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1 .O Introduction 

Stantec Consulting Ltd. (Stantec) has prepared this report for the Corporation of the 
Village of Casselman (Casselman) to document the 1999 environmental monitoring 
program performed by Stantec at the Casselman Municipal Landfill Site (the Site). 
The Site is located approximately 4 km northwest of the Village of Casselman along 
the south bank of the South Nation River. Specifically, the Site occupies an area of 
7.0 ha on a portion of the west half of Lot 14, Concession 5, Township of Cambridge, 
within the United Counties of Prescott-Russell in Eastern Ontario (refer to Figure 1). 
The east side of the Site shares a common boundary with the Nation (formerly 
Township of Cambridge) Municipal Landfill. 

The Casselman Municipal Landfill was initially opened in 1972 to receive waste from 
residential and commercial sources at a rate of approximately 2 tons per week 
(McNeely, 1997). Waste disposal consists primarily of dumping (modified area 
method) solid waste over the bank of a gully approximately 10 m deep (Figure 2). 
The present areal extent of the disposal footprint is 2.8 ha and contains 
approximately 60,000 m3 of waste. The theoretical capacity of the landfill is 304,800 
m3 (Stantec, 2000). The Environmental Protection Act regulated by the Ministry of 
the Environment (MOE) states that all landfills with a total waste volume of more than 
40,000 m3 must have a groundwater and surface water monitoring program. The 
results of the 1999 environmental monitoring program for the Site are presented in 
this report. 

The Casselman Municipal Landfill Site was initially registered with the Waste 
Management Branch of the MOE on 29 November 1971 under Provisional Certificate 
of Approval (CofA) No. A 471 106. The MOE reissued CofAs for the Site on 5 July 
1972,24 July 1972,20 July 1973 and 16 June 1980. Waste disposal was permitted 
provided that some basic engineering requirements were followed. These 
requirements included control of site access and manner of dumping, site grading to 
promote surface water runoff and waste compaction and covering. No stipulations 
were made at that time regarding an environmental monitoring program. 

In May 1996, Casselman was advised that two Site inspections had been completed 
by the Cornwall District Abatement Section of the MOE and that an lnspection Report 
dated 16 May 1996 had been prepared. The lnspection Report required that certain 
deficiencies at the Site be corrected. Stantec (formerly McNeely Engineering 

Sta* Consultants Limited) was retained to address the concerns raised in the lnspection 
Report. Beatty Franz and Associates Ltd. (BFA) was subcontracted to conduct a 
hydrogeological assessment at the Site. BFA presented their findings in a report 
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entitled Hydrogeological Assessment of the Village of Casselman Landfill (BFA, 
1997). It was recommended that seasonal monitoring of the groundwater levels, and 
groundwater and surface water chemistry be performed to establish seasonal trends. 
1999 was the first year that an environmental monitoring program was carried out at 
the Site. 

In addition to the monitoring at the Site, Golder Associates Ltd. (Golder) have 
performed the 1999 annual monitoring at the adjacent Nation Municipal Landfill. 
Since the Nation Municipal Landfill shares a common boundary with the Site, a 
number of shared surface water sampling locations have been identified. Golder has 
made surface water quality data available to Stantec to assist in the evaluation of the 
landfill leachate impacts on neighbouring properties (Golder, 2000). The MOE has 
provided surface water quality data that was collected by the South Nation River 
Conservation Authority (SNRCA) at a location upstream of both the Site and the 
Nation Municipal Landfill. This data has been used in conjunction with some of the 
Golder data to establish background water quality conditions for the South Nation 
River. 

1.2 MONITORING OBJECTIVES 

The environmental monitoring program was developed and implemented at the Site 
to evaluate temporal trends: 

in water levels at the Site; and, 

in groundwater and surface water quality at the Site. 

The primary objective of the monitoring program is to ensure that there are no 
unacceptable impacts to human health or the environment related to chemicals 
originating from the Site. This is assessed by: (1) reviewing hydraulic monitoring 
data and historical water quality data to evaluate the likely future compliance status of 
the Site; and, (2) evaluating the current compliance status of groundwater and 
surface water quality relative to the applicable MOE policies and guidelines. 

1.3 APPLICATION OF OBJECTIVES AND GUIDELINES 

The groundwater component of the environmental monitoring program was evaluated 
by applying the groundwater quality data to: 

. Ontario Drinking Water Objectives (ODWOs; MOE, 1994a); and, 

Reasonable Use Concept (Reasonable Use; MOE, 1994b and 1994~). 
Stantec 

The ODWOs prescribe standards of quality for all drinking water supplies to protect 
public health. While most of the objectives have been adopted from the Canadian 
Drinking Water Guidelines, the Province of Ontario has set some health related and 
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aesthetic objectives. Groundwater quality data were compared with ODWOs, where 
established, and exceedences of the ODWOs are discussed in this report. The 
Reasonable Use Concept of water quality management establishes procedures for 
the determination of what constitutes reasonable use of groundwater on property 
adjacent to potential sources of contamination. Groundwater quality data were also 
applied to the Reasonable Use Concept and exceedences of calculated Reasonable 
Use concentrations are discussed. 

The surface water component of the environmental monitoring program was 
evaluated by applying the surface water quality data to: 

Policies, Guidelines and Provincial Water Quality Objectives (PWQOs; MOE, 
1994d) 

The PWQOs are a set of narrative and numerical criteria designed for the protection 
of aquatic life and recreation in and on the water. They represent a desirable level of 
water quality that the MOE strives to maintain in surface waters. Surface water 
quality data were compared with PWQOs, where established, and exceedences of 
the PWQOs are discussed in this report. 

1.4 REPORT ORGANIZATION 

The remainder of this report is divided into sections that present: 

The Site setting describing Site drainage, geology, and hydrogeology, 
(Section 2.0); 

The scope of the 1999 environmental monitoring program (Section 3.0); 

Descriptions of the methods used to collect the groundwater and surface water, 
and implement quality assurance and quality control (Section 4.0); 

Assessments of the groundwater elevations, and groundwater and surface water 
quality data collected in 1999 (Section 5.0); 

Conclusions (Section 6.0); and 

Recommendations (Section 7.0); and, 

References (Section 8.0). 

Figures and tables are presented in Appendices A and B, respectively. Field forms 
and laboratory certificates of analysis are presented in Appendices C and Dl 
respectively. 

Stantec 
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2.0 Site Setting 

Observations made during the 1999 monitoring program and the description of site 
drainage presented in the Leachate Treatment Options Report (Stantec, 2000) are 
used to describe Site drainage. Geologic and hydrogeologic data from the BFA 
report (BFA, 1997) are used to describe the geology and hydrogeology of the Site. 

The physical components of surface water flow and Site topography are used to 
discuss the drainage at the Site. A brief description of the Site geology based on the 
Site borehole information and a literature review is presented. The physical 
components of groundwater, including flow direction and velocity, hydraulic gradients 
and conductivity, are discussed in the characterization of the Site hydrogeology. 

2.1 SITE DRAINAGE 

The Site is likely a local discharge zone based on the local relief and surficial 
drainage patterns. On-site drainage ditches and the deep gully, and the South 
Nation River act as the local and regional groundwater flow discharge points, 
respectively. 

A significant portion of the surface water runoff, the result of precipitation and 
groundwater exfiltration from the south end of the Site, is diverted around the landfill 
by a perimeter cutoff ditch constructed in 1998 (refer to Figure 2). Precipitation over 
the central part of the landfill area infiltrates the waste placed within the deep gully 
where it likely discharges to the South Nation River. 

The deep gully that shares the western boundary of the adjacent Nation Municipal 
Landfill provides a near-continuous flow of water to the South Nation River. There 
are two other smaller ravines incised into the riverbank at the north end of the 
property, but discharge of water from these ravines is intermittent. 

2.2 GEOLOGY 

The Site geology consists of a surficial brown, silty fine sand up to 3.0 m thick 
(observed in BH96-1, BH96-2 and BH96-4), underlain by a light grey, silty clay (BFA, 
1997). The sand forms part of the Russell and Prescott sand plains and the clay 
forms part of the Ottawa Valley clay flats physiographic regions, respectively 
(Chapman and Putnam, 1984). The silty clay unit was observed at ground surface in 
BH96-3 and extends to a depth of at least 5.3 m below ground surface. Water well 

Sta* records from nearby domestic wells indicate that the silty clay unit is typically 10 m to 
25 m in thickness. Both of these units are thought to be fluvial sedimentary deposits 
from the former Champlain Sea. Water well records indicated that the silty clay is 
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underlain by a sand and gravel unit and limestone bedrock. The bedrock, part of the 
Trenton and Black River Groups, also known as the Simcoe Group (or Ottawa Group 
in the Ottawa area), is encountered between 20 m and 30 m below grade in the 
vicinity of the Site (OGS, 1979). 

2.3 HYDROGEOLOGY 

The water table is encountered in the silty sand unit and the waste is thought to be 
controlled by seasonal recharge (precipitation events) (BFA, 1997). The water table 
is likely perched above the silty clay unit, which was interpreted to be an aquitard. 
As noted above, the silty sand unit does not extend to BH96-3, which is located north 
of the gully. 

Water well records indicated that most domestic water is drawn from the sand and 
gravel unit, which represents a deeper aquifer above the bedrock. 

Hydraulic conductivities were calculated using the Hvorslev method (Hvorslev, 1951) 
from recovery test data collected from slug tests performed by BFA at each 
monitoring well. Based on the hydraulic conductivities calculated by BFA from the 
wells instrumented in the silty sand unit [BH96-2 (I), BH96-2 (11) and BH96-41 (BFA, 
1997), the geometric mean hydraulic conductivity was 2 x mls. BFA calculated a 
hydraulic conductivity of 2.0 x 10" mls from well BH96-3, instrumented in the silty 
clay. 

The average linear groundwater velocity (v) flowing through the subsurface is 
calculated from the equation: 

Where K is the hydraulic conductivity, i is the hydraulic gradient and n is the porosity. 

BFA grouped the landfill waste material, which is a relatively transmissive hydraulic 
unit, with the silty sand unit to calculate a range of groundwater velocities. This 
paired unit was interpreted by BFA to contribute a higher percentage of groundwater 
into the deep gully and the South Nation River than the silty clay unit. Using the 
geometric mean hydraulic conductivity of 2 x 10" mls, a hydraulic gradient of 0.008 
mlm, and an assumed porosity of 0.30 for the silty sand unit, and a hydraulic 
conductivity of 1 x 10.' mls, a hydraulic gradient of 0.05 mlm, and a porosity of 0.35 
assumed representative of the landfill waste, groundwater velocity was calculated to 

stantec range from between 2 metreslyear to 45 metreslyear for the silty sand unit and the 
waste, respectively. A groundwater velocity of 0.02 metreslyear was calculated for 
the silty clay unit using a hydraulic conductivity of 2 x 1 O9 mls, a hydraulic gradient of 
0.008 mlm, and an assumed porosity of 0.30. 
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3.0 Scope of 1999 Monitoring Activities 

The 1999 environmental monitoring program comprised the following elements: 

Groundwater level monitoring; 

Groundwater quality monitoring; and 

Surface water quality monitoring. 

Groundwater and surface water monitoring was carried out in two semi-annual 
monitoring events. The spring semi-annual monitoring event occurred on 15 and 16 
May 1999. The fall semi-annual monitoring event occurred on 21 and 22 October 
1999. Table 1 presents a summary of the 1999 monitoring program and sampling 
schedule. Highlights of the monitoring program are summarized below. 

Water levels were measured in all wells sampled in the spring and fall, as scheduled. 
A water level was not encountered in monitoring well BH96-2 (11) for either monitoring 
event and the well was noted as "dryn on the field forms. 

Groundwater and surface water samples were collected and analyzed as scheduled, 
with a few exceptions. Departures from the planned 1999 water sampling program 
are presented below: 

As a result of monitoring well BH96-2 (11) being dry, groundwater samples could 
not be collected from this well for either monitoring event. 

Water samples submitted for laboratory analysis were analyzed for one or more of 
the following suites of chemical parameters: general chemistry, metals, or surface 
water specific as listed in Table 1. 

11 May 2000 
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4.0 Methods 

I This section presents the methods used to collect the groundwater and surface water 

I 
monitoring data, and implement quality assurance andquality control (QAIQC). 

- 
4.1 GROUNDWATER MONITORING 

I 4.1 .I Water Level Measurement 

Water levels were measured to the nearest 0.01 m using either a Heron (May 1999) 
or a Waterra (October 1999) water level meter. The electrode was slowly lowered 
into the well until the meter emitted an audible sound indicating that the electrode had 
contacted water. The electrode was repeatedly raised and lowered slightly to confirm 
the exact depth to water. The depth to water from the reference point of the well was 
read from the graduated tape of the water level meter and recorded. The electrode 
and approximately 1 m of the graduated tape were cleaned before initial use and 
after use at each well by rinsing with distilled water. Groundwater elevations were 
calculated by subtracting the depth-to-water measurement from the surveyed 
reference elevation (top of casing) for each monitoring well. 

I 
The locations of groundwater monitoring wells are shown on Figure 2. 

4.1.2 Well Purging 

Prior to sampling, each monitoring well was purged to permit the collection of 
representative groundwater samples. Typically, three times the standing volume of 
water in the well was purged, unless the well exhibited insufficient yield. For wells 
with low yields, the well was pumped "dryn, allowed to recover, and the process 
repeated until a minimum of one well volume was removed. Purging was conducted 
by manual oscillation of the inertial-lift Waterra pump dedicated to each well. Each 
Waterra pump consists of 16 mm inside diameter, high density polyethylene tubing 
connected to a Delrin footvalve. Purging was conducted at a rate of approximately 
2 Umin with the footvalve located between 0.5 m and 1 m above the bottom of the 
well. The purge rate and total volume of water purged were measured by collecting 
purge water in a calibrated bucket. 

4.1.3 Field Parameters Measurement 

I Stam Field measurements of temperature, pH, specific conductance, dissolved oxygen 
and, in May only, turbidity were completed on a sample of groundwater prior to 
sample collection. During the May 1999 monitoring event, the temperature, pH, 
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specific conductance, dissolved oxygen and turbidity were all measured using a 
Horiba U-10 multimeter. During the October 1999 monitoring event temperature and 
pH were measured using a Hanna pH meter (Model p~ep@3), specific conductance 
was measured using a Myron L conductivity meter (Model EP) and dissolved oxygen 
was measured using a Yellow Springs Instruments oxygen meter (Model 51 B). The 
meters were cleaned, calibrated, used and stored in accordance with the 
manufacturers' instructions. Visual observations of colour and turbidity were also 
recorded along with the field parameter measurements on the field forms presented 
in Appendix C. 

4.1.4 Sample Collection, Handling and Custody 

Following purging, groundwater samples were collected by pouring water directly 
from the high-density polyethylene (HDPE) tubing into the appropriate pre-labeled 
sample containers. The sample containers were provided by the analytical laboratory 
and, where appropriate, were shipped with acid preservative already in the 
containers. Samples requiring filtration were collected after attaching a high capacity, 
disposable 0.45 pm (micron) in-line filter to the HDPE tubing. Table 2 summarizes 
the sample volume collected, type of sample container, sample preservative, filtering 
requirements and holding times for the required analyses. 

After collection, the groundwater samples were carefully packed in insulated sample 
coolers containing ice packs and stored at approximately 4°C. A chain-of-custody 
form was completed and included in each cooler. The samples were delivered 
directly by Stantec personnel, or shipped to the laboratory by overnight courier. 

4.1.5 Laboratory Analyses 

Seprotech Laboratories, located in Ottawa, Ontario, performed the laboratory 
analyses. The analyses are summarized in Table 2. The laboratory reports of 
analyses and corresponding chain-of-custody forms are presented in Appendix D. 

4.2 SURFACE WATER MONITORING 

Surface water samples were collected from sampling locations shown on Figure 2 
and summarized below: 

Surface water sample SW-1 was collected from the stream at the base of the 
gully into which the waste was placed. This sampling point corresponds to 

Stattk Golder sampling point CSW-1 and is thought to be representative of the surface 
water discharging from the Site prior to its mixing with surface water from the 
adjacent Nation Landfill through which the gully passes; 
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Surface water sample SW-2, collected on one occasion by BFA from a small 
ravine that is incised into the riverbank at the north end of the Site, was not 
included in the 1999 environmental monitoring program; 

Surface water sample SW-5 was collected from the gully at a point halfway 
between SW-1 and the South Nation River, downstream of the neighbouring 
Nation Municipal Landfill; and, 

Surface water sample SW-3 was collected from the perimeter cutoff ditch located 
in the far northwest corner of the property at the top of the embankment to the 
South Nation River. SW-3 was added to the sampling program in October 1999 
because the newly excavated ditch, not monitored previously, cuts off most of the 
groundwater flowing from the landfill towards the west and discharges it to the 
South Nation River. 

Surface water flow in the gully and perimeter cutoff ditch was estimated by measuring 
the cross-sectional area of the ditch or gully at the point of sampling and using a 
floating object to estimate flow velocity. 

Surface water samples were collected by removing the cap from the sample 
container and slightly immersing the container in the water. A depth-integrated 
sample (surface to 0.15 m deep) was collected by allowing the water to slowly enter 
the container. Care was taken to prevent any acid preservative in the sample 
container from escaping. Prior to collecting surface water samples, Stantec staff 
cleared the water surface of any floating particulates using a clean disposable latex 
or nitrile glove. Surface water samples were stored, handled and analyzed following 
the same procedures described for groundwater samples in Sections 4.1.4 and 4.1.5. 

4.3 QUALITY ASSURANCE AND QUALITY CONTROL 

The data quality objectives (DQOs) and quality assurance and quality control 
(QAIQC) procedures incorporated into the environmental monitoring program are 
described in this section. DQOs were established to ensure that the quality of the 
monitoring data was appropriate for its intended use. 

4.3.1 Groundwater Elevation Data 

Data quality was assured by performing successive measurements in the field, 
checking all data transcription and calculations, and comparing any anomalous 
measurements with historical values. 
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4.3.2 Groundwater and Surface Water Quality Data 

For groundwater and surface water samples, the DQO for the chemical concentration 
data required that the data be precise, accurate, representative, comparable and 
complete. Data quality was assured by: 

submitting field QC samples for analysis; 

laboratory QNQC procedures; 

checking all data transcription; 

performing a detailed data validation on the analytical results; and, 

undertaking response actions, as necessary 

The 1999 monitoring program incorporated the submission and analysis of one field 
blank sample. The field blank was prepared during the October monitoring event by 
filling one set of sample containers designated for surface water sample analysis with 
commercially purchased distilled water. The field blank sample bottles were labelled 
with a fictitious sample ID (SW-7) and submitted for the same analyses as the 
surface water samples. 

I I May 2000 
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Results 

This section presents the results of groundwater level monitoring and water quality 
sampling for the 1999 environmental monitoring program. Data collected in 1999 by 
Golder (Golder, 2000) and SNRCA (MOE, 2000) supplemented the monitoring data 
collected by Stantec at the Site. The data collected by BFA (BFA, 1997) in 1996 
were used to complete a preliminary assessment of temporal trends in the monitoring 
data. 

The results are presented in two sections as they pertain to groundwater and surface 
water. 

5.1 GROUNDWATER 

Water level data collected during the 1999 monitoring program are used to describe 
the hydrogeology of the Site. Analytical results for groundwater samples are 
presented to assess the impact of Site activities on the water quality on neighbouring 
properties and the South Nation River. ~. 

I 5.1 .I Groundwater Elevation Data 

The depth to water measurements and calculated groundwater elevations for the 
1999 monitoring program are presented in Table 3. The groundwater elevations are 
illustrated on Figure 3 for the monitoring events in May and October. Due to the well 
spacing and limited number of monitoring locations, water level elevation contours 
have not been generated. 

I As shown on Figure 3, the groundwater flow in the silty sand unit (shallow aquifer) is 
approximately to the north and northwest. Most of the groundwater from the shallow 

I 
aquifer is interpreted to discharge into the gully that intersects the property 
immediately to the north of the fill area. The lateral hydraulic gradient in the shallow 
aquifer was calculated to be 0.004 mlm for both monitoring events based on the 

I distance and the difference in elevations between wells BH96-4 and BH96-1. 
Groundwater flow on the north side of the gully is likely affected by both the South 
Nation River and the gully. As illustrated on Figure 3, it is expected that groundwater 

I flow is influenced by the topography at the Site. 

The groundwater elevations were between 0.06 m and 0.2 m higher in the spring 
than in the fall monitoring event with the exception of the groundwater elevation at 

) Sta* well BH96-3, which was 0.72 m lower in the May 1999 monitoring event. As noted in 
Section 2.2, BH96-3 is screened in silty clay unit, while the other monitoring wells are 

I screened in the silty sand unit. 
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The 1999 groundwater elevations were not consistent with the groundwater 
elevations measured in 1996 by BFA. In general the water levels measured in 1999 
were 1 m lower than in 1996 with the exception of the water levels measured at 
BH96-1, which were fairly similar. Continued monitoring is required before any 
trends can be established. 

5.1.2 Hydraulic Conductivity and Flow Velocity 

The groundwater velocity in the silty sand unit was estimated using the geometric 
mean hydraulic conductivity of 2 x 10" mls, a hydraulic gradient of 0.004 mlm 
(Section 5.1.1) and an assumed porosity of 0.30 (Freeze and Cherry, 1979). Using 
the procedure described in Section 2.3, an average linear groundwater velocity of 
approximately 1 metrelyear was calculated for groundwater flowing through the silty 
sand aquifer. 

5.1.3 Groundwater Quality 

Summaries of all available (current and historical) groundwater quality data are 
presented in Tables 4 and 5. To evaluate the potential impact of the landfill on 
groundwater quality of neighbouring properties, the groundwater quality in wells 
downgradient of the waste disposal area was compared with groundwater quality in 
the well located upgradient of the waste disposal area. Concentrations in 
groundwater at both upgradient and downgradient wells were compared with 
ODWOs (MOE, 1994a), where established. The Reasonable Use Concept (MOE, 
1994b and 1994c) was used to assess the potential for the Site to have unacceptable 
impacts on downgradient groundwater quality. Groundwater quality at downgradient 
wells was compared with the Reasonable Use concentrations (presented in Table 6) 
derived from the background groundwater quality. 

5.1.3.1 Background Well 

Monitoring well BH96-4 is located at the approximate midpoint of the southern 
property boundary, upgradient from the limit of refuse disposal in the landfill. Water 
quality in this well is believed to be representative of background conditions in the 
shallow silty sand aquifer. 

The background concentrations were fairly consistent with the measurements 
reported in 1996 by BFA. The groundwater sample collected in 1996 had 
concentrations of aluminum, iron and manganese that exceeded the ODWO criteria; 

s t a m  however, these parameters were not detected at concentrations that exceeded 
ODWOs in 1999. Total hardness, turbidity and, in one instance, colour were the only 

11 May 2000 

G L h : b r o W s  c . m a n  v. l~ lRrepocls~KM3100.amualmonI~W3100.casselmanepondoc 



I 1999 ANNUAL MONITORING REPORT 
VILLAGE OF CASSELMAN LANDFILL SITE 
RESULTS 

parameters exceeding ODWOs in the 1999 samples, and they are summarized as 
follows: 

Total hardness (measured as CaC03) concentrations ranged from 124 mg/L to 
140 mg/L, which slightly exceeded the ODWO Operational Guideline (OG) of 
80 mg/L to 100 mg/L. The hardness of the groundwater is primarily caused by 
the presence of calcium and magnesium and is believed to be naturally occurring 
and not attributable to the Site. Groundwater quality with hardness 
concentrations of up to 500 mg/L is considered poor but tolerable; 

Turbidity in the background well ranged from 18.7 nephelometric turbidity units 
(NTU) to 187 NTU. The ODWO Aesthetic Objective (AO) for turbidity is 5 NTU. 
Turbidity is caused by suspended particles and gives an indication of well 
development or well construction. Well development removes fine-grained 
materials from around the filter pack and well screen that may otherwise interfere 
with groundwater quality. If the screened interval in a monitoring well has a slot 
size that is too large for the material into which it is installed or if an inappropriate 
filter pack sand has been selected, fine-grained materials may enter the well. 
There were no specific well construction details addressing slot size or filter pack 
size in the BFA report (BFA, 1997), nor was there any indication that the 
monitoring wells were developed after they were installed; and, 

The colour of the samples collected from well BH96-4 ranged from 3 true colour 
units (TCU) to 13 TCU. The ODWO A 0  for turbidity is 5 TCU. Colour in water 
may be due to the presence of dissolved organic matter, suspended matter 
associated with turbidity, or certain metals such as iron, manganese and copper. 

The groundwater quality data for samples collected at BH96-4 indicates that the 
groundwater flowing through the shallow aquifer does not appear to be adversely 
impacted prior to migration through the landfill area. The summary of historical 
groundwater quality data for background well BH96-4 is presented in Table 4. 

5.1.3.2 Downgradient Wells 

Evaluation of groundwater quality for the wells located downgradient (north of the 
waste disposal area) indicated that several parameters exceeded ODWO criteria and 
that the concentrations of most of these parameters are greater than in the samples 
collected from background well BH96-4. This would suggest that the landfill is 
impacting groundwater quality at downgradient wells. The parameters identified as 
exceeding the ODWOs were total hardness, alkalinity (in one well), turbidity, colour, 
total dissolved solids, iron and manganese. The groundwater samples collected in 

sta- 1996 also had concentrations of aluminum that exceeded the ODWO criteria; 
however, this parameter was not detected at concentrations that exceeded ODWOs 
in 1999. As with the background data, the results of laboratory analysis of 
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groundwater samples collected in 1999 were fairly consistent with the measurements 
reported for 1996 (BFA, 1997). 

It was noted that all of the parameters identified as exceeding the ODWOs were 
considered non-health related parameters. There were no exceedances of the 
ODWOs for health related parameters. 

The summary of historical groundwater quality data for downgradient wells is 
presented in Table 5. The parameters exceeding the ODWOs are summarized as 
follows: 

Total hardness (measured as CaC03) ranged from 199 mg/L to 1,100 mg/L and 
exceeded ODWOs in all downgradient wells. The total hardness measured in the 
downgradient wells were on average between 2 and 5 times greater than 
detected in the background well; 

Alkalinity (also measured as CaC03) ranged from 15 mg/L to 1,300 mg/L. Only 
alkalinity concentrations in well BH96-I exceeded the ODWO OG of 30 mg/L to 
500 mg/L. However, the average alkalinity in the downgradient wells was 
between 1.5 and 7 times greater than that detected in the background well; 

Turbidity in the downgradient wells ranged from 4.1 NTU to >200 NTU and 
exceeded ODWOs in all downgradient wells. The turbidity levels were about 
2 times greater in the downgradient wells, with the exception of BH96-3, which 
was 2 times lower than the background well. As suggested in Section 4.2.1, lack 
of proper well development or inappropriate well construction may be the cause 
of the turbid groundwater samples; 

The colour of the samples collected from the downgradient wells ranged from 
1 TCU to 65 TCU and exceeded ODWOs in downgradient wells BH96-1 and 
BH96-2(1). The measurements of colour in the downgradient wells were relatively 
similar to the background well; 

I Total dissolved solids (TDS) represents the sum of dissolved minerals in the 
water. TDS concentrations ranged from 314 mglL to 1,503 mg/L in the 
groundwater samples collected from the downgradient wells. The ODWO A 0  for 

I TDS is 500 mg/L. The ODWO was exceeded in samples collected from 
monitoring wells BH96-1 and BH96-3. TDS in the downgradient wells was 
detected at concentrations between 2 and 6 times greater than concentrations in 

I the background well; 

Iron was detected in the samples collected from the downgradient wells at 
concentrations ranging from 0.1 2 mg/L to 1 11 mg/L. The ODWO A 0  for iron I s t a m  (0.30 mgIL) was exceeded in one or more of the groundwater samples collected 
from each well in 1999, with the exception of the samples collected from BH96-3. 

I Similarly, the average concentrations of iron, by well, were 100 times to 200 times 
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greater than background with the exception of BH96-3, which had an average 
concentration that was less than background. Iron is a very common constituent 
of landfill leachate-impacted water and is a reactive species in groundwater. 
Elevated iron concentrations are associated with the reducing conditions typical 
of landfills and precipitates out of solution in an oxidizing environment; and, 

w Manganese was detected at concentrations in exceedance of the ODWO A 0  
(0.05 mg/L) in the samples collected from the downgradient wells, with the 
exception of the samples collected from BH96-3 in 1999. Manganese 
concentrations ranged from ~ 0 . 0 1  mg/L to 7.3 mg/L. The average concentrations 
of manganese ranged from 2 times (BH96-3) to 177 times (BH96-1) greater than 
background. Manganese is a very common landfill leachate constituent and is a 
reactive species in groundwater. As with iron, elevated manganese 
concentrations are associated with the reducing conditions typical of landfills and 
precipitates out of solution in an oxidizing environment. 

As mentioned in Section 5.1.3.1 and in the discussion on iron and manganese above, 
reducing conditions typically exist within landfill refuse. The lowered average 
concentrations of dissolved oxygen (3.0 mg/L and 2.6 mg/L) and sulphate (3.5 mg/L 
and 9.5 mg/L) in wells BH96-1 and BH96-2(1), respectively support this statement. 
Average concentrations of dissolved oxygen (8.2 mg/L) and sulphate (315 mg/L) in 
well BH96-3 are higher than those in the background well. Two conclusions can be 
drawn from this observation; the first is that reducing conditions likely do not exist in 
well BH96-3 and the second is that well BH96-3 does not seem to be hydraulically 
connected to wells BH96-1 and BH96-2(1). 

Considering that there ate at most three (3) data points for each parameter analyzed, 
there is insufficient data to draw conclusions with respect to temporal trends. 
However, based on the available groundwater data, there does appear to be a spatial 
trend between well BH96-3 (north of the deep gully) and wells BH96-1, BH96-2(1) and 
BH96-2(11) south of the deep gully. In general, the groundwater samples collected 
from BH96-3 have lower concentrations and fewer exceedences of ODWOs than 
those collected from BH96-1, BH96-2(1) and BH96-2(11). A possible explanation for 
this spatial trend may be that the deep gully hydraulically separates the well BH96-3 
from the other wells. The gully likely acts as a discharge zone for groundwater 
flowing northward through the silty sand unit and the buried waste. Leachate- 
impacted groundwater was observed to exfiltrate into the deep gully and it is unlikely 
to be reaching BH96-3. Furthermore, the silty sand unit was not present at well 
BH96-3, which is screened in the silty clay unit. 

Stantec 
5.1 -3.3 Reasonable Use Concept 

The Reasonable Use Concept (MOE, 1994b and 1994c) is intended to be applied to 
groundwater to determine what constitutes a reasonable use of groundwater on land 
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associated with or adjacent to potential sources of subsurface contamination. 
Reasonable Use is used to determine maximum acceptable groundwater 
concentrations for groundwater migrating from a waste disposal site. The concept is 
applied to groundwater at each monitoring well at the downgradient Site boundary. 
Although the north boundary of the Site is the South Nation River, for the purposes of 
applying the Reasonable Use Concept, wells BH96-1, BH96-2(1) and BH96-2(11) 
effectively serve as downgradient Site boundary wells as explained in Section 
5.1.3.2. In assessing the amount of impact that is acceptable, consideration is given 
to background groundwater quality, the present quality of the groundwater and the 
potential impact of groundwater from all sources. 

The maximum acceptable concentration (Cm) of a particular parameter that can 
occur in groundwater at the downgradient Site boundary is calculated using the 
following equation: 

Where Cb is the average background concentration, Cr is the ODWO for the 
parameter, and x is a constant that reduces the constituent to a level considered by 
the MOE to have a negligible effect on the use of the water (0.5 for non-health related 
parameters or 0.25 for health-related parameters). Levels of a parameter greater 
than Cm may have an effect on the use of groundwater on the adjacent property. 

It should be noted that groundwater use downgradient of the Site is very unlikely due 
to the proximity of the South Nation River, which likely acts as a flow divide in the silty 
sand aquifer. In addition, the silty clay aquitard underlying the silty sand shallow 
aquifer may act as a confining unit that would likely protect the deeper aquifer into 
which most local domestic wells have been installed. 

Table 6 presents a comparison of the 1999 groundwater quality data to Reasonable 
Use concentrations. It was noted that the concentrations of several parameters 
exceeded the ODWOs (refer to Section 5.1.3.2). Further impairment of the 
groundwater quality above the ODWO criteria for these parameters in the wells 
mentioned in Section 5.1.3.2 is unacceptable. 

The parameters that exceeded the calculated Reasonable Use concentrations were 
as follows: 

Alkalinity in BH96-1 and BH96-3; 

Arsenic in BH96-1; 

Total dissolved solids in BH96-2(1); and, 

Sulphate and aluminum in BH96-3. 
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Therefore, further impairment of the groundwater quality above the Reasonable Use 
concentrations for these parameters in the wells mentioned is also unacceptable. 

All of the above parameters, with the exception of arsenic are non-health related 
parameters. Although arsenic, a health-related parameter, exceeded the 
Reasonable Use concentration at BH96-1, it is unlikely that groundwater originating 
from this location would be used as a potable water supply. The conceptual 
hydrogeologic model presented in Section 2.3 interprets that groundwater in the 
vicinity of BH-96-1 likely discharges to surface water in the gully. The assessment of 
surface water quality is presented in Section 5.2.2. 

5.2 SURFACE WATER 

Observations and surface water flow data collected during the 1999 monitoring 
program are used to describe Site drainage. Analytical results for surface water 
samples are presented to assess the impact of Site activities on the water quality on 
neighbouring properties and the South Nation River. 

5.2.1 Site Drainage 

The surface water flow during the May 1999 monitoring event was measured at 
36 Umin at sampling point SW-5 and was not measured at sampling point SW-1 due 
to insufficient flow of water. The surface water flow during the October 1999 
monitoring event was measured at 66 Umin at sampling points SW-I and SW-3, and 
24.3 Umin at sampling point SW-5, respectively. 

5.2.2 Surface Water Quality 

Surface water samples were collected from the perimeter cutoff ditch and from the 
deep gully as described in Section 4.2 (refer to Figure 2). The surface water quality 
data are presented in Table 7. As mentioned in Section 1 .I, additional surface water 
quality data were provided by Golder for two of the same sampling points used by 
Stantec (SW-1 and SW-5 along the deep gully) and for four locations on the South 
Nation River. The MOE also provided surface water quality data collected by the 
SNRCA for a point approximately 2.5 km upstream of the Site. The Golder and 
SNRCA water quality data are also presented in Table 7. 

Comparison of the groundwater quality results to the surface water quality data 
suggests that the majority of the leachate-impacted water generated at the Site 

Stankc migrates to the surface water environment rather than impacting the groundwater. A 
detailed evaluation of the surface water quality data has been divided into a section 
on the perimeter cutoff ditch and deep gully, and a section on the South Nation River 
(Sections 5.2.2.1 and 5.2.2.2, respectively). 
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5.2.2.1 Perimeter Cutoff Ditch and Deep Gully 

Evaluation of the surface water quality data for the one sample collected from the 
ditch along the west side of the Site (SW-3) indicated that aluminum, cobalt and silver 
exceeded the PWQO criteria. The cobalt (0.0007 mg/L) and silver (0.0002 mg/L) 
exceedences were slightly above the PWQO and the method detection limit (MDL). 
Decreased instrument resolution at low concentrations may account for the cobalt 
and silver detection. The aluminum exceedance (0.12 mg/L) was 1.5 times the 
PWQO and is considered minor. Because flow rates for the ditch and the South 
Nation River are not available, the contribution of leachate-impacted surface water 
from the ditch to the South Nation River can not be determined. However, the flow 
rate in the ditch is expected to be very low compared to the South Nation River, and, 
given the low concentrations reported at well BH96-3, it is expected that the mass 
flux from the ditch to the river would be negligible. 

Samples were collected at sampling point SW-1 on four separate sampling events in 
1999. Evaluation of the surface water quality data for samples collected from the 
deep gully at SW-1 (Golder sample CSW-1) indicated that the following parameters 
exceeded PWQO criteria (the number of exceedances per samples analyzed and 
concentration ranges are also listed per parameter): 

General Chemistry 

Dissolved oxygen (DO) - ranged from 1 to 9.3 mg/L. Two of three samples were 
below the PWQO, which was set at 6 mg/L as a conservative measure using the 
average of the measured surface water temperatures (1 3.3"C) and the 
corresponding cold water biota objective; 

Alkalinity (3 of 4 samples) - ranged from 419 mg/L to 1,120 mg/L. The Interim 
PWQO (IPWQO) is 30 mg/L to 500 mg/L; 

Un-ionized ammonia (NH3-N) (4 of 4 samples) - ranged from 0.033 mg/L to 
0.37 mg/L. The PWQO for NH3-N is 0.02 mg/L; 

Hydrogen sulphide (2 of 2 samples) - ranged from <0.01 mg/L to 0.1 mg/L. The 
PWQO for hydrogen sulphide is 0.002 mg/L; 

Phenols (3 of 4 samples) - ranged from <0.001 mg/L to 0.01 5 mg/L. The PWQO 
for phenols is 0.001 mg/L; and, 

Total phosphorus (4 of 4 samples) - ranged from 0.10 mg/L to 0.33 mg/L. The 
IPWQO for total phosphorus was set at 0.03 mg/L because sampling was 
performed on rivers and streams. 
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Metals 

Aluminum (1 of 4 samples) - ranged from ~ 0 . 0 3  mg/L to 0.17 mg/L. The IPWQO 
for aluminum is 0.075 mg/L based on total aluminum in clay-free samples; 

Boron (2 of 2 samples) - ranged from 0.64 mg/L to 1.85 mg/L. The IPWQO for 
boron is 0.2 mg/L; 

Cobalt (4 of 4 samples) - ranged from 0.0015 mg/L to 0.016 mg/L. The IPWQO 
for cobalt is 0.0006 mg/L; . lron (4 of 4 samples) - ranged from 11.2 mg/L to 47.6 mg/L. The PWQO for iron 
is 0.3 mg/L; and, 

Silver (2 of 4 samples) - ranged from <0.0001 mg/L to 0.0008 mg/L. The PWQO 
for silver is 0.0001 mg/L. 

The monitoring results for SW-1 suggest that leachate-impacted groundwater is 
discharging to the gully. Based on the available data at sampling location SW-1, no 
significant temporal variations were noted between the various sampling events in 
1999 or between the 1999 and 19996 data. The possibility exists that there may be 
seasonal temporal trends but there is insufficient data to draw conclusions at this 
time. 

Samples were collected at sampling point SW-5 on 11 sampling events in 1999. 
Evaluation of the surface water quality data for samples collected from the gully at 
SW-5 indicated that the following parameters exceeded PWQO criteria (the number 
of exceedances and concentration ranges are also listed per parameter): 

General Chemistry 

Alkalinity (5 of 6 samples) - ranged from 462 mg/L to 827 mg/L; 

Un-ionized ammonia (NH3-N) (1 5 of 15 samples) - ranged from 0.08 mg/L to 
0.7 mg/L; 

Hydrogen sulphide (7 of 11 samples) - ranged from <0.01 mg/L to 0.02 mg/L; 

Phenols (2 of 7 samples) - ranged from ~0.001 mg/L to 0.02 mg/L; and, 

Total phosphorus (6 of 7 samples) - ranged from 0.03 mg/L to 0.43 mg/L. 

Metals 

Aluminum (3 of 7 samples) - ranged from ~ 0 . 0 3  mg/L to 1.46 mg/L; 

Boron (5 of 5 samples) - ranged from 0.81 mg/L to 1.57 mg/L; 
Stantec 

Cobalt (5 of 7 samples) - ranged from <0.0005 mg/L to 0.0077 mg/L; 

lron (6 of 7 samples) - ranged from 0.04 mg/L to 12.6 mg/L; 
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Nickel (1 of 7 samples) - ranged from ~ 0 . 0 1  mg/L to 0.03 mg/L. The PWQO for 
nickel is 0.025 mg/L; 

Silver (2 of 7 samples) - ranged from <0.0001 mg/L to 0.0005 mg/L; 

Vanadium (1 of 7 samples) - ranged from ~0.005 mg/L to 0.01 mg/L. The 
IPWQO for vanadium is 0.007 mg/L; and, 

Zinc (5 of 7 samples) - ranged from 0.03 mg/L to 0.1 9 mg/L. The PWQO for zinc 
is 0.03 mg/L. 

The monitoring results for SW-5 suggest that leachate-impacted groundwater is 
discharging to the gully. Based on the available data at sampling location SW-5, no 
temporal variations were noted. There is no historical data for SW-5 prior to 1999 
since BFA did not sample at this particular location. The possibility exists that there 
may be seasonal temporal trends but there is not yet sufficient data to make any 
conclusions. 

5.2.2.2 South Nation River 

Golder collected surface water samples from four sampling points on the South 
Nation River. Sampling point SW-7 was collected from a point approximately 250 m 
upstream of the shared boundary between both landfills, SW-8 from a point 
approximately 100 m downstream of the shared boundary between both landfills, and 
SW-9 and SW-10 from the mixing zone at the mouth of the gully. Staff from SNRCA 
collected surface water samples from a point on the South Nation River 
approximately 2.5 km upstream of both landfills. 

Upstream 

Upstream water quality data establishes background conditions for the South Nation 
River that can be used to evaluate if surface water discharge to the river is degrading 
the river water quality. 

Samples were collected at sampling point SW-7 on four separate sampling events in 
1999. Evaluation of the surface water quality data for the samples collected from 
SW-7 indicated that the following parameters exceeded PWQO criteria (the number 
of exceedances and concentration ranges are also listed per parameter): 

General Chemistry 

Hydrogen sulphide (1 of 2 samples) - ranged from <0.001 mg/L to 0.02 mg/L; 
and, 

S t a m  Total phosphorus (4 of 4 samples) - ranged from 0.04 mglL to 0.20 mg/L. 

Metals 

Aluminum (3 of 4 samples) - ranged from ~ 0 . 0 3  mg/L to 0.68 mg/L; and, 
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Iron (2 of 4 samples) - ranged from <0.01 mglL to 0.45 mglL. 

With the exception of one exceedance of aluminum (0.68 mglL) in May 1999, the 
metals exceedences in the samples collected from SW-7 were slightly above PWQO 
criteria. 

Samples were collected at the upstream SNRCA location on five separate sampling 
events, one in September 1998 and four in 1999. Evaluation of the surface water 
quality data for samples collected from approximately 2.5 km upstream of the landfills 
indicated that the following parameters exceeded PWQO criteria (the number of 
exceedances and concentration ranges are also listed per parameter): 

General Chemistry 

Dissolved oxygen (DO) (1 of 4 samples) - ranged from 0.08 to 8.54 mglL. The 
PWQO which was set at 4 mglL as a conservative measure using the average of 
the measured surface water temperatures (20.g°C) and the corresponding cold 
water biota objective; and, 

Total phosphorus (5 of 5 samples) - ranged from 0.038 mglL to 0.10 mglL. 

Metals 

Aluminum (5 of 5 samples) - ranged from 0.10 mglL to 0.15 mg/L; 

Cadmium (2 of 5 samples) - ranged from 0.0001 mglL to 0.0004 mglL. The 
PWQO for cadmium is 0.0002 mglL; and, 

Cobalt (1 of 5 samples) - ranged from 0.0001 mglL to 0.0010 mglL. The IPWQO 
for cobalt is 0.0006 mglL. 

Microbiolonical 

Escherichia Coli (2 of 5 samples) - ranged from 8 counts1100 mL to 200 
counts11 00 mL. The PWQO for E. Coli is 100 counts11 00 mL. 

Analytical results were not available for hydrogen sulphide, phenols, boron and silver 
in the SNRCA data set. Microbiological data was only available for the SNRCA data 
set. 

Generally, no historical data was available for the upstream monitoring locations, and 
therefore it was not possible to evaluate annual changes in water quality at these 
locations. 

Mixina Zone 

Surface water samples were collected from mixing zone monitoring locations SW-9 

Sbntec and SW-10 on two separate sampling events in 1999. Evaluation of the surface 
water quality data for the samples collected from SW-9 and SW-10 indicated that the 
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following parameters exceeded PWQO criteria (the number of detects and 
concentration ranges are also listed per parameter): 

General Chemistry 

Hydrogen sulphide (2 of 4 samples) - ranged from <0.01 mg/L to 0.02 mg/L; 

Phenols (2 of 4 samples) - ranged from <0.001 mg/L to 0.01 1 mg/L; and, 

Total phosphorus (4 of 4 samples) - ranged from 0.04 mg/L to 0.07 mg/L. 

Metals 

Aluminum (1 of 4 samples) - ranged from <0.03 mg/L to 0.12 mg/L. 

The concentrations of the general chemistry parameters detected above the PWQO 
criteria were similar to the upstream data. Similarly, the metals exceedences were 
slightly above the PWQO criteria. The only potential indicator of leachate impact is 
the exceedances of the PWQO for phenols. Phenols did not exceed the PWQO in 
the upstream samples. However, it should be recognized the only two sampling 
events have bee completed in the mixing zone. Longer term monitoring would be 
required to confirm these exceedances. 

It was not possible to evaluate annual variations in water quality in the mixing zone 
because no historical data is available. 

Downstream 

Samples were collected at sampling point SW-8 on four separate sampling events in 
1999. Evaluation of the .surface water quality data for the samples collected from 
SW-8 indicated that the following parameters exceeded PWQO criteria (the number 
of detects and concentration ranges are also listed per parameter): 

General Chemistry 

Hydrogen sulphide (1 of 2 samples) - ranged from ~ 0 . 0 1  mg/L to 0.01 mg/L; 

Phenols (1 of 4 samples) - ranged from <0.001 mg/L to 0.003 mg/L; and, 

Total phosphorus (4 of 4 samples) - ranged from 0.04 mg/L to 0.12 mg/L. 

Metals 

Aluminum (3 of 4 samples) - ranged from 0.07 mg/L to 0.23 mg/L; and, 

Iron (1 of 4 samples) - ranged from <0.01 mg/L to 0.59 mg/L. 

As with the mixing zone data, the general chemistry parameters detected above the 
PWQO criteria were similar to the upstream data and the metals exceedences were 

Stanfec slightly above the PWQO criteria. 
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The only potential indicator of leachate impact is the exceedance of the PWQO for 
phenols. Phenols did not exceed the PWQO in the upstream samples. It should be 
recognized that only two sampling events have been carried out at the downstream 
monitoring locations. Longer term monitoring data would be required to confirm this 
exceedance. Iron exceeded the PWQO in one of the samples collected at SW-8; 
however, the iron concentration was similar in magnitude to that measured at 
upstream monitoring location SW-7. 

Since historical water quality data is not available, comments regarding temporal 
variations can not be made. 

As mentioned in Section 5.2.2.1, because flow rates for the South Nation River are 
not available, the contribution of leachate-impacted surface water from the gully to 
the South Nation River can not be determined and, as a result, loading rates to the 
river can not be calculated. Surface water quality, in the mixing zone and 
downstream of the landfills appears to be slightly impacted beyond the level of that 
reported for the upstream water quality; however, on-going surface water monitoring 
in the South Nation River would be required to confirm the preliminary interpretation. 
Specifically, although elevated concentrations of alkalinity, un-ionized ammonia, 
phenols, total phosphorus, boron, cobalt, iron, silver and zinc were reported in the 
samples collected from the gully, these impacts have not been identified in the 
samples collected from the South Nation River, with the exception of phenols and 
iron. 

5.3 QUALITY ASSURANCE AND QUALITY CONTROL 

This section summarizes the assessment of data quality and whether each data set 
met its respective DQO such that it was acceptable for use in the preceding Sections 
5.1 to 5.2. 

5.3.1 Groundwater Elevation Data 

The groundwater elevation data met the DQO established for these data sets, as 
presented in Section 4.3.1. 

5.3.2 Groundwater and Surface Water Quality Data 

The DQO for the water sample analyses required the data to be precise, accurate, 
representative, comparable and complete. In general, the DQO was met for these 

Stantec data with only minor exceptions as discussed below. 

The results of the field blank have also been presented in Table 7. The results 
indicate that the level of pH (5.18 pH units) and concentrations of copper 
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(0.235 mg/L) and zinc (0.20 mg/L) exceeds the PWQO criteria. The dissolution of 
carbon dioxide into distilled water to form carbonic acid may account for the lowered 
pH reported. However, the possibility exists that the distilled water used to generate 
the field blank was contaminated. Given that none of the results of analyses for the 
surface water samples collected in October had pH levels or copper and zinc 
concentrations that exceeded the PWQOs, with the exception of the zinc 
concentration detected in SW-5 (0.19 mg/L), the surface water samples have likely 
not been positively biased by sample handling procedures. 

Representative data were obtained by following sample collection, handling, and 
analysis procedures appropriate for the monitoring program, and by incorporating 
data validation procedures. Comparable data were obtained by following the same 
sample collection and laboratory analysis procedures between monitoring events to 
the extent possible. 
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6.0 Conclusions 

The 1999 environmental monitoring program at the Village of Casselman Landfill Site 
consisted of groundwater and surface water monitoring. The conclusions based on 
this first year of monitoring are: 

The water table is encountered in the silty sand unit and is interpreted to be 
controlled by seasonal recharge. Groundwater flow is interpreted to be directed 
to the north and northwest across the Site. In 1999 the lateral hydraulic gradient 
was 0.004 m/m and the groundwater velocity in the shallow subsurface (silty sand 
unit) was I mlyr; 

The Site is likely a local groundwater discharge zone based on the local relief and 
surficial drainage patterns. On-site drainage ditches and the deep gully intercept 
groundwater flow and collect surface water runoff, and discharge it to the South 
Nation River. Shallow groundwater flow not intercepted by the surface features 
mentioned, discharges into the South Nation River; 

Water quality data from monitoring well BH96-4, which represents background 
conditions, suggests that the groundwater flowing through the shallow aquifer is 
not adversely impacted prior to migration through the landfill area; 

Based on the conceptual model of groundwater flow first presented by BFA and 
groundwater elevation monitoring, it appears that well BH96-3 is not hydraulically 
connected to wells BH96-1 and BH96-2(1). 

The parameters exceeding the ODWOs in groundwater samples collected from 
the downgradient wells were total hardness, alkalinity (in BH96-I), turbidity, 
colour, total dissolved solids, iron and manganese. There were no exceedences 
of the health-related parameters in samples collected from the downgradient 
wells; 

In addition to the ODWO exceedences, parameters that exceeded the 
Reasonable Use concentrations were alkalinity in BH96-1 and BH96-3, total 
dissolved solids in BH96-2(1), arsenic in BH96-1, and aluminum and sulphate in 
BH96-1. The only health-related parameter in this group is arsenic. Since it is 
unlikely that the groundwater between the downgradient wells and the South 
Nation River will be used as a potable water supply, and given that arsenic was 
not detected in any of the surface water samples above the PWQO, the reported 
arsenic concentration is expected to have a negligible effect on downgradient 
water use; 

stanfec Comparison of groundwater quality data to surface water quality data suggests 
that the majority of the leachate-impacted water generated at the Site seems to 
migrate to the surface water environment rather than impacting the groundwater; 
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Evaluation of the surface water quality data alone for the one sample collected 
from the ditch along the west side of the Site (SW-3) suggests that the 
contribution of leachate-impacted surface water from the ditch to the South Nation 
River is likely not significant. Furthermore, the flow rate in the ditch is expected to 
be very low compared to the South Nation River, and, given the low 
concentrations reported at well BH96-3, it is expected that the mass flux from the 
ditch to the river would be negligible. 

Surface water quality data collected from the deep gully (SW-1 and SW-5) 
suggests that leachate-impacted groundwater is discharging to the gully. 

Evaluation of the upstream data established that concentrations of hydrogen 
sulphide, total phosphorus, aluminum, and iron above PWQO criteria. 

The only potential indicators of leachate impact in the South Nations River are 
phenols concentrations above the PWQO that were identified at the mixing zone 
and the downstream sampling locations. 

11 May 2000 
G L h : w E 3 4 4 & 5 W  casselman v . l a n d f i l h p x b ~ 1 0 0 . m n u d m m i l ~  



1999 ANNUAL MONITORING REPORT 
VILLAGE OF CASSELMAN LANDFILL SITE 

7.0 Recommendations 

The following modifications to the environmental monitoring program for the Village of 
Casselman Landfill Site are recommended: 

Groundwater monitoring should continue semiannually with water levels and 
groundwater samples collected from each well. Due to the turbidity reported in 
samples collected from the monitoring wells, an effort should be made to properly 
develop the wells prior to sampling; 

Surface water monitoring frequency should be increased to quarterly monitoring 
to permit monitoring of seasonal fluctuations in surface water quality. Surface 
water samples should be collected from SW-1, SW-3 and SW-5; 

It is recommended that surface water samples be collected from two locations on 
the South Nation River, one upstream of the Site and one downstream of the Site, 
in order to assess whether water quality of the South Nation River is being 
impacted by the Village of Casselman Landfill; 

The effects of the discharge of leachate-impacted groundwater to surface water 
and potential mitigation measures should be investigated as part of the 2000 work 
program. 

The parameter list for laboratory analyses should be modified as follows to 
include only those parameters specific to ODWO and PWQO criteria: 

Groundwater Parameters 

General Chemistry - pH, specific conductance, temperature, colour, turbidity, 
alkalinity, un-ionized ammonia, chloride, fluoride, nitrate-N, nitrite-N, 
total phosphorus, sulphate, total dissolved solids, and total hardness. 

Metals - aluminum, arsenic, barium, boron, cadmium, chromium, copper, iron, 
lead, manganese, selenium, sodium and zinc. 

Surface Water Parameters 

General Chemistry - pH, specific conductance, temperature, colour, dissolved 
oxygen, turbidity, alkalinity, un-ionized ammonia, chloride, fluoride, nitrate-N, 
nitrite-N, phenols, total phosphorus, sulphate, total dissolved solids, and total 
hardness. 

Metals - aluminum, antimony, arsenic, beryllium, boron, cadmium, chromium, 
cobalt, copper, iron, lead, nickel, selenium, silver, thallium, tungsten, vanadium, 

Stantec zinc and zirconium. 
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Although the parameter lists for groundwater and surface water monitoring differ 
somewhat, it is suggested that the groundwater and surface water samples be 
analyzed for the same parameters for comparison purposes; and, . Begin time trend analyses for selected parameters, such as dissolved oxygen, 
turbidity, hydrogen sulphide, total phosphorus, aluminum, and iron, to establish if 
seasonal trends in water quality exist in either the surface water in the gully or the 
South Nation River. 

All of which is respectfully submitted 

STANTEC CONSULTING LTD. 

Marc Oudejans B.Sc. 
Hydrogeologist 

David Flynn M.A.Sc., P.Eng 
Environmental Engineer 
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Table I 
Summary of 1999 Monitoring Program 

Notes: 

General Chemistry 

pH 
specific conductance 
colour 

turbidity 
alkalinity (as CaC0.J 
total ammonia-N 
un-ionized ammonia-N 
bromide 
chloride 
fluoride 

nitrate-N 
nitrite-N 

phosphate-P 
total phosphorus 

sulphate 
total organic carbon 
total dissolved solids 
carbonate (CO,) 
bicarbonate (HCO,) 
hardness (as CaC03) 
Langelier index 

Location 
ID 

aluminum 

antimony 
arsenic 

barium 
beryllium 
bismuth 

boron 
calcium 

cadmium 
chromium 

cobalt 

copper 
gallium 

iron 
lead 

lithium 
magnesium 
manganese 

molybdenum 
nickel 

niobium 

Water 
Level 

Monitoring 
May 1 October 

Water Sampling 

Metals 
potassium 

selenium 
silicon 
silver 

General 
Chemistry 

May / October 

Monitoring Wells 

sodium 
strontium 
thallium 
tin 
titanium 

tungsten 
vanadium 

yttrium 
zinc 
zirconium 

Metals 

May ! October 

Surface Water Specific 
phenols 
dissolved oxygen 
basic oxygen demand (BOD) 

total nitrogen 

saturation pH 

Surface Water 
Specific 

May / ~ c t o b e r -  

X  X 
x , x  

X~ X 
X ' X  

BH96-1 
~ ~ 9 6 - 2 ( 1 )  
BH96-2(11) 
BH96-3 
BH96-4 

Vlllage of Cassehan Landfill S~ le  
W99 Amoal Monitormg Progfam 
P : \ E m r i m u n e n C a n O i ~ ~ e d ~ \ 6 3 4 ~ 5 5 0 ~ T a b k , ~ I  .XIS 

1 
X  X  

x ( x  X 

; l X  
X I X  

X I X  
x i x  

Surface Water 

Stantec Consuhmg Ltd. 
634-46550 
Page 1 d 1 

X  
X  

X  
X  

X I X  
X  

X  X  

X I X  
I X  
I 

X t X  

SW-1 
SW-3 
SW-5 

X / X  
X  

X  X  

I 
I 
I 



Table 2 
Summary of Sample A 

Parameter 

PH 
Specific Conductance 

Colour 

Turbidity 

Alkalinity (as CaC03) 

Total Ammonia-N 

Bromide 

Chloride 

Fluoride 

Nitrate-N 

Nitrite-N 

Total Nitrogen (Kjeldahl) 

Phosphate-P 

Total Phosphorus 

Sulphate 

Total Organic Carbon 

Total Dissolved Solids 

Total Hardness 

Analytical 
Method 

APHA 4500 

APHA 2510 

APHA 2120 

APHA 21 30 

APHA 2320 

APHA 4500NH3-H 

APHA 4500 

APHA 4500 

APHA 4500 

APHA 4500-N-C 

APHA 4500-N-C 

APHA 4500 B N ORG 

APHA 4500-P-F 

APHA 4500-P-F 

APHA 4500 

APHA 5310C 

APHA 2540 

APHA 2340C 

I~e ta l s '  I APHA 31 208 

I~e ta ls '  I APHA 3113A 

Antimony, Arsenic APHA 31 14C 

NAQUADAT 06537L 

Biochemical Oxvaen Demand APHA 521 0 

250 mL I amber glass I none 

and Holdin 

Field 
Filtering 

none 

lalyses, 

Sample 
Volume 

125 mL 

125 mL 

Preservation 

Sample 
Container 

plastic 

Times 
I 

plastic 

250 mL 

Preservative Holding 1 Tlrne 

0.45 11rn in-lin 

28 days 

2 days 

2 days 

4 days 

I 

4 day 

28 days 

28 days 

clear glass none 

5 days 

10 days 

5 days 
28 days 

28 days 

10 days 

7 days 

6 months 

cool 
28 days 

5 days 

cool, CuS04 to pH<2 1 5 days 

I 

cool, HN03 to pH<2 

I 

cool 1 4 days 

6 months 

Notes: 
APHA -American Public Health Association, from the Standard Methods for the Examination of Water and Wastewater, 

APHA-AWWA-WPCF, 17th Edition, 1989 and 1991 Supplement. 
- ICP Metals method APHA 3120 B by inductively-coupled plasma - atomic emission spectrometry 
' - Metals method APHA 31 13 A for lower detection limits by graphite furnace - atomic absorption spectrometry 

V~llage ol  Carseknsn Landfill Slle 
1999 AMual Monitoring Program 
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Table 3 
Groundwater Elevation Data - 1999 

Notes: 
rn arnsl - metres above mean sea level 

m btoc - metres below top of casing 

dry - total depth of well (2.88 m btoc) measured in May 1999 

Village of Carrehen Landftll Slte 
1999 knurl Monitoring Prcgram 
p : \ E n v u o n m e n t e N ) ~ P 1 o j a ~ t s \ 6 3 4 - 4 6 5 ~ a b l e ~ 3 , x l s  

Well 
ID 

Slanlec Consulllng 634-46550 Ltd. 

Page 1 of 1 

Reference 
Elevation 
(m amsl) 

Riser 
Stick-up 

(m) 

0.71 - 
0.86 - -- 

- -- 1.30 
0.98 - - -. -- 
0.95 

Ground 
Surface 

Elevation 
(m amsl) 

64.02 -- -- - - 
63.71 -- 

- 63.71 
61.61 --- 
64.67 

Monitoring Wells 
BH96-I 
BH96-2(1) 
BH96-2(11) 
BH96-3 
BH96-4 

64.73 - - -. - - - 
64.57 
65.01 
62.59 - 
65.62 

1 9-Nov-9 6 
Water 
Level 

(m btoc) 

1.93 
-1.41 -- ---- - 
1.66 --- 
1.23 - - - -. 
1.10 

15-May-99 
Water 

Elevation 
(m arnsl) 

62.80 - 
63.16 
63.35 - 
61.36 - - 
64.52 

Water 
Level 

(m btoc) 

1.69 
2.59 
dry -- 

2.24 
1.86 

21 -0ct-99 
Water 

Elevation 
(m amsl) 

63.04 ----- 
61.98 

< 62.13 
60.35 
63.76 

Water 
Level 

(m btoc) 

1.89 - 

2.65 

- dry 
1.52 
2.05 

Water 
Elevation 
(m amsl) 

62.84 
- - 

61.92 - 
< 62.13 _- 
-- 61.07 

63.57 



Table 4 

I 
Summary of Historical Groundwater Quality Data for Background Well BH96-4 

Sample Location 
Sampled By 
Date Collected 
Analyzed by 

OWDO' 

Type I Value I Units 

Field Parameters 

Method Detection Limit 

(Zenon) I (Seprotech) 

Dissolved Oxygen 

PH 
Specific Conductance 

Temperature 
Turbidity 

BH96-4 
BFBA 

19-Nov-96 
(Zenon) 

1 nlv 
OG i 6.5-8.5 
nlv I nlv 

BH96-4 BH96-4 

- 
- I 
- 1  - 
- I 

mg1L 
pH units 
pS Im  

General Chemistry 
PH 
Specific Conductance 
Colour 
Turbidity 
Alkalinity (as CaCO,) 

Total Ammonia-N 
Un-ionized Ammonia-N 
Bromide 
Chloride 
Fluoride 
Nitrate-N 
Nitrite-N 
Phosphate-P 
Total Phosphorus 
Sulphate 
Total Organic Carbon 
Total Dissolved Solids 
Carbonate (C0,) 

Bicarbonate (HCO,) 

Total Hardness (as CaCO,) 

Langelier Saturation Index 

Stantec 
16-May-99 

- 1 5.6 2.0 
- 1 7.85 j 7.90 

278 \ 250 / 8.7 i 11.0 
519 1 

A 0  1 15 1 OC 
A 0  ; 5 / NTU 

Stantec 
22-Oct-99 

OG , 6.5-8.5 /pH units I 

4.2 i 1 

Metals 

(Seprotech) 1 (Seprotech) 

: nlv 
A 0  1 5 
A 0  I 5 
OG I 30-500 / nlv 

/ nlv 
/ nlv 

A 0  1 250 

1 
0.01 
1 

0.03 

0.1 
0.5 

7.80 8.05 i 7.53 
270 252 302 pSIcm 

TCU 
NTU 
mglL 

mglL 
mglL 
mg1L 
mglL 

1 
0.1 
1 

0.01 
0.01 
0.4 
0.1 

13 
48 
130 
0.13 

<0.10 
1.9 
0.12 
0.06 

0.1 i 1 26 20 j 0.09 
0.16 0.3 0.7 1 1.2 

1 168 ! 208 
1 <1 1 <l 

1 130 139 / 142 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Gallium 

I 0.03 1 0.1 
0.05 1 0.1 
0.05 0.1 
0.1 ' 0.01 
0.02 0.01 

140 124 

1.7 1 <0.01 i 0.01 
- i <0.001 <0.001 

i <0.001 <0.001 
0.030 1 0.020 i 0.024 

cO.005 I <0.005 
<0-001 1 <0.05 <0.05 

10.05 0.1 I <0.1 
~0.10 ' 0.06 20 

i 0.77 1 0.54 

3 6.2 

MAC i 1.5 mg1L 
MAC , 10.0 1 mglL 
MAC 1.0 i mg1L 

, nlv I mg/L 
nlv j mglL 

A 0  1 500 1 mglL 
1 v 1 mglL 

136 

Iron 
Lead 
Lithium 
Magnesium 

OG 0.10 i mglL 0.03 ' 0.01 
nlv I mglL 1 0.001 

IMAC 0.025 1 mglL - i 0.001 

i nlv m g l ~  0.05 
IMAC j 5.0 rnpn 0.01 0.01 

187 

A 0  1 500 
/ nlv 
I 

0.01 1 0.19 1 -0.27 

0.02 
<0.0001 
37.4 
<0.01 

0.013 
<0.002 
36 

<0.004 

IMAC i 0: 

MAC 1 0.05 

18.6 

mg/L 
m g l ~  

<0.01 1 co.01 1 XO.01 
0.007 1 ~0.01 j <0.01 

j (0.05 i <0.05 

0.01 
<0.0001 
32.1 
cO.01 

A 0  ' 0.30 mg1L 
MAC ' 0.01 ; mglL 

nlv , mglL 
nlv . mg/L 

0.03 ~0.01 
<0.01 ' ~0.01 
<0.4 1 <0.4 
1.8 1.6 
0.2 1 0.2 
0.1 j 0.1 

i nlv mg1L 

OG ! 80-100 / mg l l  
1 nlv 1 

0.01 0.02 1.4 <0.02 1 10.02 
0.02 0.0002 

1 0.005 0.011 <0.005 
0.05 : 0.01 1 1  j 10.4 1 10.3 

mg/L mPn 
mglL 

! nlv mgR 
I 

A 0  1 1.0 / rngR 
n/v j mglL 

0.002 
0.2 
0.004 

0.0001 
0.03 
0.01 

0.01 0.01 
I 0.01 0.006 ' 0.05 



Table 4 
Summary of Historical Groundwater Quality Data for Background Well BH96-4 

Notes: 

Reference: Ontario Ministry of the Environment, revised 1994. Ontario Drinking Water Objectives 

pSlcm microSiemens per centimetre 

'C degrees Celsius 

pglL micrograms per l i e  

mglL milligrams per litre 

MAC Maximum Accep!able Concentration 

IMAC Interim Maximum Acceptable Concentration 

A 0  Aesthetic Objective 

OG Operational Guideline 

nlv No ODWO has b e n  established. 

Sample Location 
Sampled By 
Date Collected 

1 201 l m e  value exceeds the respective objective. 

- Analysis not performed. 

< The parameter was not detected at the quantitation limit shown. 

OWDO' 

Analytical results for 1996 presented herein are as reportad by Beany Franz & Associates Ltd. 

in the March 1997 Repart enritled: Hflmgeobgical Assessment ofthe Village dCasselman Landfill. 

Metals (cont'd) 
Manganese 
Molybdenum 
Nickel 
Niobium 
Phosphorus 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Thallium 
Tin 
Titanium 
Tungsten 
Vanadium 
Yttrium 
Zinc 
Zirconium 

Method Detection Limit 
BH96-4 
BF&A 

19-Nov-96 

A 0  . 0.05 i mg/L 
i nlv mgIL 
; n/v / mglL 

nlv I m g / ~  I 

0.005 : 0.01 
0.01 1 0.02 
0.01 0.02 

- 1 0.02 
0.06 j 0.1 
1 .O 0.4 

0.001 1 0.001 
0.05 0.05 
0.01 : 0.01 
0.1 0.2 

0.001 1 0.005 
0.06 
0.06 i 0.0002 
0.05 0.2 
0.01 j 0.01 

- 0.05 

BH96-4 
Stantec 

16-May-99 

1 v m g ~ ~  0.005 I 0.005 
I nlv mglL 0.005 

mglL 
mglL 
mglL 

mgR 

i nlv 

BH96-4 ' 
Stantec 

. 22-Oct-99 

0.007 i ~0.005 i <0.005 
- 

:0.:,5 
'0.005 
<0.01 

nlv 1 mglL 
AO ; 200 ( mglL 

/ nlv 1 mgIL 
: nlv i mglL 
; nlv 1 mglL 
i nlv 1 mglL 
j nlv / mglL 
I nlv ) mglL 

0.055 1 <0.01 <0.01 
<0.01 <0.02 I <0.02 
<0.01 ~0.02 1 1 <0.02 j s0.02 ' <0.1 

MAC 
12 / 7.45 

<0.01 <0.01 

nlv 
0.01 
nlv 

1.5 
<0.001 
7.93 

i 
<0.01 

4.5 1 4.2 1 3.9 
0.078 j 0.060 1 0.069 
6.8 i I 

~0.06 <0.0002 1 <0.0002 
c0.05 <0.2 ~ 0 . 2  
0.087 1 <0.01 1 <0.01 

- I <0.05 I ~0.05 



Table 5 
Summary of Historical Groundwater Quality Data for Downgradient Wells 

Sample Location 
Sampled By 
Date Collected 

OWDO' 
Method Detection 

Llmlt 

Analyzed By 

BH96-1 
BFLA 

19-Nov-96 
Type I Value I Units (Zenon) 

Fleld Parameters 

(Seprotech) (Seprotech) 

Dissolved Oxygen 
PH 
Specific Conductance 
Temperature 
Turbidity 

(Zenon) I(Seprotech) 

BH96-1 
Stantec 

16-May-99 
(tenon) (Zenon) 

BH96-2(1) 
BFLA 

19-Nov-96 

BH96-1 
Stantec 

22-Oct-99 

OG 
nlv 
A 0  
A 0  

General Chemistry 
PH 
Specific Conductance 
Colour 
Turbidity 
Alkalinity (as CaCO,) 

Total Ammonia-N 
Un-ionized Ammonia-N 
Bromide 
Chloride 
Fluoride 
Nitrate-N 
Nitrite-N 
Phosphate-P 
Total Phosphorus 
Sulphate 
Total Organic Carbon 
Total Dissolved Solids 
Carbonate (CO,) 

Bicarbonate (HCO,) 

Total Hardness (as CaCO,) 

Langeller Saturation Index 

(Zenon) 

mglL 
pH units 
)~S/cm 

'C 
NTU 

nlv 
6.5-8.5 

nlv 
15 
5 

(Seprotech) 

BH96-2(1) 
Stantec 

16-May-99 
(Seprotech) (Seprotech) 

- 
- 

OG 

A 0  
A 0  
OG 

A 0  
MAC 
MAC 
MAC 

A 0  

A 0  

OG 

Metals 

BH96-2(1) 
Stantec 

22-Oct-99 
(Seprotechl 

Aluminum 
AnUmony 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 
Cadmlum 
Caldum 
Chromium 
Cobalt 
Copper 

6.5-8.5 
n/v 
5 
5 

30-500 
nlv 
nlv 
n/v 
250 

. 1.5 
10.0 
1.0 
R/V 
nlv 
500 
n/v 
500 
n/v 

nlv 
80-100 

n!v 

4.2 
1 

0.01 
1 

0.03 

0.1 
0.5 
0.03 
0.05 
0.05 
0.1 

0.02 
0.1 
0.16 

1 

1 
1 

BH96-2(11) 
BFLA 

19-Nov-96 

1.99 
6.34 
1220 
8.2 
533 

pH units 
) ~ S k m  
TCU 
NTU 
mglL 
mglL 
mglL 
mglL 
m g k  
mglL 
mg/L 
mg1L 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 

mglL 
mglL 

6.82 
2,200 

45 
77 

f.300 
46 

0.30 
150 
0.09 
~ 0 . 0 5  
~ 0 . 0 5  
~ 0 . 1 0  

46 
67 

1,530 
< 1 

1.300 

1,100 
1.0 

1 
1 

0.1 
1 - 

0.01 
0.01 
0.4 
0.1 
0.1 
0.1 
0.1 
0.01 
0.01 

1 
0.3 
1 

1 

1 

1 

OG 

IMAC 
MAC 

lMAC 
IMAC 

MAC 

A 0  

4.0 
6.80 
1,700 
10.0 

1.72 
6.80 
496 
8.3 
472 

BH96-3 
BFLA 

19-Nov-96 

6.76 
935 
65 

>200 
480 
13.8 
0.01 
~ 0 . 4  
32.1 
0.2 
0.1 
c0. 1 
0.14 
1.18 

2 
21.2 
608 
c1 

586 

402 
0.12 

0.10 
n/v 

0.025 
1.0 
n/v 
nlv 
5.0 

0.005 
nhr 
0.05 
nlv 
1.0 

3.5 
7.30 
700 
11.0 

BH96-3 
Stantec 

16-May-99 

6.26 
1.825 
44.5 
>200 
726 
24.4 
0.01 
1.2 

76.8 
0.2 
0.6 
c0.1 
0.03 
1.91 

5 
46.8 
1,190 

<1 

886 

663 
-0.04 

mglL 
mglL 
mg/L 
mglL 
mg/L 
mglL 
mglL 
mglL 
mglL 
mg1L 
mglL 
mglL 

BH96-3 
Stantec 

22-Oct-99 

8.25 
7.48 
827 
10.7 
155 

8.2 
7.70 
1,100 
9.0 

0.03 

- 
0.001 
0.001 

0.01 
0.002 
0.2 

0.004 
0.01 
0.006 

6.94 
560 
24 
14 
310 
12 

0.12 
3.8 

0.10 
0.085 
~ 0 . 0 5  
c0. 10 

26 
32 

315 
c 1 

310 

230 
-0.21 

6.54 
663 
19.9 
>ZOO 

15 
10.3 

~ 0 . 0 1  
c0.4 
1.9 
0.2 
0.1 

c0. 1 
0.03 
0.56 
18 

12.1 
398 
<1 

18 

299 
-1.8 

7.72 
425 
22 

~ 2 0 0  
230 
4.73 
0.04 
cO.4 
1.9 
0.2 
(0.1 
c0. 1 
0.05 
0.86 

1 
7.9 
314 
-=I 

281 

199 
0.40 

0.01 
0.001 
0.001 
0.005 
0.005 
0.05 
0.01 

0.0001 
0.03 
0.01 
0.01 
0.01 

6.91 
610 
26 
33 
300 
8.6 

<0.10 
3.7 

0.10 
0.21 

~ 0 . 0 5  
~ 0 . 1 0  

74 
74 

385 
c1 

300 

220 
-0.28 

0.28 

0.56 
gO.001 

0.48 
~0.002 

380 
~0 .004  
~0.01 
d0.006 

7.68 
680 
36 
6.1 
230 
0.37 

~ 0 . 1 0  
0.99 
0.1 1 
0.061 
~ 0 . 0 5  
~ 0 . 1 0  

120 
7.8 
392 

1 

230 

330 
0.44 

~ 0 . 0 1  
~0.001 
0.008 
0.070 

c0.005 
g0.05 
0.18 

~0.0001 
148 

c0.01 
<0.01 
~ 0 . 0 1  

8.04 
852 

1 
115 
350 
0.19 
c0.01 
cO.4 
1.3 
0.2 
0.2 
0.1 
0.03 
0.23 
180 
7.9 
596 - 
c l  

427 
468 
1.12 

0.06 
0.128 

<0.001 
0.024 

~0.005 
~ 0 . 0 5  
0.43 

~0.0001 
225 

~ 0 . 0 1  
c0.01 
~ 0 . 0 1  

7.42 
1,234 
2.9 
4.1 
308 

~ 0 . 0 1  
~ 0 . 0 1  
~ 0 . 4  
1.6 
0.2 
0.2 
~ 0 . 1  
0.02 
0.09 
4 50 
2.7 
944 
<1 

376 
--- - 

694 
0.62 

0.28 

0.1 1 
~ 0 . 0 0 1  

0.074 
~0.002 

68 
~0.004 
co.01 
~0.006 

cO.01 
0.002 
0.002 
0.055 

~0 .005  
~0 .05  
0.01 

~0.0001 
59 

<0.01 
<0.01 
~ 0 . 0 1  

0.02 
0.174 

~0.001 
0.024 

~0.005 
~0 .05  
0.10 

~0.0001 
91.1 
~ 0 . 0 1  
~ 0 . 0 1  
~ 0 . 0 1  

0.25 

0.10 
~0.001 

0.099 
~0 .002  

66 
G0.004 
~ 0 . 0 1  
~0.006 

0.78 

0.037 
~0.001 

0.021 
~0.002 

78 
~0.004 
~ 0 . 0 1  
~0 .006  

~ 0 . 0 1  
<0.001 
<0.001 
0.040 

~ 0 . 0 0 5  
~ 0 . 0 5  
0.02 

~0.0001 
104 

~ 0 . 0 1  
~ 0 . 0 1  
~ 0 . 0 1  

0.14 
0.064 

~0.001 
0.024 

~0 .005  
~ 0 . 0 5  
0.03 

<0.0001 
164 

~ 0 . 0 1  
~ 0 . 0 1  
~ 0 . 0 1  



Table 5 
Summary of Historical Groundwater Quality Data for Downgradient Wells 

Naes: 
' Reference: Onlano Ministry of lhe Environment. revised 1994. Ontario Drinking Water Objectives 

pSlvn miuoSiemenr per cenclmeve 
'C degrees Celsius 

NTU nephekmecrie htrbid~ty units 
mfl milligrams par lilre 
MAC Maximum Accsplable concentration 

IMAC Interim Maximum Acceptable ConcenValion 
A 0  AesmeUc ObjecUvr 
OG Operal~onel Guideline 
n/w No ODWO has been established. 

[ ) O l _ j ~ h e  value exceeds lhe respective objedve. 
Analysis not parlormed. 
The parameter was not detected at me quantilelion limll shown. 

Sample Location 
Sampled By 
Date Collected 

Analyticsl results lor 1998 presented herein are as reponed by Beally Franz 6 Asswates Ltd. in the March 1997 Repori entifled: Hydrogeological Assessment of the Village of Casselman Landfill 

Slsnlec Conrullng Lld. 
834-46550 

Pwe 2 Of 2 

OWDO' 
Method 

Llmlt 

Analyzed By (Seprotech) 

BH96-1 
BFLA 

19-Nov-96 
Type I Value 1 Units 

Metals (cont'd) 
Gallium 
l~On 
Lead 
Lithium 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Niobium 
Phosphorus 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Thallium 
Tin 
Titanium 
Tungsten 
Vanadium 
Yttrium 
Zinc 
Zirconium 

(Seprotech) 

BH96-I 
Stantec 

16-May-99 
(Zenon) I(Seprotech) 

A 0  
MAC 

AO 

MAC 

A 0  

A 0  

(Zenon) 

BH96-I 
Stantec 

22-Oct-99 
(Zenon) (Zenon) 

nlv 
0.30 
0.01 
nlv 
nlv 

0.05 
nhr 
n/v 
n/v 
nlv 
nlv 

0.01 
nlv 
nlv 
200 
n/v 
nlv 
nlv 
nlv 
nlv 
n/v 
nlv 

5.0 
n/v 

(Seprotech) 

BH96-2(1) 
BFBA 

19-Nov-96 

mglL 
mglL 
mglL 
mg1L 
mglL 
m g l ~  

mgL 
m g l ~  

mglL 
mglL 
mglL 

mglL 
mglL 
mg1L 

mglL 
mglL 
mglL 
mg/L 

mg1L 
mglL 
m g l ~  
mglL 
ma/L 
mglL 
m g l ~  

(Seprotech) 

- 
0.01 
0.02 

0.05 
0.005 
0.01 
0.01 

0.06 
1.0 

0.05 
0.01 
0.1 

0.001 
0.06 
0.06 
0.05 
0.01 

0.005 

0.005 
0.01 

(Seprotech) 

BH96-2(1) 
Stantec 

16-May-99 
(Seprotech) 

0.05 
0.02 

0.0002 
0.005 
0.01 
0.01 
0.02 
0.02 
0.02 
0.4 
0.4 

0.001 ' 
0.05 
0.01 
0.2 

0.005 

0.0002 
0.2 

0.01 
0.05 

0.005 
0.005 
0.01 
0.01 

(Zenon) 

1 ~ 0 . 0 5  / ~0 .05  
I00 1 83.4 I l l  

~ 0 . 0 2  ~0.0002 ~0.0002 - 1 ;;; <0.005 

BH96-2(1) 
Stantec 

22-Oct-99 

35 
~ 0 . 0 2  

15 
2.3 

c0.01 
<0.01 

~0 .06  
8.0 

6.9 
<0.01 
7.8 

0.27 
8.1 

~ 0 . 0 6  
~ 0 . 0 5  
0.016 

~0.005 

0.013 
<0.01 

32 
7.3 

~0 .01  
0.012 

~ 0 . 0 6  
60 

11 
~ 0 . 0 1  

61 
1.9 
20 

~0 .06  
~ 0 . 0 5  
0.016 

0.007 

0.18 
<0.01 

BH96-2(11) 
BFLA 

19-Nov-96 

~ 0 . 0 5  
42,9 

~0.0002 
0.01 1 
12.4 
2.6f 
~0 .02  
~ 0 . 0 2  
~ 0 . 0 2  

2.0 
<0.001 

7 
c0.01 

5.6 
0.195 

<0.0002 
~ 0 . 2  
~ 0 . 1  
~0 .05  

<0.005 
<0.005 
~ 0 . 0 1  
~ 0 . 0 1  

2.70 
~ 0 . 0 2  
4 0 2  
~ 0 . 0 2  

17.9 
~0 .001  
5.57 

<0.01 
25.3 

0.570 

0.0003 
0.2 

~ 0 . 0 1  
~ 0 . 0 5  

<0.005 
<0.005 
<0.01 
~ 0 . 0 1  

24.2 
3.24 
~0 .02  

~ 0 . 0 2  
0.4 
29.5 

~0 .001  
9.00 
~ 0 . 0 1  
50.2 

0.952 

~0.0002 
0.4 

c0.01 
~ 0 . 0 5  

<0.005 
<0.005 
~ 0 . 0 1  
0.02 

BH96-3 
BFBA 

19-Nov-96 

~ 0 . 0 5  
62.2 

~0.0002 
~0.005 

17.1 
2.77 
~ 0 . 0 2  

~ 0 . 0 2  
0.3 
8.4 

<0.001 
7.34 
~ 0 . 0 1  
10.8 

0.341 

<0.0002 
0.3 

<0.01 
<0.05 

~0 .005  
~0 .005  
-=0.01 
0.02 

BH96-3 BH96-3 ' 

40 
<0.02 

15 
2.7 

~ 0 . 0 1  
~ 0 . 0 1  

~ 0 . 0 6  
9.6 

6.2 
~ 0 . 0 1  

35 
0.31 
24 

~ 0 . 0 6  
~ 0 . 0 5  
0.013 

~0.005 

0.013 
~ 0 . 0 1  

0.58 
~0 .02  

32 
0. l l  
~ 0 . 0 1  ' 
~ 0 . 0 1  

c0.06 
4.9 

6.7 
<0.01 

19 
0.34 
47 

<0.06 
~ 0 . 0 5  
0.038 

c0.005 

~0 .005  
<0.01 

Stantec 
16-May-99 

Stantec 
22-Oct-99 

~ 0 . 0 5  
0.16 

<0.0002 
0.022 
50.0 
0.05 
~ 0 . 0 2  
<0.02 
~ 0 . 0 2  

5.0 
<0.001 
4.67 
~ 0 . 0 1  
22.5 
0.415 

<0.0002 
~ 0 . 2  
~ 0 . 0 1  
~ 0 . 0 5  
~0 .005  
~0 .005  
~ 0 . 0 1  
~ 0 . 0 1  

~0 .05  
0.12 

~0.0002 
~0 .005  
68.2 
~ 0 . 0 1  
~ 0 . 0 2  

~ 0 . 0 2  
0.1 
5.8 

<0.001 
3.48 
<0.01 
12.8 

0.535 

~0.0002 
~ 0 . 2  
<0.01 
~0 .05  
<0.005 
<0.005 
<0.01 



Table 6 
Comparison of 1999 Groundwater Quality Data to Reasonable Use Concentrations 

Village ol Casselman Landfill Site 
1000 Amud Monltoflng Report 
p : \ E n v i r m ~ n D i ~ r 0 j e c t s B 3 4 4 6 5 ~ 6 5 N - T a b l e - 6 . d ~  

Sample Location 
Sampled By 
Date Collected 

Stanlec Consulting Lld. 
63446550 

Page 1 of 2 

OWDO' 

Type I Value I Units 

BH96-4 
Stantec 

16-May-99 

Fleld Parameters 
Dissolved Oxygen 
PH 
Specific Conductance 
Temperature 
Turbidity 

8.2 

12 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 

BH964 
Stantec 

22-Oct-99 

Reasonable 
Use 

concentration2 

OG 
nlv 
A 0  
A 0  

1.99 
6.34 
1220 
8.2 
533 

8.1 

308 

126 
0.5 
2.6 
0.3 

255 

344 

115 

~ ~ 9 6 - 1  
Stantec 

16-May-99 

5.6 
7.85 
278 
8.7 
519 

4.0 
6.80 
1,700 
10.0 

General Chemistry 
PH 
Specific Conductance 
Colour 
Turbidity 
Alkallnlty (as CaCO,) 

Total Ammonia-N 
Un-Ionized Ammonia-N 
Bromide 
Chloride 
Fluoride 
Nitrate-N 
Nitrite-N 
Phosphate-P 
Total Phosphorus 
Sulphate 
Total Organic Carbon 
Total Dissolved Solids 
Carbonate (Cot) 

Bicarbonate (HC03) 

Total Hardness (as CaC03) 

Langelier Saturation Index 

OG 

IMAC 
MAC 

IMAC 

81-196-1 
Stantec 

22-Oct-99 

nlv 
6.5-8.5 

nlv 
15 
5 

2.0 
7.90 
250 
11.0 

1.72 
6.80 
496 
8.3 
472 

Metals 

8.05 
252 
3 

187 . 
114 
0.03 
~0 .01  
cO.4 
1.8 
0.2 
0.1 
0.1 

0.06 
0.77 
20 
0.7 
168 
< 1 

139 

124 
0.19 

0.10 
nlv 

0.025 
1.0 
nlv 
nlv 
5.0 

mglL 
mglL 
mg1L 
mglL 
rnglL 
mg/L 

_ mglL 

~H96-2(1) 
Stantec 

16-May-99 

mglL 
pH units 
pSlcm 

OC 
NTU 

3.5 
7.30 
700 
11 .O 

8.25 
7.48 
827 
10.7 
155 

OG 

A 0  
A 0  
OG 

A 0  
MAC 
MAC 
MAC 

A 0  

A 0  

OG 

7.53 
302 
6.2 
18.6 
116 

~0 .01  
c0.01 
e0.4 
1.6 
0.2 
0.1 
<O. 1 
20 

0.54 
0.09 
1.2 
208 
< 1 

142 

136 
-0.27 

6.76 
935 
65 

>200 
480 
13.8 
0.01 
c0 4 
32.1 
0.2 
0.1 
~ 0 . 1  
0.14 
1.18 

2 
21.2 
608 
< 1 

586 

402 
0.12 

BH96-2(1) 
Stantec 

22-Oct-99 

BH96-3 
Stantec 

16-May-99 

8.2 
7.70 
1,100 
9.0 

7.72 
425 
22 

>200 
230 
4.73 
0.04 
~ 0 . 4  
1.9 
0.2 
~ 0 . 1  
~ 0 . 1  
0.05 
0.86 

1 
7.9 
314 
< 1 

281 

199 
0.40 

6.26 
1,825 
44.5 
>200 
726 
24.4 
0.01 
1.2 

76.8 
0.2 
0.6 
c0. 1 
0.03 
1.91 

5 
46 8 
I ,  190 

< 1 

886 

663 
-0.04 

BH96-3 
Stantec 

22-Oct-99 

6.5-8.5 
nlv 
5 
5 

30-500 
nlv 
nlv 
n/v 
250 
1.5 
10.0 
1.0 
nlv 
nlv 
500 
nlv 
500 
nlv 

nlv 

80-100 

nlv 

~ 0 . 0 1  
<0.001 
<0.001 
0.020 
<0.005 
~ 0 . 0 5  
0.01 

pH units 
pSlcm 
TCU 
NTU 
mglL 
mglL 
mglL 
mglL 
mgIL 
rnglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 

mglL 

mglL 

0.1 

0 007 
0.267 

1.3 

0.01 
<O 001 
<0.001 
0.024 
~0 .005  
<0.05 
0.02 

7.42 
1,234 
2.9 
4.1 
308 

~ 0 . 0 1  
~ 0 . 0 1  
~ 0 . 4  
1.6 
0.2 
0 2 
<O. 1 
0.02 
0.09 
450 
2.7 
944 
< 1 

376 

694 
0 62 

6.54 
663 
19.9 
~ 2 0 0  

15 
10.3 

~ 0 . 0 1  
<0.4 
1.9 
0.2 
0.1 
~ 0 . 1  
0.03 
0.56 
18 

12.1 
398 
<1 

18 

299 
-1.8 

8.04 
852 

1 
115 
350 
0.19 
~ 0 . 0 1  
~ 0 . 4  
1.3 
0.2 
0.2 
0.1 
0.03 
0.23 
180 
7.9 
596 
< 1 

427 

468 
1.12 

<0.01 
<0.001 
0.008 
0 070 
~0 .005  

0 06 
0.128 
<O 001 
0.024 
~0.005 
~ 0 . 0 5  ?P," I 043  

~ 0 . 0 1  
0.002 
0.002 
0.055 
~0 .005  
~ 0 . 0 5  
0.01 

0.02 
0.174 
<0.001 
0 024 
~0.005 
~ 0 . 0 5  
0.10 

<0.01 
<0.001 
<0.001 
0 040 
<0.005 

0.14 
0.064 

<0.001 
0.024 

q0.005 
~0 .05  
0.02 , 

<0.05 
0 03 
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Table 7 
Summary of Historical Surface Water Quality Data 

Slunlsc Collrvnrp Lld 
634-46550 

Pago 2 of 9 

Method Detection 

Mlcroblologlcal 
Escherichia Coli (E. coli) 
Fecal Streploccaus 
Psuedomonas Aeruginosa 

100 
nlv 
nlv 

Counls/lOOml 
Counts 
Counts 

na 
na 
na 

na 
na 
na 



Table 7 
Summary of Historical Surface Water 

- = 

Quality Data 

santec Consuilhp Lid. 
634-46550 

Py)o 3 01 0 

Sample Location 
Sampe ID 
Sampled By 
Date Collected 
Analyzod By 

PWQO' 

Type 1 Valuo I Units 

Fleld Parameters 

Method Detection 
Limit 

Zononl Scprotcch 

Dissolved Oxygen 
PH 
Specific Conductance 
Temperature 
Turbidity 

Fleld 6lank2 
Sw7 

Stantec 
22-Oct-99 
Seprotocli 

Midpoint of Deep Gully 

PWQO 

PWQO 
PWQO 

S W ~  
Stantec 

22-Oct-99 
Soprotecli 

n/v 
6.5-8.5 

nlv 
15' 
nlv 

5.0 
8.10 
1,700 
12.0 

mglL 
pH units 
,tSlcm 

OC 
NTU 

General Chemlsiry 
PH 
Saturation p~ 
Specific Conductance 
8iochemical Oxygen Demand (BOD) 
Chemical Oxygen Demand (COD) 
Coiour 
Dissolved Oxygen 
Turbidity 
Alkalinity (as CaCO,) 
Total Ammonia-N 
Un-Ionized Ammonia-N 
Bromide 
Chloride 
Fluoride 
Hydrogen Sulphide 
Nitrate-N 
Nitrite-N 
Total Nitrogen 
Phenols 
Phosphate-P 
Total Phosphorus 
Sulphate 
Dissolved Organic Carbon (DOC) 
Total Organic Carbon 
Total Dissolved Solids (TDS) 
Total Suspended Solids (TSS) 
Carbonate (Cod 
Bicarbonate (HCO') 
Total Hardness (as CaCO,) 
Langelier Saturation index 

Metals 

7.5 

1,000 
19 
46 
19 
8.8 
30 

462 
17 

0.08 

80 

0.02 
20.6 
eO.1 
17.8 

<0.001 

0.06 
123 
19.9 

764 
70 

487 

SW5 
Golder 

27-Nov-99 
Acctltcst 

- 

PWQO 

PWQO 

IPWQO 

PWQO 

PWOO 

PWQO 

IPWQO 

pH units 
mg/L 

)~Slcm 
mglL 
mglL 
TCU 
mglL 
NTU 
mglL 
mglL 
m g l ~  
mgh 
mglL 
mgK 
mglL 
m g l ~  
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mg1L 
mglL 
mglL 
nla 

17 

10 

22.5 
0.21" 

<0.01 

Aluminum 
Anenlc 
Barium 
Beryllium 
Bismuth 
Boron 
- 

SW5 
Golder 

04-Dec-99 
Accutest 

7.6 

810 
15 
58 

8.1 
29 

14.5 
0.11 

0.01 

' 6.5-8.5 
n/v 
nlv 
nlv 
nhr 
n/v 

5.6' 
nhr 

30-500 
nhr 

0.02' 
nlv 
nlv 
nlv 

0.002 
nlv 
nlv 
nlv 

0.001 
nlv 

0.03" 
nlv 
nlv 
nhr 
nlv 
nlv 
nlv 
nlv 
nlv 
nlv 

20 
50 

15 

17 
0.1 1" 

0.01 

' - 
4.2 

1 

0.01 
1 

0.03 

0.1 
0.5 

0.03 

0.05 
0.05 

0.001 
0.1 
0.02 
0.1 

0.16 

I 
1 
1 

- 

54 
7 1 

>I00 

30.4 
0.28.' 

0.01 

IPWQO 
PWQO 

PWQO 

IPWQO 
, 

SW5 
Golder 

06-Dec-99 
Accutest 

0.08 

0.140 
~0.002 

0.81 , 

<0.03 

0.210 
G0.002 

, 1.57 

' 

1 
1 

1 
1 

0.1 
1 

0.01 
0.01 
0.4 
0.1 
0.1 

0.1 
0.1 
0.05 
0.001 
0.01 
0.01 

1 

0.3 
1 

1 
1 
1 

-- 

I 1  

78 
89 

>I00 

36 
0.52" 

0.2 

0.075 
0.1 
n/v 
1.1 
n/v 
0.2 

0.04 
<0.001 
<0.005 
e0.005 
<0.05 

, 

7.54 
6.36 
1,970 

16 

32 
7 

120 
741 
22.7 
0.21 
2.1 
167 
0.2 

3.3 
~ 0 . 1  
25.9 

~0.001 
0.06 
0.33 
86 

29.2 
1.080 

<1 
904 
688 
1.18 

SW5 
Golder 

ii-Dec-99 
Accutest 

7.9 

1.800 
27 
77 
28 
7.2 
44 
755 
34.6 
0.27 

168 

<0.01 
3.06 
<O. 1 
34.6 

0.012 

0.24 
121 
31.2 

1,116 
143 

602 

mglL 
mglL 
mglL 
m g l ~  
mglL 
mglL 

SW5 
Golder 

19-Dec-99 
Accutest 

SW5 
Golder 

30-Dec-99 
Accutest 

5.18 
11.62 

59 
-=I 

c 1 

0.1 
10 

2.39 
<0.01 

0.4 
4.8 
<0.1 

<O. 1 
~ 0 . 1  
2.08 

<0.001 
<0.01 
<0.01 

< 1 

0.2 
35 

c 1 
12 
< 1 

-6.44 

SW5 
Golder 

30-Doc-99 
Accutcst 

0.03 

0.001 
0.001 

0.01 

0.01 
0.001 
0.005 
0.005 
0.05 

1.46 
<0.001 
0.272 
~0.005 
~ 0 . 0 5  





Table 7 
Summary of Historical Surface Water Quality Data 

Sample Location 
Sampe ID 
Sampled By 
Date Collected 
Analyzed By 

PWQO' 

Type 1 Value I Units 

Method Detectlon 
Llmlt 

Zenon 1 Seprotech 

Field Parameters 
- 

Dissolved Oxygen 
PH 
Specific Conductance 
Temperature 
Turbidity 

7.9 

651 
1 

17 
26 
7.1 
9.2 
231 
0.19 
~ 0 . 0 2  

49 

c0.001 
4.18 

~0 .100  
1.07 

0.001 

0.04 
75 
10 

408 
6 

312 

250 m Upstream of Site (East Boundary) 

PWQO 

PWQO 
PWQO 

2500 m Upstream of Site (East Boundary) 

17.0 

PH 
Saturation pH 
Specific Conductance 
Biochemical Oxygen Demand (BOD) 
Chemical Oxygen Demand (COD) 
Colour 
Dlssolved Oxygen 
Turbidity 
Alkalinity (as CaC0,) 
Total Ammonia-N 
Un-ionized Ammonia-N 
Bromide 
Chloride 
Fluoride 
Hydrogen Sulphide 
Nitrate-N 
Nitrite-N 
Tolal Nitrogen 
Phenols 
Phosphate-P 
Total Phosphorus 
Sulphale 
Dissolved Organic Carbon (DOC) 
Total Organic Carbon 
Total Dissolved Solids (TDS) 
Total Suspended Solids (TSS) 
Carbonate (Cod 
Bicarbonate (HCO,) 
Total Hardness (as CaCO,) 
Langelier Saturation Index 

Metals 
~0 .030  

0.07 
c0.002 

0.06 

s w 7  
Goider 

13-May-99 
Accutest 

18207010002 
SNRCA 

22-Sep-98 
na 

nlv 
6.5-8.5 

n/v 
15' 
nlv 

17.4 22.9 

SW7 
Golder 

18-Oct-99 
Accutest 

SW7 
Golder 

06-Dec-99 
Accutest 

PWQO 

IPWQO 

P W O  

PWQO 

PWQO 

IPWQO 

-~-- 8.28 

527 
1.2 

nla 
7.08 
198 

0.092 
0.0052 

33.4 

0.075 
0.01 1 
0.94 

0.016 
0.048 

222 

0.14 

0.048 
0.00003 

SW7 
Golder 

30-Dec-99 
Accutest 

18207010002 
SNRCA 

11-May-99 
na 

mglL 
pH units 
)~S/cm 

OC 
NTU 

25.3 

Aluminum 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 

- 

21.8 

n/v 
n/v 
nlv 
n/v 

n/v 
5,6' 
n/v 

30-500 
n/v 

0.02' 
nhr 
nh, 

n/v 
0.002 
n/v 
n/v 
n/v 

0.001 
n/v 

0.03" 
n/v 
n/v 

n/v 
n/v 
nlv 
nlv 
n/v 
n/v 

nlv 

8.40 

572 
2.6 

8.02 
10.20 
217 

0.056 
0.0042 

36.4 

0.180 
0.017 
0.88 

0.008 
0.056 

258 

0.12 

0.050 
0.00001 

18207010002 
SNRCA 

16-Jun-99 
na 

I P W O  
PWQO 

PWQO 

IPWQO 

mglL 
pS1cm 
mglL 
mglL 
TCU 
mglL 
NTU 
mglL 
mglL 
mglL 
mglL 
m g l ~  
mg1L 
mglL 
mglC 
mglL 
W l L  
mglL 
m9fL 
mglL 
mg1L 
mglL 
mglL 
mglL 
"81L 
mg1L 
mg1L 
mg1L 
nla 

0.10 

0.057 
0.00001 

18207010002 
SNRCA 

12Jul-99 
na 

8.23 

577 
3.0 

0.08 
8.75 
181 

0.002 
0.0001 

59.6 

0.024 
0.008 
0.84 

0.040 
0. I 0 0  

252 

628 
2.2 

8.54 
5.27 
223 

0.038 
0.0043 

33.8 

5.700 
0.110 
0.98 

0.002 
0.044 

283 

18207010002 
SNRCA 

15-Sep-99 
na 

0 

601 
1.4 

7.72 
6.38 
214 

0.048 
0.0069 

41.2 

2.190 
0.086 
0.96 

0.004 
0.038 

267 

0.075 
0.1 
nlv 
1.1 
nlv 
0.2 

0.15 

0.060 
0.00001 

H 
4.2 

1 

0.01 
1 

0.03 

0.1 
0.5 

0.03 

0.05 
0.05 

0.001 
0.1 

0.02 
0.1 

0.16 

; 
1 
1 

0.03 

0.001 
0.001 

0.01 

mglL 
mglL 
mglL 
mglL 
mglL 
m g l ~  

0.fO 

0.057 
-0.00002 

8.4 

370 

24 

9.8 

220 
0.23 

~ 0 . 0 2  

35 

0.20 
~ 0 . 1  

<0.0010 
<0.03 
0.20 
45 
12 

356 

273 

1 
1 

1 
1 

0.1 
1 

0.01 
0.01 
0.4 
0.1 
0.1 

0.1 
0.1 

0.05 
0.001 
0.01 
0.01 

1 

0.3 
1 

1 
1 
1 

0.01 
0.001 
0.005 
0.005 
0.05 

8.2 

460 

23 

12.0 

208 
0.04 

10.02 

57 

1.93 
<0.100 

~0.0010 
~ 0 . 0 3  
0.07 
70 
8 

384 

293 

7.0 

465 
4.0 
2 1 
31 

14.5 
19.0 
217 
0.15 
<0.02 

41 

0.02 
3.44 

<0.100 
1.010 

~0 .0010  

0.06 
68 
10 

412 
10 

318 

0.68 

0.050 
~ 0 . 0 1  

0.020 

0.09 

0.070 
~ 0 . 0 1  

0.030 

0.09 

0.060 
<0.01 

0.020 



Table 7 
Summary of Historical Surface Water Quality Data 

Sample Locatlon 250 m Upstream of Site (East Boundary) 2500 m Upstream of Site (East Boundary) 

Sampe ID PWQO' Method Detection ~v.47 SW7 SW7 SW7 18207010002 18207010002 18207010002 18207010002 18207010002 
Sampled By Limlt Golder Golder Golder Golder SNRCA SNRCA SNRCA SNRCA SNRCA 
Date Collected 13-May-99 18-Oct-99 06-Dec-99 30-Dec-99 22-Sep-98 11-May-99 16-Jun-99 12JuI-99 15-Sep-99 
Analyzed By Type ( Value I Units Zenon I Seprotech Accutest Accutest Accutest Accutest na na na na na 
Metals (cont'd) 
Cadmium ' PWQO ' 0.0002 ' mglL 0.002 ' 0.0001 ' <0.00015 <0.00015 ' <0.00015 <0.00015 O.OOOI ' 0.0003 0.0002 ' 0.0004 ' -0.0002 
Calcium n/v mglL 0.2 0.03 73 78 86 82 56.7 67.3 74.0 64.9 57.6 
Chromium PWQO 0.1 mglL 0.004 0.01 <0.010 <0.010 <0.010 <0.01 0.0006 -0.0002 0.0008 0.0002 0.0003 
Cobalt IPWQO 0.0006 mglL 0.01 0.0005 ~0.0004 ~0.0004 <0.0004 0.0004 0.0003 0.0010 -0.0001 0.0006 0.0004 
Copper PWQO 0.01 mglL 0.006 0.0005 <0.0050 <0.0050 <0.0050 <0.0005 0.001 0.001 0.002 0.002 0.001 
Gallium n/v mglL 0.05 
Iron PWQO 0.30 mg/L 0.01 0.02 <O.OIO 0.45 0.31 0.29 0.177 b.148 0.115 0.127 0.106 
Lead PWQO 0.025 mglL 0.02 0.0002 g0.002 <0.002 g0.002 <0.002 -0.0023 0.0027 0.0001 -0.0005 -0.0023 
Lithium n/v mglL 0.005 
Magnesium nlv mglL 0.05 0.01 22 24 25 26 19.6 21.8 23.8 25.4 26.2 
Manganese n/v mglL 0.005 0.01 <0.0100 <0.0200 ~0.0100 ~ 0 . 0 1  0.034 0.041 0.01 9 0.022 0.082 
Mercury PWQO 0.0002 mglL ~0.0002 <0.0002 
Molybdenum nlv mglL 0.01 0.002 <0.010 <0.010 <0.010 gO.01 0.002 0.002 0.001 0.002 0.004 
Nickel PWQO 0.025 mglL 0.01 0.02 <0.010 <0.010 <0.010 <0.010 0.0010 0.0002 0.0008 0.0003 0.0014 
Niobium nlv mglL 
Phosphorus nlv mglL 0.06 0.1 
Potassium n/v mglL 1 .O 0.4 3.0 4.0 , 4.0 2.0 3.98 3.84 2.96 3.13 4.41 
Selenium PWQO 0.1 mglL 0.001 0.001 
Silicon nhr mg/L 0.05 0.4 2.1 4.0 4.3 
Silver PWQO 0.0001 mglL 0.01 0.0001 <0.0001 ~0.0001 ~0.0001 ~0.0001 
Sodium n/v mglL 0.1 0.2 23 34 25 2 1 20.2 31.5 23.1 28.2 36.7 
Strontium nhr mglL 0.001 0.005 0.503 0.702 0.512 0.65 0.43 0.50 0.69 0.70 0.72 
Sulphur nhr mglL 0.06 14 22 23 25 
Thallium IPWQO 0.0003 mglL 0.06 0.0002 <0.050 <0.050 c0.050 <0.005 
Tin nlv mglL 0.05 ~0 .050  <0.050 e0.05 
Titanium n/v mglL 0.01 0.01 <0.010 cO.010 ~0 .010  ~0.010 0.006 0.004 0.004 0.005 0.003 
Vanadium IPWQO 0.007 mglL 0.005 0.005 ~0 .007  ~0.007 ~0 .007  <0.007 0.002 0.001 0.003 0.003 0.002 
Yttrium nlv mglL 0.005 
Zinc PWQO 0.03 mglL 0.005 0.01 ~0.0100 <0.0100 ~0.0100 ~ 0 . 0 1  0.002 0.002 0.002 0.002 0.002 
Zirconium IPWQO 0.004 mglL 0.01 

Mlcroblologlcal 

Escherichia Coli (E. coli) 100 Counls1100ml na na 52 64 200 112 8 
Fecal Streptoc4ccus nlv Counts na na 52 4 100 92 16 

,Psuedomonas Aeruginosa n/v Counts na na <2 <2 c2 <2 <2 



Table 7 
Summary of Historical Surface Water Quality Data 

Stanlsc Consvllnp Lid. 
834-48650 

Page 7 01 0 

Sample Locatlon 
Sampe ID 
Sampled By 
Date Collected 
Analyzed By 

PWQO' 

Type ( Value I Units 

Fleld Parameters 

Method Detection 
Limit 

Zenonl  Seprotech 

Dissolved Oxygen 
PH 
Specific Conductance 
Temperature 
Turbidity 

n/v 

Mixing Zone 

mg1L 

General Chemistry 
PH PWQO 6.5-8.5 pH units - 7.5 7.6 7.2 7.9 7.9 8.1 6.8 7.9 
Saturation pH nlv mglL 
Specific Conductance nlv 1iShm 4.2 1 470 639 465 685 380 480 460 658 

ed Ammonia-N 

Metals 

~ w g  
Golder 

06-Dec-99 
Accutest 

100 m Downstream of Slte (East Boundary) 

Aluminum 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 

SW8 
Golder 

13-May-99 
Accutest 

SW9 
Golder 

30-Dec-99 
Accutest 

- PWQO 

PWQO 
PWQO 

IPWQO 
PWQO 

PWQO 

IPWOO 

SW8 
Golder 

18-Oct-99 
Accutest 

6.5-8.5 pH units 

"V 1 biz; 15' 
nlv 

SWIO 
Golder 

06-Dec-99 
Accutest 

0.075 ' 
0.1 
nlv 
1.1 
n/v 
0.2 

SWlO 
Golder 

30-Dec-99 
Accutest 

SW8 
Golder 

06-Dec-99 
Accutest 

SW8 
Golder 

30-Dec-99 
Accutest 

mglL 
mglL 
mglL 
mglL 
mglL 
mglL 

0.03 

0.001 
0.001 

0.01 

0.01 
0.001 
0.005 
0.005 
0.05 

~ 0 . 0 3  

0.060 
s0.003 

0.020 

~ 0 . 0 3  

0.060 
~0.002 

0.050 

0.120 

0.060 
c0.002 

0.020 

<0.03 

0.070 
<0.002 

0.050 

0.23 

0.050 
<0.01 

0.020 

0.10 

0.070 
<0.01 

0.030 

0.10 

0.06 
<0.002 

0.02 

0.070 

0.060 
~0.002 

0.060 



Table 7 
Summary of Historical Surface Water Quality Data 

VUga 01 Cassehun LlndNl Sila 
1 O9O Annual MonlorinQ Repon 
p:\Env*omnl8N)I*BWPm~dsY)J4-4655OU855OOT~blo~7.DWal~Ixls 

Sample Location 
Sarnpe ID 
Sampled By 
Date Collected 
Analyzed By 

PWQO ' 

Type I Value I Units 

Method Detection 
Limit 

tenon1 Seprotech 

Mixing Zone 

Metals (cont'd) 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Gallium 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Niobium 
Phosphorus 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Thallium 
Tin 
Titanium 
Vanadium 
Yttrium 
Zinc 
Zirconium 

Mlcroblologkal 

s w g  
Golder 

06-Dec-99 
Accutest 

100 m Downstream of Site (East Boundary) 

0.0002 
nlv 
0.1 

0.0006 
0.01 
nlv 

0.30 
0.025 

nlv 
nlv 
nlv 

0.0002 
nhr 

0.025 
nlv 
nlv 
nlv 
0.1 
n/v 

0.0001 
nlv 
nlv 
nlv 

0.0003 
n/v 
nlv 

0.007 
n/v 

0.03 
0.004 

' PWQO 

PWQO 
IPWQO 
PWQO 

PWQO 
PWQO 

PWQO 

PWQO 

PWQO 

PWQO 

IPWQO 

lPWQO 

PWQO 
IPWQO 

~0.00015 
85 

~ 0 . 0 1  
~0.0004 
<0.005 

0.19 
~ 0 . 0 0 2  

24 
-=0.01 

<0.0002 
~ 0 . 0 1  
<0.01 

3.0 

3.7 
<0.0001 

25 
0.51 
23 

~ 0 . 0 0 5  
~ 0 . 0 5  
~ 0 . 0 1  

~ 0 . 0 0 7  

~ 0 . 0 1  

Escherichia Coli (E. coli) 
Fecal Streptococcus 
Psuedomonas Aeruginosa 

SW8 
Golder 

13-May-99 
Accutest 

c0.00015 
99 

~ 0 . 0 1  
~0.0004 
~ 0 . 0 0 5  

0.27 
~ 0 . 0 0 2  

26 
~ 0 . 0 1  

~0 .0002  
<0.01 
~ 0 . 0 1  

3.0 

4.3 
C0.0001 

26 
0.66 
25 

~ 0 . 0 0 5  
~ 0 . 0 5  
~ 0 . 0 1  

<0.007 

~ 0 . 0 1  

SW9 
Golder 

30-Dec-99 
Accutest 

' <0.00015 
96 

<0.01 
<0.0004 
~0.005 

0.21 
~0 .002  

25 
<0.01 

c0.0002 
~ 0 . 0 1  
~ 0 . 0 1  

3.0 

4.2 
~0.0001 

26 
0.64 
25 

~ 0 . 0 0 5  
~ 0 . 0 5  
~ 0 . 0 1  

<0.007 

~ 0 . 0 1  

SW8 
Golder 

18-Oct-99 
Accutest 

0.0001 
0.03 
0.01 

0.0005 
0.0005 

0.05 
0.02 

0.0002 
0.005 
0.01 
0.01 

0.002 
0.02 

0.1 
0.4 

0.001 

0.0001 
0.2 

0.005 

0.0002 

0.01 
0.005 
0.005 
0.01 

mglL 
mglL 
m g l ~  
mg1L 
mglL 
mglL 
mg1L 
mglL 
mglL 
mglL 
rng/L 
mg/L 
mglL 
mglL 
mglL 
mglL 
mglL 
m g l ~  
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mglL 
mg1L 
mg1L 
mg/L 

' ~0.00015 
85 

~ 0 . 0 1  
~0.0004 
~ 0 . 0 0 5  

0.25 
~ 0 . 0 0 2  

24 
~ 0 . 0 1  

c0.0002 
~ 0 . 0 1  
~ 0 . 0 1  

3.0 

3.5 
C0.0001 

25 
0.51 
22 

~ 0 . 0 0 5  
~ 0 . 0 5  
~ 0 . 0 1  

~ 0 . 0 0 7  

~ 0 . 0 1  

' c0.00015 
75 

<0.01 
~0.0004 
<0.005 

~ 0 . 0 1  
~0 .002  

23 
~ 0 . 0 1  

<0.01 
~ 0 . 0 1  

3.0 

0.5 
<0.0001 

24 
0.51 
15 

<0.0050 
~ 0 . 0 5  
~ 0 . 0 1  
~0 .007  

<0.01 

100 
nlv 
nlv 

SWlO 
Golder 

06-Dec-99 
Accutest 

' 0.002 
0.2 

0.004 
0.01 
0.006 

0.01 
0.02 

0.05 
0.005 

0.01 
0.01 

0.06 
1 .O 

0.001 
0.05 
0.01 
0.1 

0.001 
0.06 
0.06 
0.05 
0.01 
0.005 

0.005 
0.01 

na 
na 
na 

Counts/100ml 
Counts 
Counts 

SWIO 
Golder 

30-Dec-99 
Accutest 

SW8 
Golder 

06-Dec-99 
Accutest 

' ~0.00015 
78 

~ 0 . 0 1  
~0.0004 
<0.005 

0.59 
~0 .002  

23 
0.02 

-=0.01 
~ 0 . 0 1  

4.0 

2.1 
~0.0001 

35 
0.69 
22 

~0 .0050  

<0.01 
~0 .007  

<0.01 

na 
na 
na 

SW8 
Golder 

30-Dec-99 
Accutest 

' ~0.00015 
85 

~ 0 . 0 1  
~0 .0004  
~ 0 . 0 0 5  

0.30 
~ 0 . 0 0 2  

24 
~ 0 . 0 1  

-=0.0002 
-=0.01 
~ 0 . 0 1  

4.0 

4.1 
~0.0001 

25 
0.52 
23 

~0 .0050  
~ 0 . 0 5  
~ 0 . 0 1  

~0 .007  

~ 0 . 0 1  

~0.00015 
82 

cO.01 
s0.0004 
~ 0 . 0 0 5  

0.21 
<0.002 

26 
~ 0 . 0 1  

<0.0002 
<0.01 
~ 0 . 0 1  

3.0 

4.2 
~0 .0001  

21 
0.64 
25 

~ 0 . 0 0 5 0  
<0.05 
~ 0 . 0 1  

~ 0 . 0 0 7  

~ 0 . 0 1  



Notes: 

' Reference: Ontario Ministry of the Environmentand Energy (MOE), revised 1994. Policies, Guidelines, Provincial Water Quality Objectives (PWQO). 

Field Blank labelled as SW-7 for blind submission to laboratory 

' The natural thermal regime of any body of water shall not be altered so as to impair the quality of the natural environment. 

In particular, the diversity, distribution and abundance of plant and animal life shall not be significantly changed. 

' PWQO for Dissolved Oxygen set at 5 mglL or 6 mglL as a conservative measure using the average of the known surface water temperatures 

(20.9 'C for SNRCA data and 13.3 'C for all other data, respectively) and the objective for cold water biota. 

To account for pH and temperature effects in aqueous ammonia solutions, un-ionized ammonia concentrations were calculated 

using the method described in the PWQO. 

' Based on a recreational water quality guideline published by the Ontario Ministry of Health in 1992. 

OC degrees Celsius 

PWQO Provincial Water Quality Objectives 

IPWQO Interim Provincial Water Quality Objectives 

na not available 

NTU Nephelometric Turbidity Units (SNRCA data reported in FTU - Formazin Turbidity Units 

~ S l c m  microsiemens per centimetre 

mg/L milligrams per litre 

nlv No PWQO has been established 

- Analysis not performed. 

F l ~ h e  value exceeds the respective objective. 

< The parameter was not detected at the quantitation limit shown. 

Unless otherwise noted the samples have not been filtered and represent total ion concentrations in water 

At pH >6.5 to 9.0, the inlerim PWQO is 75 vglL based on total aluminum measured in clay-free samples. 

" A conservative assumption of 10'C was used for temperature, where the sample pH was not available or acceptable, 

an average of the previous and later pH was used. 

* Excessive plant growth in rivers and streams should be eliminated at a total phosphorus concentration below 0.03 mglL. 

Analytical results for 1996 presented herein are as reported by Beatty Franz & Associates Ltd 

in the March 1997 Report entitled Hydrogeological Assessment of the Village of Casselman Landfill. 

Village of Casselman Landfill Site 
1999 Annual Monitoring Program 
p:\Environmental\Div609\Projecls\634-46550\46550~Table~7-99dala.xls 

Stantec Consulting Ltd. 
634-46550 

Page 9 of 9 



APPENDIX C 

FIELD FORMS 

Stantec 



Slantec Consulting Limiled 
871 Victoria Slreel North Kilchener. 
0nlario.Canada N2B 3S4 
Tel:(519) 579-4410 

Stantec Far  (519) 5796733 

Page I of ( 

project Name: - GLAG- - - -- .. - -- Uh'/(* - L+-$(( 
reject  umber: (b 3 LI:4~-~m Field personnel: -8 f 2dd& ' ,, /I; /I; L<ffid 

- 
Record the condition andtype of each item. . ....... ----- -- - - -..-a - 

Well ID Flush-mount or Surface seal Lock Riser J-plug Reference Dedicated Necessaly 

well ID Marked above ground type and key number Stick-up or . Point Sampling Repairs Comments 
and condtion cap marked Equipment - 

/~-!-9--.?!dJ?k N.O 8~3- 
-- - - - - A --- - 

hl ~ ~ . p i ~ ~ d  k21.d.g &id-. d4- .&'<.ti&-. %d2(:1,.- --Q ?F h,o &!!CLLL-EL d& L.. - 
- -- -- - -. . - --- - - - -. . 

td 2 . .  -8.. 4 C L  k.!..!......... h -  , . .  P ....... a --?L A -_--- I%?.C.- L(.PL .d*Xrl.. 
8 . -- -- -. . - .. - ---- . . -- -- - - -. ... - -. . --- -- 

:44:.X- -F_-- P z ~ h -  ~ A - ~ u n b  . N .lh--llnQ - .  . P!n3 LC IJQ.-- I ~&L---MQ p . - - - - - - . - - . -  

8 .. . . . . . . . . . . .  . . . . . .  

.. ......... ..... 0 .&~L-,~!.cUd‘&14 -- --- r 1 > 3 
10 -- - -. - - - - - . -- -- - -- -- - - - - - - - -- - -- - -- -- -- A -. -. - - -- - - - 

11 - -- -- --- -- - . - .- - .- -- - - 

12 - - - -- -. - -. . - - - - . - . - - - - .. -- .- - . .......... ..... .- -- - .- . -. - .- .- -. - .- .- - -. - - -- - -. . - - . - .- . - 

11 . .-.-. . -~ . - - - 

14 -- - --- - --- - - - - - -. -. . - - -- - - -- - -- -- 

........ ... . . .  . . . . . . . . . . . . . . . . . . . . . . , . . .  ...................................... . . . . .  . . 

18 

Quality Control: This form is complete M< legible 6. 
check (- \/ J 

- -  ... -. . --- . -. .... .- . 

(inspecled by) (dale) 



Smec Consuleng L~m~ted 
871 VlQoria Street ~ o ~ h  
Kitchener. Ontario. Canada 
NZB 3% 
Tel:(519) 579-4410 

S&nbx Fax (51 9) 5796733 

WATER LEVEL FORM 

Page I of I 
Project Name: CG &!* uaC9 Lda Measuring Equipment: b& 0 w$or - IL/& rci 

V 

Project Number: /, 34 % 5 5 O  Serial Number: 

Date: ~c.&Lu- 2 1  /?4  Units of Measurement: c ~ S ,  
Field Personnel: ZF B J ~ '  h L(& Weather: SJh - 

, f -  5 OC J 

well ID 

I o I la,bs / : I  iJ.70 ~ & J I ~ ~ , ~ - Y C . I + ~ ~ ~ ~ ,  G-/&. Gc . I  om- I 

@(AA/II I / ' I  

j -  ri' 

6 I C) 
I j 1 

,7 9G-3 1 
8 03 aa. ! 1 / : I  I 1.60 
9 / i 1 1 : 3 $  i 7.05 , I  ./.z t l j 

I 
1 

logif- 2; I ! -  
2' J 

I 1:m ! a. m 1 ;kc. l .  +- 

I U 3 
11 I I 

v (7 ! Q :,, 1 I i 
13 I I Y' 

14 X I  /w//J+-&l.-A> 

i I 

IS 

Y 

I I 
! i ! j 

I 
16 i I &iYi. GM&~/C-\ PMP:.d7 I J , I I j l , > . - ~ , , - x ~  //2 

1 I / i d  
17 c-Jd /J&*p4\ q,,c,-8 /- 4) ,&-&,-&: '= o d i - ,  

I 

18 i I i j L' 

L! 
I 

19 1 i 1 
M cid 7 ! 1 I 

21 ' I  ! ! I 
22 I 1 I I j 

I I i I 

23 

24 
! I I j 
1 
I 

I 

I I 
I I I 25 ! 

Quality Control: This form is complete (& legible &Water level measurements are within historical values (&-stable &J. 
check (- 4 J Water level meter is functioning normally -and units of measurement are shown 

Well IDS marked and confirmed H r e f e r e n c e  points Clearly marked w, and well conditions documented C/( 
Wells with water-tight caps. in low K units. Or which "popped" when opened were allowed time to stabilize (.)I: 

1 2- fld a s ,  / 4 7  
( i n w e d  by) J (date) 

Measurement #1 
I 

Time I Water Level 

Measurement #2 

Time Water Level 

; (m btoc) / (m btoc) 
I ?d-q 17. f7  1 /.ST 

I 

I 
/ o  . / I  

Measurement #3 :comments 

Time Water Level j(colour, odour. sediment load, Wor 
I 

(m btoc) .presence of prod~ct. films, etc.) 



Project ~ a m e :  \dm p, (j . Activity: ?" rGe + hP 
Project Number. /, 3 q b m  Purging Equipment: r,A 

Sampling Date: b& 2 ( Sampling Equipment: -he, 
Field Personnel: Q IT &u Sampling Depth: L{. (zq, C, - . . - ' .- 

I 
" 

Well Diameter: 

Well Stickup: 70 
50,,- 

r, - 
Initial Water Level: C), 6 5- Time \ \ ', 71 
Well Total Depth: q LD 

@ -ConwJ(ng- 
871 V I  Street Nam -.-.- 
N2B 3S-l 
T~ (519) 579-4410 

="kc Fax (519) 5796733 

MONITORING WELL SAMPLING FORM 

Well ID: - 

Weather: "3),,,, +/c) Well Yield: fi - ,- - 1 Casing Volume: 

Development andlor $urging Information: 
1 - 

Comments: 
< / -  
7 i - 'PS st, ~ P A  1.Jk 

C G Y I 

General Information: 

Time 

f od 2 1  
! / .37 

i3c;+22 

Sample Collection Information: 

IQuality Control: 

Intake 

Depth 

(m btoc) 

Sample 10 

This form is complete Mi3 legible Field measurements are within historical values (stable 6 
Meten are calibrated u a n d  units shown ( well ID has been confirmed d a n d  well condition documented d. 
Sample and QC sample IDS recorded a. and containers, analyses, field filtering, and preservation indicated (VJ. 

Any discontinuity in time from the start of purging to date and time of sample collection is documented 

Time Collected 
f ~ ,  * 
C i g : a / / / o  

I 

I 

Purge 

Rate 

(Lpm) 

I I 

Q C - /  

- 76 - / 
yb - 1 

check L 4 J 

I 
I 

! 

,Analysis ! Container (no.. slze 8 type) 

pK4nS: Im,J+ L,aAr,- q/cG2 
'7 " 

7 $ - t  

Presewattve and/or 
Field Ftltered 

g-.& - , *hC\~L- 350 r ~ - /  LZ sr ?.Af4 
I 

09 2 i- - , i [-..I 2 9 ,,., wd, ,c 
r ,  O J  a r  11 13 \tM- - ,9 a - f  - 

i 

L.7 

I 2  

y 

/aJ?3 

/7& 

I 

I 
: 

I 

I I I 

- i 14.~3 1n.o 

I 
1 
I 

i i I I 
I I I 

J, 
73 g FF 

pH 
(STD) 

SP~~TH: 

Ccodudana 

Olmhodcm) 

Total Vd. 

Removed 

(L) 

g 0 

I 

I 
-- 

I 

Temp. 

ec) 

$ 0  
I 
I 

I 

Dissolved 

Oxygen 

(mgk) 

' b r (  

f cr, 
-\G"-fd h c 4 9,- 

I 
I 

0 ,z / D 

I ! 
I 
I 

ORP 

(mV) 

I I i I I 
I 

i I I 

Turbidity 

(NTU) 

Water 

Level 

(m btoc) 

Comments 

(colour. odour. sed~ment 

load, produ~lms)  

1 A 



$ 871 V m  S(ree( Nath 
r / j  -.on(sno.- 

m3s4 
Tat(519) V9-4410 

J s t a e  F a  (519) 5796733 

MONITORING WELL SAMPLING FORM 

Well ID: 7'b - 2-0 ) 

I Project N a m e : G  (j. AdlvlQ. pu dp/ 4 \e Well Diameter - < ~ ~ m  

Purglng Equ~pment fm Well Stlckup. 0, tS F r- 

I 
Sampllng Equipment: A& r~ lnitlal Water Level: 2, 6 5 Time 13 a/ 

,Field Personnel: QF Dd & ' Sampling Depth: L( ,I , 4. Y.. -. Well Total Depth: Y YAo - , 

Weather Vrx ,_ - f-5c Well Yield. M P  X;J- -. - 1 Casing Volume: 

I 
L - 

Development andlor &rging Information: 

' - General Information: 

1 Tme 

I,52, / 

I 

I, v '  

Intake Purge 

I 

Depth Rate 

(m btm] I ( L P ~ )  

4 :  I 

I I I, I 1 I I 

Total Vd 

I 

I, 

Spe* : Dissolved 
Removed 

(L) 

I 

1 I 1 ! I i 
I 

I I I I 
I I I 

I 

Temp. 

I $"" 

I, I 1 i 1 I I , 

2.63 t 4. 

I 
I 

I 
I I 

PH 

r 
I I 

I 

I 

c c )  

! Oxygen 

7.3 
I 

i 1-0 

I 
sample Collection Information: 6~ wFP. 

(rnw 

7nO 3.5 I I 

750.- 
(STD) 

ORP 

Prese~abve andlor 
F~eld Filtered 

h t g  2 f 1 &'G 

/?/X?C ' ,vAb-j 
?.(+- 2 

Sample ID Time Collected Analysis Conta~ner (no.. sue 8 type) 

I ?I? -* /as- d7 L&Ai 

mmm) 8 (mgk) (MU) 

I, I I I 
Comments: 

I, i- 1 - * f ,  ;,,,.,-, o , < -  
1 2  / /  f / , ..' 

^ ^  .--c/<,&.: - -,,-c-/ : f23 ~-~,A~?:-  2 : - : - L , d t 9  ,<-..: - / 1 

T-. 

I, - 
I 

--/ 2/.- 4.::' ,c r p s - - J r - r - ;  .-.- 
.4 

- 

I 
Quality Control: lh ls  fom is complete &legible miel measurements are within h i n ~ i s a l  values --stable 

II ch=kLU 

Meters are calibrated w a n d  unlts shown a. Well ID has been confirmed w a n d  well condition documented 

I 
Sample and QC sample IDS recorded 0, and containers, analyses, field filtering, and preservation ind~cated w. 
Any discontinuity in time from the Start of purging to date and tlme of sample colled~on IS documented 

I, 6 - f ,  ;&!!.?PAY I 9.J 2 2- ,'> 7. 
(-padadby) c (d-1 

I, 76 -2 i 4 3 7  
pli-z i Lp. b~ 

I 

Turbldlty 

I&-++ 9 /x hJ !3 '5AL 

a.5i-o T, - . q / ~  - h Gx . 

(m btoc) 

2.4 5 
IM~, produdm!mr) , 
St 17 
r c ~  O& 

Water 

Level 
Comments 

( d u r ,  odour, sed~ment 



" @ 
SlantecConarl(ngLrmted 
871 V i  S M  Nam 
~ . O n ( a i o . C a M d a  
N2B 3S4 

MONITORING WELL SAMPLING FORM 

4 ..- Tel(519) n w i o  
Far (519) 519-6733 

Well ID: 3 
" General Information: 

I Project Name. Cq 5 \c\ r/. Well Diameter: 

I ~ r o j e d  Number L q Purg~ng Equipment' 
cc- 

Well Sttckup. & - .  
Sampling Date: 2 1 /qq Sampling Equipment M~ A?, rb Initial Water Level: 1. 5g Time 1 L) : 51 s Field Personnel: 3, < , , %\ Sampling Depth: G -3  - , Well Total Depth: 6 .  3 \ 0 . ., 

Weather. ?c,mna, +C\cutr  +.5t Well Yield: I , , , - - .  - 1 Casing Volume: 

Development andlor Purging Information: 1 Tune 

lo ;c \  
P 

Intake 

Depth 

(m btoc) 

I, 1 
I 

I 

1 I I I !A - k-u,?m 

I 
/ r.3 i3+"-,0 q. 

Purge 

Rate 

(Lpm) 

3 1 i 

I )i 10 u O J r r  
I I I 

i I 
I 

-A 
I i 1 

I 
i x w , , , .  

I 
I ! I v < f v I , < L -  I 4 ° F  

I I 
I I / c '  a 
I 

I nn  n ~ ' n ~ j r  

/ I y -7. 7 ' liCQ 
I I 

I 
I I 

I I 

I I I i 
I I I I 

Sample Collection Information: 

pH 

(STD) 

Speafr. 

Condudana, 

Olmhosb) 

Total Vd. 

Removed 

(L) 

I 
I I I 

Temp. 

c c )  

I I 

Sample ID Time Colleded 
I 

Dissolved 

Oxygen 

( m a )  

I I 
I 

I 

1 I 

CI 

i 
,omments: 

/+ 

/ - &r - r r L - ; *  ,Lt- c r :  - / -  
- 1  - F c .'- 

4 . '  I ,  J l  L ' J  
, - - C c , J  Yp -,-ye p d & - -  < A  , - - <  - c  , . ,=( - G J  &,A c- / -  , - z r , , - r ,  1 - -  - o', ,,,. .. 

d - 1 1  " 1 

qnon- rp I  r/& - ' 
1 -- 

Quality Control: This form is complete Mi3 legible ( Field measurements are within historical values stable ("TT 

3 
check (- d_) Meters are caltbrated H a n d  units shown Well ID has been confirmed e d  well condiiion documented w 

Sample and QC sample IDS recorded and containers. analyses. field filtenng, and preservation indicated ('7. 
Any discontinuity in ttme from the start of purging to date and time of sample collection is documented 

& 247 7 
(dm) 

Analysis 
' Preservative andlor 

Container (no.. size 8 type) I Feld Ftltered 

' L- a ~ u  d 

ORP 

(mV) 

P ~ F F  
za 1 PLd 9% -3 

\dSdni - 
5% -3 W > a  ! 7, -3 ~ ~ L X X  

Turbidity 

(W) 

ri\ LTd 
6 g , , L - 2 t  

Water 

Level 

(m btoc) 

Comments 

(cdour, odour, sedtment 

load. pcoductmtms) 



Smtec Consulting Llrnlted 
871 Vaona Street Nonh 
ktchener. Ontano. Canada 
N28 3S4 
Tel(519) 5 7 9 4 1 0  

Stantec Fa*. (51 9) 579-6733 

I I i 
I I 

I 
I I 

Comments: 

MONITORING WELL SAMPLING FORM 
Well ID: 7% -4 

' Project Name A 07, A ~ N I ~ Y  & .(.-k Well D~arneter 56 ,  ? 
b - 

l,Project  Number 3 q{$ 5 i 0 Purglng Equlprnent uGkf- Well Stlckup U ~ O  - 
sampllng Date o,l& 2 / / d ~  Sampllng Equipment ua&, rA lnltlal Water Level 1, aq Tlrne _IP r 

-k -cm 

I Fleld Personnel TF nL ' Sampling Depth L1.2 -4, 3 Well Total Depth 9 7 56 
Weather: 

0 
Well Yield. ;;h 1 Caslng Volume I Develo pmen f ~gi~g~"f0rmat ion:  

r Quality Control: This form is complete W 8 legible W. Field measurements are within historical values u-& stable 

check (- 4~ Meters are calibrated W S n d  units shown U W e l l  ID has been confirmed m n d  well condition documented (r. 
Sample and QC sample IDS recorded w n d  containers, analyses. field filtering, and preservation indicated 0. 
Any discontinuity in time from the start of purging to date and time of sample collection is documented +J 

P I 

(,General information: 

Intake Purge Total Vd Speur~c 

Time 

I (Inspected by- (date) 

D~ssolved I 1 Water lComments 

Depth pH CmhMa Oxygen / ORP Turbidity / Level I- ( S T  0 )  L )  ( m y  (NTlJ) (rn btoc, 
I 

, P 390 ! 3.2 1 i I 1 7 
I 
i 

I 
! 

1 

(mlour, dour* sediment 

toad p;xiuctjri~ms' , 
9 C P  a o l w - q ,  
, o ~ o D w R  

! i /  7.7 2.0 i I 

I I i 

I I I 
I i I 
I i I 

I 
I 

I 

I 

I 
I 

I 
I 
I 

I i I I I I 
I I 

I 
! 

I I 
1 I 

I j I I I I I 

I I I I I 
I - 

I 

I, 
I 

I 
i 

I I I I I I I 

Sample Collection Information: 
/ Preservative andlor 

Sample ID Tlme Collected Analysis 1 Container (no., stre 6 type) I Field Ftltered 

. - 7': ~ ' f  C 

! 
I 



' , - 8 

Project Name: cr/FjL.r 6,- P - ~  Activity - scpr .,=yp>,- : Well Diameter: FJ/A 
k - 0 

Project Number. /, 3 L <J \' 5- 0 ' Purging Equipment: well ~t ldtup:  ,ij//- 

Sampling Date: /7r- f ; 2 /7 5 Sampling Equipment: lnrtlal Water Level: d/f:, Time 
n 

Field Personnel: C r 2. ~ n '  /& ! ,-j,-, <,- Sampling Depth: Well Total Depth: )J/A 
Weather: '-tor,,, g- ' 4 Well Yield: 1 Casing Volume: b~ /I 

r 

Development andlor Purging Information: 
I 

I Intake 1 Purge Total Vd. S- Dissolved 1 Water 'comments 

Time Depth 1 Rate Removed I Temp. pH Oxygen ORP Turbid~ty I Level (colour, odour. sed~ment 
I 

(m btoc) I (~prn) ! (L) I CC) (STD) (~cmwan) (mgn) ( m ~ )  (NTU) I (m btoc) load. produdlfilms) 
I I I 

6 - I /A 7 . e  31ct 5 - d  I - 
4 

-- 
I I 8 

I I I 

I - 
i I I , 

I 

I ! 1 

'! 8 

Sample Collection Information: 
1 I Preservative andlor 

SWec Conru(urg Lmned 
871 VuXcoa S U W  North 
-.-.Canada 
tQB 3.54 
Tel(519) 579-4410 11 %"kc Fax (519) 5796733 

Sample ID ! Time Colleded Analysis Container (no., size & type) I Field Filtered 

<w / -A P 
SLI I . * 1 1 .  5 3  136Dr 7 . b ~  r . 2  1 P 
.GJ I I I(: I P r / = F  

. d 
Sitl I : i / : W  !.,{: kk5 

1 

MONITORING WELL SAMPLING FORM 

Well ID: Sd 

Comments: - I - n  

4 r / U &  LA = 3@hir"7 A$ PI?' ' ~ & c / ~ A Q  ( d d  

General Information: 

Quality Control: 
check (- 4 J 

This form is complete legible u. Field measurements are within historical values stable 

Mete- are calibrated w n d  units show (J. Well ID has been c o n f i r m e a n d  well condition document- 

Sample and QC sample IDS recordedHand containers, analyses, feM filtering, and preservation indicated 

Any discontinuity in time from the start of purging to date and time of sample collection is documented (& 



ScanlecCapu#ngLrmGed 
871 V I  Stmet Nam -.-.- 
N2B 3% 
Tel(519) 5794410 
Fax (519) 579-6733 

MONITORING WELL SAMPLING FORM 

Well ID: -3 

I 

' ~enera l  Information: 

4 
C Project Name- d /&&;I Adrf~ty -24-  ,, I .,-- Well D~ameter - 

Project Number: /; 3 4  ~ ~ S F O  Purg~ng Equrpment - Well St~dtup. - 
Sampling Date: 6,,J J J  /44 

I 
Sampl~ng Equipment' -c- lnltlal Water Level: - T i e  10 - 10 

I~eld Personnel: J t.; a ; 'A. / / 2, ! Sampl~ng Depth' - Well Total Depth- - 
Weather: +-?,-,, L.. 2 1-1 'C Well Yeld: - 1 Casing Volume: 

Ievelopment andlor Purging Information: 

3 Time 

a .  , 

1 ' 

Intake 

Depth 

(m btoc) 

- 

1 

Purge I Total Vol 

Rate ; Removed 1 Temp. 

I 
I I I I 

PH 

i 

( L P ~ )  (L) ' CC) 

S W K  

I 
1 

i 
I 

I I 
I 

I 

I 

I 

I I 

I 
1 

I 

(Sm) 

D~ssolved 

Oxygen 

(m011) 

I 

I 

I 

(Ilmbdmm) (mV) (NTU) 

I 
i 

j I I 

1 
l 4 i - 

/I-.L 

! 

ORP 

! 
- 

- I .--. I 7 ;  

I 

I 

I 

I 

I 

(m btoc) 

37c 

I 
I I I I 

i 
I 
I 

Turbidity 

load. pmamlrnm) 

i I 

Water 

Level 

Comments 

(colour. dour, sed~ment 

I I I I I I 

Sample Collection Information: 
i 

Sample ID 1 Time Collected 

- 92 /O.IG 
- 4 / * . fa 4 -% 2 A X  I --, /c. :/a 

I 

1 I I 
I 

S L U ~  c ; R ~ d ~  ~ . ; . i m h j - d n r ~ p < ,  - ddC- * R cj -9 c 2, I% 

II- J w  FA--> O - 3 m  bbl r 12, n r  ~ [ f i o ,  v EL.--. 
V -  / m .  ;~r 7 u - d ~  

f i / : ) v l A  A, ,.A d3J ' 

3- Quality Control: This form is complete W l e g ~ b l e  Wield measurements are with~n historical values -stable @- 

3 
check C 4 J Meters are calibrated w a n d  unrts shown Well ID has been confirmed-trfrmd well condlt~on documented- 

Sample and QC sample IDS recorded d a n d  Wntalnefs. analyses. field filtering. and preservat~on indicated - 
Any discontinuity in time from the start of purging to date and tlme of sample collection is documented U. - 

Presewatrve andlor 
Analys~s Container (no.. size a type) i Flel* Fltered 

)?&A.ps ; 3504 l b b , ~ ~  /- p 

p!~/&-d ! 5 , R , ~ L  I j= t I=/= 

cJ+Z/+& 'I I I 121- , v d  . + I  J - 4  c# p.>a;*, - 
1 



Svl!ec GmwiIq~ Lmned 
871 V m  Sb'eet Nath 

MONITORING WELL SAMPLING FORM 
m3S4 
Tel(519) 5794410 
F a r  (519) 5796733 

W~IIID: S W ~  
sta* 

General Information: 

Project ~ame:  .,.,. \/" jA...@# 
0 

Activw G.c--r,d-fL Well Diameter: - 
I 

Project Number: 3$ G,J'SO j Purging Equipment: - Well Stickup: --- 
Sampling Date: 0 3 2 9 / 9 5 Sampling Equipment: - Initial Water Level: -- Time I I :G/ 5- - 

1 
Field Personnel: r, r 3 ,., A i  /G ! ,.i,--2: 

Weather: V@.. ,~ f / o  -&. 

Sampling Depth: - . . . . 

Well Yield: - a = . - 
Development andlor P6rging Information: 

Intake 1 Purge 

Time Depth I Rate PH 

(m btoc) I ( L P ~ )  ec) (STD) 

I I i 

Well Total Depth: - 
1 Casing Volume: - 

s p e a ~ c  Dissolved Water Comments 

~adudaws 1 Oxygen I ORP I Turbidity Level I(colour. odour, sediment 
(runhos/cm) (mglL) (mV) (NTU) I (m btoc) load, ~~oduc4Iiilms) 

I 

( ~ u a l i t ~  Control: 

I 

This form is complete a& legible v e l d  measurements are within historical values (&%stable 

Meters are calibrated M d  units s h o w n a .  Well ID has been wnfirmf3d+lTnd well condition document- 

Sample and QC sample IDS rewrded U a n d  containers, analyses, field filtering, and preservation indicated W. 
Any discontinuity in time from start of purging to date and time of sample collection is documented a. 

1 1 2 s  d J a  - A ( /  ! - p f - F F  
I 

, I  I .  I (- . L 

I ! I 32 w ,.J .;yLA\ I ~ ' J T L - ~ ,  J . 
I 

I 
I 
I 

Sample Collection Information: 

I 

Sample ID 

check C 4 J 

Preservative andlor 
Time Collected / Analysis Container (no.. size 8 type) Field Filtered 

sw5 ~ 9 ! a ; x 1 7 U s  
I 
I t i  - 

~ Q > -  
i I 

\ I  -. I 



StMec Comul(ng Lmct9d 
871 V I  Streel Nam 

N2B 3S4 
TeA (519) 579-4410 I Fax (519) 5796733 

MONITORING WELL SAMPLING FORM 

Well ID: f l ~ / ( j ~  

I 
I 
I 
I 
I 
I 
I 

' - General Information: 

I 
I 

Project Name: c42Ak G,. ') A c t ~ i v  , & L r s  Well Diameter - 
- 

Project Number. /, 3 4 46 5 O Purglng Equipment ------ Well Stlckup - 
Sampling Date: ~ C J  3 2; / 5 5  Sampllng Equipment: - lnltial Water Level - T~me / 7 ,  , - 

F d d  Personnel: f -! / (? LL2--4: Sampllng Depth: - Well Total Depth. - 
Weathec L'pA ,/ + Well Y~eld: - 1 Casing Volume , 

Development andlor P'urging Information: 

I 

Time 

Sample Collection Information: 

Comments: . 
- d '%\ 5w -7 

I 
I- 
I- 

I i I I 

- -- 

Quality Control: This form is complete legible m. Field measurements are within historical values (--rB stable-. 

check (_ 4 J Meters are calibrated M n d  units shown 6 Well ID has been confirmed-fr=fend well condition document- 

Sample and QC sample IDS recorded d a n d  containers. analyses, field filtering, and preservation indicated U. 
Any discontinuity in time from the start of purging to date and time of sample colledion is documented (. 

I 

Sample ID 

sw 7 
Su, 7 

Intake Purge 

a p t h  1 Rate 

(m btoc) (Lpm) 

1 
i 
I 
I 

I 

Time Collected I Analysis 
I .  

/:%Bhi&&&. 

j : -A.m.;  &A - .  
! 

Container (no.. size 8 type) 

spec& 

~ondudaws 

~lmho~an) 

: 
I 

i 
I 

Preservative andlor 
Field Filtered 

Total Vd 

Removed 

(L) 

I i 

I 
I 

I 

I 
, 

C 

/ . n(t 0-?; L I p4%5w 
A ~ C  efl 

I 

---- 

I 

I 
- 

i 

D~ssolved I 
Oxygen ORP I Turbidity I :  
(mgk) I ( m y  I (NTU) 

I I 

I I 

I 

I ! 
! ! 

I 

I 
I 
I 
I 
I 
I 

I I 

I 

I 

Water 

Level 

(m btoc) 

Temp 

ec)  

Comments 

(colour, odour. sedtment 

load. produdmlrns) 

pH 

(STD) 

I 
i 
I 
I 
I 



I-I I * I  I I I I I I I I I I I 
S A M P L ~  SUtjlVllSSlON SHEE1 

D A T E ( D / M / Y ' )  ' 2 ~  ,/ /L ) /??  
2378 Holly Lane Tel (613) 523-104 1 CL lLNT REF I 
Ollawa. O r l l a r l o  Fax (6 13) 73 1-085 I QUOTATION 
Canada K1V 7P1 P O  NO 

WHITE - LAD PINK -CLIENT 

RESULTS AND INVOICE INFORM ION 
SLki E d 2  R E S U L T S  T O  - . INVOICE TO \ ~~~~ L kx& -- 
/So\- ; -t '-3 

O ~ ~ C L )  A 0.u 
- 

SAMPLE TYPE 

Waste Water d e a c h a t e  0 Rock 0 Sed~ment 011 
0 Surface Water 0 So11 Other 
0 Dr~nk~ng Water 0 Sludge 

- 

N U M B E R  Or SAMPLCS 

SPECIAL INSTRUCTIONS 

. I 4  A roynkt =a F7' 
4 

s l191,h 4 c 0 --..AhJ ,nm3"a-* 

PACKAGES 

(SEE PRICE LIST FOR SPECIFIC PARAMETERS OF PACKAGES LISTED BELOW) 

ONlARlO UIIINhING WATtfl OBJLCTlVtS COMI'LtTL L lh l  

ONTARIO DRINKING WATER OBJECTIVES REDUCED LlST 

0 ONTARIO DnlNKlNG WATEII SUPPLY PACKACI roll SUI3I)IVI5ION5 

1 1  I'OIALII E WAIL11 l'AllAML1111~(IIOML OWN1 11) 

SEWER USE BY-LAW 

n sror i~  51 wr11 

I J SANI IAIIY SCWLll 

n CIIITCIIIA ron ~ I I ~ I ~ S L L I  LANU u\t 

HtGULATlON 347 PAHAMCTtIIS 

O INORGANIC ORGANIC PCB n THM 

fl PESTICIDES 

DECOMMISSIONING AND CLEAN UP GUl l l t l  INCS I OR SOIL5 

0 OPEN WATER DISPOSAL ANALYSES 

SEWER SLUDGE ANALYSES 

0 ICP SCAN SOILS 

WHOLE ROCK 

REPORT FORMAT 

d R D  COPY 0 DISK 

PREFEnIIED SOFTWAAk -- 

DO YOU WISH SAMPLES RETURNED? 0 YES ~ 4 0  

_1 -- 

INORGANIC PARAMETERS ORGANIC 

EXTRACTABLES 

U EPA (125 

0 ACIDS ONLY 

0 BAS€ I NFUTIIAI S ONlY 

LI GLYCOLS 

0 CIiLORlNATED IiYDROCAIIUON 

~1 DIOXINS 1 TURANS 

11 lOlAL PL IIIOLLUM IIYUIIOCAIiHON 

1 F A T ~ Y  ACIDS I I{CLINS 

LJ PAH 0 PCB?, 

PESTICIDES-HERBICIDES 

0 ORGANOCHLOIilNL 

0 PHENOXY ACID HCRBlClOE 

0 ORGANOPtiOSPHOIiUS 

0 CARBONATES 

0 ONTARIO DRINKING WAlLR 

VOLATILES 

0 EPA624 0 BETX 

n T~IM O MEI~IA~IE 

R-BOTTLE 

0 ACICiTY 0 LO2 

0 ALKALINITY 0 TURBIDITY 

n VII n COLOUII 

0 OH C1 CONDUUIVITY 

0 K O 3  CI Hex 

O C q  O f  

0 CI 0 NOjN 

O 9 4   NO^ 

0 ~ARDNESS 0 8 0 ~ ~  

0 Ca O TAN + LIG 

O M  0 TSS 

0 K 0 IDS 

0 Na a SO3 

PARAMETERS 

PHE-BOTTLE 
0 I'lltNOL 

T°CIDOC-BOTTLE 
rl IOC 11 ooc 

BACT-BOTTLE 
n TOT r o ~  n STAND IT 

I ' ILL 'OL rJ I ' SI'IL" 

( 1  C LOLl 0 BACKGROUND 

0 + G -BOTTLE 
0 OG (TOTAL) 0 OG (MINERAL) 

n 
OTHER ORGANIC 

0 

0 

U 

n 
0 

o 
fl 

U -  

0 

11 

- -  

M-BOnLE 

u Ag 0 Al f l  AS 0 Od 

0 Be 0 L 0 0 Ca 

0 CLI LJ co CI CI 0 cu 

CJ Fc O Ga fl K [I LI 

fl Mg 0 Mn 0 Mo Na 

[-) Nb (1 NI U I'b CI Sb 

0 %  0 SI 0 61 0 SJ 

0 TI u v 0 w 

0 Y 0 Zn 0 Zr 

0 ICP c l ~ s s o ~ v e d  0 ICP-ro1.11 

H2S-BOTTLE 
Hzs 

OTHER lNoRGANIC 
0 

0 

0 

U 

q 

n 
0 

0 

0 

- - 

0 b 0 ODOUH 

' NIP-BOTTLE 
0 TKN 0 PTOT 

0 COO 0 NH~N 

Hg-BOTTLE 
0 MERCUflY 

. 
CN-BOTTLE 

0 CNTOT 0 CNO 

0 CNS 0 CN WAD 

-- - - -- 



Stanlec Consulllng Lim~led 
871 Victoria Slreet Norlh Kitchener. 
0nlario.Canada N2B 3S4 
Tet:(519) 579-4410 

I 
-- 

Fax: (519) 579-6733 
Stantec 

1 p j e c t  Name: G ! & o ~ w ~ - , -  u .  L h  &k(( Date: 4 1 6 ,  1777  
Field Personnel: G~ /, <_I? ..,- Js 

w 

Page f of I 

I ' (mspecred by) (dare) u 

Record the condition and type of each item. 
Reference 

Point 

marked 

P O  

/.L> 

Riser 

Stick-up 

,I,, +,A . 

f i b 7 0 6  

0,  7 0  

Lock 
key number 

and condtion 

hfi~ 

I C l o  P 

Dedicated 

Samplrng 

Equipment 

/)JG\~P,V c 

bC..!< (, q 

J-plug 

or 

CaP 

'PEA' br;? 

! ) { J C  IN-: 

Surface seal 

type and 

cond~lion 
well ID 

I 

'2 76-/ 
3 

,4 76 -Zf' 
5 

Quality Control: Thls form IS complete e6 legible (p)- 

check (- V'J 

0 J d . f ~  C, c. 

OJC J4 r(r, 

P-  r -I p f t ' ~ ;  

7 0  a. ( ~ 6  h. 

T 3  = 6 310 )L, 

TD : 4 3 5 0  ~7 

I 

Necessary 
Repairs 

/ , a  9 0  

/. 00 n* 

fl,%l/o 

A,,mr . 

b0l-U- 

j / nw-  

8 9&-2i? 11 
7 

, 7rp-3 
9 

to7G-4  
I 1  

I 2  

13 

I 4  

15 

18 

Well ID 

Marked 

Do 

A I  iJ 

Comments 

w A t J  

TI> c '6, 6 0  

7-0  L / . Y ~  

Flush-mount or 

above ground 

protective casing 

No C Q ~ ; , I ~  
J 

I\Jm Co,! ;,\c. 

00 

1 

N O  

I 

?r.rS 1 P J ~  1 bi, m ~ .  P \ .  
d 

h J 0  

I NO 

I$J/, / , r - ,  

~ I c r X c h o v  

/\lo 

/JO 



Stanlec Consultkng brn~ta 
871 Victoria Street Nonh 
ffitchener Ontano Canada 
NZB 3s4 
Tel(5 19) 579441 0 

WATER LEVEL FORM 

, 

I 
I 
I 
I 

Sb* Fax (519) 5796733 

Page j of I 
project ~ a m e  ic dm I./. 1 6 dL(' Measuring Equ~pment / / e rn  60 w -.=JG-LJ 

Project Number 4 3 4 J L S j - 0  Senal Number 

Date h/lryz 15 ;  / b  Units of Measurement 
d 

Cms  
Fleld Personnel. LA //, f,, & Weather , j 'c 

J a 

I 
Measurement ll I Measurement #2 1 Measurement #3  comments 

well ID 

I 
Time I Water Level 1 Tlme Water Level , Time I Water Level ;(colour, odour, sed~ment load. 81or 

I (m btoc) I (m btoc) I I (m btoc) 'presence of product films, etc ) 

t ?h- / / k : ~ g  . / o . u ' ~ '  / .b70 1 I 
I I 

I SF& HLS dcrkqow J- 
I I i,+i>. I /J, / C  i 1 I I 4 

- (  

I I -  I I I i 

I 

I 
/I, 1 2.570 / 1 ,  . 3 3  I /joy_ Y I I 1 DP? /b  I i I 

1 Jn5F0 I 
I I 

I 

6 I I I d  I I I 
, 

8 I J 

IT),, 
3 

I A)- / 6  / 
I - '  I I I I - I I I I I ;o 76- 3 I , U 3  1 5- /5- I I 

I 
I @Q*r d G f  

I +* 11- I / I (I: 
I 

I 
, I 

I 
, i - I I I I 

I I " ~ b - 4  I s  7 3  I / . S&O 1 10 /b 1 /,g70 I ! v 4 r q  &!A C r f y y  dUC 
I I 

c. i P i I h i r i  14 I I 0 + 
I I > I  
i 

I 

I 

i 
I I I 

I 

I 

! I I I I 

1.9 I I I 

I 
I I I 

I 

I 
i 

I 
I 1 I I i 

I 
I 

?O 

i 
I I I I I 

I 
I 

I I 
I 

I 

I 
I I 

; 
i 

I I I 
I 

I 
I I 

I 
i I I 

I ! I I I I i 
I 

I 25 

I 
i I I I I 

I 

I Quality Control: 
I 

This form IS complete d& leglble Water level measurements are w~thin h~stoncal values (.J 8 stable " 
check (- /J Water level meter is funchoning normally & and unlts of measurement are shown 

Well IDS marked and confirmed d r e f e r e n ~ e  pints dearly marked &and well mnd~hons dasumentd ~4 

I Wells with water-bght caps, In low K un1t.s. Or which "poppedw when opened w r e  allowed bme to sbb~l~ze / 

A 17/77. 

I 
('nspeaa b y t v  (ddte) / 



Stan:= Consultmg Cbnuted 
871 Vaona Street North @$ &tc?-ef Ontano. Camda 
NZB 3Sl 
Tel(519) 5794410 

stank Fax (519) 579-6733 

MONITORING WELL SAMPLING FORM 

WellID: q 4 - /  

General Information: 
J" A 

Project Name. rr. jSJw F_?- ( /  j <L/ Act~vity: : SCyy4'lp Well D~ameter 50 t-nm 
1 

Project Number. /, 4 Q /-'G sc Purglng Equ~pment: /, 1, L t iC~  Well Stlckup Oe7,9& 
- ,  

Sampllng Date. ur+ / ( f l  / 7 7 Sampl~ng Equ~pment. lnlt~al Water Level /,6 7 0 T~me 16 5 R  
I Fleld Personnel. A. 6 1 &Om- Sampllng Depth: 4, 5- # 6 Well Total Depth f. LO 

Weather: 4 /,fr Well Yield: 1 1 Cas~ng Volume h L-49~ 
Development andlor Purging Information: /Jh 1 >-/ 77. ' 

J S&IC Dissolved 

I - I 
I 

I 
/b . sg- 3 . 0 -  /.AS i / O  r F 2 a /,. J+ / .a2  / v I 1 533 1.b 70 1 Id25 A,'- s,&*L ' Qcrq  - ] i d s  ,>I--- 

I I I / O L  A; G B ~ - & J . & L / ~  I 4.26 I Q:,? b . o r  
I I I I 

I 
I I I I I I I 

I 
I I 

I 
I I I 

I 
I I I I 

I , 
I I ! I 

I 

I I 

I I I I I 1 1 I 

I I I I 

I I 
I \ 

I t I I l 

I I I 
I 

I I 
I I I I I 

Sample Collection Information: / b  (77 . - 
1 Presewat~ve and/or 

Sample ID 1 Time Collected I Analysis I Contamer (no . s~ze & type) F ~eld Filtered 

- ' /6;47 1 3 .  I /25- d - , ~ : J * c .  2t2,~ d dl& d. 

/O .q7 . I i 76 - /  i /?LWS. / t ~ 3  d r j 3 L 5 < L  ! 
I 

74 - /  i /O 47 i PUT i 250 d ,$/o,,,.+ - lCr J ?fJJ3 f A A 
I I I I 
! I 
t I ! I 

Comments: 

A9c/ - C y L C d - 6  7', 4.le- 
' b /  cJ 

d ~&~,,d ,A& - JGrp q(gv F . J w  - / pmv ; ' rq  - a y i r c  &L- 
J 2 v 1 

1 * - c d &  & ,,, ,, I 
_ ( 7 / l f  bx A 0.7 w?& -yc 

J L! 
Q A r - 24 G ' O ~  4 r - 2 c u  

L -u + 

Quality Control: This form is complete d l e g i b l e  ( & i e l d  measurements are wthin historical values stable p&- 
check (- d_) Meters are calibrated w a n d  units shown Well ID has been confirmed M a n d  well cond~bon documented 

Sample and QC sample IDS recorded 0. and containers, analyses. field filtering. and preservatron indicated 

Any discontinuity in time from the start of purglng to date and bme of sample collection is documented 

,l J!-k r .  /YT  
(date) 



Stantec Consulting bmtted 
87 1 VictOna SVeel NoRh 
ffitchenw. Onlano. Canada @ Tel(519) N2B 3% 579-4410 

Sbntec Fax. (519) 579-6733 

MONITORING WELL SAMPLING FORM 

Well ID: :'k- Z(L)  
I 

General Information: 

project N a m e : G  L/. /m daq Activity: 3 1, CC, q ; ~~~ 6 Well Diameter: So - . 
I ,  

Project Number: jd+'b 550 Purging Equipment: [JJ c'&,- r~ . Well Stickup: 0 , C j  0 

Sampling Date: b L ,  / (. / 5 f Sampling Equipment: / J ,: 1 f r a  . Initial Water Level: J , 590 Time / I,. 0 ; 

Field Personnel: ,K2 r$ c ~ c n d c -  Sampling Depth: Well Total Depth: 4, go 

Weather: - j y k  Well Yield: /YJP & lr\ 1 Casing Volume: . 6 (;-(c-e 5 - 
Development andlor Purging Information: b\+ I 5 

Purge ! Total Vol. 
LI spwfic Dissolved j Water i Comments 

Time Rate Removed 1 Temp. Oxygen ORP Level j(colour. dour, sediment 

( ~ p m )  I (L) i CC) (rngt~) / ( m ~ )  (rn btoc) :load. product/fi~rns) 

i I 1 I I I I ! i I i 
I 

I 

I I I 1 

Sample Collection Information: 11 a+ 12 '7'9 
" I I I Presewabve andlor 

Sample ID I Time Collected I Analysis I Container (no., s~ze & type) F~eld Ftltered 

7/" - 2 ! / 25  h-! c,d.-! @,yr,: 2 .A- '* ,/ 

1. 
1 

I /-- . //.A " 

I (nspected by) (dale) - 

I 1 i 

Comments: 
9-: 

- 
. - :;jGhr J S c  ,. -,- a,,?t. 

- C '  c C / < J '  

- 1 - DJ' r,,/P! r h r ~ ^ .  I ~ ~ T . ( ~ ~  5 , - - f A < ~ - .  - 

I 
I 

buality Control: This form is complete (lnc& legible ( Field measurements are within historical values (~4% stable f/). 
check (- /J Meters are calibrated H a n d  units shown W Well ID has been confined (and well condition documented 

Sample and QC sample IDS recorded 0. and containers. analyses. field filtering. and preservation indicated 

Any $iscontinuity in time from the start of purging to date and time of sample collection is documented 



! 

Slantec Consulting Lirn~ted 
871 Vlctona Street Nonh 
Kitchener. Ontario. Canada 
N2B 354 
Td:(519) 579-4410 
Fax: (519) 5796733 Sbnte€ 

MONITORING WELL SAMPLING FORM 

Well ID: 9L- 2 

General Inforrnation: 
r l  /I " r-, - 

Project Name: / :J-:,+ rr !/ Activity: Cl/rS, : . crML Well Diameter: > C )  k.rn 
/ 

Project Number: /, 3c' +/', 550 . Purging Equipment: - Well Stickup: /, 2.?9 
Sampling Date: 1,). r- 15 17  5 Sampling Equipment: - Initial Water Level: 9. ,f Time I(, ; 3 7  

4 

Field Personnel: 6. I cj,-L Sampling Depth: Well Total Depth: 3 . ,??o 
Weather: 4- / f d c .  . Well Yield: Tfl8 ! 1 Casing Volume: -- 

Development andlor Purging Information: / 

Intake Purge I Total Vol. 1 Dissolved 1 1 Water comments 

Time Depth Rate 1 Remred Temp. Conductance 1 Oxygen ORP Turbidity Level (colour, odour, sediment 

pH 1 I 

(m btoc) ( L P ~ )  I (L) (OC) (STD) ~lmhoslm) I (mgt~) I ( m ~ )  I (NTU) (m btoc) load. productlfilms) 

i 
1 I 

i 
I 

i I i I I I I I 
I j I t I i i 

! t I 

I I ! 
I I I I 1 i 

1 i I 

i I ! I 
! I I I I I 

I I i 1 I 
I 
i I 1 j 

! 

I 
I i i I I 
I I I I I ! 

I I i I I I I 1 ! I i 
I I ! 

i 
! i i I 1 i i I 
j 1 ! i ! I ! I I 

! i 
I 

I 
I I 

I i i I I I I i 
Sample Collection information: /./r- ' , / ~ / 4 ' i  

j Preservative andlor 
Sample ID / Time Collected I Analysis Container (no.. size & type) I Field Filtered 

Uo , r . L ! i ~ ~ ~ ; ~  . I i i 
I I i 
I I 

-- 
I 

- - -  - I 
! I I 
i 

1 I 
! 

Comments: 
P'L / % L y  

&&&&z .,,-/= -I(-. - &-,- r J A 1 p ; -  i- 3h2'/>': b-& 3 /+,~$-MC C/I  4 ,J,/ ><, - 
F' cr.,~rtLcb(r 9 Z c f a r .  4 

Quality Control: This form is complete (&& legible u. Field measurements are within historical values (J & stable (J. 
check (- /J Meters are calibrated (nd units shown (ell ID has been confirmed w n d  well condition documented 

Sample and QC sample IDS recorded 0. and containers, analyses, field filtering, and preservation indicated L). 
the start of Purging to date and time of sample collection is documented I. 

, ,  ,7 / y  7 . 
Cmspeded 6) (date) 



S'antec Consulting Ltmlted 
871 Victoria Street Nonh 
Kitchener. Ontario. Canada 
N2B 3S4 
Tei:(519) 579-4410 
Fax: (519) 579-6733 Sbntec 

MONITORING WELL SAMPLING FORM 

Well ID: Yb -3 

General Information: 
P ,' 

. . 0 J -, .: n.: - Project Name: !. c ; (A,.,-@ c--,& Activity: , ? t r q  ; c,+cie Well Diameter: 3 0 vr .rn 

Project Number: /, .j 2 </3 550 Purging Equipment: >t.-&cG Well Stickup: / , ,-,., - 
Sampling Date: 'f 1,- ;, /$9 Sampling Equipment: $ J ~  ccz Initial Water Level: 9.24 Time 

Field Personnel: fS -L rL d2. Sampling Depth: Well Total Depth: .3!3 
Weather: + / P " C  Well Yield: o d  1 Casing Volume: 3 /7i&R 

Development andlor Purging Information: 

Time 

Intake 1 Purge 
i 

i s / Dissolved I I Water j~omments I Depth 1 Rate I pH Conductance 1 Oxygen , ORP 1 T 1 (  eve, 1 (colour. odour. sediment 
I 

(m bt0c) i (Lpm) (L) ; (OC) ! ( s i l l )  1 (~mhos-'m)l (mg/L) ! (m") m bt0c) load. product~films) 

i I ~ ~ ,  s-~v7. I I : I I i I 
' / 

/3 r h ~ r ~ !  3 I 1.i 110.7 i 7qt 10.~27 I f2? I i - -  j l.z+ \a;U? o.03 

I ; I :l i 
I / I , ,  . I .  , Ise3i 
I I/ 1 '  u <  I I 
I ! f4&, c c I fir d.? ! ! I ! i 5.1r I - 1 I I 1 I 

I I i I 

I 

i I I I 
I i i 1 I 1 
I 

I i I I , I 1 i ! i 1 
i i ! ! I 

i I 
I I 

I I I I 

I I 1 I 
I i j I 1 I 1 

I 

I ! 1 j 

i 
I I I 

! I I I i i 

Sample Collection Information: jdk / C  (7 7 . 
i 

- / Preservative andlor 
Sample ID ! Time Collected ' Analysis 1 Container (no.. size & type) / Field Filtered 

I 
r / /  :u: ! j.12JL~J 1 / 

GI,.- - 3 /25 d ? \ - C ,  1 ?,>,,. ; X . ! - L (  
I 1 I . " ?  

I 46 - 3 I ,&<w- I /03aif3 h , J ? p ) r 7 r  / 1 ~ ' z - P L ,  . , 

i 7 / ' \ 0 p . 4 < .  I 1 ! ; ci.; I 4 
?!.:9 -3 3 <,,? ,-f 3 / r ~ ~ l , -  .: ,. I p,3:2 f.,.= - 

I 1 I I 
I 

i I I I 
Comments: 

- j . , ,  C&,- w-tl. Ae2L * & . p - e p J  . - r' . ' .  - 1); 2 -. r e . . ? , - .  ..:.. - c-87 , f - ,-K.<: .-,-4 ,,fi.h r ,.A/- .-- -,. .. .- -. /. , . .%& / T.. , ,, .( ?.-.. < ,..,-- :=. .- :-/.J 3 .  . .. 2;  '. . I ' 
- / \ ,, :,5/ f C-2- 

i 

Quality Control: This form is complete &%'& legible &). Field measurements are within historical values (Cstable 

check (- d/_) Meters are calibrated w a n d  units shown  well 10 has been amfirmed m n d  well condition documented 

Sample and QC sample IDS recorded 0, and containers, analyses. field filtering, and preservation indicated &)r 

Any discontinuity in time from the stat? of purging to date and time of sample collection is documented C13( 

. LG..CrJ9 . j f j '  fi.--. 17 19 7 . 
0"- by) . (date) - 



-- 
Slanlec Consulbng Lirn~ted 
871 Wctcma Street North 
ffikhenw. Ontano. Canada 
N2B 3% 
Tel:(519) 5794410 

sk3nhx Fax: (51 9) 5796733 

MONITORING WELL SAMPLING FORM 

Well ID: 74 - 
General Information: 

Project Name: 1,  &)- f ~ f -  Activity: ' 9 , g~ 5~ Well Diameter: --.T .,-, A rCL+ [? 

Project Number: , , ' Purging Equipment: :, , rrc Well Stickup: 4 .  ,pg3 

Sampling Date: )J FGh 1 f n  / q  7 Sampling Equipment: /,d L. Ly.r[6 Initial Water Level: / ;/,Q Time / 5 : 7 2 

Field Personnel: 6 - 4 2  / -..A Sampling Depth: Well Total Depth: "/. 3% 

Weather: f Af : j 3 f  Well Yield: (15c/M . 1 Casing Volume: Pr $rpS . 
Development andlor purging Information: /jIcU\ ,-/f7 

I I i I I I ms /cL  i I i I 
/,o 1 j/L i 6.7 (7.85 10,278 i s 6 0  I 2 3 N~ A&. ! $17 I /.?& ia-;~... CsO1 

I I d I I 

I I , , .  4 . , . I  i , / 
1 iV I 

1 / - ,  
I 

I 
/J&,(,  A , 3 :  I(p ! I I I / ~ 7  I 

/ 

I I I 
I 

1 I ! 1 
I I I I 1 i I I I 

I 
I 

, i ! 
i I i I 1 

i I ! 
i 

! 1 I I i I 

I I 
I I I I 

I I I 

I I i I j I I ! \ 

I 
I 

I ! 
i 

j I ! i I I I I i 
sample ~ollection information: /'I n..- . ; 77 7 / Presewative andlor 

Sample ID 1 Time ~d lec ted Analysis Container (no.. size & type) Field Filtered 

1 ;,/, -;J\ 4/ , -d  / / D : / *  I /85 d ,..?-.~-:, 
I 0 (" 

I /,>,j;- ',&'- 

I q/E -d / 0  : / b  1 A. $-:,.,.I r\.,3 &, -,-.:-. .$. , 1 dok~ 
I pLD,.JC L ~ ( / - J  ! :/> ! j 50 p;' i,. .?L; = !!---> b,g-v, ../ .; 

I I I I I 
i I 

Comments: 

?d ym 
4. I I - 2.4 A . 4 9  --- , .c - : . ,J=~-  ( r , ? ~  r, ; /l c j--;<. :: 6 - cc,=4=; ; :?, . : <.. =. . 5- ?:.: *.> *A J 

I V - 
, , , i:.:; , ,:-, I '  - re- A \!, LA* p-- r / .  - ,c :*:- - Ll-4 ; 

: i. j 

4- , . - , . , : m - F ,  51 .p,- , J  :;-: . - 7? iq 7 ;- - cf .LL:- (,:,2 ,. 
I. I - 

Quality Control: This form is complete @% legible W F i e l d  measurements are within historical values (J & stable (d 
check (- v'_) Meters are calibrated (and units shown Well ID has been confirmed m n d  well condition documented (vf 

Sample and QC sample IDS recorded m. and containers, analyses, field filtering. and preservation indicated (&Y 
Any discontinuity in time from the start of purging to date and time of sample collection is documented 

/ 4  !, . ZL.A. .~ - -?  ,/ c./$.c p ~2 j?,.l- 1.7 /7,7 
(inspected by) (ddte) 



-- 
Slanlec Conwibng brmted 
871 Victona Street NoNi 
Kitchener. Onlano. Canada 
N2B 3S4 
Tel:(519) 579-Ml0 
Fax: (519) 5794733 stantec 

MONITORING WELL SAMPLING FORM 

Well ID: 5 (AI I 

General Information: 

Project ~ a m e :  cl grrr,.+ I/. Jfii,; &' Activity: sCLrp-,:/l Well Diameter: - 
i I 

Project Number: b ?? d,, 10 1; - - 3 Purging Equipment: ---- Well Stickup: - 
Sampling Date: (d c- 1 &, ,579 Sampling Equipment: ----- Initial Water Level: Time 

Field Personnel: A . 4 ~ L j  ,. ,:, Sampling Depth: Well Total Depth: 

Weather: - / f  . Well Yield: 1 Casing Volume: 

Development and/or Purging Information: 
Dissolved i I 

I I I ! I i I I 
I 

I 
/ 3 : d  ! J I .  / . y  7-01 12.77 / q.t$i j / L o  1 IS'&,+ o./+ 

I 1 I I i I 
! 

I I I I i I 
I 

! I I 

I 1 1 
I I 

I I 

I I I I i i i 
I 

I i i I I I I 
I 

I I i I I I 

! I ! 1 I ! I 

i ; 

! ! 

I i ! I ! ! I 

I I I ! 
I I I 4 

I I 
I i , , 

! I 

I I ! ! I I I 

Sample Collection Information: 
; Preservative and/or 

Sample ID 1 Time Collected 1 Analysis I Container (no.. size & type) 1 Field Filtered 

5~ JJI /?:YJ i C A ~ ~ ~ C  i , ,,.r rr-3 --J< :;, 3,::.., ." g l,,.&9i~r-\ 1 ,/ . 1 sb) I i 1-3 I QJ ri-- rr 2 I /oeo  ,.D,D,_4: i A)-. 
( 6 - F  .q i /: .,".; Sw 1 , / 3 5 ~ ~ 2  ' , ~ . , , ~ ~ q : ~ . : ;  / ? s c - ~  2. 

1 5.0 I , . ;-,/flog i 253 +.-? FJ-c,r -'$,-! mpA9 ,+ \: / 2  

I i I 
I 

Comments: 

- s , - & -  To irJ - pJd+-~6 & &, c~,,,/, LLd ,L,,rD-A 
P . I - 9 2 2 ~ A c r  PJ ;> 6'2 n\w. , x b m  doPc 4 ~ " P : ~ . s r q  ?:* A - /9cr.;.5-< 

0 '  - - S r a  r 1 L P r 3  L / . ~ L  r : j a  L T - L e f c d  ,,n-br & Q , - c 4 z p p  7 ;-,., nr-,..,: ,(?*- - L . : p  ; - , - , 

Quality Control: This form is complete ('/f& legible (l/r Field measurements are within historical values (J & stable @. 
check (- v/_) Meters are calibrated (and units shown W W e l l  ID has been confirmed (tJ and well condition documented (J. 

Sample and QC sample IDS recorded 0, and containers. analyses, field filtering, and preservation indicated 

Any discontinuity in time from the start of purging to date and time of sample collection is documented 

* *  f 
; <..- ,-i ' 5; 

(ms~ected by) (dale) - 



Santec Consultrng Ltrnlted 
971 Vlctona Street North 
ffitchener. Onfano. Canada 
N20 354 
T d  (519) 579-4410 

Sbntfx Fax (51 9) 5746733 

MONITORING WELL SAMPLING FORM 
F 

Well ID: -)1,9 -5 
I 

General Information: 
r, - 

Project Name:: c > / , e G r  fl l-c,-'/ ,"' Activity: . 2 4 Well Diameter: - 
Project Number: / d , ,  - " Purging Equipment: - Well Stickup: - 
Sampling Date: ; / ?,- 155 7 Sampling Equipment: Initial Water Level: - Time 

Field Personnel: 6. -AL &+& Sampling Depth: - Well Total Depth: -- 
weather: + - 5 ,,.+o- Well Yield: 1 Casing Vdume: - 

Development andlor Purging Inforfiation: 
Intake Purge / Total Vol. , Water Comments 

Time Depth Rate Removed I Temp. ORP ; Turbidity , Level (wlour. odour. sediment 

(m bloc) (Lpm) (L) 1 CC) ( m ~ )  . (NTU) ; (m btoc) bad, produm~ms) 

Sample Collection Information: kJcL7 / 6[77 - 
! Presewabve andlor 

Sample ID I Time Collected 1 , Analysis Container (no.. size 8 type) I F~eld Filtered 

(comments: 

Quality Control: 
check (- 

-- 

This form is complete legible ~ d ~ i e l d  measurements are within historical values & stable I. 
Meters are calibrated M n d  units shown (ell ID has been confirmed and well condition documented (J. 

Sample and QC sample IDS recorded (, and containers, analyses. field filtering. and preservation indicated C?lfr 
Any discontinuity in time from the start of purging to date and time of sample collection is documented 



APPENDIX D 

LABORATORY CERTIFICATES 

Stantec OF ANALYSIS 



Certificate 
of 
Analysis 

Client: Report: 992989869 I Stantec Consulting Ltd. Project: Casselman Village Landfill 
400-1 505 Laperriere Ave. Submitted by: G.L. 
Ottawa, Ontario Date submitted: October 22, 1999 
K1 Z 7T1 Date printed: December 02, 1999 I Attention: Gerw Lalonde 

I 
I 
I 
I 

conductivity pmhoslcrn 1 1825 663 1234 302 

units 6.26 6.54 7.42 7.53 I 
total dissolved solids 

total ammonia-N 

un-ionized ammonia4 

colour 

selenium mglL 0.001 <0.001 c0.001 <0.001 ~0.001 

cadmium mg/L 0.000 1 <0.0001 ~0.0001 ~0.0001 <0.0001 

lead 0.0002 ~0.0002 <0.0002 ~0.0002 <0.0002 

turbidity 

antimony 

arsenic 

1 thallium 

m g n  

mg/L 

n g L  

TCU 

1 Langelier Index I I 

NTU 

mg/L 

mg1L 

Seprotech Laboratories 
2378 Holly Lane, Ottawa, Ontario, KlV 7P1, Canada 

Tel: (61 3)523-1641, Fax: (613)731-0851 Dave Peeler, Lab Supew"sor 

1 

0.01 

0.01 

1 

0.1 

0.001 

0.001 

1190 

24.4 

0.01 

44.5 

>200 

0.002 

~0.001 

398 

10.3 

<O. 0 1 

19.9 

>200 

0.001 

~0.001 

944 

~0.01 

~ 0 .  0 1 

2.9 

208 

~0.01 

<0.01 

6.2 

4.1 

<0.001 

~0.001 

18.6 

<0.001 

<O. 00 1 



Certificate 
of 
Analysis 

Client: Report: 992989869 
Stantec Consulting Ltd. Project: Casselman Village Landfill 
400-1 505 Laperriere Ave. Submitted by: G.L. 
Ottawa, Ontario Date submitted: October 22, 1999 
K IZ  7T1 Date printed: December 02,1999 
Attention: Gerry Lalonde 

gallium mglL 0.05 ~0 .05  <0.05 <0.05 <0.05 

iron mglL 0.02 11 1 62.2 0.12 <0.02 

lithium mg/L 0.005 ~0.005 c0.005 <0.005 ~0.005 

magnesium mg/L 0.01 24.2 17.1 68.2 10.3 

silicon mgfl 0.05 9.00 7.34 3.48 7.93 

silver mgfl 0.01 <O. 0 1 <0.01 <0.01 <0.01 

strontium mg/L 0.005 0.952 0.341 0.535 0.069 

tin mgIL 0.2 0.4 0.3 ~ 0 . 2  c0.2 

titanium mglL 0.01 ~0.01 cO.01 <0.01 <0.01 

1 tungsten I mgn I 0.05 I ~0 .05  1 ~0 .05 1 ~0 .05 1 ~0.05 11 
1 vanadium I mgn 1 0.005 1 <0.005 1 c0.005 1 <0.005 ( ~0.005 11 

yttrium mg/L 0.005 <0.005 ~0.005 <0.005 <0.005 

zinc mg1L 0.01 ~0 .01  ~0.01 cO.01 ~0 .01  

zirconium mgn- 0.01 0.02 0.02 <0.01 
- 

Seprdech Laboratories 
2378 Holly Lane. Mtawa. Ontario, K1V 7P1. Canada 

Tel: (613)5231641. Fax: (613)731-0851 



. - 
Client: I Stantec Consulting Ltd. 
400-1 505 Lapemere Ave. 
Ottawa, Ontario 
K I  Z 7TI I Attention: Germ Lalonde 

Certificate 
of 
Analysis 

Report: 992989868 
Project: Casselman Village Landfill 
Submitted by: G.L. 
Date submitted: October 22, 1999 
Date printed: December 07, 1999 

page 1 of 2 Matrix: surface water 

I 
I 

7 

bromide mglL 0.4 3.3 c0.4 2.1 0.4 

chloride mg/L 0.1 252 3.0 167 4.8 

alkalinity as CaCO3 

bicarbonate (HC03) 

carbonate (CO3) 

fluoride mg/L 0.1 0.2 0.2 0.2 <O. 1 

nitrate - N mglL 0.1 1.1 <O. 1 3.3 CO. 1 

nitrite - N mglL 0.1 <O. 1 <O. 1 <O. 1 <O. 1 

' 

sulphate mglL 1 75 24 86 < 1 

conductivity pm hoslcm 1 2650 397 1970 59 

PH units 7.19 7.95 7.54 5.18 

total dissolved solids mglL 1 1590 264 1080 35 

mg1L 

m g k  

mg1L 

I - 1 I I 

total ammonia-N I 0.01 I 61.7 I 0.08 I 22.7 1 2.39 

SW3 

0.05 
-------------------------I SW1 

0.10 

Parameter 

total phosphorus 

total organic carbon 

total hardness as CaCOl 

un-ionized ammonia-N m@L 0.01 0.26 cQ.01 1 0.21 <O. 0 1 

colour TCU 1 37 9 I 32 < l  

1 

1 

1 

T 
-- 

turbiditv 1.4 1 120 1 0.1 

SW5 

0.33 

Units 

mglL 

mg/L 

ma1L 

phenols mgfi 0.001 <O. 00 1 <0.001 <0.001 <0.001 

dissolved oxygen mgn- 1 1 7 

total nitrogen mglL 0.05 65.2 0.20 25.9 2.08 

SW7 

<0.01 

Det. Limit 

0.01 

1020 

1240 

< 1 

- ppp 

arsenic 

0.3 

1 

selenium I m a l ~  1 0.001 1 <0.001 1 <0.001 1 <0.001 1 <0.001 

182 

222 

< 1 

B.0.D.5 mglL 1 12 <1 16 <1 

Langelier Index 1.00 0.55 1.18 -6.44 

saturation pH 6.19 7.40 6.36 11.62 

41.2 

774 

Seprotech Laboratories 
2378 Hdly Lane, Ottawa, Ontario, KI V 7P1, Canada 

Tel: (61 3)523-1641. Fax: (613)731-0851 Dave Peeler, Lab Supervisor 

74 1 

904 

< 1 

5.0 

21 5 

10 

12 

< 1 

29.2 

688 

0.2 

< 1 I 



Certificate 
of 
Analysis 

Client: Report: 992989868 ( Stantec Consulting Ltd. Project: Casselman Village Landfill 
400-1 505 Laperriere Ave. Submitted by: G.L. 
Ottawa, Ontario Date submitted: October 22, 1999 
KIZ 7T1 Date printed: December 07. 1999 I Attention: Jew Lalonde 
page 2 of 2 Matrix: surface water 

I 
I 

iron I ma/L 1 0.02 1 40.1 1 0.16 1 12.6 1 0.04 

bismuth 

chromium 

aallium 

lithium mg/L 0.005 <0.005 <0.005 ~0.005 <0.005 

manganese mglL 0.01 0.36 <0.01 0.73 <0.01 

- -- 

barium 

bervllium 

nickel 

mglL 

mg1L 

ma/L 

strontium mg1L 0.005 1.08 0.147 0.933 c0.005 

titanium mg/L 0.01 <O. 0 1 cO.01 0.11 <0.01 

vanadium mglL 0.005 <0.005 <0.005 0.010 <0.005 

yttrium mgfl 0.005 ~0.005 <0.005 ~0.005 ~0.005 

zinc mgf'- 0.01 <0.01 <0.01 0.19 0.20 

SW1 

0.05 

Det. Limit - Parameter 

mg/L 

malL 

cadmium I ~ Q I L  1 '  0.0001 1 <O.OOO~ 1 ~0.0001 1 <0.0001 1 <0.0001 

Units 

0.05 

0.01 

0.05 

cobalt mglL 0.0005 0.0156 0.0007 0.0077 <0.0005 

copper mgfl 0.0005 0.0023 0.001 1 0.0040 0.235 

lead mglL 0.0002 <0.0002 <0.0002 0.0018 0.0079 

SW3 

alumin~m 

0.005 

0.005 

molybdenum m glL 0.002 0.006 <0.002 0.003 <O. 002 

silver mglL 0.0001 0.0008 0.0002 0.0005 <0.0001 

thallium mgn- 0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

calcium m g n  0.03 214 60.8 195 0.05 

magnesium m g k  0.01 57.4 15.0 48.0 0.04 

rg!L , 0.01 

<0.05 

<0.01 

<0.05 

potassium 

SW5 

0.663 

<0.005 

I 
- -- - 

sodium 0.2 164 4.9 116 4.9 

SW7 

0.12 , 1.46 

<0.05 

0.01 

~0 .05  

I 
/ 

I Seprotech Laboratories 
2378 Holly Lane, Ottawa, Ontario, K1 V 7P1, Canada 

Tel: (61 3)523-1641, Fa:  (61 3)7314&%1 

0.04 ,I 

0.019 

<0.005 

<0.05 

0.01 

~0 .05  

0.272 

q0.005 

<0.05 

<0.01 

<0.05 

<0.005 

<0.005 



Client: 
Stantec Consult ing Ltd. 
400-1 505 Laperrere Ave. 
Ottawa, Ontario 
K1Z 7T1 I Attention: J e r ~  Lalonde 

Certificate 
of 
Analysis 

Report: 991 375539 
Project: Casselman Village Landfill 
Submitted by: J.L. 
Date submitted: May 17, 1999 
Date printed: June 04, 1999 

antimony 

page 1 of 2 Matrix: ground water 

I 
I 
I 
I 

lead 

arsenic 

selenium 

cadmium 

Se~otech Laboratories 

mg1L 

mg1L 

mglL 

thallium 

Langelier Index 

2378 Holly Lane. bttawa. Ontario. K lV  7P1. Canada 
Tel: (613)523-1641. Fax: (61 3 ) 7 3 1 a 1  Dave Peeler. Lab S U ~ ~ M S O ~  

Parameter 

total phosphorus 

- total organic carbon 

total hardness as CaC03 

alkalinity as CaC03 

bicarbonate (HC03) 

carbonate (CO3) 

bromide 

chloride 

96-2 

0.86 

7.9 

199 

230 

281 

<1 

<0.4 

1.9 

Det. Limit 

0.01 

0.3 

1 

1 

1 

1 

0.4 

0.1 

Units 

mg/L 

mg/L 

mglL 

mglL 

mglL 

mg/L 

mg1L 

mglL 

0.001 

0.001 

0.0001 

mgIL 

96-1 

1.18 

21.2 

402 

480 

586 

< 1 

<O. 4 

32.1 

96-3 

0.23 

7.9 

468 

350 

427 

<1 

c0.4 

1.3 

0.008 

<0.001 

<0.0001 

0.0002 

96-4 

0.77 

0.7 

124 

114 

139 

<1 

~ 0 . 4  

1.8 

- 

0.002 

<0.001 

<0.0001 

0.0003 

0.12 

<0.001 

<0.001 

<0.0001 

<0.0002 

0.40 

<0.001 

~0.001 

~0.0001 

<0.0002 

1.12 

<0.0002 

0.19 



Certificate 
of 
Analysis 

Client: Report: 991 375539 I Stantec Consulting Ltd. Project: Casselman Village Landfill 
400-1 505 Lapeniere Ave. Submitted by: J.L. 
Ottawa, Ontario Date submitted: May 17,1999 

K1Z 7T1 Date printed: June 04,1999 I Attention: Jerw Lalonde 
page 2 of 2 Matrix: ground water 

I 

I 

aallium 

chromium 

cobalt 

copper 

-- - - 

bismuth 

boron 

calcium 

Seprdech Laboratories 
2378 Holly Lane. Ottawa. Ontario. K1 V 7P1. Canada 

Tel: (61 3)523-1641. Fax: (61 3)731-0851 

mglL 

mglL 

mglL 

iron 

lithium 

magnesium 

96-2 

<0.01 

96-1 

<0.01 

mglL 

mglL 

mglL 

0.055 

<0.005 

0.070 

<0.005 

Det. Limit 

0.01 
- 

Parameter 

aluminum 

0.01 

0.01 

0.01 

mglL 

mglL 

mg1L 

96-3 

<0.01 

0.005 

0.005 I I 

Units 

mglL 

0.05 

0.01 

0.03 

0.040 

~0.005 

<0.01 

~ 0 . 0 1  

<O.Ol 

0.02 

0.005 

0.01 

0.020 

<0.005 A 

96-4 

~ 0 . 0 1  

barium 

beryllium 

<0.05 

0.16 

148 

d 

mglL 

mglL 

<0.01 

<0.01 

<0.01 

83.4 

0.017 

7.65 

<0.05 

0.01 

59.0 

<0.01 

<0.01 

<0.01 

42.9 

0.01 1 

12.4 

~ 0 . 0 5  

0.02 

104 

<0.01 

<0.01 

<0.01 

0.16 

0.022 

50.0 

~ 0 . 0 5  

0.01 

32.1 

C0.02 

0.01 1 

10.4 

01 



Certificate 

Client: 
Stantec Consult ing Ltd. 
400-1 505 Laperriere Ave. 
Ottawa, Ontario 
K1Z 7T1 
Attention: Jerw Lalonde 

Parameter Units 

total phosphorus 

total organic carbon 

11 total hardness as CaC03 1 m g / ~  

alkalinity as CaC03 mg/L 

bicarbonate (HC03) mglL 

11 carbonate (C03) mglL 
I 

bromide mg/L 

chloride mg/L 

of 
Analysis 

Report: 991 375538 
Project: Casselman Village Landfill 
Submitted by: J.L. 
Date submitted: May 17, 1999 
Date printed: June 04, 1999 

Matrix: surface water 

I :  
I 

Seprotech Laboratories 
2378 Holly Lane. Ottawa. Ontario, K1 V 7P1. Canada 

Tel: (61 3)523-1641. Fax: (61 3)731-0851 Dave Peeler. Lab Supervisor 

SW5 

0.08 

Det. Limit 

0.01 

conductivity 

pH 

total dissolved solids 

total ammonia-N 

un-ionized ammonia-N 

SW1 

0.13 

fluoride 

nitrate - N 

nitrite - N 

phosphate-P 

sulphate 

pmhoslcm 

units 

mg/L 

mg/L 

ma/L 

mg1L 

mglL 

mglL 

mglL 

ma/L 

1 

1 

0.01 

0.01 

0.1 

0.1 

0.1 

0.01 

1 

2470 

7.55 

1600 

56.2 

0.37 

0.2 

0.5 

<O. 1 

0.07 

55 

0.2 

3.5 

0.6 

0.05 

121 

1810 

7.86 

1140 

27.1 

0.36 P 



Certificate 
of 
Analysis 

Client: Report: 991 375538 
Stantec Consulting Ltd. Project: Casselman Village Landfill 
400-1 505 Laperriere Ave. Submitted by: J.L. 
Ottawa, Ontario Date submitted: May 17,1999 
K1Z 7T1 Date printed: June 04,1999 
Attention: Jerrv Lalonde 

Matrix: surface water 

Seprotech Laboratories 
2378 Holly Lane. Ottawa. Ontario. Kl  V 7P1. Canada 

Tel: (61 3)523-1641. Fax: (61 3)731-0851 Dave Peeler. Lab Supervisor 


