, the cost for each indicator, and the total site development cost for each site.

3.3  Conclusions and Comparison of Sites

The comparison of the potential landfill capacity criterion shows that Site H has the highest
potential capacity of 2.1 million tonnes. Sites I and D follow closely behind with potential
landfill capacities of 1.9 million tonnes. Site K has the least potential capacity of 1.4 million
tonnes. Accordingly, the ranking of sites based on this criterion from most to least preferred
would be, H, I and D, and then K. Because the difference in potential capacity between
Site H and Sites D and I is 200,000 tonnes, which is less than 10 per cent of 2.1 million
tonnes, the difference is not very significant if consideration is given to the level of accuracy
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SCHEDULE 1



LAMBTON COUNTY WMMP
COMPOSITE FACILITY CHARACTERISTIC ASSUMPTIONS
FOR COMPARATIVE EVALUATION OF SITES H, |, D, K

June 23, 1993

CHARACTERISTIC
1. Waste Quantities
I Generated With Diversion
+  Total tonnage (20 year) 2,000,000 t 1,000,000 t
s  Average annual tonnage 100,000 t 50,0001
«  Maximum annual tennage 106,000 t (2015) 61,000t (1996)
+  Assumed landfill waste density 700 kg/m®
«  Landfiil waste volume 2,860,000 m® 1,430,000 m*
" «  Assumed waste to cover ratio 4:1
«  Daily/Intermediate cover volume 720,000 m* 360,000 m®
*  Final cover voiume" 300,000 m® 160,000 m®
»  Total air space required* 3,880,000 m* 1,950,000 m®
* For a single fill area.
2. Location and Layout
« For access road, scales, on-site roads, materials See Plan
recovery facllity, composting facility, leachate treatment
tacility, storm water management pond, stockpile, fill
area
3. Landfill Capacity
Site D Site H Site | Slte K
« Block?2 1,000,000 t 1,000,000 t 1,000,000 t 1,000,000 t
» Blocks2 &3 1,400,000 t 1,600,000 t 1,600,000 t 1,100,000 t
+ Blocks2,3&4 1,900,000 t 2,100,000 t 1,900,000 t 1,400,000 t




4. Landfill Dimensions

+ Distance 1o closest property boundary 100 m
«  Above ground top slopes 20:1
«  Above ground side slopes 5:1 “
¢  Below ground (excavation) side slopes 3:1
*  Maximum height above grade 17m
+  Excavation depth 5m
»  Maximum width of fill area" 300m
Slte D Site H Site | Site K
+  Length of fill area Block 2 440 m 440 m 440 m 440 m
. Blocks 2 & 3 580 m 870 m 670 m 480 m
Biock 4 270 m 260 m 160 m 480m
¢ Maximum elevation Blocks 2 & 3 2135 204.0 205.5 211.5
(m asl)
Block 4 211.5 203.0 202.5 2115

** Block 4 increases width at Site K to 390 m

5. Materials Recovery Facility Bullding

« Building Dimensions 75mWx100mLx9mH

6. Composting Building

» Bullding Dimensions 75mWx110mLx9mH

7. Curing Bullding

* Building Dimensions OMWx70mLx9mH



June 23, 1993
LAMBTON COUNTY WMMP
COMPOSITE FACILITY CHARACTERISTIC ASSUMPTIONS
FOR COMPARATIVE EVALUATION OF SITES H,, D, K
CHARACTERISTIC

1. Waste Quantities

‘_l I Generated | With Diversion

»  Total tonnage {20 year) 2,000,000 t 1,000,000 t |

»  Average annual tonnage 100,000 t 50,000 t “

*+  Maximum annual tonnage 106,000 t {2015) 81,000t (19961J|

+  Assumed [andfill waste density 700 kg/r?

+  Landfill waste volume 2,860,000 m® 1,430,000 m®

»  Assumed waste to cover ratio 4:1

+  Dally/Intermediate cover volume 720,000 m® 360,000 m®

«  Final cover volume* 300,000 m? 160,000 m®
Tota! air space required* 3,880,000 m® 1,850,000 m®

* For a single fill area.

2. Location and Layout

» For access road, scales, on-site roads, materials See Plan
recovery facility, composting facility, leachate treatment
facility, storm water management pond, stockpile, fill
area

3. Landfill Capacity

ll Site D Site H Slte | Site K

» Block 2 1,000,000 t 1,000,000 t 1,000,000 t 1,000,000 t
*+ Blocks2&3 1,400,000 t 1,600,000 t 1,600,000 t 1,100,000 t

» Blocks 2,3 & 4 1,900,000 t 2,100,000 t 1,900,000 t 1,400,000 t \

]




4. Landflll Dimensions

_ Bullding Dimensions

" Block 4 increases width at Site K to 390 m

Materials Recovery Facllity Building
VEIEMWX100mLx9mH

Composting Builldin

Bullding Dimensions 75mWx110mLx9mH

Curing Building

Bullding Dimensions v E0OMWX70mLEx9mH

"¢ " Distance to:bsest property boundary 100 m
s Above ground top siopes ) 20:1
+  Above ground side sIopeS L : 5:1
. ﬁslow ground (excavation) side slopes . 3:1
» "Maximum height above grade 17m
o Excavation depth ' 5m
« Maximum width of fill area** _ 300 m
Site D . Site H Site | She K
s Length of fill area Block 2 440m 440 m 440 m 440 m
C Blocks 2 & 3 _ 580m 670 m 870 m 480 m
Block 4 270 m 260 m 160 m 480 m
¢ Maximum elevation | Blocks2 &3 213.5 " 204.0 205.5. 2115
v (inasl) : : :
- Block 4 2145 | 2090 2025 2115’




) . \ 188 \ y my -
| \B / \—V\z s ”GQ 'W“"’“'V“\'me‘ag.; twm\:é
\ \ LI \ - . \ , -~ / JQ“
\'\ T ‘\\ , ’ .
3 : v\ ‘ N
VLS T
' \ 189-0 189-0
' 1068 =
| \ \ ‘ , - S T *
' ' ™ \,_/ . -
- ﬂﬁ; - _ 1 _— LEGEND:
y (. . wli !
\ . - - 3 ‘ N | 1. Storm water management pond
-__-m___ —— —— ‘n'h‘
'. ‘ 183-0 ’ i [\ " | 3 :} ' 2 '09.0.'.‘." ; Q A .“ R ) f-"
, . . - [ | o , o ) IR 2. Minimum landfill area
\ o owee A e g L) 1|4 g_ . } Con | / TSIV 2 tassuming provincial waste diversion targets are met)
] ‘ ,-lﬁ“ - _-_-ﬁ ‘," ‘, ‘ o .L' 0% e 4 o8 'J" '
, | ( 3 H L* ;4 .' , ( : | . Fo /// | [ ‘
‘ ! -8 T T e—————— i ‘ ' A . . . .
\ z | \ DR [ — ) { Ny ‘%e‘ ; ! - 3.4. Possible landfill extension
i - . o —— s — —— ] ! 5 | K 120
{ 2 3 ! !. b : | 1 / (' | |l ® ;
v ) > ! | o wos ] o oy \ = 5.  Stockpile area
\ | //! e A 85 ’ 9 ' 603 I' o : /}ﬂ I : /ﬁ_’——;f;l
i | = 188 ’ N : P . .
2 | . DC H L o K : ’i . ff‘~--—’,-;“\kﬂ”“‘;"”«:1 6. Landfill equipment compound
o ) 87 . 1 o ’,» ' . . .
5 " 8° g 1 ] ! ; ¥ g,’ - & maintenance building
™ | 1820 : o RS ——) AN oo, l v,
- | 10 | 1 0 | BICKFORD, , ! ,' 7. Leachate treatment facility
; i of | N |
Ce® <M | 1905 i | /
190-5 //\86- | . -
o P N , 44 ks —— S 8. Materials recovery facility
’ .189-0 . | [ , R .
RS U Y SR T ,' v ' ’ ' v . .
‘ ‘ ‘, vous ! | ‘ £ o 0 9. Composting facility
85 i . r . ' Tty Ty ¥ 2 ' ’ i 1 1890 ! 1} i ‘ T f ) ' .
i : : , MM T ‘ L '] ‘ & { { 1893 aous 10. Weigh Scales
AN (E ! D S , "to e 0 o 7 y | R
/ I ,?oz-o - o O | N o | 093 - [ | . — Access Route
. ‘ 1 : ] | // A : . ) G .
TQ%“~—~~———~;——— o ; |= 3 S Q.'* 189-3 N j{ S (/‘”"”“ ‘ °
; ¥ / g - — | R ' wemmms Site Boundary
. f ] ’ J . - -
- ” | and % g /J - 95 ‘/f/ '''' ’ g N
! N j e e (
, 893 7 ’f‘i&/\,v\ e f A\
- N
\*\ N e ‘ QO
Wl S
1890 A [1 b . B A at {
S o ' L
'\:, i 182:0 \ \N\’, "“”"*\\é
& /
|
) . " ;
Gee\k 89 0 : :
‘ 1889 [
1. ' L1890 ’
1855 “‘l‘"’ _*/7 }
S S — ‘ + 3 - 1'..' \.\// ' !
i | | Come |
182.0 H,. J 1 ), : ~ :
f | ‘“ e
. .:[ a2 o $
iy ) \ / ;
' 4 RN A e | o
o) ~ '§\/// ! )' >.1 i .189-0 1
D S )/,( k]{’ H\ 1885 '/
“Hy f/ }/! ; o e |
N ~ ‘ ‘ ! :
{l{;o\\ 186-h ‘[ ! );’l ),“l \\L ) ); ]
( . . { s . i )
) 4 1890 \* \ ") 2 \
“ l} 7 \( i 14 ' '
2' , // \\ jﬁ 27 \\\
Nt s e LAMBTON COUNTY
- Bt L\/ A ‘ f «
\ g' \i \\\ [ /S\\‘\ “S {/‘\/\/V}—’\l Ny V\(E .
= ! l\ 189:0 -~ \N/t N ‘ C oA
% {\S\ \! l\‘ )( E \\ E jnsg ;\ {
S ‘{ ~\ ! . ) 4 . pl
l ) N . \) .
\ Lo e L)
o X . e L Waste Management Master Plan
L f : Detailed Comparison Of Sites
. / ’. /‘.o 1820 1785 : 1895
. ’ o [
1 ' ,
| ‘ i
3 1] [ YT 1Y
________ I
. ; 1885

_ Plgs | . . »/J‘,//; | | | | : ’ | ) ‘ | '
e ‘ ' ; S CONCEPTUAL SITE LAYOUTS

' /,
/ . 1880 '
/ . I /»‘ 0 n | . . ‘ - ‘1880 1880
1810 ' i ( ﬂ 0 [ ' | ) . 1 f iy T . . =
{ ) I = ’ i 1865 ; - I | ., ! . . . la
& ' D ' ARO * ) . ) ; .o ‘ o a n
! rol a‘ 1 , ' A0 ' »
Hres ! } A | ; ‘ 188.0 ] |
4 I ’ | ! | f | ; ' 188:0 | ;
! ‘ 184-C ' ‘ I ‘ ! I
1820 , ? i ! o ‘ | i
)( ! "; 8 - B | : S }
N 1820 é | y '
] , ]

1820 '

54\"‘\" \ ! ‘ 1080 - : | ' L \\ o
SO \\ 3 & | { O e
1088 . ‘ ﬁ{ V\Z [ 1880 v , Tf E \EJ\Y.\
E AN » AL DILLON | 23 June 1993 Figure 1

] ' \ |
e 777" ‘ | L o ‘ |
Q B LOT A t 4 )\ ' e ’}/; { —~ g t‘; 1848 i ; ‘
I Nt & B L ( | i ) | @ ‘ N | )




LEGEND:

Storm water management pond

1.

Minimum landfill area

2.

ion targets are met)

(assuming provincial waste divers

Possible landfill extension

3.4.

Stockpile area

5.

Landfill equipment compound
& maintenance building

6.

Leachate treatment facility

7.

—

Materials recovery facility

3

—

Composting facility

9.

Weigh Scales

10.

Access Route

SRR

sammmmn Site Boundary

-
c D |
o = o
a3 O X 5
ﬂ.n >= O ™
7 S <
® - <

E .

2 Eg
- O SE
c 9 J >
s2 2L :

P 7))
£ a > 2
OO a o X
© O W
c @)
o5 p 4
S = Q
oS ©
- O
. m
a -
- a|

[ f e _%-3‘_

19448

- e e ——

J194-0

P oo ey y opp e - o —
o et A K
~

| 4
Il\\llnl\l!l\.-

— W'n\.

..pm.va... Ml\ A 'HWI\
- S
o L7
_ .
S Vo Y




LAMBTON COUNTY WASTE MANAGEMENT MASTER PLAN
. DETAILED COMPARISON OF SITES

APPENDIX 4D
HYDROGEOLOGIC IMPACT ASSESSMENT

M.M. DILLON LIMITED
FEBRUARY 1995




Lambton County Waste Management Master Plan
Detailed Comparison of Sites

Appendix 4D - Hydrageologi(_:_ Impact Assessment i
TABLE OF CONTENTS

Page

1.0 INTRODUCTION . .. .. o e e e e e 1

1.1 Purpose and Objectives .. ....... ... i 1

1.2 Technical Report Organization ............................. 2

20 STUDY APPROACH . ... ... . it it i 3

2.1 Study Methodology Overview . . . ... ... ... ... ... .......... 3

22 Study Area ... ... .. e 3

23 Time Frame . .. ... ... ... ..ttt 3

24  Key Assumptions . ................... L 4

25 DataCollection . ... ..... ...ttt 4

2.5.1 Overview of Hydrogeology and Geology ................. 4

252 SiteInvestigations . .. .. ... ... ...ttt 6

2.5.3 Factors/Indicators/Rationale . ........................ 17

254 Data Sources . ...........iii e e 19

3.0 COMPARISON OF SITES: ANALYSIS AND RESULTS .............. 20

3.1 Existing Conditions With Respect to the Four Sites . . . ........... 20

3.2  Net Effects and Advantages/Disadvantages of the Four Sites ....... 29

3.3  Conclusions and Comparison of Sites . ...................... 42

40  SUMMARY . ...ttt 43

REFERENCES . .. ...\ttt 44

FEBRUARY 1995 MM, DILLON LIMITED



Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4D - Hydrogeologic Impact Assessment

LIST OF TABLES
Table 1 Summary of Regional Hydraulic Conductivity Data
Table 2 Summary of Monitoring Well Installation Details
Table 3 Summary of Laboratory Testing of Soil
Table 4 Evaluation Criteria
Table 5 Summary of Vertical Hydraulic Gradients
Table 6 Summary of Horizontal Hydraulic Gradients
Table 7 Summary of Hydraulic Conductivity Data
Table 8 Evaluation of Short List of Sites for Geology/Hydrogeology
Table 9 Hydrogeologic Impact Assessment: Net Effects for Site D

Table 10 Hydrogeologic Impact Assessment: Net Effects for Site H
Table 11 Hydrogeologic Impact Assessment: Net Effects for Site I
Table 12 Hydrogeologic Impact Assessment: Net Effects for Site K

LIST OF FIGURES

Figure 1 The St. Clair Clay Plain

Figure 2 Site D Location of Monitoring Wells
Figure 3 Site H Location of Monitoring Wells
Figure 4 Site I Location of Monitoring Wells
Figure 5 Site K Location of Monitoring Wells
Figure 6 Ground Water Chemistry

LIST OF SCHEDULES

Schedule I = Borehole Logs

Schedule IT  Results of Laboratory Tests on Soil Samples
Schedule III Water Level Monitoring

Schedule IV In Situ Hydraulic Conductivity Tests
Schedule V. Well Development/Purging Records
Schedule VI Ground Water Chemical Analysis

Schedule VII Geophysical Borehole Logging

ii

FEBRUARY 1995 MM. DILLON LIMITED



Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4D - Hydrogeologic Impact Assessment 1

1.0 INTRODUCTION
1.1  Purpose and Objectives

This report documents the assessment conducted to compare the four short-listed sites -
Sites D, H, I and K - from a hydrogeologic perspective. The purpose of this impact
assessment was to identify the order of preference of the sites (i.e. best site(s) or worst site(s),
if any) with respect to hydrogeologic considerations. The results of this study contributed
to the multi-criteria comparison of the four sites and the identification of the recommended
site.

A primary focus in comparing the sites was to address potential impacts of the landfill
component of the proposed composite waste management facility. Although the composite
facility as a whole was taken into account, the landfill component was considered to be of
most significant in identifying and comparing potential hydrogeologic impacts.

The key considerations addressed in this study were:

. the potential for the natural protection of ground water resources from the impacts of
landfill leachate;

. the ability, at the site, to monitor ground water and implement contingency measures;
and
. the potential for disrupting ground water supplies and resources.

The comparison of the four sites involved the following steps:

the identification of criteria and indicators appropriate for the assessment and
comparison of the potential hydrogeologic impacts of the sites;

. the collection of data for the four sites according to the criteria and indicators
identified;
. the analysis of the site data to identify the advantages and disadvantages of the sites

with respect to hydrogeologic considerations; and

. the comparison of the sites’ advantages and disadvantages to identify, from a
hydrogeologic perspective, the most preferred/least preferred site(s), if any.

FEBRUARY 1995 M.M. DILLON LIMITED
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1.2  Technical Report Organization
This report is organized in the following manner:
Chapter 1 - Introduction

A statement of the purpose and objectives of the hydrogeologic investigations in
relation to the overall detailed comparison of sites.

Chapter 2 - Study Approach

A description of the methodology used in the investigation as well as rationale for the
chosen methodology.

Chapter 3 - Comparison of Sites: Analysis and Results
A description of the results of the investigation, an analysis of hydrogeologic
conditions based on information collected, and a comparison of the sites from a
hydrogeologic perspective.

Chapter 4 - Summary

A summary of the results of the investigations and of the comparison of the sites from
a hydrogeologic perspective.

FEBRUARY 1995 M.M. DILLON LIMITED
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20 STUDY APPROACH
2.1  Study Methodology Overview

The approach used to investigate the site-specific hydrogeologic conditions at each site
consisted of the drilling of boreholes, and the installation of monitoring wells at each drilling
location.

Soil samples were collected continuously throughout the drilling of the boreholes which
allowed documentation of the overburden stratigraphy. Soil samples were also analyzed to
determine the composition of the soil.

Monitoring wells were installed in the boreholes for three main purposes:

i) to allow testing of the wells to determine the hydraulic conductivity of the soils
surrounding the well screen,

ii) to determine static water levels in the different hydrostratigraphic units to determine
the direction of ground water flow, and

iii) to allow the collection of ground water samples to determine the general ground water
chemistry at each site.

2.2  Study Area

The Study Area for the site investigations was within the site boundaries with the exception
of exception of one drilling location on Site I (location 5), which was located to the north of
site boundary so that the wells would be along the fence-line of the field and not in the
middle of it. Data for ground water use in the vicinity of the site consisted of wells on
record within 1 km and potential residential ground water users within 1 km.

2.3 Time Frame

The proposed opening year is 1996. It is expected that hydrogeologic investigations will have
been completed by the end of 1994 to ensure that all necessary ground water monitoring
facilities are in place and that at least 1 year’s monitoring data has been collected prior to site
opening for the generation of appropriate background ground water quality data.

FEBRUARY 1995 MM. DILLON LIMITED
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24  Key Assumptions

The key assumption for this study are that data collected from the site-specific investigations
are more suitable than regional studies for comparison of geological and hydrogeologic
conditions. Also, data collected for the comparison of the long-list of sites on wells on
record within 1 km of the sites and potential residential ground water users within 1 km of
the site was used in this study.

25 Data Collection

2.5.1 Overview of Hydrogeology and Geology

To put the four sites in perspective, the following is an overview of the regional
hydrogeology and geology. All of the sites are located within the southeastern corner of
Moore Township. All of the sites are located in the St. Clair Clay Plain Physiographic
Region. The St. Clair Clay Plain covers much of Essex, Kent and Lambton Counties.

The overburden is typically greater than 30 m thick and consists of a clayey till which has
a consistent texture throughout the St. Clair Clay Plain. Typically, the tills are composed of
40-60% clay, 30-40% silt, 5-10% sand and less than 5% gravel. The tills generally contain
carbonate, quartz, feldspars and shale fragments most likely derived from the underlying
bedrock (Desaulniers et al., 1981).

The upper 2-5 m of the till is highly fractured and weathered. This zone is typically brown
(oxidized) and fractured from repeated wetting and drying caused by rainfall and seasonal
water table fluctuations. Where considerable weathering has taken place, minor amounts of
the clay minerals smectite and vermiculite commonly occur (Desaulniers et al., 1981). The
post-glacial weathering process has resulted in mottling, oxidation, leaching and precipitation
of carbonates and hydroxides and changes in clay mineralogy (Dusseault and Vorauer, 1986).
Fractures are essentially vertical and decrease in frequency with depth. Ruland et al., 1989,
reported that fracture spacing observed at six locations in the Sarnia area steadily increases
from one fracture every 2.5 cm near surface, to one fracture every 0.5 m to 2.0 m at a depth
of 4.5 m. These fractures have been postulated to be formed by desiccation (a process of
dehydration through evaporation and water table lowering) and fluctuating glacial lake levels.
Less abundant sub-horizontal fractures exist, related to stress relief. These fractures are
mottled grey and contain coatings of manganese oxide and iron oxide. A deep root zone was
also noted within the region.

FEBRUARY 1995 MM. DILLON LIMITED
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Below the weathered soils, the till becomes a massive grey silty clay to clayey silt till. The
lack of stratification within the overburden tends to exclude a lacustrine origin and a normally
consolidated state below a surface crust excludes a lodgement till origin (Vorauer et al.,
1986). The clay plain has been referred to consist of "water-laid" till (Dusseault and
Vorauer, 1986}, formed by glacial advance during the Wisconsinan, or last, Ice Age.

Beneath the clayey till, and above the bedrock, a thin discontinuous layer of interbedded
sands and gravels is found. The bedrock is part of the Port Lambton Group Shale (Ontario
Geologic Survey, 1991). This shale is a greenish-grey silty shale and is generally flat-lying.

Hydrogeology

The consistent geology of the St. Clair Plain results in a consistency in hydrogeology over
the area.

Ground water resources are utilized from wells installed in two hydrostratigraphic units:
shallow dug or bored wells that receive water from surficial sand or gravel or from the
weathered till; and deep wells drilled to the basal gravel aquifer consisting of black shale
sands and gravels and weathered bedrock.

The shallow wells are large diameter (typically 0.75 m in diameter). These wells typically
have very poor hydraulic properties and rely on their large diameters for storage. Some
residents in Lambton County use these shallow wells as cisterns and have water transported
by truck to fill them.

It has been estimated that 90% of all wells in Lambton County obtain water from the basal
aquifer (OWRC, 1969).

Ground water quality is generally poor with natural concentrations of several parameters not
meeting Ontario Drinking Water Objectives, principally sodium, iron, chloride and hardness.

Ground water yield is generally poor with no municipal wells in use. Yields vary from 5 to
50 L/min and are only suitable for domestic or livestock purposes. An extensive surface
water supply system exists in Lambton County with water obtained from Lake Huron.

The ground water flow direction in the basal aquifer has been shown to be east-to-west
towards the St. Clair River, generally following the topography of the bedrock surface
(Vandenburg et al., 1977).

FEBRUARY 1995 MM. DILLON LIMITED
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The clayey till overburden of the St. Clair Clay Plain is an aquitard. The till typically has
low hydraulic conductivity values of approximately 1 x 10® cm/s. Table 1 summarizes
hydraulic conductivity values for the clayey till throughout the St. Clair Plain (which are
located on Figure 1). The surficial weathered clay has higher bulk hydraulic conductivity
values in the range of 10 to 10° cm/s with flow occurring chiefly in the fractures
(D’Astous et al., 1988).

Hydraulic gradients that cause downward ground water flow are typical of the aquitard.
However, the low hydraulic conductivity of the aquitard means that downward linear
velocities are limited to 5 to 50 mm/year (based on a hydraulic conductivity of 10® to 107
cm/s, a hydraulic gradient of 0.5 and a porosity of 0.3). Isotopic data of the basal gravel
aquifer indicates ground water is almost as old as the deposits themselves and supports
relatively minimal recharge through the clayey till (Desaulniers et al., 1981).

2.5.2 Site Investigations

The preceding section provided an overview of the secondary source data on hydrogeologic
conditions in the vicinity of the four sites. As stated, the geology and hydrogeology in the
area of the four sites is consistent for all sites. The methodology for site comparison was
to collect a range of site specific data from each of the four sites. This data was then used
to assess hydrogeologic conditions at the four sites which allowed comparison between the
sites.

Drilling Program

Boreholes were drilled at ten locations throughout the four sites. The locations of the
boreholes are shown on Figures 2, 3, 4 and 5. Borehole logs are contained in Schedule I.
Boreholes were drilled and monitoring wells were installed at Sites D, H, and I between May
8-22, 1991, by Davidson Environmental Well Drilling of Waterloo. The same work was
undertaken at Site K between May 11-14, 1993, by At-Cost Soil Drilling Inc. of Maple. All
of the drilling was supervised by M.M. Dillon Limited staff.

The boreholes were drilled using 215 mm diameter hollow-stem augers. In the deep
boreholes, soil samples were taken continucusly throughout the borehole depth using a 1.5 m
long, 88 mm inside diameter, wire-line split-tube sampler. The soil samples are stored in
1.5 m long PVC split sleeves.

FEBRUARY 1995 MM. DILLON LIMITED
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/] ST.CLAIR CLAY PLAIN*

@ MAJOR POPULATION CENTRE
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kDIl.I.OI"l * SOURCE: Physiography of Southem Ontarlo, MNR 1984
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FIGURE 1
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Shallow ("S") and intermediate depth ("I") boreholes were drilled at each location chosen for
the drilling of the deep boreholes. The purpose of the shallower boreholes was to allow
monitoring wells to be installed in them and were drilled without soil sampling.

At six other locations (BH2I, BH3I, BH4I, BH7I, BHS8I, and BH10I}, an intermediate depth
borehole was the deepest borehole drilled and soil samples were taken at intervals shown on
the borehole logs (see Schedule I}). A monitoring well was installed in each of these
boreholes. A shallow monitoring well was also installed at each of these locations in a
separate borehole which was drilled without soil sampling, with the exception of location 4.
Only an intermediate depth monitoring well was installed at this location.

Installation of Monitoring Wells

Monitoring wells, consisting of 1.5 m long, 51 mm diameter, No. 10, PVC well screens
connected to riser pipes, were installed within the boreholes. Each monitoring well was
installed in a separate borehole. Monitoring wells are designated with a letter suffix (S, I, D)
after the location number. "S" designates a shallow well approximately 8m deep; "I"
designates an intermediate depth well approximately 16 m deep; and a "D" suffix designates
a deep borehole drilled to bedrock approximately 40 m deep. For example, BH1D designates
the deep borehole/monitoring well at location "1".

A silica sand filter pack was placed around the well screen which typically extended 0.9 m
above the top of the screen. Typically, a 0.3 m seal of bentonite “chips" was then placed in
the borehole annulus and then the annulus was sealed to ground surface using bentonite grout.
In some of the shallow boreholes, bentonite chips were used to seal the entire borehole
annulus. The wells had a lockable steel protective casing installed at surface. Table 2
summarizes installation details for the wells. Monitoring well installation details are also
shown on the borehole logs (see Schedule I).

A deep borehole was drilled to bedrock at each of the four sites: BH1D, BH5D, BH6D, and
BHSD. A monitoring well was installed in each of the boreholes with the exception of
BHID at Site K. At this borehole, a pocket of natural gas was found and the borehole was
abandoned by sealing with cement. No monitoring well was installed in this borehole.

Laboratory Analyses of Soil Samples
Selected soil samples were submitted for grain size distribution analyses to Golder Associates

Ltd. Grain size distribution curves are included in Schedule II. Table 3 summarizes the
results of the laboratory tests.

FEBRUARY 1995 MM, DILLON LIMITED



TABLE 2

SUMMARY OF MONITORING WELL INSTALLATION DETAILS

Well |[Northing| Easting| Ground |Elevation Stickup | Dia. Hole Bottom Screen Bottom Screen Top Top of Sand Pack
No. Elevation Top of {m) |(mm)
{masl) Pipe Depth |Elevation Depth |Elevationl Depth {Elevationl Depth |Elevafion
(approx) | (approx) {masl) (m) {masl) (m) (masl) {m) {masl) {m) {masl)

18 41670 85080 | 190.31 | 191.21 0.85 51 7.62 | 182,69 7.41 | 182.90 589 | 184.42 1.22 | 189.09
11 41670 85080 | 190.35 | 191.24 0.86 51 15.85 | 174.51 15.06 | 175.30 13.54 | 176.82 1245 | 177.91
tD 41670 85080 | 19042 | 191.18 0.75 81 56.08 | 134.34 4954 | 14088 48,02 | 142.40 4221 | 148.21
25 42230 85580 | 190.58 | 191.59 1.04 51 7.64 | 18294 7.64 | 182.94 6.12 | 184.46 1.22 | 189.38
21 42230 85580 | 19062 | 191.54 0.95 51 1585 | 174.77 15.19 | 175.43 1367 | 176.95 1250 | 178.12
35 42250 85020 | 19072 | 191.62 0.91 5t 7.67 | 183.05 7.67 | 183.05 6.15 | 184.57 1.52 | 189.20
3i 42250 85020 | 190.72 | 191.60 0.88 51 1585 | 174.87 15.25 | 175.47 13.73 | 176.99 12,65 | 178.07
41 35650 82650 | 186.18 | 187.08 0.88 51 15.85 | 170.33 15.28 | 170.80 1376 | 172.42 12.50 | 173.68
55 36630 82180 | 187.17 | 188.14 0.96 51 762 | 179.55 7.39 | 1790.78 587 | 181.30 1.22 | 18595
5] 36630 82180 | 187.33 | 188.14 0.81 51 1585 | 171.48 1506 | 172.27 13.54 | 173.79 12,65 | 174.68
5D 36630 82180 | 187.35 | 188.05 0.70 51 45.11 142.24 4475 | 142.60 4323 | 144.12 4023 | 14712
6S 35700 82040 | 18606 | 187.09 1.03 51 762 | 178.44 748 | 178.58 596 | 180.10 142 | 184.64
6l 35700 82040 | 186.02 | 187.19 1.17 51 15.85 | 17017 1496 | 171.06 1344 | 17258 12.32 | 173.70
6D 25700 82040 | 186.01 { 187.14 1.13 51 4584 | 13917 4585 | 140.16 4433 | 14168 42,08 | 143.95
78 36650 81600 | 18649 | 187.31 0.82 51 7.62 | 178.87 7.58 | 178.9 6.06 | 18043 074 | 18575
7l 36650 81600 | 186.44 | 187.38 0.94 51 1585 | 170.59 1558 | 170.86 12.63 | 173.91 11.48 | 17496
85 42070 86070 | 191.76 | 192.42 0.66 51 754 | 184.21 7.54 | 184.21 450 | 187.26 358 | 188.147
8l 42070 86070 | 19159 | 192.49 0.89 51 15.08 | 176.51 13.11 | 178.48 1158 | 180.01 10.87 | 180.72
95 42170 86640 | 182.19 | 193.03 083 51 6.10 | 186.10 6.02 | 186.17 297 | 18922 213 | 190.06
ol 42170 86640 | 19226 | 192.93 067 51 12.19 | 180,07 12.19 | 180.07 10.67 | 181.59 925 | 183.02
105 41720 87180 | 190.85 | 191.59 0.74 51 7.62 | 18323 7.62 | 183.23 457 | 186.28 2.85 | 188.00
101 41720 87180 | 190.78 | 191.56 0.77 51 1499 | 175.80 1499 | 175.80 13.46 | 177.32 12.85 | 177.93




SUMMARY OF LABORATORY TESTING OF SOIL

TABLE 3

Borehole Site Sample Depth Clay Silt
Number Number (m) Content (%) | Content (%)
BH1D D 2 27 42 52
BH1D D 4 52 34 64
BH1D D 7 10.1 45 42
BH1D D 12 17.7 50 39
BH1D D 15 22.3 49 40
BH2l D 9 5.2 52 37
BH3I D 9 5.2 39 48
BH4I | 7 4.6 46 35
BH4l I 12 12.2 51 36
BHSD I 4 5.5 54 36
BHSD I 8 11.6 51 32
BHS5D [ 14 20.4 57 42
BH6D H 4 55 58 35
BH6D H 8 11.6 56 34
BH6D H 15 22.0 63 30
BH7I H 9 5.2 53 35
BH8I K 3 6.1 56 35
BHSD K 3 52 54 37
BHOD K 7 11.9 35 50
BHSD K 10 15.9 57 37
BHSD K 24 37.8 8 21
BH10I K 3 5.2 48 40
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Water Level Monitoring

Water level measurements in the monitoring wells can be used to assess ground water flow
directions and vertical and horizontal hydraulic gradients.

Water level measurements were completed using an electric water level meter on several
occasions. This data is presented in Schedule III.

Well Development and Purging

Monitoring wells at the four deep borehole locations (BH1, BH5, BH6, BH9) were selected
for in situ hydraunlic conductivity testing and water sampling. Prior to in situ testing and
water sampling the wells were developed. Development consisted of manually pumping
water using dedicated WaTerra pump systems.

The purpose of well development was to remove any remnant effects from the drilling
process. A target of two well casing volumes was set for well development because it
prescribed the removal of a significant amount of water while remaining within the time
frame of the study. Two well volumes were targeted for development because the wells were
found to be extremely slow to recover to static water level after pumping. Also, no drilling
fluid was used in the drilling of the boreholes and therefore there was less disturbance of the
hydrogeologic environment than would be the case if drilling fluid was used. Schedule IV
contains a summary of the development program.

In-Situ Tests of Hydraulic Conductivity

In-situ tests of hydraulic conductivity generally involve the monitoring of the recovery of
water level after an instantaneous change of water level in a well from static conditions. The
change in water level is caused by adding, or removing, a volume of water in the well.
These tests are commonly called slug tests and were developed specifically for use in small
diameter monitoring wells. In-situ tests were completed on monitoring wells BH1S, BHII,
BHI1D, BHS5S, BH5I, BH6S, BH6I, BH6D, BH9S, BHI9I. Schedule V contains the results of
the in situ tests of hydraulic conductivity that were performed.

In this study, the slug test involved the removal of water from the monitoring well using the
WaTerra pump. Recovery of water level was monitored using an electric water level meter.
Monitoring well BH5D did not have a test completed on it because the WaTerra sampling
system became stuck in the well.

FEBRUARY 1995 M.M. DILLON LIMITED
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Water Sampling

Water samples were taken on July 15, 1992, from all monitoring wells where in-situ tests
were completed. Fenwick Laboratories performed the chemical analyses for major ions and
general ground water chemistry. Results of the chemical analyses are contained in
Schedule VI.

Geophysical Testing

A borehole geophysical logging survey was conducted by Hyd-Eng Geophysics Inc. of
Mississauga. Geophysical logging was completed on May 29, 1991, on the three deep
borehole locations (BH1D, BHSD, BH6D) at Sites D, I, and H respectively. Geophysical
logging was planned for BHOD at Site K but due to difficulties with the naturally-occurring
gas encountered, logging was not undertaken.

The purpose of the geophysical logging was to provide data regarding any changes in
overburden material with depth. Geophysical methods can detect changes in overburden
composition. This information is used to correlate and confirm the lithology as determined
by soil sampling when drilling the borehole.

All of the logging was conducted through the 51 mm PVC monitoring wells. Both natural
gamma and apparent conductivity logs were collected at each site. The results of the

geophysical survey are included in Schedule VII.

2.5.3 Factors/Indicators/Rationale

Evaluation criteria for the comparison of the sites are:
. The potential for natural protection of ground water resources from landfill leachate.

. The predictability of site conditions so that simple and reliable monitoring of ground
water can be accomplished and simple contingency measures implemented.

. The potential for disrupting ground water supplies and resources.

The various indicators for these criteria as well as the rationale for the criteria is presented
in Table 4.

FEBRUARY 1995 MM. DILLON LIMITED
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Data Sources

TABLE 4
EVALUATION CRITERIA
Evaluation Criteria Indicators Rationale
. Compare potential for Thickness of Conditions that have a
natural protection of attenuation layer higher degree of natural
ground water Nature and protection are preferred.

resources from
impacts from landfill
leachate

permeability of
attenuation layer

+ Site specific data
including:

Borehole logs
Hydraulic
conductivity
Water levels
Grain size data
Geophysical data
Ground water
chemistry

. Ability to monitor
ground water and
implement contingency
measures

Number of ground
water pathways
Nature of ground water
migration pathways
(medium, thickness,
permeability, extent,
and continuity)

Local ground water
flow directions
(convergent, divergent,
uniform)

Depth to ground water
migration pathways

Sites for which simple
and reliable monitoring
of site performance and
simple contingency
measures can be
implemented are
preferred

* Same as above

. Compare potential for
disrupting ground
water supplies and
resources

Presence of ground
water resources in
vicinity of site

Number of wells on
record in vicinity of
the sites

Quality and quantity of
on-site ground water
Tesources

It is desirable to
minimize the potential
for disruption to ground
waler supplies and
resources. Sites that
are more remote from
good quality, high yield
ground water resources
are preferred.

Same as above

FEBRUARY 1995

MM, DILLON LIMITED
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When evaluating the results of the investigations, a "concept” of the hydrogeologic conditions
at each site is developed. The data from the different aspects of the investigation are then
reviewed. If the data converges to support the concept of site conditions, then it can be
concluded that the site conditions are predictable. Predictable site conditions allow for simple
and reliable monitoring of landfill site performance, and also indicate that simple contingency
measures can be implemented. When the data from the different sources do not converge but
instead tend to be contradictory and not supportive of the concept of conditions at the site,
it is an indication that conditions at the site are complex and not predictable.

2.54 Data Sources

As indicated in Table 4, data sources used for evaluation of criteria and indicators comprise
data generated by field investigations.

FEBRUARY 1995 M.M. DILLON LIMITED
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3.0 COMPARISON OF SITES: ANALYSIS AND RESULTS

This chapter presents an analysis of the data collected in the site investigations. This analysis
is presented by geological conditions, and hydrogeologic conditions. Site-specific conditions
are discussed for each topic. A comparison of conditions at each site is then made.,

3.1  Existing Conditions With Respect to the Four Sites
Geological Conditions

The site-specific investigations support the interpretations made in the review of regional data.
The overburden soils at all sites were found to be similar and to consist of relatively
homogeneous clay-rich water-laid till. The results of the soil testing confirms the field
descriptions of this soil as a silty clay till.

Site D

At Site D, in the deep borehole (BH1D), weathered and fractured till was identified to 2.7 m
below ground surface (bgs) with some thin grey fine-grained silty sand seams identified in
the interval 5.3-5.8m bgs. The soils beneath this depth were consistently an unweathered
siity clay till. At 17.0 m bgs, a 4 cm grey fine-grained sand seam was identified.

The two boreholes drilled to 16 m at Site D (BH2I, BH3I) also identified the same
overburden stratigraphy as was identified in BHID. The weathered zone was identified at
BH3I to a depth of 6.0 m bgs.

Bedrock at Site D, was encountered in BH1D at 42.5 m bgs (147.9 m asl) and consisted of
a fissile grey clayey shale.

Interpretation of results from the geophysical logging of BH1D indicated that, between 34-43
m bgs, a zone of higher porewater conductivity occurs. This corresponds to the basal aquifer
that is known to have a high conductivity. Molecular diffusion of dissolved constituents (eg.
chloride) from the basal aquifer is probably the reason the porewater of the overlying clay
soils (ie. 34-41 bgs) were also identified to have highly conductive porewater. The
interpretation of the geophysical data is presented in detail in Schedule VII.

FEBRUARY 1995 M.M. DILLON LIMITED
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Site H

The deep borehole drilled at Site H (BH6D) indicated that weathered silty clay till extended
to approximately 4.9m bgs, below this depth the overburden was a consistent grey silty clay
till. Between 29.0-31.1 m bgs, silt layers approximately 50-150 mm thick were found. The
other borehole location drilled at Site H (BH7I), identified similar stratigraphy with the
weathered zone extending to a depth of 3.2 m bgs.

In BH6D, a layer of fine-grained sand with gravel was found (the basal aquifer) at 43.5 m
bgs and bedrock (inferred by auger refusal) was encountered at 46.2 m bgs (139.8m asl).
The geophysical logging of BH6D, indicated two zones of conductive porewater: one at 6 m
bgs which is associated with the weathered till, and the other at 42 m bgs with is associated
with the basal aquifer.

Site 1

At Site 5, the deep borehole BH5D had very similar stratigraphy to BH6D which was
expected due to their relatively close proximity. The weathered clay till extended to 4.3 m
bgs. At 31.7-33.2 m bgs, the soil matrix has a higher silt content, which corresponds to the
silt layers found near this depth at BH6D. Similar overburden stratigraphy was identified at
BH4I.

At BH5D, between 42.0-45.1 m bgs, an interbedded zone of sand with gravel with layers of
clay tili and silt till was found. Bedrock, consisting of a grey fissile shale, was found at 45.1
m bgs (142.3 m asl).

Geophysical logging of BHSD indicated the same two high conductive porewater zones: a
shallow zone which corresponds to the weathered till, and a deep zone that corresponds to
the basal aquifer.

Site K

At Site K, at the deep borehole BH9D, the weathered zone extended to 3.9 m bgs. The
overburden then became a massive grey silty clay till. A 25 mm thick fine-grained sand
seam was found at 12.0 m bgs, and a 10 mm thick sand seam was identified at 12.5 m bgs.
At 32.6 m bgs, a zone of laminated homogeneous clays was found which are of lacustrine
origin. Beneath this zone, at 36.1 m bgs, silty clay till was found. Immediately beneath
these soils, a silty fine-to-medium grained sand (basal aquifer) was found. Bedrock,
consisting of a greenish-grey shale, was found beneath the sands at 39.9m bgs.

FEBRUARY 1995 M.M. DILLON LIMITED
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Boreholes BHSI and BH10I, also drilled at Site K, identified similar stratigraphy as BHID.
At BHBI, the weathered soil zone extended to 4.6 m bgs. At BH10I, the weathered zone was
4.3 m thick.

When bedrock was encountered in BHID, a significant pocket of naturally-occurring gas was
found. This made the installation of a monitoring well not possible and the borehole was
sealed with cement. Therefore, geophysical logging of this borehole was not possible.

Hydrogeologic Conditions

The hydrogeologic conditions at all sites are similar. The weathered silty clay till is fractured
and ground water flow occurs chiefly in these fractures with flow chiefly horizontal towards
drainage ditches and municipal drains. The unweathered silty clay till is an effective aquitard
limiting recharge to the underlying basal aquifer. No significant sand seams were found
beneath the weathered till in the overburden.

Hydrogeologic conditions were evaluated using three main data sources; water levels in
monitoring wells which are used to determine hydraulic gradients and therefore ground water
flow directions; in situ hydraulic conductivity tests which indicate the ability of the different
soil units to transmit ground water; and water chemistry, which can be used to differentiate
between hydrostratigraphic units.

Table 5 presents the vertical gradients determined by water levels at wells installed at the
same location. For example, the vertical hydraulic gradient between BH1S and BHII is
determined by dividing the difference in water levels of the two wells by the mean distance
between the completion intervals of the wells.

Table 6 summarizes the horizontal gradients for each hydrostratigraphic zone, which were
determined by triangulating water levels between three wells. The horizontal gradients at Site
H and Site I were calculated from monitoring wells installed at both sites. Horizontal
gradients are quite small and the direction of ground water flow may be erroneous because
of the lack of sufficient data (ie. only three wells were used).

Table 7 is a summary of the results of the in situ hydraulic conductivity testing completed
at each of the four deep borehole locations. Due to the low permeability of the soils at these
sites, the tests are still on-going and only interim results are presented.

FEBRUARY 1995 M.M. DILLON LIMITED



~ TABLE 6
SUMMARY OF VERTICAL HYDRAULIC GRADIENTS

Vertical

BH Completion Interval Formation Static Water
No. Bottom Top Level Gradients
(masl) (masl) (masl)
18 182.90 189.09 Weathered Till 189.88
11 175.30 177.91 Unweathered Till 189.51 0.04
11 175.30 177.91 Unweathered Till 189.51
1D 140.88 148.21 Basal Aquifer 189.15 0.01
2S 182.94 189.36 Weathered Till 190.10
2| 175.43 178.12| Unweathered Till 187.36 0.3
38 183.05 189.20 Weathered Till 190.26
3| 175.47 178.07| Unweathered Till 189.38 0.09
58S 179.78 185.95 Weathered Till 186.66
5l 172.27 174.68| Unweathered Till 184.63 0.2
5l 172.27 17468 Unweathered Till 184.63
5D 142.60 147.12 Basal Aquifer 18099 | 0.1
6S 178.58 184.64 Weathered Till 185.10
6l 171.06 173.70] Unweathered Till 183.51 0.2
6l 171.06 173.70| Unweathered Till 183.51
6D 140.16 143.95 Basal Aquifer 181.21 0.08
78 178.91 185.75 Weathered Till 185.24
7 170.86 174.96| Unweathered Till 179.46 0.6
8S 184.21 188.17 Weathered Till 187.37
8l 178.48 180.72| Unweathered Till 188.00 -0.1
9s 186.17 190.06 Weathered Till 190.14
9l 180.07 183.02| Unweathered Till 187.92 0.3
108 183.23 188.00 Weathered Till 185.60
10l 175.80 177.93| Unweathered Till 185.06 0.06




TABLE 8

SUMMARY OF HORIZONTAL HYDRAULIC GRADIENTS

Borehole
Numbers

Formation

Horizontal
Gradient

Direction

BH1S
BH2S
BH3S

Weathered Till

0.00068

N23° W

BH1lI
BH2I
BHS3I

Unweathered Till

0.0033

S8o°w

BHSS
BH6ES
BH7S

Weathered Till

0.00284

S65°W

BHSI
BH6I
BH7I

Unweathered Till

0.009

EAST

BH8S
BH9S
BH10S

Weathered Till

0.012

N15°E

BH8I
BH9I
BH10I

Unweathered Till

0.0009

N20°W
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TABLE 7
SUMMARY OF HYDRAULIC CONDUCTIVITY DATA
BH Completion Interval Formation Hydraulic
No. Bottom Top Conductivity
(masl) (masl) {cm/s)

1S 182.90 189.09 Weathered Till 5.8x1077

1l 175.30 177.91| Unweathered Till 2.7x107°
1D 140.88 148.21 Basal Aquifer 3.2x10°%
58 179.78 185.95 Weathered Till 2.0x107%
5 172.27 174.68| Unweathered Till 4.3x10°°
6S 178.58 184.64 Weathered Till 2.8x107%
6l 171.06 173.70| Unweathered Till 4.5x107°
6D 140.16 143.95 Basal Aquifer 3.2x10°°
9S 186.17 190.06 Weathered Till 2.9x10~7

9l 180.07 183.02] Unweathered Till 3.5x10~"

DRAFT

MM. DILLON LIMITED
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Site D

There is a vertical gradient between the weathered till and the unweathered till ranging from
.01 to 0.3 at this site. The vertical gradient between the unweathered till and the basal
aquifer (BH1I and BHID) is 0.01, which is due to the high piezometric head in the basal
aquifer. This is the lowest gradient measured at any of the sites.

The horizontal gradient in the weathered till is very small at 0.0007 and in the unweathered
till it is 0.003. The small horizontal gradients indicate that flow in the overburden is mainly
downwards, controlled by the vertical gradients.

The hydraulic conductivity of the weathered till, as measured by an in situ test in BHIS, is
5.8 x 107 cm/s. The hydraulic conductivity of the unweathered till (as measured in BH1I)
is 2.7 x 10® cm/s. The basal aquifer also had a very low hydraulic conductivity of 3.2 x 10
cmy/s, which would indicate that the basal aquifer does not have a significant yield at this
location.

Site H

There is a higher vertical hydraulic gradient at Site H as compared to Site D with a range of
0.2 to 0.6 between the weathered and unweathered till. However the hydraulic gradient
between the unweathered till and the basal aquifer (between BH6I and BH6D) is significantly
less at 0.08.

The horizontal gradients at this site are 0.0028 and 0.009 respectively for the weathered and
unweathered till respectively.

The hydraulic conductivity of the weathered till as measured in 2.8 x 10® cm/s, and the
hydraulic conductivity of the weathered till is 4.5 x 10® cm/s. The basal aquifer had a
conductivity of 3.2 x 10°® cm/s (as measured in BH6D) which, while two orders-of-magnitude
higher than BHID (at Site D), is still relatively low.

Site 1
The hydrogeologic conditions at Site I are similar to those at Site H, which is expected due

to their close proximity to one another. The hydraulic conductivity of both the weathered and
unweathered till is essentially identical to that measured at Site H.

FEBRUARY 1995 M.M. DILLON LIMITED
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The vertical hydraulic gradients at borehole location 5 ranged from 0.2 between the weathered
and unweathered till, and 0.1 between the unweathered till and the basal aquifer.

Site K

The vertical hydraulic gradients reported in Table 5 may be erroneous because the wells may
have not had time to recover to static level after drilling. They do suggest that the gradients
are slightly less when compared to Sites H and I and slightly greater when compared to
Site D. Preliminary results from the in situ testing indicate hydraulic conductivities in the
107 cm/s range which, while an order-of-magnitude higher than the other sites, is still
relatively low.

Ground Water Quality

Water samples were taken from all of the wells in which in-situ hydraulic conductivity testing
was completed. These wells were submitted to Fenwick Laboratories Ontario Limited for
analyses for general ground water parameters. The results of this analyses are summarized
in Schedule VI

The purpose of this testing was to determine major ion ratios so that an evaluation could be
made in terms of ground water quality evolution. As water moves through the ground,
increases in total dissolved solids and major ions occur. It has been shown that as ground
water moves within the ground water flow regime, it tends to evolve chemically toward the
composition of seawater. These changes occur as ground water moves from shallow zones
that are recharged by precipitation through intermediate zones and finally into zones where
the water is old (Freeze and Cherry, 1979).

The evolution of ground water quality is usually evaluated by using graphs that illustrate the
ratio of major ions. Figure 6 is a Durov diagram that is useful for visually describing
differences in ground water flow systems. As ground water quality evolves, differentions are
dominant. For example in shallow ground water zones, bicarbonate (HCOj;) is the dominant
anion, while for "old" ground water zones, chloride (Cl), is the dominant anion.

As Figure 6 illustrates, comparison of results from shallow wells ("S" series wells), to
intermediate depth wells ("I" series wells), and deep wells ("D" series wells) clearly show the
trend for ground water to evolve from a calcium-bicarbonate (Ca:HCO,) type water for the
shallow wells to a sodium-chloride (Na:Cl) type water for the deep wells. This trend is
consistent with other studies conducted in the St. Clair Clay Plain (see Section 2.5.2), where
ground water in the basal aquifer has been identified to very "old" ground water. The trend
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was consistent for all sites. This condition is an indication that the clay-rich till overlying
the aquifer is of low permeability preventing the rapid recharge of ground water to the
aquifer.

The relatively high concentrations of dissolved solids in monitoring well BHID is an
indication that this well was installed at a deeper depth into the black shale bedrock than
BH6D.

The relatively high dissolved solids in BH6S is inconsistent with the other shallow wells, but
because it conforms to the major ion trend is considered not to be significant in terms of the
comparison of sites.

3.2  Net Effects and Advantages/Disadvantages of the Four Sites

As indicated in Section 2.5.3, three overall criterion were selected to evaluate the sites, and
are outlined in Table 4. The methods used to evaluate these criteria are discussed below.
The results of this evaluation are presented in Table 8.

Tables 9 to 12 outline the possible environmental effects of a waste management facility on
the sites, the mitigative measures that could be implemented to lessen the environmental
impacts, and the net effects.

Criterion 1 - Compare potential for site to provide natural protection from leachate

This criterion is based on the principle that a landfill site should be located in a setting with
sufficient natural protection to minimize off-site impacts. The natural attenuation capability
of a site is a key measure of its ability to provide natural protection of ground water
resources from the impact of landfill leachate. Attenuation of leachate refers to the reduction
of the concentrations of contaminants from leachate on the ground water system through
physical and chemical/biological reduction as well as dilution within the ground water flow
system. Geologic materials in an attenuation layer which are low permeability, have
significant percentage of clay minerals and are relatively unfractured, offer good natural
attenuation capability because of their ability to reduce the concentrations of contaminants.
Two indicators were considered in the evaluation of the potential for the site to provide
natural protection from leachate:

. Indicator 1  Thickness of Attenuation Layer.
e Indicator 2  Nature and Relative Permeability of the Attenuation Layer.
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Indicator 1 - Thickness of Attenuation Layer

The potential for attenuation is related to the thickness of the attenuation layer underlying the
landfill. The minimum thickness is measured between the proposed landfill base and the
basal aquifer. The surficial weathered and fractured clayey silt till which extends from
surface to up to 10 m in the St. Clair Clay Plain is not considered to be a competent
attenuation layer. However, the method used to identify the depth of the weathered and
fractured layer used in this study (examination of soil cores) does not conclusively determine
the depth of the hydraulically active fractures. It is considered that the depth of hydraulically
active fractures does not vary significantly within the area of the short-listed sites and
therefore would not influence the comparison of the sites. More detailed tests (eg. see
D’Astous et al.,, 1988) will be completed on the selected site to determine the depth of
fracturing and appropriate measures to mitigate the potential for leachate migration in the
weathered and fractured clayey silt will be incorporated into the design of the landfill.

Indicator 1 was evaluated by subtracting the depth of the proposed landfill (5 m) from the
depth to the basal aquifer identified in the deepest borehole ("D" series) drilled at each site.
The thickness of the attenuation layer at the different sites ranged from 32.5 m to 38.5 m.
It is considered that attenuation layers greater than 30 m thick are very adequate to protect
ground water resources and differentiation beyond 30 m is not significant.

Indicator 2 - Nature and Relative Permeability of Attenuation Layer

Geological materials which have relatively low permeability, including soils with significant
proportions of clay or silt grain size particles are considered to represent favourable
conditions for leachate attenuation. The following subindicators were used to evaluate this
indicator:

. Subindicator 2a Clay content of the Attenuation Layer, as indicated by Soil
Testing

. Subindicator 2b Permeability of the Attenuation Layer, as indicated by Well
Testing

Subindicator 2a - Clay content of the attenuation layer, as indicated by soil testing

Soil samples collected within the attenuation layer were submitted to geotechnical testing
laboratories for analysis of grain size. Results of this testing identified relative content of
clay, silt, sand and gravel and the average content of clay was determined by calculation.
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The average clay content of the soil samples for the different sites ranged from 44% to 58%.
Soils with this high clay content have excellent attenuation properties and the differences
between the clay content of the different sites are not significant. Therefore, it is not posstble
to differentiate between the sites based on this subindicator.

Subindicator 2b - Permeability of the attenuation layer as indicated by well testing

Monitoring wells were installed in the attenuation layer. Quantitative estimates of hydraulic
conductivity were obtained from the performance of response tests in these wells (see
Table 7). Only data from wells installed in the intermediate depth wells ("I" series) were
used for this subindicator. One test was complete on each site. Three tests resulted in a
hydraulic conductivity estimates in the 10® cm/s range (for Sites D, H and I} while on e test
from Site K was in the 107 cm/s range. While this difference may be significant, the lack
of supporting data (eg. more tests) suggest that the results should not used to differentiate
between the sites. Attenuation layers with hydraulic conductivities in the 107 cm/s range or
less are considered to have very adequate attenuative characteristics.

Criterion 2 - Compare the ability to monitor ground water and implement contingency
measures

This criterion is based on the principle that a site should be sufficiently understandable to
permit reliable prediction of impact, reliable monitoring and effective implementation of
contingency measures. Thus it can be predicted where, when and to what extent ground
water impacts might occur at the site in the unexpected event of a failure of the facility to
operate as designed. Also, ground water monitoring wells can be placed in appropriate
locations and at appropriate depths to allow effective monitoring of ground water and so that
effective contingency measures can be designed and implemented, if required.

To evaluate this criterion the number of ground water migration pathways, the nature and
extent of the principal monitoring layer and ground water flow directions within this layer
are evaluated.
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Indicator 1 - Number of Ground Water Migration Pathways

This indicator addresses the requirement for complex monitoring programs when there are
a number of potential ground water pathways. The investigations completed at all of the four
sites identified only three hydrostratigraphic units:

. Weathered and fractured clayey silt till;
. Unweathered clayey silt till; and
. Basal aquifer.

The expected ground water migration pathways for these units are horizontal movement of
ground water in the surficial weathered soils and vertical movement through the unweathered
soils to the basal aquifer. Because of the consistency of these hydrostratigraphical units over
all of the sites the number of ground water migration pathways at all sites are the same.

Elsewhere in Lambton County, significant glaciolacustrine soils have been identified within
the unweathered till. These soils typically comprise interbedded layers of sands, silts and
clays. The soil cores recovered in the investigations were carefully inspected for significant
sand layers. For all sites, no significant sand layers were identified in the soil cores.
Therefore, the use of a sub-indicator relating to the presence of sand layers to compare the
sites is not possible.

Indicator 2 - Nature of Monitoring Layers

Monitoring layers are the hydrostratigraphic units where impacts are expected to occur. For
the short-listed sites, the monitoring layers are the surficial weathered clayey silt till and the
basal aquifer. No significant differences in these units were identified between sites in the
investigations. Therefore it is not possible to differentiate between sites using this indicator.

Indicator 3 - Ground Water Flow Direction

There is insufficient data to conclusively determine the ground water flow direction.
However, uniform flow direction can be inferred by the level topography and consistent
geology at all sites. Since all sites are inferred to have a uniform flow direction, it is not
possible to differentiate between sites using this indicator.
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Indicator 4 - Depth to Ground Water Migration Pathways

The depth to ground water migration pathways can be divided into the depth to the weathered
and fractured clay silt till and the depth to the basal aquifer.

Subindicator 4a - Depth to Weathered and Fractured Till

Since the weathered and fractured till occurs from ground surface, the depth to this migration
pathway will be zero for all sites.

Subindicator 4b - Depth to Basal Aquifer

The depth to the basal aquifer is the same as Criterion 4 - Indicator 1, Thickness of
Attenuation Layer. The depth to the basal aquifer at the different sites ranged from 32.5 m
to 38.5m. It is considered that depths of greater than 30 m are not significant and
differentiation beyond 30 m is not significant.

Criterion 3 - Compare potential for disrupting ground water supplies and resources

This criterion addresses the potential for a landfill site to have a negative impact on ground
water resources and ground water users. The evaluation completed for the long-list of sites
(Step 5), included a compilation of the number of wells on record within 1 km of the site as
well as the number of potential users based on the number of residences within 1 km. Also,
since the completion of Step 5, the municipal water supply grid has been expanded, indicating
that the municipal water supply is available in the vicinity of all sites.

Indicator 1 - Ground Water Resources in the Vicinity of the Sites

The evaluation of ground water resources can be completed by comparing the quality and
expected quantity of the resources at the different sites. For all sites, the source of ground
water is the basal aquifer consisting of a sand layer overlying and hydraulically connected
to the upper fractured portion of the black shale bedrock.

Subindicator la - Ground Water Resource Quality
The testing completed on water samples taken from the basal aquifer wells installed for this

study, indicated that the basal aquifer water quality had relatively high concentrations of
sodium and chloride, consistent with results from regional studies of the aquifer.
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Only two wells were sampled in this study, BHID and BH6D, from Sites D and H,
respectively. BH6D is sufficiently close to Site I to represent conditions there. The sampling
system installed within the well installed at Site I (BH5D) is stuck in the well and no sample
could be taken. Problems caused by the naturally occurring gas at Site K (BH9D) prevented
the installation of a monitoring well.

The concentrations of sodium and chloride at Site D (BH1D), were significantly higher than
at Site H (BH6D). However, BH1D is installed at a deeper depth within the bedrock, which
may explain the higher concentrations. Based on these factors it is not possible to
differentiate between the sites based on this subindicator.

Subindicator 1b - Ground Water Resource Quantity

This subindicator can be evaluated by comparing the expected transmissivity of the basal
aquifer at the different sites. Transmissivity is based on the thickness of the aquifer and the
aquifer’s hydraulic conductivity. Since the thickness of the aquifer was similar to all sites,
hydraulic conductivity data can be used to differentiate between the sites. Wells response
tests to determine hydraulic conductivity were completed in the two wells accessible for
testing (BH1D and BH6D). However, the results of these tests cannot be compared because
the BHID was installed deeper within the bedrock than BH6D and are not representative of
the same hydrogeologic conditions. However, the results do indicate that the basal aquifer
has a relatively low permeability and the inspection of soil core from the aquifer at all four
sites indicate similar characteristics, indicating that the nature of the basal aquifer is not
different between the sites. Based on these factors it is not possible to differentiate between
the sites based on this subindicator.

Indicator 2 - Ground Water Use in the Vicinity of the Sites

Sites H and I have more wells on record within 1 km (6 and 4, respectively) compared to
Sites D and X (1 and 3 wells). However, Sites D and K have more potential residential users
of ground water (9 and 8, respectively), while Sites H and I do not have nay potential
residential users within 1 km. The presence of a municipal water supply will limit future
ground water users. These factors, along with the relatively minor use of ground water in
the vicinity of the sites, make it not practical to differentiate between sites based on
significant differences of ground water use between the sites.
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3.3  Conclusions and Comparison of Sites

A comparison of the geological conditions at the four different sites indicates that all sites
have significant thickness of consistent low permeability clay soils overlying the basal
aquifer., There were no significant layers of higher permeability soils encountered in the
drilling of boreholes at any site. Comparison of laboratory analyses of soils indicates that
there is no significant change in overburden composition between the sites. Overall, it is
considered that there are no significant differences in geological conditions at the four sites.

A comparison of hydrogeologic conditions at the site indicates that the overburden soils have
very low hydraulic conductivities. Vertical gradients, which induce downward movement of
ground water, are somewhat higher at Sites H and I than at Site D. The data does indicate
that vertical gradients are variable at each site. The reason for the low gradient measured at
Site D is the relatively high piezometric head in the basal aquifer. The monitoring well (1D)
installed in the basal aquifer at Site D, was drilled to a deeper depth than at Sites H and I,
which may explain, in part, the higher piezometric head in the basal aquifer at Site D. Due
to these reasons, it is considered that the differences in vertical gradients are not sufficient
reason to rank any site as preferred over the others.

All sites have a considerable thickness (greater than 38 m) of low permeability overburden
that would provide significant natural protection of the basal aquifer from impacts from
landfill leachate. Similarly all site were found to have predictable geological and
hydrogeologic conditions with no significant sand seams or other complicating features found
at any site.

Based on the results of these investigations, hydrogeologic conditions at all of the identified

sites have the same potential to limit contaminant migration from a landfill and protect
ground water resources.
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40 SUMMARY

Site-specific investigations were completed at four sites identified for site comparison for the
County of Lambton Waste Management Master Plan. The purpose of these investigations
was to collect site-specific information from each of the sites to allow comparison of
hydrogeologic conditions between the sites.

These investigations included the drilling of one borehole/monitoring well to bedrock at each
of the sites as well as the installation of monitoring wells within the overburden at other
locations. A total of 22 monitoring wells were installed in the investigations.

Soil samples were taken continuously in the deep boreholes. Selected soil samples were
analyzed to determine their grain size composition. As well, water levels in the monitoring
wells were measured to determined hydraulic gradients which were used to determine ground
water flow directions.

In situ hydraulic conductivity tests were completed on selected wells to determine the
hydraulic conductivity of the various hydrostratigraphic units. Geophysical logging of the
deep boreholes was also completed to detect changes in overburden composition.

Ground water samples were also submitted for laboratory analyses.

Geological conditions at the four sites are very similar with every site having a significant
thickness of clay till overlying the basal aquifer. There were no significant sand seams
encountered in any borehole at any site.

Overall, the results of the investigations indicate that all sites have similar suitable
hydrogeologic conditions and no site is preferred over the others.
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BOREHOLE LOGS




LIST OF ABBREVIATIONS
& TERMS USED IN BOREHOLE LOGS

This form summarizes both field and selected lab test results on sanples cbtained from sach
borehole. An explanation of the varfous columns of the log follows.

DEPTH

All depths ara given in metres (foet) measured from the ground surface unless otherwise noted.

ELEVATION/DEPTH

This coluan gives the elevation and depth of inferred geologic contacts. The elevation is referred
to the datum shown in tha general heading.

SYMBOLIC LOG

The symbolfic log column displays standard hatching syabels used for description of soil and rock
strata.

SOIL BESCRIPTION

A description of the soil strata using standard terninology Is contained in this column. The
terainology used for describing soflis/strata 1s based on proportions of partfcle sizes present:

Tern Example m

Trace Trace sand 1 - 10
Sous Some sand 10 - 20
Adjective Sandy 20 - 3
And And sand 3% - 50
Noun Sand 50

Grain Size Classification*

* Pased on Unified Soil Classification
System ASTH D2487-85

Ciay €0.002 =m
st 0.002 - 0.075 ma
Sand 0.075 - 4.75 nn
Gravel 4.75 - 75 oo
Cobblas 15 - 200 nm
Boulder >200 na

Relative Density (Non-cohesive Soils) Consistency {Cohesive Soils)

N _(SPT) Undrained Shear
N(SPT) Strength (kPA)
Very Loose 0 - 4
Loose 4 - 10 Very soft <2 0 to 12
Campact 10 - 30 Sof't 2 - 4 12 to 25
Dense 0 - 50 Firm 4 - 8 25 to 50
Very denss 50 Stiff 84 - 15 50 to 100
Very stiff i5 - 30 100 to 200
Hard =230 Over 200
bilatancy Plasticity
None = No visible change in specimen. Liquid Linit (%)
Slow = Water appears siowly on surface Low plasticity <30
of specimen during shaking and Medium plasticity 30 - 50
does not disappear or High plasticity »50
disappears slowly upon

squeezing.

Rapid - Water appears quickly on tha
surface of specimen during
shaking and disappears quickiy
upon squeezing.
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LIST OF ABBREVIATIONS
& TERMS USED IN BOREHOLE LOGS
(continued)

SAMPLE NO.

Saaples are numbered numerlcally in the order 1n which they were obtalned in the borehole.

INTERVAL

The interval over which a sample was taken 1s indicated. The symbol represents the type of sampling
nethod used., See form which fallows for symbol descriptions.

SAMPLE TYPE

The first letter describes the sempling method and the second, the shipping container.

Saopling Method

A = Sp1it Tube € = Auger
B - Thin Wall Tube F = Wash
C - Piston Sampler G - Shovel

D - Core Barral
X ~ Denctes sample aextracted fros
core, taken for laboratory

analysis
Shipping Container
N - Insert $ - Plastic bag
0 - Tube T = Cloth Bag
P - Water Content Tin U = Wooden Core Box
0 - Plastic Jar Y ~ Plastic Core 8ox
R ~ Glass Jar 2 = Discarded

'N' VALUE {BLOW COUNT)

The 'N' value abtained from the Standard Pemetration Test (SPT). This test is carrled out in
accordance with ASTH D1586-B4. and the 'N' value corresponds to the sum of the number of blows
required by a 63.5 kg (140-1bs) hammer dropped 760 msm {30 in.} to drive a 50-mm (2-1n.} split tube
sampler the secand and third 150 en {6 In.) of penetration.

% RECOVERY

The percentage of the sample actually recovered based on field measurements {s {dentified {n this
coluan. In the case of rock, the length of rock core as a percentage of each core run 1s given.

LABORATGRY ANALYSIS OF SQILS

Letter denotes analysis perfoeraed.

GEOTECHNICAL CHEMICAL
a. Grain $ize 1. 0ils and Grease
b. MHoisture Content J. TOC
c. Wat Density k. Hydrocarben (s)
d. Atterberg Limit(s) 1. Organic Compound(s)
e, Poraeability u. HNajor lon(s)
f. Cation Exchange Capacity n. HNutrient(s)
g. Mineralogical ldentification 0., Metali(s)
h. Other geotechnical p. Other chemical

TEST DATA PLOTS

A coluan 1s reserved for plotting fleld and/or laboratory test data against depth, 'N' values,
roisture contents and fleld vane shear strength are commonly plotted.

MONITOR INSTALLATION DETAILS

This coluan displays the detalls of ground water monitor construction. Ses fora which follows for
description of symbols used to represent backfill materials.
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LIST OF SYMBOLS
USED IN BOREHOLE LOG

Sample Interval

Sampling Method Monitor Instaliation Details
24 Split Tube Cement

I“H““J”" Thin Wall Tube j& Bentonite-pelletized
Piston Sample Bentonite-powdered

]l“l Core Barrel Sand
Auger Gravel

S vash Drill Cuttings
Shovel n Ca\fed Materials
Sample Extracted : Other Fill Materials
for lab analysis
Other Open Hole

RILLOM
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BOREHOLE No.
Sheet
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1 of

1

PROJECT:
LOCATION:

LAMBTON SITE PROOFING

Moore Township, Lambton County, Ontario

DATE: 18 May 1991

INSPECTOR:

SJW

|

ELEV. |9

DEPTH

(m) gg
w

190.31

DESCRIPTION
(1)

SAMPLE

NVALUE (0)

I

%RECOUERY

{Blows/0.6m)

MONITOR
STALLATION
DETAILS

T T T .1
20 40 60 80

LABORATORY
ANALYSIS

Stickup
0.85m

2)

.

1900

TOPSOIL
Dark brown. Silty clay, trace gravel.

0.4

T

187.6

WEATHERED SILTY CLAY TILL

Light to medium grey (becoming reddish brown
with depth) clay matrix with some silt (disappears
with depth). Orange oxidation stains (decrease and
disappear with depth).

1.3m - Colour is medium reddish brown.

2.7

DAY

182.7

SILTY CLAY TILL
Medium greyish brown clay matrix.

3.5m - 5cm grey fine-grained sand and silt seam.
3.7m - becoming medium to dark grey.

5.3m - 5.8m Occasional stringers of grey
fine-grained sand and silt.

7.3m - appearence of a few small black shale gravel
sized particles.

Cement

Holeplug

1.22m -

Sand

5.85m -

Screen

74lm -
Cave

FEFFFELE

T OGO

Eﬁﬁffiﬁﬁﬁﬁﬁfﬁf.fﬁﬁfﬁfﬁﬁﬁfiﬂiﬁﬁﬁiﬁii:Iiﬁ:ﬁiiﬁii:IZIZI::ZfﬁﬁﬁiiiZI:IIII:I:ZZ::ZZﬁﬁﬁﬁﬁfﬁﬁﬁ::ﬁ

16

End of Borehole (7.62m)

NOTES:
(1} Description of stratigraphy
from BHID.
(2) Monitor constructed of 5lmm
SCH 40 PVC riser pipe with a
1.52m long No. 10 slot screen.
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- NVALUE (0)[ _ MONITOR
s ELEV. J > gﬂ INSTALLATION
- | DBPTH E 8% |Eo ’
DESCRIPTION | & Stickup
E ( m) 1) § = s E 6d 0.86m
190.36 H z g & @) I—l:
] TOPSOIL 2
190.0 [=ss] Dark brown. Silty clay, trace gravel. Cemnent E
0.4 ¢

WEATHERED SILTY CLAY TILL

Light to medium grey (becoming reddish browm
with depth) clay matrix with some silt{disappears
with depih). Orange oxidation stains {decrease and
disappear with depth).

1.3m - Colour is medium reddish brown.

SILTY CLAY TILL
Medium greyish brown clay matnix.

3.5m - Scm grey fine-grained sand end silt seam.
3,Tm - becoming medium to dark grey.

5.3m - 5.8m Occasional stringers of grey
fine-grained send end silt.

7.3m - rence of & few small black shale gravel
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9.1m - gravel sized particle content increases.
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PROJECT:
LOCATION;

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

DATE;
INSPECTOR:

18 May 1991

SJW

- SAMPLE NVALUE (0) | MONITOR
s I;auav. Q gg (Blows/0.6m) [NSTALLATION
] 1 ]
2w B8 DESCRIPTION E § % 20 40 60 80
E ;
| z S
:
SILTY CLAY TILL (Continued) i B -
Medium to dark grey. Silty clay matrix, some small i ff :
black ghale gravel sized particles. Dense. i e b
i i 3
114 1]ﬂlno % |
’ Holcplug
N ;
12.45m- 43 §
134 ]
2|HIIBO Sand
lammeﬂmmmyumudmmm o 13.34m- 1 1
144 H:| -
Soreen | 5:
154 ...... 15.06m- L] -
3 ([t Bo | cawe
1745 _ |
16 159 TEE .
End of Borehale (15.85m)
17 ]
18- NOTES: Pk )
(1) Description of stratigraphy i
from BH1D. i ;
{2) Monitor constructed of 5lmm
SCH 40 PVC riser pipo with &
1.52m long No. 10 slot screen.
19 d
— — S _-!-I_E
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10+
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12+

134
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LAMBTON SITE PROOFING DATE: 16 May 1991
Moore Township, Lambton County, Ontario INSPECTOR: SJw
SAMPIE NVALUE (O) [ _MONITOR
g E 3 (Blows/0.6m) INSTALLATION
LI I i 1
DESCRIPTION J| > Q 20 40 60 30 |Stickup
£ g 0.75m
H z (1)
R . Cement [¢] K4
2 A\Dark brown. Silty clay, trace gravel. fl 1 AO 90 3] #4
) WEATHERED SILTY CLAY TILL 3] &
(7] Light to medium grey (becoming reddish brown ] 44 B
#94 with depth) clay matrix with some sili(disappears 4 B3
44 with depth). Orange oxidation stains (decrease and 2 AO 100 31 B
¥ 2, dissppear with dopih). 34 B4
% 3 B
- Holeplug B3 §%
SILTY CLAY TILL . ] B4
Medium greyish brown clay matrix. 3| | a0 100 B
3.5m - Scm grey fine-grained sand and silt seam. I§ 3
3.7m - becoming medium to dark grey. : ; .
ik
4 Ao lm ............................ s-oln - r: gy
5.3m - 5.8m Occasional stringers of grey
e-grained sand and silt. -
5 AO 100
7.3m - appearence of a few small black shale gravel m
6 AO 100
9.1m - gravel sized particle content increases.
7 AO 100
8 AO 100
9 AO 100
3.5m - gravel sized particles disappear, some ]
~3mm medium brown clay blebs and occasional
faint black laminations. 10| |AC 100
11 AO 100
17.0m - 4cm grey fine-grained sand seam. 12 AO 100
13 AD 100
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PROJECT:
LOCATION:

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

DATE;
INSPECTOR:

16 May 1991
SJw

DEPTHC m }

ELEV.
DEPTH

(m)

DESCRIPTION

SYMBOLIC
LOG

SAMPLE

NUMBER

TYPE

E

N VALUE

LABORATORY
ANALYSIS

NVALUE (O)

MONITOR

Blows/0.6m)  INSTALLATION
| __DETALLS |

20 40 60 80

29

304

314

324

364

374

38-

39+

AN

B
3

SILT CLAY TILL. (Continued)
Mediurm to dark grey clay with no to some silt and
no to some small black shale gravel sized particles.

=N
NN

NN
VA

N
AN

AN

NN

NN
WA

N
N

W
RS

MR
YA

N

o

A

SRR
RN

S

N
.

AN

AN
WAN

\\“

AN

33.2 m - gravel sized panticles disappear.

AN
WAN

N
A

33.5m - 0.5cm to 3cm brownish clay
laminations/layers.

AN
INN

BN

NN

A\

QX
AN

S\

AN

7
7
/’1 38.7m - gravel sized particles reappear. Darker
i1 grey silt patchea.
(2771 39.3m - 1am grey / black sand and silt layer with
4 some clay and gravel.

N

N

15

16

17

18

19

21

2

AO
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AOQ

AO

AOQ

AO

AO

AO

AO

AO

AO

AO

2 |¥RECOVERY

-

100

100

100

100

100

100

100

100

100

100

100

100

Volclay
Grout

39.52m-
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~ SAMPLE > NVALUE (0)| MONITOR
= e[, ] F (B o bl
E Cm) DESCRIPTION g E E 2 g5 20 40 60 80
H z g § g
27| | AD 100 $
SILTY CLAY /CLAYEY SILT 3
Dark grey. Silty clay o clayey silt matrix with - :
414 gravel sized particles. Densge, Holeplug E ]
28 | | AO 100 $
2y 1419 42.1m - gravel sized particles disappear. || 42.21m- q
42.5 '
ad 29| |AO 95 l
74 SHALE
44 - 22 Mottled light, medium and dark grey weathered | -
%24 shale. Dense, crumbly, dry.
2 30| | A0 100
45 -
= Sand
i 31 AD 100 e
47 1 -
48 - 48.02m- .
R
B
49 ,”; Screen g
o 49.54m-
50 :,f’{,, .............................. 2
51 :,':,;", -
e
52- 7 -
Cave
53 .
54 -
ss4 o egZ bl e _
s6{ 1343 |
56.1 End of Borchole (56.08m)
574 NOTES: .
(1) Montor constructed of 5lmm
SCH 40 PVC riser pipe with a
58+ 1.52m long No, 10 slot screen. 1
59- ’ i
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LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SJw
~ SAMPLE = X VALUE (O) [ MONITOR
e | BLBV. |9 8 9 (lel,, ,o.lﬁm)' INSTALLATION
g (PO \dg DESCRIPTION % 20 40 60 80 [Stickup
E (m) | ) § g‘ 1.04m
19038 | H z E @) |—
e TOPSOIL ”
1901 % Dark brown silty clay. Cement i
05
WEATHERED SILTY CLAY TILL Hoteplug [t B
14 Mottled medium brown and medium grey (grey |
colour diminishes with depth) clay matrix. :
Numerous orange oxidation stains (decrease and 1.22m - 11
disappear with depth). HEH
2 4
187.9
27
34 SILTY CLAY TILL 4
Medium greyish brown clay matrix, Occasional
paler grey silt laminations and inclusions.
3.7m - colour becoming medium to dark grey, with Smnd 11
occasional small black shale gravel sized particles. q:
4+ 4.0m - 2cm brown clay layer. IHE
p 4.9m - laminations disappear.
6 11
6.11m- [
=
=f
Screen |
74 ..
1829 7
7.6
8 End of Borehole (7.64m)
(1) Description of siratigraph; i
from BH2L Y { i
{2) Monitor constructed of $1mm ] i1
94 SCH 40 PVC riser pipe with a i
1.52m long No. 10 slot screen.
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|- (.“) PROJECT No. 929928 3701 BOREHOLE No. 21
ragr / DATUM: Geodetic Sheet 2 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 21 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SJwW
" R SAMPLE > NVALUE (0O) sh%gmm
BLEV.
£ | pren |3 g y § & | (Blows/0ém) DETAILS |
8 DESCRIPTION 2 >| 20 40 60 80
E ( m) E g %
n H B Q
10.7m - faint black laminations appear, less gravel
11 - 1 271 92 E 4
Holeplug
SILTY CLAY TILL (Continued)
Medium to dark grey clay with no silt or gravel
sized particles.
12 <
12|71 12.50m-
134 Sand 1
13.54m-
14 49 | 54 7
Screen
154 " : J
15.19m- |
27| 63 Cave
1748 _|
16- 15.9 4
End of Borehale {15.85m)
174 4
18 MNOTES: A
{1} Monitor constructed of $1mm
SCH 40 PVC riser pipe with a
1.52m long No. 10 slot screen.
19+ i




= (-—) PROJECTNo. 9299283701 | BOREHOLE No. 3S
< DATUM:  Geodetic Sheet 1 of 1
PROJECT: LAMBTON SITE PROOFING DATE: 21 May 1991
LOCATION; Moore Township, Lambton County, Ontario INSPECTOR: SIwW
— SAMPLE ol ¥ VALUE (O) | MONITOR
B DBLEV. g E E i Wm}' WSEAET%ON
T (”)" DESCRIPTION 2172 40 & 80 Stickup
190.72 ~ z E @)
WEATHERED SILTY CLAY TILL 3] B
Mattled medium brown and medium grey (grey 1 B
colour diminishes with depth) clay matrix with no B
stones. Numerous orange oxidation laminated 4 B
.- stains (diminishing and disappearing with depth). P Holeplug 34 29
1.2m - appearence of occasional small black shale : H B
stones. 1 B
1.52m- §
1.8m - colour becoming medium reddish brown. 1|
2. Occasional medium brown clay blebs and lighter |
grey silt and clay layers / inclusions.
2.45m - colour becoming medium brown (reddish
tinge has disappeared).
3- :
+ :
sl 1847 |
Gl L | 61sm . |
SILTY CLAY TILL =
Medium to dark grey clay matrix with occasional =R
small black shale gravel sized parnticles. Dense. =
Occasional faint lack laminations, medivm brown ‘H
74 clay blebs and grey silt layers. i | Sereen | H| +
183.1 B
17 i
8 End of Borehole (7.67m)
NOTES:
(1) Description of stratigraphy
from BH3L
9 (2) Monitor constructed of SImm 4
SCH 40 PVYC riser pipe with a
1.52m long No. 10 slot screen.
= R — e
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1 of 2
22 May 1991
SJwW

Sheet

BOREHOLE No.
DATE:
INSPECTOR

92 9928 37 01
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TONTLNT ROy R B S N R
H3aUNN - < - v ™ ® * 2 = u 2

Geodetic

PROJECT No.
DATUM:

ILL@N

PROJECT:

’

LAMBTON SITE PROOFING

»
.

Lambton County, Ontarlo

Moore Township,

LOCATION

DESCRIPTION

Motiled medium brown and medium grey (grey
colour diminishes with depth) clay matrix with no
stones. Numerous orange oxidation larinated
stains (diminighing and disappearing with depth).
1.2m - appearence of occasional small black shale

gravel sized particles.

WEATHERED SILTY CLAY TILL

ing mediom reddish brown.

1.8m - colour

Occasional medium brown clay blebs and lighter

grey silt and clay layers / inclusions.

2.45m - colour becoming medium brown (reddish

tinge has disappeared).

Occasional faint black laminations, medium brown

small black shale gravel sized particles. Dense.
clay blebs and grey silt layers.

Medium to dark grey clay matrix with occasional

SILTY CLAY TILL

&

ELRV.
DEPTH
{ m)
190.72

i

184.7
6.0

7.

(W H>HLd3a

24

54

T




» (-j PROJECT No. 9299283701 | BOREHOLE No. 3
‘ DATUM: Geodetic Sheet 2 of 2
PROJECT: LAMBTON SITE PROOFING DATE: 22 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SJW
" SAMPLE NVALUE (D) [ _MONITOR
& IELBV- g § y E ,E. ﬁ @Blows/0.6m) _ [NSTALLATION
- BPFTH o ) E w T
o (= DESCRIPTION o l# a =3 & > 20 40 60 80
( m) 4 t ; ﬁ §
1 - o
- zZ| & <
SILTY CLAY TILL. (Continued)
Medium to dark grey clay matrix with occasional
small black shale gravel sized particles. Occasional
11 faint black laminations, medium brown clay blebs 14 AQ | 2t | 100 ]
and grey silt layers.
Heleplug
12+
15 g AQ | 21 | 96 f
12.65m- :
13 4
Send
13.7m - 9cm grey fine-grained sand seam with 13.73m-
some silt. :
14 SILT TILL. Mediom grey silt matrix with 16 § AQ |39 | 73 1
fine-grained sand, clay and small black shale gravel
sized panticles,
14.3m - lem grey fine-grained sand seam. Screen
SILTY CLAY TILL
154 As above with no gravel sized particles, no clay
blebs and no silt layers. 15.25m-
17 AQ125| 73 Cave
1749 |
159

16

184

19

End of Borehole (15.85m)

NOTES:
{1} Momitor constructed of 5lmm
SCH 40 PVC riser pipe with &
1.52m long No. 10 slot screen.

rr—




I PROIECTNo. 9299283701 | BOREHOLE No. 4l
/ DATUM:  Geodetic Sheet 1 of 2
PROJECT: LAMBTON SITE PROOFING DATE; 18 May 1991
LOCATION: Moore Township, Lambton County, Ontarlo INSPECTOR: SIw
SAMPLE NVALUE (D ONITOR
T | BLBV. y E Eg (Blows/0.6m) [NSTALLATION
2 DESCRIPTION 3 2] 20 40 60 0 [Stickup
E (m) g E %g 0.88m
z
Cement 4
Z WEATHERED SILTY CLAY TILL 1 B AQ #{ B
Motiled medium brown, medium grey (grey colour 3] B
¢&”’] diminishes with depth) clay matrix. Dense. $] 31
| Numerous orange oxidation stains / laminations 2
14 (diminish and disappear with depth). 2 83 aQ {72 +1 B
(3
3 B
i &
3 B
3 B AQ | 67 £ B
2- 1 B
#2.2m - colour becoming a uniform medinm brown. 8 $
4B aq |96 H &
2y B3
e
1834 _Pg / H &
3 28 / £ B
o | B
13 B
SILT CLAY TILL s 59 aQ | 15 /! i &
Medium to dark grey clay matrix with some small 3] 81
black shale gravel sized pieces. 24 B
4 6 B3 AQ | 16 3
7 B2 AQ | 18 b
5 Q weorfianeens Holeplugi E
¢ i
H B
sBY AQ | 11 i 51 B
74 i :
3 &
H
g AQ| 6 ’;
el e
H B
3 B
H B
41 B
i 49.1m - appearence of occasional faint black H H
A |2 il
£4 .
2 B
— _ - H




PROJECT No. 929928 3701 BOREHOLE No. al
DATUM: Geodetic Sheet 2 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 18 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SJw
~ ' SAMPLE NVALUE (O) | MONITOR
s | BLEV. |8 Eg Blows/0.6m)  [NSTALLATION
w |DBPTH 8! 20 4b e0 80
E s § DESCRIPTION g é
H z g &
SILTY CLAY TILL  {Continued)
Medium to dark grey clay matrix with some small
black shale gravel pieces. Dense. Occasional faint
1 black laminstions. i g AQ |17 T ; i
% Holeplug
12- H i
12 % aQ s ho 12.50m- ¥
134 .
Sand
13.76m- | b:
145 13 gm 18 i = -
Screen
15" ..... i H .
15.4m - Additlonsl leminaiices of beow chay: 13.28m- 15
14 B aQ | 17 u Cave
1703 _
16 15.9 A
End of Borehole (15.85m)
17- .
18- NOTES: -
{1) Monitor constructed of 5lmm
SCH 40 PVC riser pipe with a
1.52m long MNo. 10 slot screen.
191 i
= ———— e




III l @n PROJECT No. 929928 37 01 BOREHOLE No. 5D
s DATUM: Geodetic Sheet 1 of 3

PROJECT; LAMBTON SITE PROOFING DATE: 14 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SIw

SAMPLE NVALUE (D)| MO

NITOR

Blowsf0.6m) INSTALLATION
20 40 60 80 |Stickup
0.70m

)

ELEV.
DEPTH

(m)

DESCRIPTICN

DEPTHC m )
SYMBOLIC
LoG
LABORATORY
ANALYSIS

NUMBER
INTERVAL
TYPE

U
“RECOVERY

187.35

25 TOPSOIL  Dark to medium brown silty clay. I Cement
AO 94

18’6.3—‘

—

1

Q‘ Q‘
—

1.0m - sand seam (thickness unknown)
WEATHERED SILTY CLAY TILL

Mottled medium brown, medium grey (grey colour
diminishes with depth) clay matrix with some silt 2 AO 100
(disappears with depth) and a few small black shale
gravel sized particles. Numerous orange oxidation -
staing (diminish and disappear with depth).
3.1m - colour is uniform dark brown.

Q\‘

AR
W

AOD 100

3

49 e | P Holeplug

F
L =

AN

CLAY TILL

Medium 1o dark grey clay matrix with small black
shale gravel sized panicles. Occasional medium
brown clay blebs 2-5mm in diameter. ]

AN

N

7.3m - appearence of occasional faint black |
laminations.
7.9m - 2.5cm very dark grey silt layer. 6 AO 100 i 8.0m -

R e g g g L e e e g e g g L L L e g bbbt b S

T T T Y T Y ¥ E Y Y Y Y T Y Y Y Y T Y Y Y Yy Wy Y

R R

v
L
DR

AQ 100

BN
|

10~

NAARN
I

11

N
o

AO 100

NN
SN

\ s
I

121

NN

N
©

AO 100
134

NN
[

A0 A0 A0 A A Q0 ) DA N N NN N

Volclay
10| a0 100 Grout

RN

15

AN

11 AO 84

N

16+

NN

17 1
12 AO 100

NN

184 18.0m - gravel content decreased to occasional. .

N

=N

3
19- 1 AQ 92

N

19.5m - change 10 medium greyish brown clay,
soft. Disappearance of gravel and laminations, —
4 Occasional dark grey silty clay bleb 2-Smm in

N

|| ~




-‘*. PROJECT No. 929928 3701 BOREHOLE No. 5D
. DATUM:  Geodetic Sheet 2 of 3
PROJECT: LAMBTON SITE PROOFING DATE: 14 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SIW
- SAMPLE > | NVALUE (O)[ MONITOR
g [ BLBV. 1B 4 E0| @lows/.6m)  [NSTALLATION
~ | DEPTH [J g EQ— T
£ | () Eg DESCRIPTION E E 2 g>| 20 40 60 80
: i 33
(1] & z : S
L 14| |A0 100
21 -
15 AO 100
22
234
16 AO 100
24 23.8m - reappearence of faint black laminations. ||
25 17 AO 87
25.6m - colour change back to medium to dark 1
26 grey. Reappearence of gravel. Occasional
brownish clay laminations. 18 AO 100
26.1m - 4cm grey silt patch.
274 26.7m - 4cm grey silt and fine-grained sand seam -
SILTY CLAY TILL
28 With patches of darker grey silt with some 19 AQ 59
fine-grained sand.
29+ 29m - till becoming very gravelly.
20 AO 100
304 ) .....| Volclay
p— L Grout
iy 31.1m - grey fine sand seam (thickness unknown). U = =
155.7 31.3m - 2.5am dark grey to black fine-grained sand
32 31.7 scam, moist. . |
1.5m - 6cm grey fine-grained sand seam.
SILT TILL 22 AO 52
33 Medium to dark grey silt matrix with liule clay
7 154l and numerous small black shale gravel sized pieces ||
332 disappear with depth). f
34+ 23 AO 100
25 SILTY CLAY TILL
Medium to dark cl trix.
giey Caym 24 AS 17
36- :
374 25| | AO 100
38 m
26 AO 100
39 4
39.62m-




(-j PROJECT No. 929928 3701 BOREHOLE No. 5D
DATUM: Geodetic Sheet 3 of 3

PROJECT: LAMBTON SITE PROOFING DATE; 14 May 1991
LOCATION: Moore Township, Lambton Couaty, Ontario INSPECTOR: SIW
- SAMPLE x NVALUE (d) | MONITOR
e DBLEV, H ﬁ gl - E E g (Blows/0.6m) INSTALLATION
o EPTH L L DETAILS
E| (m §§ DESCRIPTION g E E g g cg 20 40 60 80
: ; 2"z 8 :
% 27| | AO 100 40.23m- |1
e :
41 - -:c" 40.85m - occasional grey silt blebs, brown clay — i
f;z; blebs and laminations.
7 28| |AO 100 11
ol 1454 & _ Sand |:f [
9 4207 |11 |SAND SILT AND GRAVEL Medium reddish e
144.8 _L~ /| brown fine-grained sand (increases with depth), silt 1 q1:
426 »7.;;? and gravel{some hlack shale and limestone).
434 P IDex . 29| | A0 72
b <1 i 2.3m - 2.5cm fine-grained black shale sand seam.
123--'; 29 CLAY TILL Dark grey clay matrix with small B
44 143 ‘2 fitsiblack shale gravel and some fine-grained sand. ;
2 1S TILL Dark grey mlt matrix with Black shale =
454 1424 1L lgravel sized particles. 30| |40 53 .
45.0 1 NSANDand SILT Grey fine-grained sand and silt.
1422 3 Grey fissile shale.
a6 451 Ind of Borehole (45.11m) :
47 4 -
50- .
2 .
54- -
56+ NOTES: .
(1) Monitor constructed of 51mm i i :
SCH 40 PVC riser pipe with a E a
57- 1.52m long No. 10 slot screen. 11 i Y
59- 4
= ———————— —_— ——
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1 of 2

BOREHOLE No.

Sheet

9 May 1991

INSPECTOR:

DATE:

“Ii‘iii‘ii"i‘ili‘ii‘*ib’.i"i’*i’*.’*.ih..i'..*...ii..i“.i".“I"‘“‘i“ii‘i“ld‘*ii*fi’.i*..l..‘.i‘..‘

it iy

i'i’i’fi*....‘.“I“i"i’lﬂ’di’.

“ Il on

NVALU
{awaitl. éen)
40

929928 3701

PROJECT No.

DATUM:

Geodetic

DILLOMN

LAMBTON SITE PROOFING

Moore Township, Lambton County, Ontario

DESCRIFTION
1}

Mottled medium brown, medium grey (grey colour
diminishes with depth) clay matrix with some silt
and a few small black shale gravel sized panicles.

Numerous orange oxidation stains (diminish and

TOPSOIL Dark w medium brown silty clay.
disappear with depth).

1.0m - sand seam (thickness unknown)
3.1m - colour is uniform dark brown,

WEATHERED SILTY CLAY TILL

7.3 - appearence of ocoasionsl faint black

7.9m - 2.5cm very dark grey silt layer.

801 [
DITNIMAES [
|
. | o -
REF 2s° >
TR .
- =1
L
Lt ) o - v Al o L




BILLOMN

PROJECT No.
Geodetic

92 9928 37 01

BOREHOLE No. 51
Sheet 2 of 2

PROIJECT:

LOCATION:

LAMBTON SITE PROOFING

Moore Township, Lambton County, Ontario

DATE: 9 May 1991
INSPECTOR: SIW

DEPTHC m )

SAMPLE

NVALUE (0)| MONITOR
INSTALLATION

NUMBER

:

N VALUE

#RECOVERY

(Blows/0.6m)
20 40 60 80

LABORATORY
ANALYSIS

11~

121

134

14

15+

164

17 1

18+

19+

TENTEhRhREHS
ANWNNANNNNNN

N
W Q\

Z,
(/,l

N
N

A N
A

AL

N

AWAW

N

E
/

BO

S .

BO

Holeplug

12.65m- |5
Sand

Screen

Cave

End of Borehole (15.85m)

I'im'lis:
1) Description of stratigraphy
from BHSD.
(2} Monitor constructed of 51mm
SCH 40 PVC riser pipe with a
1.52m loag Mo. 10 slot screen.




PROJECT No. 929928 3701 BOREHOLE No. 5S
/ DATUM: Geodetic Sheet 1 of 1

PROJECT: LAMBTON SITE PROOFING DATE: 9 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SJw
~ SAMPLE > | NVALUE (0)| MONITOR
£ ELRBV. ﬁ &I w > E g (Blows/0.6m) INSTALLATION
EP I H 1
2 [P 28 DESCRIPTION 3 THIEY YY) Stickup
E | (m |@3 3 |8¢ 0.96m
ﬁ ) 5 5|0 g g - |:-
18717 | H z E < )
187.0_| :::::E:: TOPSOIL Dark to medium brown silty clay. Cement
02 b
Holeplug [f £
14 1.0m - sand seam (thickness unknown) 4
1.22m - *
WEATHERED SILTY CLAY TILL :
Mottled medium brovn, medium grey (grey colour
diminishes with depth) clay matnix with some silt
(disappears with depth) and a few small black shale i Rk
2 gravel sized particles. Numerous orange oxidation SIR
staing (diminish and disappear with depth). A1
. 11 -
3.1m - colour is uniform dark brown. A1:
Sand
4 o
182.9
43
CLAY TILL
Medium to dark grey clay matrix with black shale
54 gravel sized particles. Occasional medium brown serende G g1
clay blebs 2-5mm in diameter, g1
5.87m - — N
6 H:| 1
sone |
7 =i
=B
7.3m - appearence of occational faint black 7.3%9m -
119.6_{4] mrinations. Cave
s End of Borehole (7.62m) P
8+ -
NOTES:
(1) Description of stratigraphy
from BH5D.
(2) Monitor constructed of 51mm
9. SCH 40 PVC tiser pipe with a
1.52m long Ne. 10 slot screen. :




PROJECT No.

929928 3701

D,
e DATUM: Geodetic

BOREHOLE No.
Sheet

6D

1 of

3

PROJECT:

LOCATION:

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

DATE: 8 May 1991

INSPECTOR:

SJwW

DEPTH( m )

DESCRIPTION
(1

101

114

12~

131

14-

154

181.1
49

oy
v/t
7,

&

NNNNN
AMANS \

4

\‘ \‘ \‘ N
NN

ney
SNLANLY
oy

3

NVALUE (0O)

N VALUE

*RECOUVERY

(Blows/0.6m)
T

MONITOR
INSTALLATION

T 1T ¥
20 40 60 30

ANALYSIS

LABORATORY

WEATHERED SILTY CLAY TILL

Mottled medium reddish brown medium grey clay
matrix {grey colour diminishes with depth) with
some small angular black shale gravel sized
particles.

2.25m - depth of mottling. Colour now medinm to
dark brown with occasional orange oxidation
stains.

Approximate depth of weathering.

4

NN
AN

‘
RN

2

NANNN
YNNI

N

3
N
RS

N

3

“J
N
NN

N

N

N
R

g
P

N

NN
NN

NN
VNN

NN

NN
A

SN
NN

A

A

AN AT AN
AT AR AR

AN
VAN

N

SILTY CLAY TILL

Medium reddish brown grey clay matrix with somse
smiall angular black shale gravel sized particles.
5.8m - colour now uniform medium grey.

14.65m - increased silt content.

18.0m - less silt and gravel sized particles.

10

11

12

13

AO

AO

AO

AO

AO

AO

AO

AO

AO

AO

AO

AO

AOQ

100

100

100

100

100

100

100

100

100

100

100

9

Volclay
Grout

‘.00”’.0“0&

43 bbbibibin




6D

2 of 3

8 May 1991

BOREHOLE No.

Sheet

SJwW

INSPECTOR:

DATE:

929928 3701

Geodetic

PROJECT No.
DATUM:

DILLON

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

PROJECT:
LOCATION:

MONITOR
INSTALLATION

36.07Tm-

NVALUE (D)
(Blows/0.6m)
60

SISATUNY
AdOLoN08e

AMIN0IIN%

37

93

100

78

100

100

100

100

100

100

100

100

2NN N

AO

AO

AO

AO

AO

AO

AO

AO

AQ

AO

AO

AD

TONMALNT pE]

¥IFWNN

15

16

17

18

19

21

23

DESCRIPTION
1

007
3IT10GWAS

ILTY CLAY TILL (Continued)

]

1.05m - appearence of faint black laminations and

oocasional il blebs.

2m - 0.5cm fine-grained sand and silt lens,

8

29m (approx) - 0.15m medium grey ailt layer.

45m - 10cm silt layer (as above).

8 =

30+
314

324
334




» (.) PROJECT No. 929928 3701 BOREHOLE No. 6D
/ DATUM:  Geodetic Sheet 3 of 3

PROJECT: LAMBTON SITE PROOFING DATE: 8 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SIW
SAMPLE VALUE (O} [ _MONITOR
. ];ZLBV. Q . g E ” ‘“"":“’“F“‘, INSTALLATION
L
-4 (mml)“ 8 DRSCRIPTION 8z & § & AEXEX]
J
E £ m E E E g
o 0 & z
27 AO 100 Holeplug
SILTY CLAY TILL (Continved)
41 - 40.84m-
_ 28| | A0 100 =L
42- 41.8m - 1-2cm grey silt layer. 42.06m- [ M -
42.4m - gravel sized particle content reduced to a | HEE
& few with occasional silt blebs.
. 29| | AO 78 Sand i
142.5 -
N R 5 .
T | Grey fine-grained sand with silt and small gravel : .
sized particles. 30 g3 AQ 3 “.32m- by
45- 44.8m - colour change to brown, no gravel. 3 AQ 32 g - i
45.3m - Black shale sand. Fine to medium-grained H
with gravel 45.85m- |idel
f | o
92 End of Borehole (46.23m)
47 .
48 -
49 -
50 .
514 J
52 A
53 i
544 4
55 4
56- NOTES: -
(1) Borehole terminated die to
auger refusal, assomed
57+ bedrock surface. -
(2) Monitor constructed of 51mm
SCH 40 PVC riser pipe with a
58 1.52m long No. 10 slot screen. J
594 ..
—_— e e — =




(.) PROJECT No. 929928 3701 BOREHOLE No. 6l
DATUM: Geodetic Sheet 1 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 8 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SIW
~ Q SAMPLE §°" NVALUE (D) [ SONITOR
2 | | J (4] § | B e Pl
3 DESCRIPTION w -2 20 40 60 80 |Stickup
E - 5-' ® 5Bl F 3| 8 g; 1.1%m
w2 [0 | Z z |k ¢ o |_
1858 |=:#] TOPSOIL Dark brown. po—" -
02
WEATHERED SILTY CLAY TILL

Motiled medium reddish brown medium grey clay
matrix (grey colour diminishes with depth) with
some small angular black shale gravel sized
particles.

D g ek ddd

24 J
2.25m - depth of mottling. Colour now medium to0
dark brown with occasional orange cxidation
stains,

3

bttt

Approximaie depth of weathering.
181.1
54 4.9 I [y Hulcp]ug
SILTY CLAY TILL :
Medium reddish brown grey clay matrix with some
small angular black shale gravel sized particles.
5.8m - colour now uniform medium grey.

|
1
PSPPI SRS SRS 0000000008 0000000003000 4800080000080 0800 808808000808 080880880038800883808000 08084




DILL@M

PROJECT No. 929928 37 01

DATUM: Geodetic

BOREHOLE No.
Sheet

6l
2 of 2

PROJECT:
LOCATION;

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

DATE: 8 May 1991

INSPECTOR:

SJw

DEPTH( m )

ELEV.
DEPTH

(m)

SYMBOLIC
Lo@

114

124

134

14-

154

16+

174

181

194

1702 _|
159

SAMPLE > | NVA 0)| MONITOR
3 > o INSTALLATION
i [ o g ﬁ l_g T T T & _DBIAM__
DESCRIPTION 3 €>| 20 40 60
a 5 g
Z z
il s0 HH
1 |Holeplug}
f | 1292m- :
2 (liff o 2 e 1
13.43m- |
; g ; Screen
14.65m - increseed silt and grevel sized panicles
] 14960 bilghef ]
3 BO ; ? é Cave
End of Borehole (15.85m) |
NOTES: |
(1) Description of Stratigraphy b
from BH6D,
{2) Monitor constructed of $lmm i b
SCH 40 PVC riser pipe with a $oap 38
1.52m long No. 10 slot screen. b




DILL@MN |-

PROJECT No.

929928 3701
Geodetic

BOREHOLE No.

Sheet

6S

1 of 1

PROJECT:

LOCATION:

LAMBTON SITE PROOFING

Moore Township, Lambton County, Ontario

DATE:

INSPECTOR:

8 May 1991

SJw

DEPTHC m )

BLEV.
DEPTH

( m)

186.06

SYMBOLIC

LOG

DESCRIPTION
(1

SAMPLE

I

N VALUE

LABORATORY

ANALYSIS

NVALUE (D)
(Blows/0.6m)

MONITOR
INSTALLATION

T T T 1
20 40 60 80

Stickup
1.03m

@)

—)

1859
0.2

181.2
4.9

178.4
16

Lo TOPSOIL Dark brown.

WEATHERBD SILTY CLAY TILL

Mottled medium reddish brown medium grey clay
matrix (grey colour diminishes with depth) with
some small angular black shale gravel sized
particles,

2.25m - depth of mouling. Colour now medium to
dark brown with occasional orange oxidation
staina.

Approximate depth of weathering.

]

SILTY CLAY TILL

Medium reddish brown grey clay matrix with some
small angular black shale gravel sized particles.
5.8m - colour now uniform medivm grey.

Cement

Holeplug

T T T TN

1.42m -

Sand

595m -

Screen

AR R

7.48m -

End of Borehole (7.62m)

NOTES:
(1) Description of Stratigraphy
from BH6D.
(2) Maxiitor constructed of 51mm
SCH 40 PVC riser pipe with a
1.52m long No. 10 slot screen.

' &]Zﬁf:ﬁﬁﬁﬁZfﬁfﬁffﬁfﬁfﬁﬁffifﬁﬁﬁﬁﬁfﬁﬁiﬁﬁiﬁﬁﬁﬁfﬁﬁﬁﬁfﬁﬁlliﬁIIIIIﬁﬁﬁIIIiﬁlfﬁlﬁﬁfﬁfﬁﬁﬁﬁlifﬁfﬁ




= PROJECT No. 929928 3701 BOREHOLE No. 71
IILLn DATUM:  Geodetic Sheet 1 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 22 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SIwW

~ SAMPLE > | NVALUE (O)] MONITOR,

£ ;;Yﬁ = § y * lg_,g (Blows/0.6m) INSTALLATION
(m) Eg DESCRIPTION EE E § g g 20 40 60 80 |Stickup

» Z & z E

0%4m  —
o ]

186.44

TOPSOIL 2 :
186.0 Dark brown silty clay. g AQ |39 | 2t
04
WEATHERED SILTY CLAY TILL

Mottled medium brown, medinm grey (grey colour
diminishes with depth) clay matrix. Numerous
orange oxidation stains /laminations (diminish and
disappear with depth).

B3 AQ [ 31 | 33

55 AQ | 31 | 21

1.8m - change to medium reddish brown.
2 R
B AQ | 52 | 38

2.7m 1o 3.0m - 2-3mm vertical grey fracture. é;éfi AQ|7a | 52

31 1833 %
3.2 ooy
2 AQ | 29 | 42
SILTY CLAY TILL =
Medium to dark grey clay matrix with some small =

4.3m - less grave] sized particles, faint black o
laminations. =
o] AQ | 28 | 67

g3
RA AQ | 24 | 54
:

‘..‘l
o
X AQ | 28 | 56
i

T7.6m - pale grey clay bleba 1-3mm in dismeter.

T30 “ :
R Pl
Ry AQ | 311 88 p: o
o P

9.45m - 1cm grey silty clay layer,

1MMMIMLMINHHIHHIMMMMMDMBID I IDODMIMIMNERTETIRNR




3 PROJECTNo. 929928 3701 BOREHOLE No. r{|
L-../} II LL (.J n DATUM:  Geodetic Sheet 2 of 2
e LAMBTON SITE PROOFING DATE: 22 May 1991
LOCATION Moore Township, Lambton County, Ontario INSPECTOR: SIwW
~ | aav. o L o N(;;ALSE 611; ) InSTAL ATIoN
. OWE/L.
v Df:";" g% DESCRIPTION g 5 E "E 20 40 60 80 — A —
1R 1 ME : §;
()] z
Zaﬂ* T S i |
um to grey y.mamx with occasion
m: N H
/ all black shale gravel sized particles : Holeplug
11 % 13§ AQ |21 | 100 3]
%
% 11.48m- 1 ¥
12- é Sand
Z 14 g AQ |24 {100 ] 12.53m-
134 /
/
/
/
/
14+ % 15 B4 AQ | 29 | 100 i s =0
% :
| N I e
| mommm———
. % 16 % AQ |27 | 100 J_l 15.58m- LEL:
6l 1591 : 2
End of Borehole (15.85m)
174
18 NOTES:
(1) Monitor constructed of Slmm
SCH 40 PVC riser pipe with a
1.52m long No. 10 slot screen.
— _ L




|- [.) PROJECTNo. 9299283701 BOREHOLE No. 7S
DATUM: Geodstic Sheet 1 of 1

PROJECT; LAMBTON SITE PROOFING DATE: 22 May 1991
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: SJW
~ SAMPLE NVALUE (O)] MONITOR
E ELREV. 2 g E a (Blows/0.6m) INSTALLATION
|__DETAILS |
z | PR ﬁg DESCRIPTION ﬁ €%| 20 40 60 80 |Stickup
E (m) - 9 i L 3 g g 0.82m
O | 18649 = G g g @ ﬁ
o] C
186,1 i) Dak brown silty clay. o %
0.47] Holeplug 3 §1
WEATHERED SILTY CLAY TILL 0.74m - 11 K3
1- Mottled medium brown, medium grey (grey colour A1
diminishes with depth) clay matrix with some silt |1
and small black shale gravel sized particles (below
1m in depth). Numerous orange oxidation stains / A1
laminations (diminish and disappear with depth), 1B
1.8m - colour change to medium reddish brown.
24 A1
2.7m to 3.0m - 2-3mm vertical grey clay strip.
34 1833 /]
3.2 11
SILTY CLAY TILL Send 1] [:
Medium to dark grey clay matrix with some small |t
4 black shale gravel sized panicles. gt
4.3m - Jess gravel sized particles, faint black 11:
2 N 7 D T T R R NN S T
% 6.06m - |iLL
74 =
1189 |44 7.58m- U EL] |
U End of Borchole (7.62m) DR
8-
NOTES:
(1) Description of stratigraphy Eodof
from BHTI
9 (2) Monitor constructed of $lmm
SCH 40 PVC riser pipe with a
3.05m long No. 10 slot screen.




8l
I of 2
MONITOR

INSTALLATION

RFK

=))

11 May 1993

Sheet

BOREHOLE No.

DATE:

75

0

AO

=

ATTIIIITIITIIININNRY

92 9928 37 01

(2]

Geodetic

PROJECT No.

DATUM:

DESCRIPTION

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

7

Vs,

L
«

100
100
100
100

AO
AO
AO
AQ

SILTY CLAY TILL
Mimgm:ﬁhydqmmhwﬁlimmu&
shale gravel sized particles (2-5mm).

/]

187.0

2

DILL@M

PROJECT:

LOCATION:

3
4-

46

64
9




(-—) PROJECT No. 92 9928 3701 BOREHOLE No. 8l
DATUM: Geodetic Sheet 2 of 2

PROIJECT: LAMBTON SITE PROOFING DATE: 11 May 1993
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR; RFK
- SAMPLE > NVALUE (O)[ MONITOR
I 8 DESCRIPTION MEIR B Y Y Y
1l L HHHE
z|z - g
%
%,
7 ” 10.5m - :
% e Holeplug (] §
I, -
b 109m - B
114 :/,," s A1
{"4 P Sand 11
% 7 B AQ 100 1|:
Z 3 1.6m- |k
%y 5 =
12 ey, KR g
7, ,: :7:: ‘ -y
7 : E
;” 4 sRyAQ| 8 | 42 R
& Screen | :H:
Yoy H:
131 %y =
Y, o AQ| 7 | 58 H:
Z =]
71/' =
_ 13.7m -
%y "
- 4,
14 ?/. 14,1m - 2mm thick fine to medium sand layer. 1 AQ [13;1:33
“opy
7
/% Increase in shale gravel sized particles. Cave
y’,‘ 11 AQ | 14 | 50
154 b kb
1764 _
152 1" |End of Borehole (15.24m)
16 Poid i
17 i
184 NOTES: 1
{1) Monitor constructed of S1mm P
SCH 40 PVC riser pipe with a i
1.52m long No. 10 slot screen.
19+ i -




1

8S

Sheet 1 of

BOREHOLE No.

12 May 1993

DATE;

INSPECTOR:

92 9928 37 01

Geodetic

PROJECT No.
DATUM:

DILLOM

PROJECT:

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

LOCATION:

MONITOR

INSTALLATION

)
ﬁ] 4{,’ T T

SCH 40 PVC riser pipe with a

1.52m long No. 10 slot screen.

from BHS-L

d of Borehole (7.54m)
(2) Monitor constructed of 51mm

NOTES:

(1) Description of stratigraphy

|

vy




DILLON =

PROJECT No,

92 9928 3701

Geodetic

BOREHOLE No.

Sheet

9D
1 of 2

PROJECT:
LOCATION:

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

DATE:

INSPECTOR:

14 May 1993

RFK

DEPTHC( m >

ELEV.
DEPTH
(m)

191.45

SYMBOLIC
LOG

SAMPLE

NUMBER
INTERVAL |

N VALUE w

“RECOUERY

LABORATORY

ANALYSIS

NVALUE (D)
(Blows/0.6m)

MONITOR
INSTALLATION
. _DETAILS |

| 1 I

20 40 60 80

104

114

124

134

18 1

19

187.5
39

7 WEATHERED SILTY CLAY TILL
/] Brown/grey, mottled, Silty clay matrix, Oxidation
stains. Fractures.

.Bm - laminations.

%
97
ity

%
7’
o
i
:/

SILTY CLAY TILL
Medium grey. Silty clay matrix with limestone
gravel sized particles,

N

%

7/' 12.0m - 25mm thick fine to medium sand layer.
744 12.5m - 10mm thick sand layer.

)
o

P

7
7/’//

7
Ll
y/f.
i,

19.3m - increased silt content.

14.3m - decreased number of gravel sized particles.

17.4m - Increased number of gravel sized panicles.

10

11

12

AO

AO

AO

AO

AO

AO

AO

AO

AO

AO

AO

AO

67

70

80

100

100

100

100

80

100

100

ank

Cement

.Y
W
W
W
N

o
W

NSy
D
oS

NN




=3 (.—) PROJECT No. 929928 3701 BOREHOLE No. 9D
/ DATUM: Geodetic Sheet 2 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 14 May 1993
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: RFK
" . SAMPLE E zn NVALUE (0) NIONITOR
| permi [ 4 w| g[S Glowsosn herin 3
v g
E ( m) 23 DESCRIPTION E ﬁ E § ﬁ E >| 20 40 60 80
o o “ Ei B ﬂ 5¢
13| |A0 60
21 | -
2 21.6m - decreased gravel sized particles (shalz). 14 AO 70 é.‘” i
A
234 e |
15| | A0 60 %%
244 i e |
25- 16| | a0 40 - ]
26+ | A -
17| | AO 30 P
271 1044
284 28.01m - clay and silt laminationlayers. 18| | AO 40 A X
294 ™ A |
19| | A0 50 : A
304 I e P -
314 20| |A0 50 7
[ARAAA
32 ] d
158.8
326 CLAY 2 AO 90 [
33+ Dark grey. Clay. Laminatcd. Shell fragments, s T
oA
s 2| a0 80 25
354 = b ]
23| | AO 100 15752
36 1553 -
36.1 SILTY CLAY TILL | %%
37 £4544
T 24| | A0 50 =
37.5 JIILISTLTY SAND ) /4
384 153.7 Dark grey. Silty fine to medium sand. Methane T PR T
377 etected. I
153.6 HALE P oA
394 379 y. Shale. Fissile. -
End of Borehole (37.85m) it
=z




| - (.') PROJECT No. 929928 3701 BOREHOLE No. 9|
DATUM:  Geodetic Sheet 1 of 2
PROJECT: LAMBTON SITE PROOFING DATE: 14 May 1993
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: RFK
- SAMELE Em M .
ELEV. lows/0.6m
< |pepmH 3 5 £o oo sm), | DEIALS
T DESCRIPTION g7 20 40 60 80 |Stickup
E (m) E § %' 0.67m
0 | 19226 H . E § @
] WEATHERED SILTY CLAY TILL
, mottled. Silty clay metrix. Oxidation
1-
7,
%
24 V,,l‘
Y,
%,
7
%,
3 %)
L
<
7
188.4_{Z%
4 39
Medium grey. Silty clay matrix with limestone
Grout
54 00 oL Feieedbbdin.
6+
71 w7 1
v
Z
/,,;
8- %4
Z '
L/
:,,:: 8.5m - :
7 Holeplug £
9- s 9 -
47 92m- [H P
1 ,,/‘ X
7.,
4
7 e —




(.—] PROJECT No. 929928 37 01 BOREHOLE No. ol
DATUM: Geodetic Sheet 2 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 14 May 1993
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: RFK
~ — SAMPLE > TN VALUE (0) | MONITOR
¢ | oo [ o[ || F |Bf - umnin_PORgion
= >
i 189 DESCRIPTION gﬁg 2 E>| 20 40 60 80
a £ m > 23
d L z|& z <a
i | Sand
10.7m -
12- 12.0m - 25mm thick fine 1o medium sand layer. '
180.1 _|
122 End of Borehole (12.19m) '
13 -
14+ E :
s4 A0 o A N -
16 -
17 .
18- NOTES: P ]
(1) Description of Stratigraphy .
from BHYD.
(2) Monitor constructed of 5lmm

SCH 40 PVC riser pipe with a

1.52m long Mo. 10 slot screen.
194 .

—_—— e — pr———




BILLOM

DATUM:

PROJECT No.

92 9928 3701

BOREHOLE No. 9SS
Sheet 1 of 1

PROJECT:

LOCATION:

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario

DATE: 14 May 1993
INSPECTOR: RFK

DEPTHC m )

ELEV.
DEPTH

( m)

192.19

4

7-

8-

1883

39 P%

Ry
AN

R

N

N

R R R R R Y
AN R A AT AT AT AT A Y

)

SILTY CLAY TILL

“SAMPLE

NVALUE (O)[ MONITOR

I

%“RECOVERY

__DETAILS |
20 40 60 80 |Stickup
0.83m
(2)

LABORATORY
ANALYSIS
] |

3.8m - laminations.

Holeplug

21m-

44408444800 00004000400040808884

AN

End of Borehole (6.0m)

NOTES:
(1) Description of Stratigraphy
from BHID.
(2) Monitor constracted of 5lmm
SCH 40 PVC riser pipe with a
1.52m long No. 10 slot screen.

S




101
1 of 2

MONITOR
[NSTALLATION

DETALLS

RFK

12 May 1993

Sheet

NVALUE (O)

(Blows/0.6m)

BOREHOLE No.
INSPECTOR:

DATE:

80

50

100
100

70

AO

AO

AO
AO
AO

929928 3701

Geodetic

PROJECT No.
DATUM:

DESCRIPTION

LAMBTON SITE PROOFING
Moore Township, Lambton County, Ontario
, mottled. Silty clay matrix, Oxidation

%' WEATHERED SILTY CLAY TILL

Medium grey. Silty clay matrix with shale &
8.2m - Flat angular shale gravel sized particles.

limestone gravel sized particles.

DILLOM

PROJECT:
LOCATION:

24

£
74

70

AO




Ill u n PROJECT No. .92 9928 37 01 BOREHOLE No. 101
. DATUM: Geodetic Sheet 2 of 2

PROJECT: LAMBTON SITE PROOFING DATE: 12 May 1993
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: RFK

SAMP

NVALUE (D)] MONITOR
(Blows/0.6m) STALLATION

T 1 1
20 40 60 80

BLEV.
DEPTH
( m)

§ DESCRIPTION E

SYMBOLIC
INTERVAL
TYPE
VALUE
LABORATORY
ANALYSIS

DEPTH( m )

114

11.4m -

Holeplug

134 P |129me

_ i ¢ |Sand
— AR A LY

14' 1

Screen

| 1158 &7
31 150

End of Borehole (14.99m)

164 ]
174 g

(1) Monitor constructed of 51mm i i i
SCH 40 PVC riser pipe with a
1.52m long No. 10 slot screen.

194 -




Il (‘) PROJECT No. 929928 3701 BOREHOLE No. 10S
. DATUM: Geodetic Sheet 1 of 1

PROJECT: LAMBTON SITE PROOFING DATE: 12 May 1993
LOCATION: Moore Township, Lambton County, Ontario INSPECTOR: RFK

SAMPLE

NVALUE (D) msMroLLANHOR

Lows/0: 'ALLATION
Blows/0.6m) DETAILS
20 40 60 80 |Stickup
074m —
)

ELEV,
DEPTH

( m)

LOG

m

SYMBOLIC

T
DESCRIPTION E g

DEPTH  m )
LABORATORY
ANALYSIS

I

190.85

“RECOVERY

WEATHERED SILTY CLAY TILL
Brown/grey, mottled. Silty clay matrix. Oxidation
stains, Fractures, SR I E

3
AN

b’

SRS
NN
NN N

o

N

W
AN
A

N

N

N

N
SN

AN
N ‘\Q ‘\Q N

AN
AN .\Q‘

2.8m -

LR ¢4 4440000000030 0400008840040 8080888080404

3

186.7 _J
42 b7

1833 (87 :
16 End of Borehole (7.62m)

NOTES:
(1) Description of Stratigraphy
from BH10L
(2) Monitor constructed of S1mm
SCH 40 PVC riser pipe with a
1.52m leng No. 10 slot screen.




Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4D - Hydrogeologic Impact Assessment

SCHEDULE II

RESULTS OF LABORATORY TESTS ON SOIL SAMPLES




FORM PRODUCED FEB 1989

Form G.A.-GSD

GRAIN SIZE DISTRIBUTION FIGURE 1
SILTY CLAY
Size of openings, inches U.5.S. Sleve size, maszhea/ inch
o o L L o B 810 18 20 30 40 5060 100 200
100 O s T | !
- ] X i ! !
" SN i :
|
% ;
i
i
= 70 i 11
< i
EE &0 ‘ Al
« l \
z | A\
T % ] NN
~ | l \
é L l I \ \
o | i \ o
o 30 i T =]
. Hik .
HH | |
o Sy i 1A i
1 I
| HIE !
R 0 0 o1 .01 o001 0.0001
GRAIN SIZE, mm
COBBLE coaase’ MEDIUM [ FINE | COARSE i MED&UMT FINE SILT S12E I CLAY SIZE
size GRAVEL SIZE SAND SIZE FINE GRAINED
LEBEND

Project...

SYMBOL  BOREHOLE SAMPLE ELEV

o 1D 2
o 10 4
v iD 7
| 1D 12
] 1D 15

931-3159

......................

Golder Associates




FORM PRODUCED FEB 1989

Form G.A.-GSD

GRAIN SIZE DISTRIBUTION FIGURE 2
SILTY CLAY
Size of opanings, inches Uu.8.5. Sieve size, meshes/ inch
oo FAWT 1w W VW 3 4 810 18 20 30 40 5080 100 200
1 -'E: g é: - 2
. | ]
o0 ] m:l;___ il |
N .‘
i
Tk
Nl
z ™ E\S’\ \R
z
F o X
I L
L X
L %o N
. \
B N\ ©
: \
w Il
o 20 i !
| |
2 I
f
10 | :
T 0 10 — T .00 3.0001
GRAIN SIZE, mm
COBBLE COARSE | MEDIUM | FINE | COARSE i MEDIUM i FINE SILT SIZE ' LAY SIZE
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND
SYMBOL BOREHOLE SAMPLE ELEY, (m
o 21 -}
a a1 9
PrOJOCE ceerveeeerreeeroon. Golder Associates




FORM PRODUCED FEB 1989

Form G.A.- GSD

GRAIN SIZE DISTRIBUTION FIGURE 3
SILTY CLAY
Size of openings, inchas U.8.8. Sleve size, meshes/ inch
B AWT W IW WW 3 4 810 1620 30 40 5080 100 200
100 - m— -
N Sl R
. | S | 1hll
e (LI l
80 I : |
|
|
I
e
E RN
N
L s \\\
- i
z | i
Q 4 | \
c i o
w |
a 20 1
. | |
| .
10 ‘ .
Ri— 10 10 o1 001 D00 00001
GRAIN SIZE, mm
COBBLE COARSE | MEDIUM | FINE | COARSE f MEDIUM i FINE SILT SIZE ' CLAY S1IZE
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND
SYMBOL BOREHOLE SAMPLE ELEV. (m)
(o] 41 7
a 41 12
v 50 4
a 50 8
F 50 14
931-3158 .
PIOJOCY..ereroremsrersoererees Golder Associates




FORM PRODUCED FEB 1989

Form G.A.-GSD

GRAIN SIZE DISTRIBUTION FIGURE 4
SILTY CLAY
Size of openings, inches U.5.5. Sieve size, meshas/ inch
E4WT 1w W W 3 4 B0 1820 30 40 5060 100 200 ,
100 - = = : :
T Wt m i T
H ! HIti
® . Y it
. : |
| N
80
! |
70 ; - | l l
ﬁ !
T !
F e i ‘\
& ‘N
=z
w 50 g o
[ | ¥
i
i !
w | i
* o - .
- i I
| ] 1
i il
| I
10 I ! I ' 1
|l [l
L—T 10 0 . T01 0.001 00001
GRAIN SIZE, mm
COBBLE COARSE | MEDIM i FINE | COARSE [ MEDIUMT FINE SILT SIZE ' CLAY SIZE
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEGEND
SYMBOL BOREHOLE SAMPLE ELEV. Im}
(4] gD 4
o 60 8
v 60 15
[ ] 71 9
¥ BI 3
934-~-3159 .
PrOJBC...ovowrersoreerenees Golder Associates




FORM PRODUCED FEB 1989

Form G.A.-GSD

GRAIN SIZE DISTRIBUTION FIGURE 5
SILTY CLAY
Size of openings, inchaes U.S5.5. Sieve size, meshes/ inch
84wy 1w "W WW 3 4 810 1620 30 40 5060 0O 200
100 '
S SR LT
90 T S ' !
[ i I H
e }
5 ™ | |
< | i
I i
’_ 1
g " AR
: . NN
- ! y ) N
= % N\e
8 o ‘
& \\ .
i H
o
20 | ; 5
i ill |
20 - :
10
0 100 10 1.0 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE | MEDIUM | FINE | GOARSE | MEDIUM ] FINE SILT SIZE { CLAY SIZE
SIZE GRAVEL SIZE SAND SIZE FINE GRAINED
LEEEND
SYMBOL BOREHOLE SAMPLE ELEY. (m)
Q o] 3
o aD 7
v a0 10
[ ] {101 3
: 9313159 .
PrOJOCE...ovmermroreereeeen. Golder Associates




GRAIN SIZE DISTRIBUTION FIGURE 6

FORM PRODUCED FEB 1989

SILTY SAND

Size of openings, inchea U.S.5. Sieve size, meshas/ inch
6 4W'3 1!_&‘ ‘l'“"‘ V_&'%‘ 3 4 8% 18 20 30 40 5060 00 200

10 l \R I i
20
\ | |
[
80 ]
\ I | |
z ' . :
< ; L
o .
80
o . \ |
2 \
(19 50 [ 1 1
. Y ;
2w i -
|
E \\ |
o | o | 1l }
%0 PN | l P
' |
. s I
i |
: i
10 5 i = l
| ! ‘ il i
. 1 1 i |
100 10 1.0 0.1 0.01 0.00 0.0001
GRAIN SIZE, mm
COBBLE comssi MEDIUM I[ FINE | COARSE i MEDIUM i FINE SILT SIZE ' CLAY SIZE
SIZE GRAVEL SIZE SAND S1ZE FINE GRAINED
LEGEND
SYMBOL  BOREHOLE SAMPLE ELEV. [m)
o 8D 24
931-3459 N
PrOJOCE . eovmevveorosoreeeeenn. Golder Associates

. Form G.A.-GSD




Lambton County Waste Management Master Plan
Detailed Comparison of Sites
Appendix 4D} - Hydrogeologic Impact Assessment

SCHEDULE 1II

WATER LEVEL MONITORING




TABLE C.1
WATER LEVEL ELEVATIONS
BH GROUND| ELEV'N DATE
No. ELEV'N | TOP OF Water elevations in metres above sea level (m asl}
{masl) PIPE
{masl) 1991 1993

13-May | 17-May | 22—-May | 23—-May | 13-Aug | 13—-May 02-Jun 10=Jun 11=Jdun 17—-Jun 18—Jun
18 190.31 181.21 187.180 189.040 189.880 189.585 *| 189.300 189.310 *| 189.430 189.440
11 190.36 191.24 DRY 185.150 189.510 189.480 189.460 189.460 189.450 189.450
1D 190.42 191.18 143.630 186.860 189.150 189.100 *| 184.380 184.680 *| 179.390 180.100
25 190.58 191.59 DRY 187.270 190.100 189.545 189.390 189.350 189.220 189.190
2] 190.62 191.54 DRY 186.000 187.360 187.370 187.360 187.380 187.385 187.390
35 190.72 191.62 DRY 189.370 190.260 189.980 189.910 189.880 189.860 189.860
al 190.72 191.60 DRY 188.570 189.380 189.350 189.330 189.330 189,320 189.320
4] 186.18 187.08 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY
58 18717 188.14 181.160 183,790 185.400 185.260 186.660 186.290 *| 183670 *| 181.250 182.490 182.670
5l 187.33 188.14 DRY | 172540 173.030 183.310 184.630 184.620 *| 178.360 *| 175.010 177.850 178.220
5D 187.35 188.05 185.385 185.145 180.450 180.990 180.890 180.970 180.970 180.970 180.970
65 186.06 187.09 DRY DRY DRY 182.880 185.100 185.030 185.000 184,970 184,960 184.960
6l 186.02 187.19 184.870 184.460 184.080 183.770 183.510 183.520 *| 176.940 177.170 178.940 179.200
6D 186.01 187.14 165.095 175.580 180.830 182.010 181.210 182,160 *} 182.130 *| 166.960 180.280 180.900
7S 186.49 187.31 DRY 182,990 185,240 184.810 184.660 184.630 184.580 184.570
7i 186.44 187.38 DRY 177.940 179.460 179.470 179.480 179.460 179.470 179.470
8s 191.76 192.42 185.420 185.930 186.280 186.320
8l 191.59 192.49 182.820 184.910 185.920 186.070
98 182.19 193.03 _ 190.460 190.340 190.250 190.240
9l 192.26 192.93 | 182.900 184,990 186.000 186.150

- i
108 190.85 191.59 _ 184.110 184.550 184.800 184.840
101 190.78 191.56 | 178.340 180.800 182100 162.300
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TABLE C.1 (cont.)
WATER LEVEL ELEVATIONS
BH GROUND| ELEV'N DATE
No. ELEV'N | TOP OF Water elevations in metres above sea level (m asl)
{masl) PIPE
(masl) 1993

09-Jul 15-Jul 16=Jul 17-Jul 19~Jul 22-Jul| 27-Jul| 05-Aug| 24-Aug
18 190.31 181.21 189.460 189.390 188.150 189.000 189.310 180.280| 189.250| 189.080| 188.750
11 190.36 19124 189.440 189.910 181.260 181.650 182.290 183.000| 184.160{ 185570| 187.200
1D 190.42 191.18 186.820 185.790 174.310 175.950 178.400 180.850| 183.550| 185.840| 187.300
28 190.58 191.59 189.240 189.010 188.990 188.970 188.950 188.880| 188.790| 188.530( 187.930
21 190.62 191.54 187.430 187.450 187.450 187.450 187.460 187.460 | 187.480| 187.510| 187.540
as 190.72 191.62 189.950 189.870 189.860 189.860 189.860 189,800 189.760| 189.620| 189.390
3l 190.72 191.60 189,300 189.270 189.270 189.260 189.260 189.240( 189.210| 189.170| 189.100
4] 186.18 187.08 DRY DRY DRY DRY DRY DRY DRY DRY DRY
55 18717 168.14 184.900 185.160 184.210 184,350 184.540 184.720| 184.930| 185.110| 185,110
51 187.33 188.14 182.550 183.060 175.800 176.390 177.360 178.530| 180.030| 181.750( 183.390
5D 187.35 188.05 180.970 180.970 180.970 180.970 180.970 180.970 | 180.970| 180.970( 180.950
65 186.06 187.09 184.980 184,940 182.350 182.520 182.840 183.310| 183.500| 183.700| 184.000
6l 186.02 187.19 182.100 181.770 174,770 175,340 176.280 177.430| 178.930| 180.720| 182.570
6D 186.01 187.14 182.120 182.060 182.040 182.060 182.140 182.050| 182.130| 182.050; 182.110
75 186.49 187.31 184.360 184,360 184.360 184,350 184.320 184.260! 184.170( 183.990| 183.650
71 186.44 187.38 179.500 179.460 179.470 179.470 179.490 179.460 | 179.470| 179.430| 179.400
8s 191.76 192.42 187.370 187.610 187.630 187.660 187.730 187.840| 187.990| 188.230] 188570
8l 191.59 192.49 188.000 188.300 188.320 188.360 188.460 188.550 | 188.700| 188.890| 189.140
a9s 19219 193.03 190.140 190.010 188.220 189.030 189.920 189.860| 189.820| 189.690| 189.500
9 19226 192.93 187.920 188.220 183.250 183.580 184,190 184.870| 185.820| 186.950| 188.090
10S 190.85 191.59 185.600 185.790 185.810 185.840 185.900 185.980 | 186.100| 186.370( 187.310
101 190.78 191.56 185.060 185.570 185.620 185.680 185.810 185070 | 186.240| 186.570( 187.000
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