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Executive Summary

Title: Faro Mining Complex, Monitor Mine Waste Rock Trial Covers: 2009 Data Summary

Consultant: SRK Consulting (Canada) Inc.

Status: Final
Date: January 2010
Size: 30 Pages of text (including cover, introductory and reference list); 68 Pages of Figures

(including one flysheet), 6 Appendices containing 85 pages (including 10 flysheets).

Digital File: PDF format; 26 MB

Objectives and Primary Findings:

This report summarizes the data collected during the 2009 monitoring season (May to November) from the
waste rock cover trials at the Faro Mining Complex. The intent of this report is to document the field results
and provide feedback on the quality of the data collected. Where problems with the collected data have been
identified, this report provides recommendations for remedying the problem as well as mitigation strategies
to prevent similar problems from reoccurring. The scope of this report is simply to confirm that the data
collected is following reasonable trends, and that the instrumentation and data acquisition systems are
performing as expected.

Detailed information regarding operation, calibration, suitability, and accuracy of the monitoring
instrumentation used to collect the data presented in this report is provided in the as-built report (SRK
2006a), and therefore it is not repeated here.

Future Work Recommendations

The report provides a series of recommendations to ensure the continued high quality data collection as well
as improved database management during subsequent monitoring years. These range from datalogger
maintenance and erosion repairs through migration of databases to a SQL Server.
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1 Introduction and Scope of Report

1.1 General

In 1998, the mining activities undertaken by Anvil Range Mining Corporation (ARMC) ceased due
to financial problems and Deloitte & Touche Inc. (D&T) was appointed Interim Receiver of the mine
site. Included in the Interim Receiver’s role were:

e management of the site’s care and maintenance; and

e development of a site closure plan.

D&T was released of these obligations in April 2009. The Yukon Government (Energy, Mines and
Resources Assessment and Abandoned Mines Branch) has assumed responsibility for the Faro Mine
Complex, and in March 1, 2009, Denison Environmental Services (DES) was awarded a contract to
provide care and maintenance services to Yukon Government at this site.

The Faro Mine Complex Closure and Remediation Project is subject to assessment under the Yukon
Environmental and Socio-economic Assessment Act (YESAA). Under YESAA, the project is
required to submit a “Project Proposal”.

Key elements of the Project Proposal include:

e Project purpose;

e Project description;

o Description of existing environmental and socio- economic conditions; and

e Identification of potential environmental and socio- economic effects and proposed mitigation
measures.

The project also requires a variety of regulatory authorizations and land dispositions including a
water licence for construction of diversions, construction/modification of impoundments, use of
water, collection and treatment of contaminated water, and discharge of waste water.

SRK Consulting (Canada) Inc. (SRK) was retained by YG to assist in the development of the
Project Description for the Faro Mine Complex Final Closure and Remediation Plan.

On December 4, 2009, SRK issued Draft 4 of the Project Description, which is one of many
standalone supporting document being prepared for the Project Proposal. SRK is currently working
towards preparation of the initial draft of the Project Proposal, which is due to be issued for internal
review on February 19, 20009.
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1.2

1.3

Background of the Project

The Faro Mining Complex (FMC) has about 185 million cubic meters of waste rock covering about
542 ha of surface area. Detailed geochemical characterization has confirmed that much of this waste
rock is acid generating and contains leachable metals. As part of the approved Plan, one of the
methods is physical covering of the waste rock piles.

The specific functions that a cover would have to perform have been defined as follows:
e prevent direct exposure and contact of humans and terrestrial wildlife with the waste rock;
o reduce infiltration through the waste rock to specified targets;

e provide a medium that would allow establishment of succesional vegetation.

There appears to be consensus within the Work Group responsible for the description and evaluation
of the cover methods that significant oxidation of the waste rock has already occurred. This fact
effectively negates the benefits offered by oxygen exclusion , thus constructing covers to act as
oxygen barriers would not result in significant changes in lecheate chemistry.

One of the single most challenging aspects of cover design for the site entails designing an
infiltration reducing cover that will continue to perform effectively in the very long term, using the
locally available till and glacio-fluvial soils. It is standard practice to make use of numerical models
to assess the potential performance ranges of different cover configurations. However, the only
reliable method to evaluate the physical aspects that determine long-term cover performance is to
monitor site specific trial covers.

Subsequently, six trial covers (CT#1, CT#2A, CT#2B, CT#3A, CT#3B and CT#4) were constructed
on the Vangorda waste rock pile in September 2004, as illustrated in Figures 1, 2 and 3. These trial
covers have been designed to test a range of different physical performance criteria for the available
materials, specifically focused towards evaluating performance as “infiltration reducing” covers.
Detailed water balance instrumentation was installed in the trial covers in June 2005 (see Figures 4
through 8).

In 2007, following the recommendation of the Independent Peer Review Panel a set of two large
lysimeters (25 meters by 25 meters) were constructed on the plateau of the VVangorda waste rock
dump. As shown in Figure 3, the lysimeters were built immediately west of the existing cover trial
plots, adjacent to CT#2A. The lysimeters were instrumented in June 2008, using the same suite of
instrumentation installed for the existing cover trials (Figure 9). Details about the location and type
of instrumentation can be found in the lysimeters as-built report (SRK 2008b).

Scope of Work

This report summarizes the data collected from the trial covers during the 2009 monitoring season
(October 2008 to November 2009). The intent of this report is to document the basic field results
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and provide feedback on the quality of data collected. Where data collection problems are identified,
this report provides recommendations to remedy the problems as well as propose mitigation
measures that can be implemented to prevent similar problems from occurring in the future. This
report does not contain a technical analysis of the data. A preliminary performance review was
completed (SRK 2008c), based on three years of data.

Instrumentation was re-commissioned by SRK in May 2009. FMC personnel retrieved data from all
automated data loggers every two weeks until September 28, 2009. Manual thermistor and soil
moisture content (Diviner) data respectively were collected starting May 21 through August 28. The
last download for the season was performed by Tayfun Gurdal of SRK at the time of
decommissioning of the instrumentation, on November 7, 2008.

Detailed information regarding the monitoring instrumentation used to collect the data presented in
this report, pertaining to their operation, calibration, suitability and accuracy, is provided in the
respective as-built reports (SRK 2006a, SRK 2008b), and is therefore not repeated here.

Methods

Six trial covers (Figures 2 and 3) were constructed in September 2004, in accordance with SRK
design requirements. Construction was carried out by a local contractor, Tim Moon Construction,
supported by FMC staff and equipment. Construction supervision was carried out by two SRK
engineers, Maritz Rykaart, P.Eng. and Peter Mikes, E.I.T. The instrumentation was installed and
commissioned in June 2005 by Maritz Rykaart, with complete construction and instrumentation
details provided in an as-built report (SRK 2006a). Two lysimeters were built in August 2007 by the
same local contractor, Tim Moon Construction, with support from FMC staff. Supervision of the
construction phase was provided by SRK engineer Jozsef Miskolczi, EIT. Instrumentation was
installed and commissioned in June 2008 by Jozsef Miskolczi. Detailed construction and
instrumentation notes can be found in the as-built report (SRK 2008b).

DES site staff was trained by SRK to carry out the field monitoring for the 2009 monitoring season
(May to September). In addition, a SRK summer student was also trained in data download
procedures, in case DES could not provide field staff. The presence of the summer student on site
was in the end not necessary, as DES could provide the required staff (Jesse Luchinski and Kevin
Ramsay).

A written monitoring protocol was provided to DES. Data was downloaded directly from the
different data loggers onto a laptop computer. In addition, a series of readings were collected
manually and converted into electronic format. All field data collected by DES was sent to SRK via
e-mail.

SRK used proprietary software linked to each of the data loggers to open and view the data to ensure
that the loggers were operating satisfactorily. All data was collated into a series of databases at the
end of the season. These databases convert raw field data into its final usable format by applying
material specific calibration information and some format manipulation. As a final step, all data is
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linked to a master database to simplify the visualization process. The figures illustrating the field
data presented in this report (Figures 11 through 139) were created using this master database.
Figures 11 through 139 do not show all the data collected to date. These figures only present the
data collected during the 2009 monitoring season. As a result, some figures presenting data as a
graph will have lines extending from the end of the 2008 data set to the start of the 2009 data set.
The range of the x-axis has been set to obscure this artefact but it can still be observed on the left
hand side of the graph. Complete details of how data is prepared for input into the database are
included in Appendix A.

In addition to the data presented in this report, weather data is collected from two on-site Weather
Stations, and annual snow surveys are conducted by staff from the Yukon Territorial Government
(Janowicz et al. 2005, 2006, 2007, and 2008). This data is not presented here, but will be used to
compare the validity of the trial cover data when detailed data analysis is carried out following future
years of monitoring.

Post Processing

In an effort to simplify the post-processing protocol, following challenges identified during the 2008
monitoring season it was decided to make use of the Visual Basic and SQL programming capabilities
of Microsoft Access. The 2008 and subsequent data was compiled using this new protocol. Older
data (2007 and earlier) was also processed and stored in the database format to allow easy integration
of all data at a later time. The new post-processing protocol does not change the data download
protocols from the field instruments.

Report Structure

Section 2 contains information associated with the series of automated data loggers which collect
field monitoring data for the trial covers. The remainder of the instrumentation data is collected
manually, the details of which are presented in Section 3. The in-situ material characterization
program carried out in 2009 is summarised in Section 4, while the final section of the report provides
a summary of the action items arising from this data summary report.
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Automated Instrumentation Data

Davis Instruments Vantage Pro (Weather Stations and Satellite
Stations)

Complete climatic data is collected at the VVangorda Waste Rock Pile trial cover location using two
Davis Instruments Vantage Pro Weather stations. The first station is located on the sloped CT#1 trial
cover and the second on the dividing berm between horizontal trial covers CT#2A and CT#2B.
Figure 2 schematically illustrates these locations. Additional climatic data (air temperature and
relative humidity), as well as shallow soil moisture and temperature data, are collected via two
satellite Davis Instruments stations located approximately 25 m from these two primary Weather
Stations, as illustrated in Figure 4. Figures 6 and 7 illustrate the locations of the soil moisture and
temperature sensors installed as part of the Satellite Stations.

At each setup, data from the weather station and the satellite station is collected by a Vantage Pro
data logger housed in the weather-proof enclosure situated beneath the weather station. The data
loggers collect and store primary climatic data, as listed in Table 1. This data is measured directly
from the suite of climatic sensors. This data is also presented as time-series graphs in Figures 11
through 22, and spans from May 20 through November 7, 2009.

In addition to the sensor data listed in Table 1, the data logger uses this primary data to calculate a
series of secondary climatic information. Since this report focuses on the integrity of the primary
collected data, this reduced data was not reported. SRK did, however, review all this data to confirm
that the data logger was operating satisfactorily, and that the data collected made sense. This data
has also been imported into the central database for future use. Appendix B provides a brief
summary of this data.

Maintenance or recalibration was not carried out on the weather or Satellite Stations in 2009. The
rechargeable batteries installed in 2008 were replaced at the beginning of the 2009 season. As a
precautionary measure, a spare set of batteries were provided on site, but did not have to be used.

As shown in Figure 21, data from Soil Moisture sensor reported from the Satellite Station
(Soil_Moisture_02) on CT2A2B was erratic resulting in a horizontal line on the graph. On closer
examination of the raw data followed by consultation with the manufacturer, it was concluded that
the sensor is most likely defective. Furthermore, it became evident that there are communication
issues between the wireless satellite station and the console, resulting in intermittent loss of data.
This malfunction also affected the data received from the soil moisture sensor (Soil_Temp_02).
Although some data was lost (about 3-4 data points every day) the graph presented in Figures 21 and
22 were processed to hide this and only show the valid data collected.

It was recommended by the manufacturer that both satellite stations be sent to their shop for repairs,
as well as replacement of the moisture content and soil temperature sensors. To ensure that repairs
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to the satellite station transmitters are performed in a timely manner, as to not delay the
recommissioning of the weather stations, SRK recommends appropriate actions be taken in February

2010.

The horizontal lines at maximum suction (200 kPa) recorded from both weather stations starting
mid-October are due to the freeze-up of the sensors, which are not suitable to operate in sub-zero

temperatures.

Table 1: Summary of Primary Data Collected by Davis Instruments Vantage Pro
Weather and Satellite Stations

Parameter Location Sample Units Figure Comment
Frequency
Every 50-60 sec; Hourly total; Rain rate
Rainfall BOtSh Weather output as hourly mm Figure 11 (mm/hr) is also recorded
tations
total (not presented)
Ambient Both weather Every 10-12 sec; Max/Min hourly also
Outside Air and Satellite output as mean °c Figure 12 recorded at Weather
Temperature Stations hourly Stations (not presented)
Relative Both weather Every 50-60 sec;
- and Satellite output as mean % Figure 13 Range of 0% to 100%
Humidity ;
Stations hourly
Every 50-60 sec; “Hi solar radiation”, i.e. peak
Sc_)la_r Both Weather output as mean W/m? Figure 14 hourly solar radiation also
Radiation Stations
hourly recorded (not presented)
Barometric Both Weather | EVery 50-60 sec; .
. output as mean kPa Figure 15
Pressure Stations
hourly
Every 2.5-3 sec; Max/Min hourly also
Wind Speed BOtSh Weather output as mean km/hr Figure 16 recorded at Weather
tations :
hourly Stations (not presented)
Every 2.5-3 sec; Max hourly also recorded at
Wind Direction Both Weather output as mean NIE/S] Figure 17 Weather Stations (not
Stations W
hourly presented)
Ultraviolet (UV) | Both Weather Every 50-60 sec; Scale ' Hi UV Index”, i.e. maximum
: output as mean Figure 18 hourly UV Index also
Index Stations 1-16
hourly recorded (not presented)
} Figure 19
| Bothsatelite | EVery 50-60 sec; (CT#1);
Soil Moisture : output as mean kPa \ Measured at two depths
Stations hourl Figure 21
y (CT#2A)
} Figure 20
Soil Both Satelite | CVery 50-60 sec; o (CT#1);
: output as mean C \ Measured at two depths
Temperature Stations hourl Figure 22
y (CT#2A)

1. Soil moisture is measured in units of centibar (Cb) according to the supplier, which is not a true unit of soil moisture.

The true parameter measured by this instrument is soil matric suction.

Campbell Scientific Data Loggers

Installing the lysimeter instrumentation resulted in the addition of a Campbell Scientific CR1000
data logger to the exiting two CR10X dataloggers. The CR1000 performs the same functions as the
CR10X, and is basically the next generation of the same family of data loggers. Although the output
files have different structure, the full integration of the data from all data loggers was made possible
by adjusting the post-processing protocols.
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General Setup

Two Campbell Scientific CR10X and one CR1000 data loggers collect soil matric suction and
temperature data from Campbell Scientific CS229 thermal conductivity sensors, as well as soil
volumetric moisture content from Sentek Sensor Technologies EnviroScan sensors. Flow volumes
from the tipping bucket flow gauges are also monitored by these data loggers. In addition, the data
loggers monitor and record the minimum battery voltage each day, for diagnostic purposes. The
CR10X are located adjacent to each other in the lower monitoring hut at the base of CT#3B while
the CR1000 is located in the upper monitoring hut between CT#4 and CT#3A, as illustrated in
Figures 4 and 5.

The first data logger (CR10X #1) collects volumetric moisture content data from CT#2A and 2B, as
well as the entire suite of flow data from 9 tipping buckets . The second data logger (CR10X #2)
records the soil temperature and suction from CT#1, CT#2A, CT#2B, CT#3A, CT#3B, and CT#4, as
well as moisture content data from CT#1, CT#3A, CT#3B, and CT#4. In addition, the CR1000 is
collecting soil temperature, suction, moisture content and flow data from Lysimeters L#1 and L#2.
Details of the instrument locations are presented in Figures 4 through 9.

Data collected by the CR10X data loggers is stored in a series of “arrays” (i.e. a summary table of
data). The soil matric suction, temperature and volumetric moisture content are recorded every six
hours (midnight, 6AM, noon, and 6PM). The interflow is continuously monitored by both CR1000
and CR10X#2 and cumulative flow is output every 30 minutes. Daily summary of the battery
voltage is also recorded for diagnostic purposes.

The Campbell Scientific data loggers are not decommissioned during winter months and as a
consequence data is continuously collected, as opposed to the Weather Stations that are
decommissioned during winter. Because moisture content and suction cannot be measured in frozen
soils, only soil temperature data presented in this report spans from the end of the 2008 monitoring
season in October to November 2009. The rest of the parameters are presented over the regular
monitoring season, from May to November.

The CR10X dataloggers were installed in 2005, totalling to date over 30,000 hours of operation. As
per the manufacturer’s recommendation, the dataloggers should be serviced and recalibrated to
ensure accuracy and continued good operation.

During the routine quality checks of the field data it was observed that erroneous soil moisture
content data was collected by CR10X#1 datalogger, starting on August 18. The sensors monitored
by this datalogger are located on CT#2A and CT#2B. A first attempt to fix the issue, on September
14 was unsuccessful, and a site visit by lozsef Miskolczi was required to further investigate and fix
the malfunction. Troubleshooting revealed that the malfunction was caused by a defective data
transfer cable. The defective cable was replaced with an armoured surface cable. Data collection
was restored on September 27. The monitoring of the tipping bucket flow gauges (monitored by the
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2.2.3

same CR10X#1 datalogger) was uninterrupted during the period of malfunction except for the short
periods when the datalogger was shut down for troubleshooting.

During the 2008 monitoring season it was noted that some of the sensors (L#2 sensor 6, CT#4 sensor
12, CT#3A sensor 1) installed on the EnviroScan probes were reporting erroneous values. These
sensors were replaced in August with new ones.

Battery Voltage

The Campbell Scientific data loggers and instruments connected to them are powered by 12V
batteries (one per data logger). These batteries are continuously recharged using solar energy (one
solar panel per battery). The data logger has an internal protection circuit that will shut the logger
down if the battery voltage drops below 8V, or exceeds 15V. For this reason, the data loggers have
been programmed to record the battery voltage as part of the daily summary array. Figure 23
presents the graph of daily minimum battery voltages measured for each of the Campbell Scientific
data loggers.

At time of recommissioning of the instrumentation in the spring of 2009 evidence of high water
levels inside the upper monitoring hut was noted (housing the lysimeter instrumentation), most likely
originating from snowmelt. It appeared the battery was completely submerged at some point, but the
voltage recovered in the spring and no lasting damage was observed. The datalogger and the flow
meters installed on the walls of the hut are above the high water mark.

As shown in Figure 23, the battery voltage of the CR1000 datalogger was lower than optimum in
several occasions during the first half of the 2009 monitoring season. Following up on this issue, a
second solar panel was installed in August 2009. As can be observed in Figure 23, the battery
voltage of the CR1000 datalogger was maintained at optimum levels after the installation of the solar
panel.

The written monitoring protocol required a physical diagnostic check on the batteries and solar
panels installed in the lower monitoring hut (housing the CR10X dataloggers and the connected
instrumentation) every time that the data is downloaded, which confirmed that both systems were
functioning properly. Observation sheets are included as Appendix C.

Soil Matric Suction

Soil matric suction is measured in each trial cover using a series of Campbell Scientific CS229
thermal conductivity sensors. There are three to six sensors in each trial cover and four sensors in
each lysimeter, as illustrated in Figures 6 to 9. Soil matric suction is recorded as a voltage
differential by the data logger. This voltage differential, through the application of material specific
calibration curves, is converted to matric suction, expressed in kPa. This is done by SRK during the
conversion of the data from its raw format. Figures 24 through 31 illustrate the converted soil matric
suction values recorded during the 2009 season. Due to the fact that suction measured in some of the
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2.2.5

2.2.6

covers were very high, the graphs presenting these suction values are shown on a log scale
(Figures 26, 30, and 31).

The straight lines on Figures 30 and 31, presenting the suction measured on L#1 and L#2
respectively are the result of the fact that measured values fell outside the calibrated range of the
individual sensors. The sharp transition of the suction curve from the jagged nature in the first half
of the year to the relatively smooth nature in the second half is the artefact of the log scale used to
present the data.

Soil Temperature

The soil temperature is measured using the same CS229 thermal conductivity sensors. This is
possible because the first step in recording the soil matric suction entails taking an in-situ soil
temperature reading. Just as with the matric suction data, the raw data is recorded as a voltage and,
through application of the material specific calibration curves in the post-processing phase, the soil
temperature profiles illustrated in Figures 32 to 39 are produced. As shown in Figure 33, some
erroneous values were collected from one sensor on CT#2A. As the sensor resumed operation
spontaneously, no investigation was made to determine the cause of the error.

Soil Volumetric Moisture Content

A profile of soil volumetric moisture content is measured in each trial cover using EnviroScan
probes manufactured by Sentek Senor Technologies. Each profile contains between seven and
thirteen individual beads, as illustrated in Figures 6 to 9. The data recorded by the sensors is relative
volumetric moisture content, expressed as a fraction, using a standard calibration curve. During the
post-processing, these values are corrected to actual volumetric moisture contents by applying
material specific calibration curves. This data is presented in Figures 40 through 47. The data
recorded from CT#2B (Figure 42) and CT#3B (Figure 44) is shown as a reduced sample in the sense
that full 2009 data set from only a few sensors is presented, as the complete files are too large.
Nevertheless, the entire dataset was checked and no anomalies were found.

The straight lines shown in Figures 41 and 42 are the result of missing data, as described in
Section 2.2.1.

Tipping Bucket Flow Gauges (Runoff and Interflow)

The flow (interflow as well as surface flow) data is collected using two methods: tipping bucket flow
gauges and SeaMetrics turbine flow gauges. The tipping buckets located in the lower monitoring hut
are continuously monitored by CR10X #1 through two SDM-SW8A pulse counter devices connected
in series; cumulated totals of tips are recorded every 30 minutes. The tipping bucket flow gauges
installed at the lysimeters are monitoring the surface flow and two interflow values on each lysimeter
through the CR1000 data logger, with 30 minute totals being recorded. The interflow of the
lysimeters was separated in order to quantify the purely vertical infiltration from the infiltration
affected by the cover-liner boundary.
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A series of new Tipping Bucket flow gauges were installed in the Upper monitoring hut, on August
19, 2009. The new instruments have a much wider range (up to 20 Litres per minute), replacing the
smaller rain gauges originally installed. This change was necessary to allow for an overlap between
the capacity of the tipping buckets and the flow meters, thus improving accuracy of the flow
monitoring system.

The recorded interflow data for CT#3A/B and CT#4 is presented in Figures 48 to 50, while surface
runoff data for all cover trials is presented in Figures 51 through 56.Flow data from the Lysimeters is
presented in Figures 57 to 62.

SeaMetrics DL75 Data Loggers (Surface Runoff and Interflow)

Surface runoff is measured from each trial cover using individual SeaMetrics flowmeters, each
connected to an individual SeaMetrics DL75 data logger. Interflow from CT#3A, CT#3B and CT#4
is also measured with a similar setup (in addition to tipping buckets, as discussed in Section 2.2.6).
Each of these nine flowmeters is located in the lower monitoring hut, with the flow directed to them
through a series of buried drainage pipes, as illustrated in Figure 5. In addition, a similar setup was
installed for the lysimeters, with the SeaMetrics data loggers installed on drainage pipes inside the
upper monitoring hut.

Acting on the observations made in the previous season regarding the sediments affecting the
performance of the flow meters in the upper monitoring hut, a series of sediment traps were installed
in August, one on each water transport pipe.

The data loggers record an instantaneous flow rate every 60 seconds. This data is used to calculate
an incremental flow volume. In addition, each data logger calculates a total volume and flow rate
over a user specified timeframe. During the post-processing of the data, the null values (no flow
recorded) are removed from the database to save space, thus the graphs in this report show only the
non-null values in chronological sequence. This data is presented in Figures 63 through 71.

All flowmeters were performing as expected. Maintenance of the flow meters was performed at the
beginning of the 2009 monitoring season.

Lakewood Systems UL16 Data Logger (Soil Temperature)

Two thermistor strings, each with eight M-Squared thermistor beads, have been installed in the
Grum Overburden Dump, as illustrated in Figure 10. These two thermistor strings (String A and
String B) are monitored by a Lakewood UL16 data logger which records a relative voltage every
twelve hours. These raw voltage profiles are presented in Figures 72 and 73, and confirm that the
strings are in general performing as expected.

As it can be seen in Figures 72 and 73, data was not collected between April 4, 2009 and May 22,
2009. The malfunction was caused by loss of power due to the fact that the battery reached the end
of its service life. Data collection was resumed once the battery was replaced.
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Manually Collected Instrumentation Data

M-Squared Thermistor Cables (Soil Temperature)

Four thermistor strings each with eight thermistor beads have been installed adjacent to the two
strings connected to the Lakewood Systems data logger, in the Grum Overburden Dump. Their
installation details are presented in Figure 10. These four thermistor strings are manually read at
regular intervals by the site staff and the raw data is reported as resistances. These resistance values
are converted to soil temperatures during the post-processing phase. The measured soil temperature
profiles for the 2007 season from these four strings are shown in Figures 74 through 77. All
thermistor strings performed as expected. Measurements were taken on 7 occasions, between June
4™ and August 28"

Sentek Sensor Technologies Diviner 2000 (Soil Volumetric
Moisture Content)

Each trial cover has six to eight vertical PVC access tubes, as illustrated in Figure 5, while the
lysimeters have ten access tubes each. A Sentek Senor Technologies Diviner 2000 probe is inserted
manually into each of these tubes to record an instantaneous value of the soil volumetric moisture
content profile at 10 cm intervals. Data was collected throughout the 2009 monitoring season from
each of the 60 access tubes between May 21% and August 12" for a total of 26 events. Data was
recorded using a portable data logger, and the results are expressed in terms of relative volumetric
moisture content. During the post-processing stage, material specific calibration curves are applied.
Figures 78 through 135 present the final volumetric moisture content profiles for each access tube.
Data collected from these tubes confirm that the instrument performed as expected.

Data from profiles #45 and #49 is missing due to the fact that the access tubes contained water, and
no valid measurements could be taken. The tubes should be bailed out and dried before at time the
instrumentation is recommissioned for the 2010 monitoring season.

HOBO Water Level Loggers

In an effort to mitigate the difficulty of measuring flow in the beginning and end of each season due
to frozen drainage pipes, a series of culverts were installed on CT#2A, CT#2B, and both lysimeters.
The culverts consist of a wooden channel placed in a gap in the containment berm. Each culvert was
instrumented with a HOBO water level logger that monitors and samples the pressure every 60
seconds. Changes in recorded pressure will be an indication of water level fluctuations, i.e. flow
through the culvert. Due to low sensitivity of the level logger (£ 3 mm), the instruments are not
suitable to quantify the volume of flow, but rather to confirm the number and duration of flow
events. Because of the closed pressure cell of the HOBO instrument, the recorded data has to be
reduced by subtracting the atmospheric pressure recorded by the Weather Stations on site. Due to
limited available memory of the HOBO device, the download protocol provided to the site personnel
required download every 14 days. Data presented in Figures 136 to 139 represents the uncorrected,
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absolute pressure values collected by the HOBO loggers. Although data is collected every minute,
the data presented in this report was reduced to represent only one value for each hour of operation,
as the complete files are too large to be presented in an Access graph.

The level logger installed in L#1 was observed to be defective and was removed for servicing on
June 18.
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4 In-Situ Geotechnical Testing

The 2009 in-situ geotechnical investigations were performed between August 10 and August 19.
The investigations included saturated hydraulic conductivity measurements, performed using the
single ring infiltrometer and the Guelph permeameter methods, as well as in-situ density
measurements using a nuclear density gauge owned and operated by EBA Engineering Consultants
Ltd.

4.1 Saturated Hydraulic Conductivity

In-situ saturated hydraulic conductivity was tested on the trial covers between August 8 and

August 13. Constant head testing was performed using two separate Guelph Permeameter Kits for
the different methods: the standard *“in-hole” method and the Tension Infiltrometer method. Falling
head testing was performed using the single ring infiltrometer method. Table 2 summarizes the
testing carried out on each test cover.

Table 2: Summary of Performed In-situ Saturated Hydraulic Conductivity Tests

Testing Method Test Location Hydraulic Conductivity Comments
(cm/s)
Guelph Permeameter L#1 1 8.09E-04
Guelph Permeameter L#l 2 8.57E-05
Guelph Permeameter L#2 1 9.06E-05
Guelph w/ tension infiltrometer L#2 2 N/A Inconclusive
Guelph w/ tension infiltrometer CT#1_1 3.47E-04
Guelph w/ tension infiltrometer CT#1 2 -3.50E-06
Guelph Permeameter CT#2A 1 -2.98E-04
Guelph Permeameter CT#2A 2 1.10E-04
Guelph Permeameter CT#2B 1 -3.38E-06
Guelph w/ tension infiltrometer CT#3A 1 6.59E-05
Guelph w/ tension infiltrometer CT#3A 2 8.83E-04
Guelph w/ tension infiltrometer CT#3A 3 1.11E-04
Guelph w/ tension infiltrometer CT#3B 1 8.30E-04
Guelph w/ tension infiltrometer CT#3B_2 1.07E-03
Guelph w/ tension infiltrometer CT#3B_3 4.39E-04
Guelph Permeameter CT#4 1 1.43E-04
Ring Infiltrometer CT#1 1 7.77E-06
Ring Infiltrometer CT#1 2 5.49E-05
Ring Infiltrometer CT#1_3 5.84E-05
Ring Infiltrometer CT#3A 9 7.17E-04
Ring Infiltrometer CT#3A 10 5.12E-04
Ring Infiltrometer CT#3A 11 1.38E-03
Ring Infiltrometer CT#3B_6 6.15E-04
Ring Infiltrometer CT#3B_7 2.41E-03
Ring Infiltrometer CT#3B_8 9.50E-04
Ring Infiltrometer CT#4 N/A Inconclusive
Ring Infiltrometer L#2 N/A Inconclusive

* Random locations were selected on each cell.
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4.2

The tension infiltrometer method uses a porous disc to act as interface with the test surface.

Constant head is maintained over the disc using a Mariotte bubbler. The water reservoir of the
Guelph permeameter is used as source for replacing the water lost during the test due to suction. The
tension infiltrometer method allows measurement of saturated hydraulic conductivity without the
need to auger a hole into the till. The surface upon which the tension infiltrometer base is placed
must be as smooth and horizontal as practicable, to ensure a good hydraulic contact between the
tension infiltrometer and the soil surface. To ensure good hydraulic contact, fine grained uniform
sand is used as filler.

In cases where the surface of the covers is horizontal (CT#2A, CT#2B, L#2), the tests were
performed directly on the surface. For the sloped covers (CT#1, CT#3A, CT#3B, and CT#4)an
excavation was made to create a levelled base upon which to perform the infiltration test.

The ring infiltrometer tests were performed using 30 cm sections cut from a section of steel pipe (13
mm wall thickness), with an internal diameter of 59 cm. The rings were pushed into ground to a
depth of approximately 7.5 cm using the bucket of the excavator, and then a sealing ring of bentonite
paste was placed on the outside base of the ring. In the case of the sloped trial covers, a horizontal
pad was prepared by hand, and the rings installed as previously described. The measurements were
performed as falling head tests, meaning that the rings were filled with water and then left to drain,
the draining rate being recorded. To avoid the accumulation of precipitation as well as excessive
evaporation, the rings were covered with plywood lids.

The testing program concentrated on testing the covers on CT#1, CT#3A and CT#3B. Nevertheless
constant head testing was performed on all 8 covers, for a total number of 16 tests performed. Only
11 ring infiltrometer tests were performed, due to the fact that the excavator broke down and it was
only repaired the day previous to leaving site. The targeted covers were same as in the case of the
constant head testing, with no tests performed on CT#2A, CT#2B, and L#1. Although one test was
performed on both CT#4 and L#2, the tests were inconclusive due to insufficient time for the test to
come to equilibrium.

Complete individual field data calculation sheets can be found in Appendix D.

In-Situ Density Testing

In-situ density testing was carried out on August 19, using a nuclear density probe owned and
operated by EBA Engineering Consultants Ltd. of Whitehorse, YT. The in-situ density was
measured on every cover, as well as on both lysimeters. Table 3 summarizes the test results, while
field data sheets are attached in Appendix E.

It should be noted that the reference dry density of 2,130 Kg/m® used to calculate the percentage of
Standard Proctor compaction reflects the maximum density achievable in laboratory conditions of
the glacial till used for the covers, thus it is not representative of the glacio-fluvial material used for
the covers on CT#3A and CT#3B. The values of percentage Standard Proctor Compaction could
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therefore be misleading in the case of the uncompacted glacio-fluvial material and have been

excluded from the results summarised in Table 3.

Table 3: Summary of In-Situ Density Tests

Average

Number of Average Average Dry Standard

Trial Cover Material Tested Tests Moisture Density Proctor

Content (%) (kg/ms) Compaction

(%)
CT#1 Till 18 9.5 2,055 96.5
CT#2A Till 18 8.3 2,153 101.1
CT#2B Till 18 8.2 2,115 99.3
CT#3A Glacio-Fluvial 18 45 2,069 N/A
CT#3B Glacio-Fluvial 18 43 2,037 N/A
CT#4 Till 18 8.9 2,112 99.1
L#1 Loose Till 21 7.2 1,750 82.2
L#2 Compacted Till 21 7.1 2,166 101.7

The in-situ density data will be used for relative comparison changes in the soil profile over time,

and the absolute values recorded are of less importance.
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S
5.1

5.2

5.3

Conclusion

Summary

This report documents the 2009 season of data collected for the trial covers constructed on the
Vangorda waste rock pile. The trial covers were constructed in September 2004 with the
instrumentation installed in June 2005. Two lysimeters were added in August 2007 and the
instrumentation installed in June 2008. For the 2009 season, instrumentation was commissioned on
May 20™ and shut down on November 11". Data collection and instrumentation performance was
good, and partial loss of data experienced for some of the instruments will not significantly affect the
overall quality of information.

Database Management

2009 was the 5" year of continuous monitoring of the instrumented cover trials. The total sum of
data collected to date is in excess of 4.5 million data points, which exceeds the file size limit of
Microsoft Access. About 1.2 million data points will be added to this dataset every year, as
monitoring continues.

Up to the end of 2008, post-processing of the data was performed using dedicated code written in
Fortran, and only calibrated and corrected data was transferred to the Access database. In an effort
to simplify database maintenance and post-processing, the post-processing protocols were re-written
in SQL and Visual Basic codes in 2009. This eliminates the need for external code and ensures that
all data management occurs within the actual database. This process however significantly increased
the amount of data that has to be stored in the database. As a result, the database in its current format
as an Access database is no longer usable.

To resolve the data management issue, SRK will store the dataset on a SQL Server. This action does
not change the post-processing protocols, and Microsoft Access will remain the user interface. The
advantage of this option is that eliminates the file size limitation of Microsoft Access, allowing for
improved database management.

Erosion Damage Repairs

At the time of instrument recommissioning in May 2009, it was noted that the upper monitoring hut
was flooded by snowmelt water, while the containment berms for CT#4, CT#3A and CT#1 were
badly damaged by surface erosion. The ensuing site investigation found that inadequate grading of a
drainage ditch prevented the water from flowing away, resulting in overflow of the ditch. During
July extensive erosion damage repair works were performed under the supervision of SRK engineer
Michelle Murphy. Besides the immediate repair works performed, a series of preventative measures
were implemented to ensure similar events will not occur in the future. Details of the repairs are
presented in the Technical Memorandum attached as Appendix F.

CCs/IM/sdc

FaroVangorda_MonitorMineWasteRockTrialCovers_Report_1CY001.030_JM_20100129_FNL.docx, Jan. 29, 10, M a.y 2009



SRK Consulting
Monitor Mine Waste Rock Trial Covers — 2009 Data Summary Page 17

5.4

To ensure adequate performance of the cover trials in the future, SRK recommends that any damage
to the containment berms caused by erosion over the winter be repaired as early in the spring of 2010
as possible, and repeated each spring, as required.

Action Items

The monitoring of the instrumentation should continue for at least 3 more years, and the following is
a list of recommendations that should be implemented to ensure that future monitoring is successful:

The Campbell Scientific CR10X dataloggers should be sent to manufacturer for general
maintenance and recalibration prior to recommissioning for the 2010 season. SRK recommends
action be taken in February 2010.

The wireless transmitters of the Davis Vantage Pro satellite stations should be uninstalled and
sent to the manufacturer for repairs. SRK recommends action be taken in February 2010.

The moisture content and temperature sensors connected to the Davis Vantage Pro weather
stations should be replaced at time of instrumentation recommissioning.

All instrumentation should be re-commissioned in May 2010.

The HOBO level logger of L#1 was repaired and should be re-installed at time of
instrumentation recommissioning.

Site staff should be retrained on the download protocols.

The desiccant packs in the weatherproof enclosure of each data logger must be replaced every
two weeks. The removed desiccant packs can be dried out in the laboratory oven as per the
manufacturer’s instructions.

Sand traps installed in the upper monitoring hut should be inspected and cleaned of any sediment
at the beginning of the monitoring season, and on a monthly basis thereafter throughout the
monitoring season.

General maintenance of all tipping bucket flow gauges in both the lower and upper monitoring
huts should be performed at time of recommissioning.

Level of all tipping buckets should be checked at the beginning of the monitoring season, and
monthly thereafter throughout the season. Horizontal position should be restored, as required.

Positive drainage around each Diviner and EnviroScan tube should be created by mounding
some soil around the pipes, to minimise the preferential drainage paths along the pipes.

All Diviner and EnviroScan access tubes should be checked for condensed water, and where
necessary water should be bailed out and the tube dried prior to commencing the 2010
monitoring season.

Desiccant packs should be placed in each EnviroScan tube to eliminate condensation.

Throughout the 2010 monitoring season daily data should be collected using the Diviner 2000
instrument, weather permitting.
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e Another round of in-situ density and hydraulic conductivity testing should be carried out on the
trial covers in July/August 2010. Density testing using the sand cone replacement method should
be carried out on all test covers in parallel to the nuclear density testing, to allow for direct
comparison between the two methods.

This report, “Faro Mine Complex, Monitor Mine Waste Rock Trial Covers: 2009 Data
Summary”, has been prepared by SRK Consulting (Canada) Inc.

Prepared by:

Jozsef Miskolczi, E.I.T.
Consultant

Reviewed by:

Maritz Rykaart, PhD., P.Eng.
Principal
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Figure 11: Total hourly rainfall on CT#1 & CT#2A, 2B recorded by the Davis Instruments Vantage Pro Weather
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Figure 12: Mean hourly air temperature on CT#1 & CT#2A, 2B recorded by the Davis Instruments Vantage Pro
Weather Stations and satellite stations.
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Figure 13: Mean hourly relative humidity on CT#1 & CT#2A, 2B recorded by the Davis Instruments Vantage
Pro Weather Stations and satellite stations.
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Figure 14: Mean hourly solar radiation on CT#1 & CT2A, 2B recorded by the Davis Instruments Vantage Pro
Weather Stations.
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Figure 15: Mean hourly barometric pressure on CT#1 & CT#2A, 2B recorded by the Davis Instruments Vantage
Pro Weather Stations.
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Figure 16: Mean hourly wind speed on CT#1 & CT#2A, 2B recorded by the Davis Instruments Vantage Pro
Weather Stations.
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Figure 17: Wind direction totals (measured hourly) on CT#1 & CT#2A, 2B recorded by the Davis Instruments
Vantage Pro Weather Stations.
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Figure 18: Mean hourly UV Index on CT#1 & CT#2A, 2B recorded by the Davis Instruments Vantage Pro
Weather Stations.
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Figure 19: Mean hourly Matric Suction in CT#1 recorded by the Davis Instruments VVantage Pro satellite station.
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Figure 20: Mean hourly soil temperature in CT#1 recorded by the Davis Instruments Vantage Pro satellite
station.
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Figure 21: Mean hourly Matric Suction in CT#2A recorded by the Davis Instruments Vantage Pro satellite
station.
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Figure 22: Mean hourly soil temperature in CT#2A recorded by the Davis Instruments Vantage Pro satellite
station.
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Figure 23: Daily battery voltage of the Campbell Scientific CR10X #1, CR10X#2, and CR1000 data loggers.
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Figure 24: Soil matric suction measurements (taken every six hours) in CT#1 recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 25: Soil matric suction measurements (taken every six hours) in CT#2A recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 26: Soil matric suction measurements (taken daily) in CT#2B recorded by CS229 sensors connected to
Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 27: Soil matric suction measurements (taken every six hours) in CT#3A recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 28: Soil matric suction measurements (taken every six hours) in CT#3B recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 29: Soil matric suction measurements (taken every six hours) in CT#4 recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 30: Soil matric suction measurements (taken every six hours) in L#1 recorded by CS229 sensors
connected to Campbell Scientific CR1000 data logger.
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Figure 31: Soil matric suction measurements (taken every six hours) in L#2 recorded by CS229 sensors
connected to Campbell Scientific CR1000 data logger.
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Figure 32: Soil temperature measurements (taken every six hours) in CT#1 recorded by CS229 sensors connected
to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 33: Soil temperature measurements (taken every six hours) in CT#2A recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #1 (Array 168).
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Figure 34: Soil temperature measurements (taken every six hours) in CT#2B recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #1 (Array 1681cy001.030).
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Figure 35: Soil temperature measurements (taken every six hours) in CT#3A recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 36: Soil temperature measurements (taken every six hours) in CT#3B recorded by CS229 sensors
connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 37: Soil temperature measurements (taken every six hours) in CT#4 recorded by CS229 sensors connected
to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 38: Soil temperature measurements (taken every six hours) in L#1 recorded by CS229 sensors connected
to Campbell Scientific data logger CR1000.
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Figure 39: Soil temperature measurements (taken every six hours) in L#2 recorded by CS229 sensors connected
to Campbell Scientific data logger CR1000.
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Figure 40: Volumetric moisture content measurements (taken every six hours) in CT#1 recorded by EnviroScan
sensors connected to Campbell Scientific data logger CR10X #2 (Array 168).



Drop Filter Fields Here

. Average of ddate Average of fieldValue

Cover_ID |
04 | 3 ial_Type ‘
L \ DepthNormal_m ‘

AL HTN

e 2A - Till_uncompact - 0.25

2A - Till_uncompact - 0.45

2A-Till_uncompact - 0.65

2A-Till_uncompact - 0.95

Volumetric Moisture Content (Vol/Vol)
; ]ﬁ
/ L.

17

———— 2A-Til_uncompact - 1.05
™~
——— 2A-Waste_rock - 1.25
02 /\ \__,1 = ___\ﬁv‘ — DA - Waste_rock - 1.45
i .N M
0
20-May-09 14-Jun-09 09-Jul-09 03-Aug-09 28-Aug-09 22-5ep-09 17-Oct-09 11-Nov-09

Date

Figure 41: Volumetric moisture content measurements (taken every six hours) in CT#2A recorded by
EnviroScan sensors connected to Campbell Scientific data logger CR10X #1 (Array 130).
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Figure 42: Volumetric moisture content measurements (taken every six hours) in CT#2B recorded by EnviroScan
sensors connected to Campbell Scientific data logger CR10X #1 (Array 130).
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Figure 43: Volumetric moisture content measurements (taken every six hours) in CT#3A recorded by
EnviroScan sensors connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 44: Volumetric moisture content measurements (taken every six hours) in CT#3B recorded by EnviroScan
sensors connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 45: Volumetric moisture content measurements (taken every six hours) in CT#4 recorded by EnviroScan
sensors connected to Campbell Scientific data logger CR10X #2 (Array 168).
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Figure 46: Volumetric moisture content measurements (taken every six hours) in L#1 recorded by
EnviroScan sensors connected to Campbell Scientific data logger CR1000.
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Figure 47: Volumetric moisture content measurements (taken every six hours) in L#2 recorded by
EnviroScan sensors connected to Campbell Scientific data logger CR1000.
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Figure 48: Interflow totals in CT#3A measured by a tipping bucket connected to Campbell Scientific data logger
CR10X #1.
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Figure 49: Interflow totals in CT#3B measured by a tipping bucket connected to Campbell Scientific data logger
CR10X #2.
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Figure 50: Interflow totals in CT#4 measured by a tipping bucket connected to Campbell Scientific data logger
CR10X #2.
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Figure 51: Surface flow totals in CT#1 measured by a tipping bucket connected to Campbell Scientific data
logger CR10X #2.
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Figure 52: Surface flow totals in CT#2A measured by a tipping bucket connected to Campbell Scientific data
logger CR10X #2.
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Figure 53: Surface flow totals in CT#2B measured by a tipping bucket connected to Campbell Scientific data
logger CR10X #2.
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Figure 54: Surface flow totals in CT#3A measured by a tipping bucket connected to Campbell Scientific data
logger CR10X #2.
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Figure 55: Surface flow totals in CT#3B measured by a tipping bucket connected to Campbell Scientific data
logger CR10X #2.
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Figure 56: Surface flow totals in CT#4 measured by a tipping bucket connected to Campbell Scientific data
logger CR10X #2.
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Figure 57: Peripheral interflow totals in L#1 measured by a tipping bucket connected to Campbell Scientific data
logger CR1000.
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Figure 58: Central interflow totals in L#1 measured by a tipping bucket connected to Campbell Scientific data
logger CR1000.
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Figure 59: Surface flow totals in L#1 measured by a tipping bucket connected to Campbell Scientific data logger
CR1000.

200

180

160

140

120

100 -}

@ L2p_lnterflow

Number of Tips (30 Minute Totals)

20-May-09 14-Jun-09 09-Jul-09 03-Aug-09 28-Aug-09 22-5ep-09 17-0ct-09 11-Nov-09

Date

Figure 60: Peripheral interflow totals in L#2 measured by a tipping bucket connected to Campbell Scientific data
logger CR1000.
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Figure 61: Central interflow totals in L#2 measured by a tipping bucket connected to Campbell Scientific data
logger CR1000.
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Figure 62: Surface flow totals in L#2 measured by a tipping bucket connected to Campbell Scientific data logger
CR1000.
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Figure 63: Surface runoff (measured every minute) on CT#1 by a Seametrics flowmeter connected to a
Seametrics DL75 Data logger (File 0506051).
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Figure 64: Surface runoff (measured every minute) on CT#2A by a Seametrics flowmeter connected to a
Seametrics DL75 Data logger (File 0506052).
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Figure 65: Surface runoff (measured every minute) on CT#3B by a Seametrics flowmeter connected to a
Seametrics DL75 Data logger (File 0506056).
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Figure 66: Surface runoff (measured every minute) on CT#4 by a Seametrics flowmeter connected to a
Seametrics DL75 Data logger (File 0506058).
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Figure 67: Interflow (measured every minute) on CT#3A by a Seametrics flowmeter connected to a Seametrics
DL75 Data logger (File 02051709).
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Figure 68: Interflow (measured every minute) in CT#3B by a Seametrics flowmeter connected to a Seametrics
DL75 Data logger (File 02051710).
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Figure 69: Interflow (measured every minute) in CT#4 by a Seametrics flowmeter
connected to a Seametrics DL75 Data logger (File 0506059).
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Figure 70: Surface runoff (measured every minute) on L#1 by a Seametrics flowmeter connected to a Seametrics
DL75 Data logger (File 72649).
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Figure 71: Surface runoff (measured every minute) in L#2 by a Seametrics flowmeter connected to a Seametrics
DL75 Data logger (File 72651).
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Figure 72: Soil temperature (measured every twelve hours) in Grum Overburden Dump by an M-squared
thermistor string connected to a Lakewood Systems UL 16 Data logger (Thermistor String A). Raw data displayed.
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Figure 73: Soil temperature (measured every twelve hours) in Grum Overburden Dump by an M-squared
thermistor string connected to a Lakewood Systems UL 16 Data logger (Thermistor String B). Raw data
displayed.
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Figure 74: Monthly soil temperature measurements in Grum Overburden Dump by an M-Squared thermistor
string measured manually (Thermistor String 1). Raw data expressed as resistances.
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Figure 75: Monthly soil temperature measurements in Grum Overburden Dump by an M-Squared thermistor
string measured manually (Thermistor String 2). Raw data expressed as resistances.
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Figure 76: Monthly soil temperature measurements in Grum Overburden Dump by an M-Squared thermistor
string measured manually (Thermistor String 3). Raw data expressed as resistances.
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Figure 77: Monthly soil temperature measurements in Grum Overburden Dump by an M-Squared thermistor
string measured manually (Thermistor String 4). Raw data expressed as resistances.
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Figure 78: Daily volumetric moisture content in CT#1 (Station #1) measured manually by a Sentek Diviner 2000.
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Figure 79: Daily volumetric moisture content in CT#1 (Station #2) measured manually by a Sentek Diviner 2000.
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Figure 80: Daily volumetric moisture content in CT#1 (Station #3) measured manually by a Sentek Diviner 2000.
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Figure 81: Daily volumetric moisture content in CT#1 (Station #4) measured manually by a Sentek Diviner 2000.
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Figure 82: Daily volumetric moisture content in CT#1 (Station #5) measured manually by a Sentek Diviner 2000.
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Figure 83: Daily volumetric moisture content in CT#1 (Station #6) measured manually by a Sentek Diviner 2000.
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Figure 84: Daily volumetric moisture content in CT#1 (Station #7) measured manually by a Sentek Diviner 2000.

——— 1-8-Till_uncompact-0.1

\

= 1-8-Till_uncompact -0.2

= -"‘"“"—:.,;,  1-B-Til_uncompact -0.3

1-8-Til_uncompact - 0.4

e 1-§-Till_uncompact - 0.5

~ 1-8-Til_uncompact - 0.6

— 1.8.Till_uncompact - 0.7

— 18- Till_uncomgact - 0.8

1-8-Tll_uncompact - 0.9

——— 1-8-Till_uncompact -1

m— 1-8-Till_uncompact - 1.1

Volumetric Moisture Content (%)

——— 1-8-Till_uncompact -1.2

<1

1-8-Til_uncempact - 1.3

1-8-Tll_uncempact - 1.4

AN

1-8-Til_uncompact - 1.5

1-8-Till_uncompact - 1.6

07-May-09 27-May-09 16-Jun-09 06-1ul-09 26-ul-09 15-Aug-09 04-5¢p-09

Date

Figure 85: Daily volumetric moisture content in CT#1 (Station #8) measured manually by a Sentek Diviner 2000.
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Figure 86: Daily volumetric moisture content in CT#2A (Station #9) measured manually by a Sentek Diviner 2000.
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Figure 87: Daily volumetric moisture content in CT#2A (Station #10) measured manually by a Sentek Diviner 2000.
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Figure 88: Daily volumetric moisture content in CT#2A (Station #11) measured manually by a Sentek Diviner 2000.
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Figure 89: Daily volumetric moisture content in CT#2A (Station #12) measured manually by a Sentek Diviner 2000.
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Figure 90: Daily volumetric moisture content in CT#2A (Station #13) measured manually by a Sentek Diviner 2000.
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Figure 91: Daily volumetric moisture content in CT#2A (Station #14) measured manually by a Sentek Diviner 2000.
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Figure 92: Daily volumetric moisture content in CT#2B (Station #15) measured manually by a Sentek Diviner 2000.
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Figure 93: Daily volumetric moisture content in CT#2B (Station #16) measured manually by a Sentek Diviner 2000.
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Figure 94: Daily volumetric moisture content in CT#2B (Station #17) measured manually by a Sentek Diviner 2000.
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Figure 95: Daily volumetric moisture content in CT#2B (Station #18) measured manually by a Sentek Diviner 2000.
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Figure 96: Daily volumetric moisture content in CT#2B (Station #19) measured manually by a Sentek Diviner 2000.
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Figure 97: Daily volumetric moisture content in CT#2B (Station #20) measured manually by a Sentek Diviner 2000.
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Figure 98: Daily volumetric moisture content in CT#3A (Station #21) measured manually by a Sentek Diviner 2000.
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Figure 99: Daily volumetric moisture content in CT#3A (Station #22) measured manually by a Sentek Diviner 2000.
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Figure 100: Daily volumetric moisture content in CT#3A (Station #23) measured manually by a Sentek Diviner 2000.
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Figure 101: Daily volumetric moisture content in CT#3A (Station #24) measured manually by a Sentek Diviner 2000.
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Figure 102: Daily volumetric moisture content in CT#3A (Station #25) measured manually by a Sentek Diviner 2000.
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Figure 103: Daily volumetric moisture content in CT#3A (Station #26) measured manually by a Sentek Diviner 2000.
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Figure 104: Daily volumetric moisture content in CT#3B (Station #27) measured manually by a Sentek Diviner 2000.
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Figure 105: Daily volumetric moisture content in CT#3B (Station #28) measured manually by a Sentek Diviner 2000.
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Figure 106: Daily volumetric moisture content in CT#3B (Station #29) measured manually by a Sentek Diviner 2000.
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Figure 107: Daily volumetric moisture content in CT#3B (Station #30) measured manually by a Sentek Diviner 2000.
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Figure 108: Daily volumetric moisture content in CT#3B (Station #31) measured manually by a Sentek Diviner 2000.
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Figure 109: Daily volumetric moisture content in CT#3B (Station #32) measured manually by a Sentek Diviner 2000.
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Figure 110: Daily volumetric moisture content in CT#4 (Station #33) measured manually by a Sentek Diviner 2000.
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Figure 111: Daily volumetric moisture content in CT#4 (Station #34) measured manually by a Sentek Diviner 2000.
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Figure 112: Daily volumetric moisture content in CT#4 (Station #35) measured manually by a Sentek Diviner 2000.
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Figure 113: Daily volumetric moisture content in CT#4 (Station #36) measured manually by a Sentek Diviner 2000.
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Figure 114: Daily volumetric moisture content in CT#4 (Station #37) measured manually by a Sentek Diviner 2000.
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Figure 115: Daily volumetric moisture content in CT#4 (Station #38) measured manually by a Sentek Diviner 2000.
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Figure 116: Daily volumetric moisture content in CT#4 (Station #39) measured manually by a Sentek Diviner 2000.
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Figure 117: Daily volumetric moisture content in CT#4 (Station #40) measured manually by a Sentek Diviner 2000.
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Figure 118: Daily volumetric moisture content in L#1 (Station #41) measured manually by a Sentek Diviner
2000.

5
!0 /\
i,
7 N
25
——— L1-42-Till_compact -0.6
= Pace oy ——— L1-42-Til_compact -0.7
ES
< e L1-42-Till_compact -0.8
e
S ——— L1-82-Till_compact - 0.9
=
20 ——— L1-42-Till_compact - 1
<} T N\ <
5] -)-/ \/ e 11-42-Till_uncompact - 0.1
w _uncompact - 0:
5 \ — L1-42-Till_uncompact - 0.2
2
-g \ //\\%/ ——— L1-22-Till_uncompact - 0.3
= / W / ——— L1-42-Till_uncompact - 0.4
L 15
= -/f b& — L1-42-Till_uncompect - 05
© el ><;
1= - — L1-42-Waste_rock - 1.1
S:
= —— L1-42-Waste_rock-1.2
>
L1-42-Waste_rock-1.3
10 L1-42-Waste_rock - 1.4
L1-42- Waste_rock - 1.5
L1-42 - Waste_rock - 1.6
5
0
07-May-09 27 May 09 16-Jun09 06-1ul-09 2610109 15-Aug 09 04-Sep 09
Date




Figure 119: Daily volumetric moisture content in L#1 (Station #42) measured manually by a Sentek Diviner
2000.
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Figure 120: Daily volumetric moisture content in L#1 (Station #43) measured manually by a Sentek Diviner
2000.
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Figure 121: Daily volumetric moisture content in L#1 (Station #44) measured manually by a Sentek Diviner
2000.
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Figure 122: Daily volumetric moisture content in L#1 (Station #46) measured manually by a Sentek Diviner
2000.
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Figure 123: Daily volumetric moisture content in L#1 (Station #47) measured manually by a Sentek Diviner
2000.
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Figure 124: Daily volumetric moisture content in L#1 (Station #48) measured manually by a Sentek Diviner
2000.
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Figure 125: Daily volumetric moisture content in L#1 (Station #50) measured manually by a Sentek Diviner
2000.
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Figure 126: Daily volumetric moisture content in L#2 (Station #51) measured manually by a Sentek Diviner
2000.
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Figure 127: Daily volumetric moisture content in L#2 (Station #52) measured manually by a Sentek Diviner
2000.
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Figure 128: Daily volumetric moisture content in L#2 (Station #53) measured manually by a Sentek Diviner
2000.
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Figure 129: Daily volumetric moisture content in L#2 (Station #54) measured manually by a Sentek Diviner
2000.
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Figure 130: Daily volumetric moisture content in L#2 (Station #55) measured manually by a Sentek Diviner
2000.
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Figure 131: Daily volumetric moisture content in L#2 (Station #56) measured manually by a Sentek Diviner
2000.
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Figure 132: Daily volumetric moisture content in L#2 (Station #57) measured manually by a Sentek Diviner
2000.
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Figure 133: Daily volumetric moisture content in L#2 (Station #58) measured manually by a Sentek Diviner
2000.
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Figure 134: Daily volumetric moisture content in L#2 (Station #59) measured manually by a Sentek Diviner
2000.
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Figure 135: Daily volumetric moisture content in L2 (Station #60) measured manually by a Sentek Diviner 2000.
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Figure 136: Hydrostatic pressure measured using the HOBO water level logger installed on CT#2A. Only
significant values are displayed.
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Figure 137: Hydrostatic pressure measured using the HOBO water level logger installed on CT#2B. Only
significant values are displayed.
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Figure 138: Hydrostatic pressure measured using the HOBO water level logger installed on L#1. Only
significant values are displayed.
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Figure 139: Hydrostatic pressure measured using the HOBO water level logger installed on L#2. Only
significant values are displayed.
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Microsoft Access — Technical Memorandum



SRK Consulting

Engineers and Scientists

SRK Consulting (Canada) Inc.

Suite 2200 — 1066 West Hastings Street
Vancouver, B.C. V6E 3X2

Canada

vancouver@srk.com
www.srk.com

Tel: 604.681.4196
Fax: 604.687.5532

Memo
To: File Date: January 22, 2010
cC: Maritz Rykaart, SRK From: Jozsef Miskolczi
Subject: Processing and visualizing field data ~ Project #: 1CY001.030

from Faro — VVangorda Test Covers in
Access databases

The data downloaded by field personnel is transmitted to SRK by email. The data files are grouped in a
compressed folder for ease of transmission. A full download suite should contain a total of 30 files and 2
additional subfolders (named CT1 and CT2a2b respectively). Most of the various types of data files are

easily identifiable by the file extension, as presented in Table 1 below.

Table 1: Summary of Datalogger Types and File Formats

Datalogger Type Monitored Parameter File Dedicated # of filesin a
Extension Software complete download
SeaMetric DL75 Flow *.dIf Flow Inspector 15
Campbell Scientific Suction, Soil *.dat - 2
CR10X Temperature, Soil
Moisture Content, Flow
(Tipping Buckets),
Battery Voltage
Campbell Scientific Suction, Soil * dat - 4
CR1000 Temperature, Soil
Moisture Content, Flow
(Tipping Buckets),
Battery Voltage
Lakewood UL16 Soil Temperature *.raw Lakewood Prolog
Sentek Diviner 2000 | Soil Moisture Content *.dbk Diviner 2000 1
Utilities
Davis Vantage Pro Climate Parameters * wik Weatherlink Two subfolders (CT1
and CT2a2b
respectively) each
containing same
number of files,
increasing by one
each month
HOBO Water Level Presence/Absence of *.hobo HoboWare Pro 4
Logger flow

The sections below provide a brief description of the procedure to follow for uploading the field data into an

Access database and subsequent data processing and visualisation.

JM/sdc FieldDataPreparationAndUploadToAccess_Memo_1CY001.030_jm_Rev02.docx, 2:16 PM, Jan. 29, 10



SRK Consulting Page 2 of 12

1.2

1.3

1.4

Flow Inspector
Convert raw field data into text files

The raw data downloaded from each individual SeaMetric DL 75 datalogger is stored in files with
extension *.dIf, with the numerals in the file name representing the dataloggers’ serial number (used
as unique identifier in this project). The dataloggers installed in the lower monitoring hut in 2005, 9
in total, have incremental serial numbers starting with 0506061 and ending 0506059 while the 6
dataloggers installed in 2008 in the upper monitoring hut have serial numbers from 72647 to 72652.

The following procedure will convert the raw data files into text files:

Install the FlowlInspector proprietary software on your computer

Copy the downloaded data files to the C:\FIWORK directory

Run the software and under File, Open and select a .dIf file

The raw data for the recording period is exported by clicking File from the top drop down menu
and selecting Export. From the popup dialogue box select .txt file type. When naming the
exported file keep the original file name but add the year / month / day of the download to the
file name as in the following example: 050605nyyyymmdd.txt, Where n = datalogger ID; and
yyyymmdd = year / month / day of the download file

e Repeat steps 3 and 4 until all 15 files were exported as text files

e Copy the text files into the Flow Inspector folder under the Exported Data directory

Import text files into Access

e Open “transp_Flow_Thermistor_Diviner_dataAllKey03_Finall.accdb” database on the server
e Import text files one by one using the “External Data\lmport\Text File” tool
— Instep 4 select “no primary key”

Data processing and calibration

e Run “sFlowlnsp_rawToDataAll”
e Paste-append the data in the querry to “FlowInspectorDataAll” table

Visualize data in Access

e Open “Data_Presentation” database
e Update link to “FlowlnspectorDataAll” table
e Run “Fig_FlowMeters” to create the data graphs
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2
2.1
211

2.1.2

2.1.3

214

2.2
221

2.2.2

2.2.3

224

Soil temperature measured by thermistors
Automated thermistors (Lakewood Prolog)

Convert raw files into text files

e Install the Lakewood Prolog proprietary software on your computer

e Open *.raw file in Lakewood Prolog software

e Switch to the “Sensor” tab on the left side of the window and select TP-10KC as measurement
unit, in order to convert the raw data into temperature values (in °C)

e Export file as excel spreadsheet by clicking on the Excel logo

e Open file in Excel and delete first 9 rows, then save as Lakewood_yyyymmdd.txt file

Import text files into Access
e Open “transp_Flow_Thermistor_Diviner_dataAllKey03_Finall.accdb” database on the server
e Import text files one by one using the “External Data\lmport\Text File” tool

— In step 3 change data type for Field1 and Field2 to Text

— Instep 4 select “no primary key”

Data processing and calibration
e Transpose table using the “TransposeTable” form
— fixed columns = 2
—  first column to transpose=3
— target file: “Lakewood_dataTransp”
e Paste-Append data from “Lakewood_dataTransp” to “lakewood_rawTRANS”
e Run “sLakewoodCalc01”

Visualize data in Access
e At this point you cannot visualise the dataset, as data graphs are created for both the Manual and
the Automated (Lakewood) data together. See section 2.2.3 and 2.2.4 for details.

Manual Thermistors

Convert raw files into text files

e Compile the manual readings into a single spreadsheet

o Save the spreadsheet as txt file with the following headings: “dataloggerID”, “SensorID”,
“String_No”, “Port_No”, “Date”, “Resistance_kOhm”. Make sure the date is in SI format:
yyyy/mm/dd. Leave the “dataloggerID”, “SensorID” columns blank.

Import text files into Access
e Open “transp_Flow_Thermistor_Diviner_dataAllKey03_Finall.accdb” database on the server
e Import text files one by one using the “External Data\lmport\Text File” tool

— Instep 3 change data type for Field1 and Field2 to Text

— Instep 4 select “no primary key”

Data processing and calibration

e Run “Step2_ManualThermistor2009_CalcTemp”

e Run “Step4_sTemperatureData_combined”

e Run” Step5_ThermistorDataAll” to create table “SoilTempAllData_Thermistors” containing all
thermistor data combined (manual and Lakewood)

Visualize data in Access

e Data graphs are created for both the Manual and the Automated (Lakewood) data together
e Open “Data_Presentation” database

e Update link to “SoilTempAllData_Thermistors” table
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3.2

3.3

e Run “Fig_ThermistorsAll” to create the data graphs

Weatherlink
Convert raw files into text files

To convert the application specific format into text format, follow the procedure outlined in the
“Data Post Processing Procedure” memo (SRK 2005).

The procedure is reproduced below:

Install “Weatherlink” proprietary software on your computer.

Place all .wik files in the subdirectory directory and run WeatherLink program.

Under File in the top pull down menu select Open Station and a popup dialogue box will open.

Select the station that corresponds to the project location and Weatherlink will open all .wlk files

in the directory.

Click the Browse button (the yellow pad of paper and pencil) and all the data will be displayed.

e To export the data, click Browse from the top pull down menu and select Export Records.

e A pop up window will allow you can choose to export Days / Months / Years. Selecting Years
will select all available data.

e Click OK and name the .txt file. The .txt file will contain the column headings and columns of
data.

e When naming the exported .txt file use the following naming convention

ctnyyyymmdd.txt
Where ct = cover trial; n = 1 or 2, which identifies the datalogger; and yyyymmdd = year /
month / day of the download data file

o Delete the data files from the Project directory and the VantageP directories before working on
another data set or else the existing data will be incorporated into the new data.
— Open each text file and perform make the following changes:
0 Delete first two rows from file
0 Change date format to YYYY-MM-DD
o Save files as:
= CT_1 raw
= CT _2AB raw

Import text files into Access

o Import the text file using the “external Data\Import\text file” tool
— Instep 4 select “no primary key”

Data processing and calibration

e Run“AddField43_CT1” and “AddField43_CT2AB” to add the Barometric Pressure in kPa field
and create the tables “CT_1_calc” and “CT_2AB_calc”

e Transpose table “CT_1_calc” using the “Transpose Table” form; fixed columns = 2, first column
to transpose=3; dataloggerID: Weatherlink; target file: CT_1_Transp

e Transpose table “CT_2AB_calc” using the “Transpose Table” form; fixed columns = 2, first
column to transpose=3; dataloggerID: Weatherlink; target file: CT_2AB_Transp

e Run“ArrayNo_CT2A2B” for CT2A/B data to create “Weatherlink2009Data_ CT2AB”

e Run“ArrayNo_CT1” for CT1 data to create “Weatherlink2009Data_CT1”

e Open “All_data.accdb” and link tables “Weatherlink2009Data_CT1” and
“Weatherlink2009Data_ CT2AB” to this database
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e Run query “u_Weatherlink2009Data_AIlI” to compile all data collected in 2009 by the 2 weather
station

¢ Run MakeTable query “m_Weatherlink2009DataAll” to create table “Weatherlink2009DataAll”
which contains all the data and the additional processed data fields

34 Visualize data in Access

e Open “Data_Presentation” database and refresh the link to “Weatherlink2009DataAll” table

e Run queries “g_WL_Wind_Direction” and “q_WL_AllParameters” to prepare the data for
graphing

e Open form “Fig_WL_Wind_Direction” to create the graph for wind direction and form
“g_WL_AlIParameters” to create the graphs for all the other parameters. You will have to
change the Y-axis scale and caption to the appropriate values for each pameter
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4.2

4.3

Sentek Diviner
Convert raw files into text files

o Install Sentek Diviner Utilities proprietary software on your computer.
e From the Start / Programs / Sentek highlight Diviner 2000 Utilities. This runs the program.
e Click the Settings tab and under the Current Backup Path click Browse (this opens a second
popup window) to set the path were the .dbk files are stored.
e Click the Restore / Export tab and highlight the .dbk files to be exported and click the Export
button.
— A second popup window will open with the title Export to CSV
— Highlight the rows of data to be exported (all except 99) and select the radio button for
Calibrated Moisture Readings under the Format heading at the bottom of the window
— At the top of the Export to CSV window, under Export As click the Browse button to set
the path were the exported files will be written to:
o A third popup window, with the title Save as opens and under Save in: set the path and
file to save the exported files
0 Under File name: enter the name of the exported .csv files
0 When naming the exported .csv files use the following naming convention

yyyymmdd
Where yyyymmdd is the year / month / day of the download data file

o0 Click Save. This will close the Save as window

— Click OK at the bottom of the Export to CSV window. This will open a new window titled
Newly Created Profile Files displaying a list of the selected files to be exported

— Click OK at the bottom of this window

— A series of exported files will be created in the selected directory with the following naming
convention

yyyymmdd (Pro##).csv
Where yyyymmdd is the year / month / day of the download data file; Pro = profile file; and ##
= the file number corresponding to the station ID

e Export the data to csv format by selecting the “Restore/Export” tab and selecting the appropriate
backup file; in the subsequent window select the “Scaled Frequency” option, then highlight all
the profiles to be exported (all except profile No. 99)

Import text files into Access

e Open “Diviner_mn01.mdb”

e Run form “importText”; the path to the input files should be generic (i.e. not the mapped drive
on your machine); the target file should be named “DivinerAllData”. This operation compiles all
60 profiles into one file located under the same path as the input files

e Import the “DivinerAllData” using the “External Data\Import\Text file” tool

Data processing and calibration

e Transpose “DivinerAllData” using the “transposeTable” form
— fixed columns = 2
— first column to transpose=3
— target file: “DivinerAllData_Transp”
e Run "DivinerDataAll_Calc” (= make table query) to create “DivinerAllData_Calc” table which
contains calibrated scaled frequency values
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4.4 Visualize data in Access

e Open “Data_presentation.accdb” and update the link to “DivinerAllData_Calc”
e Run “DivinerAllData_2009” query to prepare data for graphing
e Open “DivinerAllData_2009” form to visualise the data in a graph
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51.2

5.1.3

514

5.2
521

522

523

CR1000

Convert raw files into text files

The CR1000 datalogger outputws the data in separate tables for each of the instrument monitored.
These individual tables do not require processing other than deleting the first rows which contain the
description of the data and are not required in Access. No proprietary software is required for data
pre-processing. The following is the procedure broken down for each data type.

Battery Voltage

e Open “CR1000_lysimeters_BattVolt.dat”

e Delete top 4 rows

e Save file with same name but .txt extension

Tipping Buckets

e Open “CR1000_lysimeters_TB.dat”

e Delete top 4 rows

e Save file with same name but .txt extension

Suction

e Open “CR1000_lysimeters_Suction.dat”

e Delete top 4 rows

¢ Save file with same name but .txt extension

Moisture Content

e Open “CR1000_lysimeters_Sentek_ES.dat”
e Delete top 4 rows

o Save file with same name but .txt extension

Import text files into Access
Battery Voltage

e Open “transp_CR1000_dataAllKey03_Finall.accdb”
e Import text files using the “External Data\lmport\Text File” tool:

— step 3 change fieldl to Date/Time format
— step 4 = no primary key

— overwrite old file "CR1000_lysimeters_Batt\Volt”

Tipping Buckets

e Open “transp_CR1000_dataAllKey03_Finall.accdb”

e Import text file under same name:
— step 3 change fieldl to Date/Time format
— step 4 = no primary key

Suction and soil temperature

e Open “transp_CR1000_dataAllKey03_Finall.accdb”

e Import text file under same name:
— step 3 change fieldl to Date/Time format
— step 4 = no primary key
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5.2.4 Moisture Content
e Open “transp_CR1000_dataAllKey03_Finall.accdb”
e Import text file under same name:
— step 3 change fieldl to Date/Time format
— step 4 = no primary key

5.3 Data Processing and Calibration

5.3.1 Battery Voltage
e Transpose using the “Transpose” form:
— No of fixed columns = 1
— First column to transpose = 3
— Target file: “CR1000_lysimeters_BattVolt_Transp”
e Run “Append_lysimBattVolt_ToCR1000_DataAll “ to append data to the “CR1000_DataAll”
table

5.3.2 Tipping Buckets
e Transpose using the “Transpose” form
— No of fixed columns = 1
— First column to transpose = 3
— Target file: “CR1000_lysimeters_TB_Transp”
e Run “Append_lysimTB_ToCR1000_DataAll“ to append data to the “CR1000_DataAll” table
e Run “g_TBtotals” to create “CR1000_lysimeters_TB

5.3.3 Suction and soil temperature

e Transpose using the “Transpose” form
— No of fixed columns = 1
— First column to transpose = 3
— Target file: “CR1000_lysimeters_Suction_Transp”

e Run “Append_lysimSuction_ToCR1000_DataAll “ to append data to the “CR1000_DataAll”
table

¢ Run “CR1000_RawSuctionData_cs229” to create “zData” table

e Run “CR1000_CalculatedSuction_cs229” to create “CR1000_SuctionOnly_cs229”

5.3.4 Moisture Content

e Transpose using the “Transpose” form
— No of fixed columns = 1
— First column to transpose = 3
— Target file: “CR1000_lysimeters_Sentek ES Transp”

e Run “Append_lysimSentekES_ToCR1000_DataAll“ to append data to the “CR1000_DataAll”
table

e Run “createTable_CR1000_SentekES Calc” to create “CR1000_SentekES_Only” table

5.4 Visualize data in Access

5.4.1 Battery Voltage
e Open “Data_presentation.accdb” and update the link to “CR1000_DataAllTranspKey”
e Run*“u_CR1000_CR10X_BattVolt_all” to prepare data for visualisation
e Run“Fig_CR1000_CR10X_BattVolt_all” to visualise data as a graph
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54.2

5.4.3

544

545

Tipping Buckets

e Open “Data_presentation.accdb” and update the link to “CR1000_DataAllTranspKey”
e Run*“g_CR1000_Flow_TB” to prepare the data for graphing

e Run “Fig_CR1000_Flow_TB” form to visualise data as a graph

Suction

e Open “Data_presentation.accdb” and update the link to “CR1000_SuctionOnly_c¢s229” table
e Run “g_CR1000_Suction” to prepare data for graphing

e Run “Fig_CR1000_Suction” form to visualise data as a graph

Soil Temperature

e Open “Data_presentation.accdb” and update the link to “CR1000_DataAllTranspKey”
e Run*“g_CR1000_SoilTemp_cs229” to prepare data for graphing

e Open “Fig_CR1000_SoilTemp_cs229” form to visualise data as a graph

Moisture Content

e Open “Data_presentation.accdb” and update the link to “CR1000_SentekES_Only” table
e Run“g_CR1000_SentekES” to prepare data for visualisation

e Open “Fig_CR1000_SentekES” form to visualise data as a graph
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6

6.1

6.2

6.3

6.3.1

CR10X Data

The CR10X dataloggers output the data in one generic data table (one for each datalogger) with the
extension “dat”. The data tables do not require any pre-processing.

Convert raw files into text files

e Change the name of the files from the current (received from field download) CR10X #1 SA#1
to CR10X 1 and CR10X_#2_ SA#1 to CR10X_2 respectively
e Change the extension of the data files from “*.dat” to “*.txt”

Import text files into Access

e Open “transp_CR10X_dataAllKey09_Finall.accdb”

o Import text files one-by-one using the “External Data\lmport\Text File” tool
— step 4 = no primary key
— overwrite old file "CR10X_1” and “CR10X_2” respectively

Data processing and calibration

Open “transp_CR10X_dataAllKey09_Finall.accdb”
Run “m_createCR10x_1 TB” to create table “CR10x_1_TB” which contains only the TB data
Run “update_ CR10x_1" to eliminate the TB data from the table
Transpose the data files using the “Transpose file” form
— CR10X_1:
0 Fixed columns =4
0 First column to transpose=5
0 Target file: “CR10x_1_dataTransp”
- CR10X_2:
0 Fixed columns =4
0 First column to transpose=5
0 Target file: “CR10x_2_dataTransp”
- CR10X_1_TB:
0 Fixed columns =3
0 First column to transpose=4
0 Target file: “CR10x_1_TB_dataTransp”
e Run “appendCR10x_1_Transp” to append the new CR10X_1 data to “cr10x_dataAllTranspKey”
table
e Run “appendCR10x_1TB Transp” to append the new CR10X_1TB data to
“crl0x_dataAllTranspKey” table
e Run “appendCR10x_2_Transp” to append the new CR10X_2 data to “cr10x_dataAllTranspKey”
table
e Run “updateCR10x_withDateTime” to calculate the date/time and update the new data in
“crl0x_dataAllTranspKey”

Suction

e Open “transp_CR10X_dataAllKey09_calc_Final2.accdb”

e Update all links to tables from “transp_ CR10X_dataAllKey09 Finall.accdb”

e Run “CR10x_CalculatedSuction_cs229” to create “CR10x_SuctionOnly_cs229” table
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6.3.2

6.4
6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

Moisture Content

e Open “transp_CR10X_dataAllKey09_calc_Final2.accdb”

e Update all links to tables from “transp_ CR10X_dataAllKey09 Finall.accdb”

e Run “createTable_CR10x_SentekKES calc” to create “CR10x_ES_dataOnly” table

Visualize data in Access

Battery Voltage

e Open “Data_presentation.accdb” and update the link to “cr10x_dataAllTranspKey”
e Run*“u_CR1000_CR10X_BattVolt_all” to prepare data for visualisation

¢ Run*“Fig_CR1000_CR10X_BattVolt all” form to visualise data as a graph

Tipping Buckets

e Open “Data_presentation.accdb” and update the link to “cr10x_dataAllTranspKey”
e Run*“g_CR10X_Flow_TB” to prepare the data for graphing

e Run “Fig_CR10X_Flow_TB” form to visualise data as a graph

Suction

e Open “Data_presentation.accdb” and update the link to “CR10x_SuctionOnly_cs229” table
e Run “g_CR10X_Suction” to prepare data for graphing

¢ Run *“Fig_CR10X_Suction” form to visualise data as a graph

Soil Temperature

e Open “Data_presentation.accdb” and update the link to “cr10x_dataAllTranspKey”
e Run“g_CR10X_SoilTemp_cs229” to prepare data for graphing

e Open “Fig_CR10X_SoilTemp_cs229” form to visualise data as a graph

Moisture Content

e Open “Data_presentation.accdb” and update the link to “CR10x_ES_dataOnly” table
e Run “g_CR10X_SentekES” to prepare data for visualisation

e Open “Fig_CR10X_SentekES” form to visualise data as a graph

References
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Additional Climatic Data Calculated and Stored by Davis Instruments Vantage Pro Data Logger

Page 1

Parameter

Description

Verification

Dew Point

Dew-point is the temperature to which air must be cooled for saturation (100% relative
humidity) to occur, providing there is no change in water content. The dew-point is an
important measurement used to predict the formation of dew, frost, and fog. Dew-point
is also a good indicator of the air's actual water vapour content, unlike relative
humidity, which takes the air's temperature into account. High dew-point indicates high
vapour content; low dew-point indicates low vapour content. In addition a high dew-
point indicates a better chance of rain and severe thunder storms.

Checked

Wind Run

Wind run is measurement of the "amount" of wind passing the station during a given
period of time, expressed in either "miles of wind" or "kilometres of wind". WeatherLink
calculates wind run by multiplying the average wind speed for each archive record by
the archive interval.

Checked

Wind Chill

Wind chill takes into account how the speed of the wind affects our perception of air
temperature. Your body warms the surrounding air molecules by transferring heat from
your skin. If there’s no air movement, this insulating layer of warm air molecules stays
next to your body and offers some protection from cooler air molecules. Wind
disperses this layer of warm air, causing the air temperature to “feel" colder. The faster
the wind blows, the quicker the layer of warm air is dispersed, and the colder you feel.
Above 76.7°F (24.8°C), wind movement has no effect on the apparent temperature.
WeatherLink versions 5.1 and later use the Osczevski (1995) equation to calculate
wind chill. This is the method adopted by the US National Weather Service in
September of 2001.

Checked

Heat Index

The Heat Index uses the temperature and the relative humidity to determine how hot
the air actually "feels." When humidity is low, the apparent temperature will be lower
than the air temperature, since perspiration evaporates rapidly to cool the body.
However, when humidity is high (i.e., the air is saturated with water vapour) the
apparent temperature "feels" higher than the actual air temperature, because
perspiration evaporates more slowly. WeatherLink uses the Steadman (1979 & 1998)
formula to calculate Heat Index, which is more accurate than the method used by the
Vantage Pro console and is calculated for all temperatures.

Checked

THW Index

The THW Index uses humidity, temperature and wind to calculate an apparent
temperature that incorporates the cooling effects of wind on our perception of
temperature.

Checked

THSW Index

The THSW Index uses humidity, temperature, the cooling effects of wind and the
heating effects of direct solar radiation to calculate an apparent temperature.

Checked

Solar Energy

The amount of accumulated solar radiation energy over a period of time is measured in
Langleys.

Checked

UV Dose

Measured in MED which stands for Minimum Erythemal Dose, defined as the amount
of sunlight exposure necessary to induce a barely perceptible redness of the skin
within 24 hours after sun exposure. In other words, exposure to 1 MED will result in a
reddening of the skin. Because different skin types burn at different rates, 1 MED for
persons with very dark skin is different from 1 MED for persons with very light skin.

Checked

Heating DD

One heating degree—day is the amount of heat required to keep a structure at 65°F
when the outside temperature remains one degree below the 65°F threshold for 24
hours. One heating degree—day is also the amount of heat required to keep that
structure at 65°F when the temperature remains 24°F below that 65° threshold for 1
hour.

Checked

Cooling DD

One cooling degree—day is the amount of cooling required to keep a structure at 65°F
when the outside temperature remains one degree above the 65°F threshold for 24
hours. One cooling degree—day is also the amount of cooling required to keep that
structure at 65°F when the temperature remains 24°F above that 65° threshold for 1
hour.

Checked

Inside Temp

The temperature measured inside the console

Checked

Inside Humidity

The relative humidity measured inside the console

Rising toward
the end of the
season.

ET

Evapotranspiration is the measure of the quantity of moisture transpiring from the
leaves of a crop and evaporating from the ground. ET values are calculated from
measured data on wind run, air temperature, relative humidity, and solar radiation.

The ET value is calculated once each hour using the data averaged over the prior hour

Checked
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ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet
for Jozsef Miskolczi
20090602
Jessie Luchinski  Kevin Ramsay

Date and Time:
Downloaded by:

Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)

CT#1 CT#2A/2B
Data successfully downloaded: y Data successfully downloaded: y
Diagnostic test run: y Diagnostic test run: y
Diagnostic test results: Diagnostic test results:
Console battery voItage:| | Console battery voltage:|
Special Comments: | Battery voltages not recorded
Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)
CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: y y y
Diagnoistic Test Results:
Battery Voltage:
Solar panel feed voltage if <11v
Special Comments: | Battery voltages not recorded
Seametrics Data Loggers (Flowmeters in Monitoring Hut)
Download Battery OK Download Battery O.K.
CT#1 (DL#1): y y L#1_1 (DL#50) y y
CT#2A (DL32): y y L#1_2 (DL#50) y y
CT#2B (DL#3): y y L#1_3 (DL#50) y y
CT#3A (DL#4): n n L#2_1 (DL#50) y y
CT#3A-1 (DL#5): y y L#2_2 (DL#50) y y
CT#3B (DL#6): y y L#2_3 (DL#50) y y
CT#3B-| (DL#7): y y
CT#4 (DL#8): y y
CT#4-1 (DL#9): y y

Special Comments: |

#4 needs new battery

Lakewood Systems Dat

a Logger (Thermistors on Grum O/B Dump)

Data successfully downloaded: | y |

Manual readings taken on;
String #1.: y String #3: y
String #2: y String #4.: y

Special Comments: |

Diviner 2000 Data Logger (Manual Moisture Content Probe)

Data successfully downloaded:

| y |

Special Comments: |

45 & 49 full of water (no reads)...recently 10 & 17 small amount of water in tube (ho reads)

HOBO Water Level Loggers

CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y y y
Datalogger launched y y y y

Special Comments: |




SRK Consulting
ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet

for Jozsef Miskolczi
20090618
Jessie Luchinski  Kevin Ramsay

Date and Time:
Downloaded by:

Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)

CT#1 CT#2A/2B
Data successfully downloaded: y Data successfully downloaded: y
Diagnostic test run: y Diagnostic test run: y
Diagnostic test results: Diagnostic test results:
Console battery voltage:| 291V | Console battery voltage:| 3.05V

Special Comments: |

CT#1 - monitor says: "low battery on station 5"

Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)

CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: y y y
Diagnoistic Test Results:
Battery Voltage:| 13.60 V 13.76 V
Solar panel feed voltage if <11v

Special Comments: |

Seametrics Data Loggers (Flowmeters in Monitoring Hut)

Download Battery OK Download Battery O.K.
CT#1 (DL#1): y y L#1_1 (DL#50) y y
CT#2A (DL32): y y L#1 2 (DL#50) y y
CT#2B (DL#3): y y L#1_3 (DL#50) y y
CT#3A (DL#4): n n L#2_1 (DL#50) y y
CT#3A-| (DL#5): y y L#2_2 (DL#50) y y
CT#3B (DL#6): y y L#2_3 (DL#50) y y
CT#3B-I (DL#7): y y
CT#4 (DL#8): y y
CT#4-1 (DL#9): y y
Special Comments: | CT#3A DL#4 needs new battery
Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)
Data successfully downloaded: y |
Manual readings taken on:
String #1.: y String #3: y
String #2: y String #4: y

Special Comments: |

some difficulty disconnecting from datalogger

Diviner 2000 Data Logger (Manual Moisture Content Probe)

Data successfully downloaded:

| y |

Special Comments: |

45 & 49 full of water (no reads)...recently 10 & 17 small amount of water in tube (no reads)

HOBO Water Level Loggers

CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y y y
Datalogger launched y y N y

values"

Special Comments:

comp. message for L#1: "logger header is corrupt or blank. It needs to be initialized to default




SRK Consulting

ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet

for Jozsef Miskolczi

Date and Time:

20090703

Downloaded by:

Jessie Luchinski

Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)

CT#1
Data successfully downloaded:
Diagnostic test run:
Diagnostic test results:

y

y

CT#2A/2B

Data successfully downloaded:
Diagnostic test run:
Diagnostic test results:

Console battery voltage: 3.06 V

Console battery voltage:| 2.93V |

Special Comments:

Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)

CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: y y y
Diagnoistic Test Results:
Battery Voltage:| 13.99 V 14.50 V 12.13V
Solar panel feed voltage if <11v

Special Comments: |

Seametrics Data Loggers (Flowmeters in Monitoring Hut)

Download Battery OK Download Battery O.K.

CT#1 (DL#1): y y L#1_1 (DL#50) y y
CT#2A (DL32): y y L#1_2 (DL#50) y y
CT#2B (DL#3): y y L#1_3 (DL#50) y y
CT#3A (DL#4): n n L#2_1 (DL#50) y y
CT#3A-I (DL#5): n y L#2_2 (DL#50) y y
CT#3B (DL#6): y y L#2_3 (DL#50) y y
CT#3B-I (DL#7): y y

CT#4 (DL#8): y y

CT#4-1 (DL#9): y y

will change battery in CT#3A DL#4 ASAP / flowmeter software kept freezing on CT#3A-I
DL#5 download

Special Comments:

Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)

Data successfully downloaded: y |
Manual readings taken on:
String #1.: y

String #2: y

String #3: y
String #4: y

Special Comments: |

Diviner 2000 Data Logger (Manual Moisture Content Probe)

y |

Data successfully downloaded:

Special Comments: | 45 & 49 full of water (no reads)...recently 10 & 17 small amount of water in tube (no reads)

HOBO Water Level Loggers

CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y n y
Datalogger launched y y n y

When L#1 readout was selected: "Reading the logger header failed. There was a communication
failure or a bad header format. A readout cannot be performed at this time. To fix the problem,
perform a launch, which rewrites a default header to the logger." However, when launch was
selected: "The logger header is corrupt or blank and needs to be initialized to default values.
Launch settings, including statistics about deployments (launch count, header creation date,
calibration parameters, etc.), will be set to default values. Information that could help Onset
technical support determine the cause of the header corruption will also be lost. Do you wish to

Special Comments: launch the logger with the default values?" 'No' was selected.
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ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet
for Jozsef Miskolczi

Date and Time: 20090715
Downloaded by: Jessie Luchinski Ben Bekk
Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)
CT#1 CT#2A/2B
Data successfully downloaded: y Data successfully downloaded: y
Diagnostic test run: y Diagnostic test run: y
Diagnostic test results: Diagnostic test results:
Console battery voltage:| 291V | Console battery voltage:| 3.07V
Special Comments: |
Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)
CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: y y y
Diagnoistic Test Results:
Battery Voltage:| 13.41V 13.47V 1241V
Solar panel feed voltage if <11v
Special Comments:
Seametrics Data Loggers (Flowmeters in Monitoring Hut) |
Download Battery OK Download3attery O.K.
CT#1 (DL#1): y y L#1_1 (DL#50) y y
CT#2A (DL32): y y L#1_2 (DL#50) y y
CT#2B (DL#3): y y L#1_3 (DL#50) y y
CT#3A (DL#4): y y L#2_1 (DL#50) y y
CT#3A-| (DL#5): y y L#2_2 (DL#50) y y
CT#3B (DL#6): y y L#2_3 (DL#50) y y
CT#3B-| (DL#7): y y
CT#4 (DL#8): y y
CT#4-1 (DL#9): y y

Special Comments: |

Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)
Data successfully downloaded: y
Manual readings taken on:

String #1: String #3:
String #2: y String #4: y

<
<

Special Comments: |

Diviner 2000 Data Logger (Manual Moisture Content Probe)

Data successfully downloaded: | y |

45 & 49 full of water (no reads)...recently 10 & 17 small amount of water in tube
Special Comments: (occasional reads)

HOBO Water Level Loggers

CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y n y
Datalogger launched y y n y

Special Comments: |
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for Jozsef Miskolczi

Date and Time:

20090730

Downloaded by:

Jessie Luchinski Ben Bekk

Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)

CT#1
Data successfully downloaded:
Diagnostic test run:
Diagnostic test results:
Console battery voltage:

CT#2A/2B
y Data successfully downloaded: y
y Diagnostic test run: y
Diagnostic test results:
| 2.89V | Console battery voltage:| 3.08V

Special Comments: |

Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)

Data successfully downloaded:
Diagnostic test run:
Diagnoistic Test Results:

Battery Voltage:
Solar panel feed voltage if <11v

CR10X-1 CR10X-2 CR1000
y y y
y y y
14.02V 13.63V 12.24V

Special Comments: |

Seametrics Data Loggers (Flowmeters in Monitoring Hut)

Download Battery OK Download Battery O.K.
CT#1 (DL#1): y y L#1_1 (DL#50) y y
CT#2A (DL32): y y L#1 2 (DL#50) y y
CT#2B (DL#3): y y L#1_3 (DL#50) y y
CT#3A (DL#4): y y L#2_1 (DL#50) y y
CT#3A-| (DL#5): y y L#2_2 (DL#50) y y
CT#3B (DL#6): y y L#2_3 (DL#50) y y
CT#3B-I (DL#7): y y
CT#4 (DL#8): y y
CT#4-1 (DL#9): y y
Special Comments: |
Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)
Data successfully downloaded: y |
Manual readings taken on:
String #1.: y String #3: y
String #2: y String #4: y
Special Comments: |
Diviner 2000 Data Logger (Manual Moisture Content Probe)
Data successfully downloaded: | y |
Special Comments: | 45 & 49 full of water (no reads)
HOBO Water Level Loggers
CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y n y
Datalogger launched y y n y

Special Comments: |

L#1 not functional; see previous diagnostic sheets for error messages.




SRK Consulting
ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet
for Jozsef Miskolczi
Date and Time: 20090812
Downloaded by: Jessie Luchinski

Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)

CT#1 CT#2A/2B
Data successfully downloaded: y Data successfully downloaded: y
Diagnostic test run: y Diagnostic test run: y
Diagnostic test results: Diagnostic test results:
Console battery voltage:| 293V | Console battery voltage:| 3.06 V
Special Comments: | CT#1 Console says low battery on station 5
Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)
CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: y y y
Diagnoistic Test Results:
Battery Voltage:| 13.52V 13.62 V 11.94V
Solar panel feed voltage if <11v
Special Comments: | One of the plastic buckets in upper hut is plugged and full of water.
Seametrics Data Loggers (Flowmeters in Monitoring Hut)
Download Battery OK Download Battery O.K.
CT#1 (DL#1): y y L#1_1 (DL#50) y y
CT#2A (DL32): y y L#1_2 (DL#50) y y
CT#2B (DL#3): y y L#1_3 (DL#50) y y
CT#3A (DL#4): y y L#2_1 (DL#50) y y
CT#3A-| (DL#5): y y L#2_2 (DL#50) y y
CT#3B (DL#6): y y L#2_3 (DL#50) y y
CT#3B-| (DL#7): y y
CT#4 (DL#8): y y
CT#4-1 (DL#9): y y
Special Comments: |
Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)
Data successfully downloaded: y
Manual readings taken on:
String #1.: y String #3: y
String #2: y String #4: y
Special Comments: |
Diviner 2000 Data Logger (Manual Moisture Content Probe)
Data successfully downloaded: | y |
Special Comments: | 45 & 49 full of water (no reads)
HOBO Water Level Loggers
CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y n y
Datalogger launched y y n y

Special Comments: |




SRK Consulting
ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet
for Jozsef Miskolczi

Date and Time: 28/08/2009 5:00PM
Downloaded by: Ben Bekk Ron Meers
Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)
CT#1 CT#2A/2B
Data successfully downloaded: y Data successfully downloaded: y
Diagnostic test run: y Diagnostic test run: y
Diagnostic test results: Diagnostic test results:
Console battery voltage:| 293V | Console battery voltage:| 3.03V

Special Comments: |

Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)

CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: y y y
Diagnoistic Test Results:
Battery Voltage:| 13.80V 13.62 V 12.36 V
Solar panel feed voltage if <11v n/a n/a n/a

Special Comments: |

Seametrics Data Loggers (Flowmeters in Monitoring Hut)

Data successfully downloaded Battery O.K.

CT#1 (DL#1): y y
CT#2A (DL32): y y
CT#2B (DL#3): y y
CT#3A (DL#4): y y
CT#3A-1 (DL#5): y y
CT#3B (DL#6): y y
CT#3B-| (DL#7): y y

CT#4 (DL#8): y y
CT#4-1 (DL#9): y y

Special Comments: | flowmeters in new hut also successfully downloaded

Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)

Data successfully downloaded:
Manual readings taken on:

String #1.: y String #3: y
String #2: y String #4: y
Special Comments: |
Diviner 2000 Data Logger (Manual Moisture Content Probe)
Data successfully downloaded: | y |
Special Comments: |
HOBO Water Level Loggers
CT#2A CT#2B L#1 L#2
Data Successfully Downloaded y y n y
Datalogger launched y y n y

Special Comments: |




ARMC Waste Rock and Tailings Trial Covers- Information Data Sheet

SRK Consulting

for Jozsef Miskolczi

Date and Time:

28/09/2009 1:00PM

Downloaded by:

Jozsef Miskolczi

Davis Instruments Data Loggers (Weather Stations on CT#1 and CT#2A/2B)

CT#1
Data successfully downloaded:
Diagnostic test run:
Diagnostic test results:
Console battery voltage:

n/a

CT#2A/2B

Data successfully downloaded:

Diagnostic test run:

Diagnostic test results:
Console battery voltage:

n/a

Special Comments: |

Campbell Scientific CR10X Data Loggers (Located in Monitoring Hut)

CR10X-1 CR10X-2 CR1000
Data successfully downloaded: y y y
Diagnostic test run: n n n
Diagnoistic Test Results:
Battery Voltage: n/a n/a n/a
Solar panel feed voltage if <11v n/a n/a n/a
Special Comments: |
Seametrics Data Loggers (Flowmeters in Monitoring Hut)
Data successfully downloaded Battery O.K.
CT#1 (DL#1): y y
CT#2A (DL32): y y
CT#2B (DL#3): y y
CT#3A (DL#4): y y
CT#3A-| (DL#5): y y
CT#3B (DL#6): y y
CT#3B-| (DL#7): y y
CT#4 (DL#8): y y
CT#4-| (DL#9): y y

Special Comments: |

flowmeters in new hut also successfully downloaded

Lakewood Systems Data Logger (Thermistors on Grum O/B Dump)

Data successfully downloaded:
Manual readings taken on:

String #1.:

String #2:

String #3: n

String #4: n

Special Comments: |

Diviner 2000 Data Logger (Manual Moisture Content Probe)

Data successfully downloaded:

[ 0 ]

Special Comments: |

Data Successfully Downloaded

Datalogger launched

HOBO Water Level Loggers

CT#2A

CT#2B L#1 L#2

n

n n n

n

n

Special Comments: |




Appendix D

Summary and Calculation Sheets of In-Situ Hydraulic Conductivity

Testing Using the Guelph Permeameter and Single Ring Infiltrometer
Methods



Appendix D.1

Guelph Permeameter Data



Hydraulic

Testing Method Test Location Conductivity Tested Comments
(cm/s) Y
Guelph Permeameter L#1 1 8.09E-04 JM, MM
Guelph Permeameter L#1l 2 8.57E-05 MM
Guelph Permeameter L#2 1 9.06E-05 JM, MM
Guelph w/ tension inflitrometer L#2 2 N/A JM Inconclusive
Guelph w/ tension inflitrometer CT#1 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#1_2 #REF! JM, MM
Guelph Permeameter CT#2A 1 -2.98E-04 JM, MM
Guelph Permeameter CT#2A 2 1.10E-04 MM
Guelph Permeameter CT#2B 1 -3.38E-06 JM, MM
Guelph w/ tension inflitrometer CT#3A 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3A 2 #REF! MM
Guelph w/ tension inflitrometer CT#3A 3 #REF! MM
Guelph w/ tension inflitrometer CT#3B 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3B 2 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3B 3 #REF! JM, MM
Guelph Permeameter CT#4 1 1.43E-04 MM
Ring Infiltrometer CT#1 1 #REF! JM, MM
Ring Infiltrometer CT#1_2 #REF! JM, MM
Ring Infiltrometer CT#1 3 #REF! JM, MM
Ring Infiltrometer CT#3A 9 #REF! MM
Ring Infiltrometer CT#3A_10 #REF! MM
Ring Infiltrometer CT#3A 11 #REF! MM
Ring Infiltrometer CT#3B_6 #REF! MM
Ring Infiltrometer CT#3B 7 #REF! MM
Ring Infiltrometer CT#3B_8 #REF! MM
Ring Infiltrometer CT#4 N/A JM Inconclusive
Ring Infiltrometer L#2 N/A JM Inconclusive




Engineers and Scientists

+ SRK Consulting

Guelph Infiltrometer Calculation Sheet

Location: L#1_1

Date: August 18, 2009

Test No: 12
Dominant Soil Type: Till

Investigator: JM
Depth of Well Hole: 0O
Hole Diameter: diameter: 7cm

Head = -178  mm Head = -128 mm
Reservoir(s) used: both Reservoir(s) used: both

Rate of Rate of

. Time \C/:\::; Water Water . Time \,ngglr Water Water

Reading Elapsed X Level Level Reading Elapsed : Level Level

Number Time Inte_rval no Change Change, Number Time Intewal n- Change | Change,

(min) Re(_':,jnr\)/ow (cm) R1 (min) Re(f;:\)/mr (cm) R2

(cm/min) (cm/min)

1 12:03:00 | 0:00:00 0.0 11.30 0.00 0.00 1 12:40 39.00

2 12:04 0:01:00 [ 0:01:00 12.00 -0.70 -0.70 2 12:41| 0:01:00 | 0:01:00 39.50 0.50( 0.0

3 12:05:00 | 0:02:00 [ 0:01:00 12.60 -0.60 -0.60 3 12:42| 0:02:00 | 0:01:00 40.70 1.20| 1.20

4 12:06 0:03:00 [ 0:01:00 13.20 -0.60 -0.60 4 12:43| 0:03:00 | 0:01:00 41.90 1.20] 1.20

5 12:07:00 | 0:04:00 [ 0:01:00 13.80 -0.60 -0.60 5 12:44| 0:04:00 | 0:01:00 43.00 1.10| 1.10

6 12:08 0:05:00 [ 0:01:00 14.40 -0.60 -0.60 6 12:45| 0:05:00 | 0:01:00 44.10 1.10] 110

7 12:09:00 | 0:06:00 [ 0:01:00 15.10 0.70 0.70 7 12:46 | 0:06:00 | 0:01:00 45.20 1.10| 1.10

8 12:10 0:07:00 [ 0:01:00 15.70 0.60 0.60 8 12:47| 0:07:00 | 0:01:00 46.30 1.10] 110
9 12:11:00 | 0:08:00 [ 0:01:00 16.10 0.40 0.40 9
10 12:12 0:09:00 [ 0:01:00 16.40 0.30 0.30 10
11 12:13:00 | 0:10:00 [ 0:01:00 17.40 1.00 1.00 11
12 12:18 0:15:00 [ 0:05:00 20.40 3.00 0.60 12
13 12:23 0:20:00 [ 0:05:00 23.20 2.80 0.56 13
14 12:28 0:25:00 [ 0:05:00 26.10 2.90 0.58 14
15 12:33 0:30:00 [ 0:05:00 29.00 2.90 0.58 15
16 12:38 0:35:00 [ 0:05:00 31.90 2.90 0.58 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27

Steady rate for three consecutive readings (R1) 0.580 Steady rate for three consecutive readings (R2) 1.100

Saturated Hydraulic Conductivity, K :_ cm/s
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.580 both 1.100 both 1225.656 2324.52 74.765016 141.79572 -178 -128 3.56 0.012800747 8.09E-04
Radius of porous disk = 4 in
Areaof inner tube= 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Location: L#1_2 Investigator: JM
Date: August 18, 2009 Depth of Well Hole: 0
Test No: 16 Hole Diameter: diameter: 7cm
Dominant Soil Type: Till
Head = -50 mm Head = -100 mm
Reservoir(s) used: inner Reservoir(s) used: both
Rate of Rate of
) Time VLV;;: Water Water ) Time VLV;;: Water Water
Reading Elapsed . Level Level Reading Elapsed . Level Level
Number Time Imerval no Change Change, Number Time Inte.rval no Change | Change,
(min) Re(sce"r]\;ow ©m) R1 (min) Re(sce"r]\;ow ©m) R2
(cm/min) (cm/min)
1 15:15:00 | 0:00:00 0.0 17.20 0.00 0.00 1 16:49 35.80
2 15:29 0:14:00 0:14:00 18.40 1.20 0.09 2 16:50 | 0:01:00 | 0:01:00 36.50 0.70 0.70
3 15:39:00 | 0:24:00 | 0:10:00 19.90 1.50 0.15 3 16:51 | 0:02:00 | 0:01:00 37.40 0.90( 0.90
4 15:50 0:35:00 0:11:00 21.40 1.50 0.14 4 16:52 | 0:03:00 | 0:01:00 38.00 0.60 0.60
5 16:03:00 | 0:48:00 | 0:13:00 23.30 1.90 0.15 5 16:53 | 0:04:00 | 0:01:00 38.80 0.80( 0.80
6 16:13 0:58:00 0:10:00 24.90 1.60 0.16 6 16:54 | 0:05:00 | 0:01:00 39.50 0.70 0.70
7 16:23:00 | 1:08:00 | 0:10:00 26.40 1.50 0.15 7 16:55 | 0:06:00 | 0:01:00 40.30 0.80( o0.80
8 16:33 1:18:00 0:10:00 28.00 1.60 0.16 8 16:57 | 0:08:00 | 0:02:00 41.90 1.60 0.80
9 16:47:00 | 1:32:00 | 0:14:00 30.30 2.30 0.16 9 16:58 | 0:09:00 | 0:01:00 42.70 0.80( o0.80
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.164 Steady rate for three consecutive readings (R2) 0.800
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.164 inner 0.800 both 21.19285714  1690.56  1.292764286  103.12416  -50 -100 -1.00  -0.087583018 8.57E-05
Radius of porous disk = 4 in
Areaof inner tube= 2.15 cm2
Area of combined tubes =  35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Location: L#2_1 Investigator: JM
Date: August 19, 2009 Depth of Well Hole: 0
Test No: 1 Hole Diameter:
Dominant Soil Type: Compacted till
Head = 168 mm Head = -36 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
| e | o | waer | e | e | e | watr | e
Reading Elapsed . Level Level Reading Elapsed . Level Level
Number Time Intewal no Change Change, Number Time Intewal no Change | Change,
(min) Re(_':,jnr\)/ow (cm) Rl (min) Re(_':,jnr\)/ow (cm) R2
(cm/min) (cm/min)
1 12:15 0:00:00 0.0 3.30 - - 1 17:48 | 0:00:00 0.0 6.00 - -
2 14:02 1:47:00 1:47:00 5.20 1.90 0.02 2 17:49 | 0:01:00 | 0:01:00 7.60 1.60 1.60
3 15:26 3:11:00 1:24:00 20.40 15.20 0.18 3 17:50 | 0:02:00 | 0:01:00 9.10 1.50 1.50
4 15:36 3:21:00 [ 0:10:00 23.10 2.70 0.27 4 17:51 | 0:03:00 | 0:01:00 10.60 1.50 1.50
5 16:13 3:58:00 [ 0:37:00 34.40 11.30 0.31 5 17:52 | 0:04:00 | 0:01:00 11.80 1.20 1.20
6 16:18 4:03:00 [ 0:05:00 35.70 1.30 0.26 6 17:53 | 0:05:00 | 0:01:00 13.00 1.20 1.20
7 16:23 4:08:00 [ 0:05:00 36.90 1.20 0.24 7 17:54 | 0:06:00 | 0:01:00 14.10 1.10 1.10
8 16:28 4:13:00 [ 0:05:00 38.10 1.20 0.24 8 17:55 | 0:07:00 | 0:01:00 15.20 1.10 1.10
9 16:33 4:18:00 [ 0:05:00 39.20 1.10 0.22 9 17:56 | 0:08:00 | 0:01:00 16.20 1.00 1.00
10 16:38 4:23:00 [ 0:05:00 40.30 1.10 0.22 10 17:57 | 0:09:00 | 0:01:00 17.10 0.90 0.90
11 16:43 4:28:00 [ 0:05:00 41.30 1.00 0.20 11 17:58 | 0:10:00 | 0:01:00 18.20 1.10 1.10
12 16:48 4:33:00 [ 0:05:00 42.40 1.10 0.22 12 17:59 | 0:11:00 | 0:01:00 19.10 0.90 0.90
13 16:53 4:38:00 | 0:05:00 43.50 1.10 0.22 13 18:00 | 0:12:00 | 0:01:00 20.00 0.90 0.90
14 16:58 4:43:00 [ 0:05:00 44.60 1.10 0.22 14 18:01 | 0:13:00 | 0:01:00 20.90 0.90 0.90
15 15 18:02 | 0:14:00 | 0:01:00 21.80 0.90 0.90
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.215 Steady rate for three consecutive readings (R2) 0.900

R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.215 inner 0.900 inner 27.735 116.1 1.691835 7.0821 168 -36 0.82 -0.007018415 9.06E-05
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Location: CT#2A_1 Investigator: JM
Date: August 11, 2008 Depth of Well Hole: 30
Test No: 12 Hole Diameter:
Dominant Soil Type: Glacial Till
Head = -50 mm Head = -122 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
) Time \,Lvea\f:; Water Water ) Time VLV;;: Water Water
Reading Elapsed X Level Level Reading Elapsed . Level Level
Number Time Imerval no Change Change, Number Time Inte.rval no Change | Change,
(min) Reétemr\;olr ©m) R1 (min) Re(sce"r]\;ow ©m) R2
(cm/min) (cm/min)
1 14:00 26.80 1 14:42 30.40
2 14:03 0:03:00 0:03:00 35.30 8.50 2.83 2 14:44 | 0:02:00 | 0:02:00 32.70 2.30 1.15
3 14:06 0:06:00 | 0:03:00 42.30 7.00 2.33 3 14:47 | 0:05:00 | 0:03:00 36.60 3.90 1.30
4 14:08 0:08:00 0:02:00 46.90 4.60 2.30 4 14:50 | 0:08:00 | 0:03:00 40.70 4.10 1.37
5 14:10 0:10:00 | 0:02:00 51.20 4.30 2.15 5 14:53 | 0:11:00 | 0:03:00 44.80 4.10 1.37
6 14:12 0:12:00 0:02:00 55.40 4.20 2.10 6 14:57 | 0:15:00 | 0:04:00 49.90 5.10 1.28
7 14:14 0:14:00 | 0:02:00 59.50 4.10 2.05 7 15:00 | 0:18:00 | 0:03:00 53.70 3.80 1.27
8 14:16 0:16:00 0:02:00 63.10 3.60 1.80 8 15:03 | 0:21:00 | 0:03:00 57.60 3.90 1.30
9 14:18 0:18:00 | 0:02:00 67.00 3.90 1.95 9 15:06 | 0:24:00 | 0:03:00 61.40 3.80 1.27
10 14:20 0:20:00 0:02:00 70.90 3.90 1.95 10 15:10 | 0:28:00 | 0:04:00 66.30 4.90 1.23
11 14:22 0:22:55 | 0:02:55 76.00 5.10 1.75 11
12 12
13 14:25 0:25:00 30.50 13
14 14:26 0:26:00 0:01:00 33.00 2.50 2.50 14
15 14:28 0:28:00 | 0:02:00 38.00 5.00 2.50 15
16 14:30 0:30:00 0:02:00 43.10 5.10 2.55 16
17 14:32 0:32:00 | 0:02:00 48.10 5.00 2.50 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 2.513 Steady rate for three consecutive readings (R2) 1.278
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
2.513 inner 1.278 inner 324.1125 164.8333333 19.7708625 10.05483333  -50 -122 -0.69  0.009391053 -2.98E-04
Radius of porous disk = 4 in
Area of inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Location: CT#2A_2 Investigator: JM
Date: August 16, 2009 Depth of Well Hole: 0
Test No: 7 Hole Diameter:
Dominant Soil Type: Galcial till
Head = -50 mm Head = -11 mm
Reservoir(s) used: inner Reservoir(s) used: INNER
Rate of Rate of
) Time VLV;;: Water Water ) Time VLV;;: Water Water
Reading Elapsed . Level Level Reading Elapsed . Level Level
Number Time Imerval no Change Change, Number Time Inte.rval no Change | Change,
(min) Re(sce"r]\;ow ©m) R1 (min) Re(sce"r]\;ow ©m) R2
(cm/min) (cm/min)
1 13:58 - - 5.20 1 19:13 - - 10.00
2 14:10 0:12:00 0:12 5.50 0.30 0.025 2 19:57 | 0:44:00 | 0:44:00 43.50 33.50 0.76
3 14:35 0:37:00 0:25 6.20 0.70 0.028 3 20:02 | 0:49:00 | 0:05:00 48.50 5.00{ 1.00
4 15:01 1:03:00 0:26 6.80 0.60 0.023 4 20:03 | 0:50:00 | 0:01:00 50.40 1.90 1.90
5 15:29 1:31:00 0:28 7.40 0.60 0.021 5 20:04 | 0:51:00 | 0:01:00 51.60 1.20] 120
6 16:20 2:22:00 0:51 8.50 1.10 0.022 6 20:05 | 0:52:00 | 0:01:00 52.20 0.60 0.60
7 16:30 2:32:00 0:10 11.60 3.10 0.310 7 20:06 | 0:53:00 | 0:01:00 53.60 1.40| 1.40
8 16:35 2:37:00 0:05 13.00 1.40 0.280 8 20:07 | 0:54:00 | 0:01:00 54.90 1.30 1.30
9 16:45 2:47:00 0:10 16.70 3.70 0.370 9 20:08 | 0:55:00 | 0:01:00 56.60 1.70| 170
10 16:57 2:59:00 0:12 20.60 3.90 0.325 10 20:09 | 0:56:00 | 0:01:00 58.20 1.60 1.60
11 17:13 3:15:00 0:16 25.70 5.10 0.319 11 20:10 | 0:57:00 | 0:01:00 59.80 1.60] 1.60
12 17:29 3:31:00 0:16 30.50 4.80 0.300 12 20:11 | 0:58:00 | 0:01:00 60.60 0.80 0.80
13 17:45 3:47:00 0:16 35.00 4.50 0.281 13 20:12 | 0:59:00 | 0:01:00 62.20 1.60| 1.60
14 17:53 3:55:00 0:08 37.30 2.30 0.288 14 20:13 | 1:00:00 | 0:01:00 64.10 1.90 1.90
15 18:01 4:03:00 0:08 39.50 2.20 0.275 15 20:14 | 1:01:00 | 0:01:00 65.40 1.30] 1.30
16 18:09 4:11:00 0:08 41.60 2.10 0.263 16 20:15 | 1:02:00 | 0:01:00 66.60 1.20 1.20
17 18:19 4:21:00 0:10 44.00 2.40 0.240 17 20:16 | 1:03:00 | 0:01:00 67.80 1.20] 120
18 18:34 4:36:00 0:15 48.00 4.00 0.267 18 20:17 | 1:04:00 | 0:01:00 69.60 1.80 1.80
19 18:53 4:55:00 0:19 53.30 5.30 0.279 19 20:18 | 1:05:00 | 0:01:00 71.80 2.20] 220
20 20 20:19 | 1:06:00 | 0:01:00 72.40 0.60 0.60
21 21 20:20 | 1:07:00 | 0:01:00 73.50 1.10] 110
22 22 20:21 | 1:08:00 | 0:01:00 74.60 1.10 1.10
23 23 20:22 | 1:09:00 | 0:01:00 75.70 1.10] 110
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.268 Steady rate for three consecutive readings (R2) 1.100
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.268 inner 1.100 INNER 34.62820175 141.9  2.112320307 8.6559  -50 -11 1.28 0.036165491 1.10E-04
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Location: CT#2B_1 Investigator: JM
Date: August 17, 2009 Depth of Well Hole: 20
Test No: 10 Hole Diameter: 15
Dominant Soil Type: Glacial Till
Head = -50 mm Head = -100 mm
Reservoir(s) used: inner Reservoir(s) used: both
Rate of Rate of
) Time \Lvea\f:; Water Water ) Time \Lvea\f:; Water Water
Reading Elapsed X Level Level Reading Elapsed X Level Level
Number Time Interval no Change Change, Number Time Interval no Change | Change,
(min) Reétemr\;0|r (cm) R1 (min) Reétemr\;0|r cm) R2
(cm/min) (cm/min)
1 10:53 3.70 1 15:17 12.60
2 11:07 0:14:00 0:14:00 8.00 4.30 0.31 2 15:30 | 0:13:00 | 0:13:00 15.00 2.40 0.18
3 11:17 0:24:00 | 0:10:00 10.90 2.90 0.29 3 15:35 | 0:18:00 | 0:05:00 16.00 1.00 0.20
4 11:27 0:34:00 0:10:00 13.90 3.00 0.30 4 15:40 | 0:23:00 | 0:05:00 17.50 1.50 0.30
5 11:37 0:44:00 | 0:10:00 16.80 2.90 0.29 5 15:50 | 0:33:00 | 0:10:00 19.90 2.40 0.24
6 11:47 0:54:00 0:10:00 19.50 2.70 0.27 6 16:07 | 0:50:00 | 0:17:00 24.00 4.10 0.24
7 11:57 1:04:00 [ 0:10:00 22.90 3.40 0.34 7 16:17 | 1:00:00 | 0:10:00 26.40 2.40 0.24
8 12:07 1:14:00 0:10:00 25.60 2.70 0.27 8
9 12:17 1:24:00 [ 0:10:00 28.70 3.10 0.31 9
10 12:27 1:34:00 0:10:00 31.50 2.80 0.28 10
11 12:28 1:35:30 [ 0:01:30 31.50 0.00 0.00 11
12 12:38 1:45:30 0:10:00 34.20 2.70 0.27 12
13 12:48 1:55:30 [ 0:10:00 37.00 2.80 0.28 13
14 12:58 2:05:30 0:10:00 40.00 3.00 0.30 14
15 13:08 2:15:30 | 0:10:00 42.30 2.30 0.23 15
16 13:18 2:25:30 0:10:00 44.30 2.00 0.20 16
17 13:28 2:35:30 | 0:10:00 45.70 1.40 0.14 17
18 13:38 2:45:30 0:10:00 47.80 2.10 0.21 18
19 13:49 2:56:30 | 0:11:00 50.40 2.60 0.24 19
20 14:05 3:12:00 0:15:30 53.50 3.10 0.20 20
21 14:08 3:15:30 | 0:03:30 54.20 0.70 0.20 21
22 14:12 3:19:30 0:04:00 55.00 0.80 0.20 22
23 14:16 3:23:00 | 0:03:30 55.60 0.60 0.17 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.200 Steady rate for three consecutive readings (R2) 0.240
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.200 inner 0.240 both 25.8 507.9967059 1.5738 30.98779906  -50 -100 -1.00  -0.059602009 -3.38E-06
Radius of porous disk = 4 in
Area of inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Location: CT#4_1 Investigator: JM
Date: August 18, 2009 Depth of Well Hole: 0
Test No: 17 Hole Diameter: 0
Dominant Soil Type: Glacial Till
Head = -110 mm Head = -28 mm
Reservoir(s) used: inner Reservoir(s) used: INNER
Rate of Rate of
. Time \C/:\::; Water Water . Time \,ngglr Water Water
Reading Elapsed . Level Level Reading Elapsed : Level Level
Number Time Intewal no Change Change, Number Time Inte_rval n- Change | Change,
(min) Re(_':,jnr\)/ow (cm) Rl (min) Re(f;:\)/mr (cm) R2
(cm/min) (cm/min)
1 17:01 5.80 1 18:18 6.70
2 17:32 0:31:00 | 0:31:00 6.50 0.70 0.023 2 18:19 | 0:01:00 | 0:01:00 8.80 2.10 2.10
3 17:50 0:49:00 [ 0:18:00 8.30 1.80 0.10 3 18:20 | 0:02:00 | 0:01:00 10.40 1.60 1.60
4 17:56 0:55:00 [ 0:06:00 10.20 1.90 0.32 4 18:21 | 0:03:00 | 0:01:00 12.30 1.90 1.90
5 18:01 1:00:00 | 0:05:00 12.30 2.10 0.42 5 18:22 | 0:04:00 | 0:01:00 13.80 1.50 1.50
6 18:06 1:05:00 | 0:05:00 14.30 2.00 0.40 6 18:23 | 0:05:00 | 0:01:00 15.30 1.50 1.50
7 18:11 1:10:00 | 0:05:00 16.40 2.10 0.42 7 18:24 | 0:06:00 | 0:01:00 16.90 1.60 1.60
8 18:16 1:15:00 | 0:05:00 18.50 2.10 0.42 8 18:25 | 0:07:00 | 0:01:00 18.40 1.50 1.50
9 9 18:26 | 0:08:00 | 0:01:00 19.90 1.50 1.50
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.415 Steady rate for three consecutive readings (R2) 1.520
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.415 inner 1.520 INNER 53.535 196.08 3.265635 11.96088 -110 -28 1.34 0.01583155 1.43E-04
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2




Appendix D.2

Tension Infiltrometer Data



Hydraulic

Testing Method Test Location Conductivity Tested Comments
(cm/s) Y
Guelph Permeameter L#1 1 #REF! JM, MM
Guelph Permeameter L#1 2 #REF! MM
Guelph Permeameter L#2 1 #REF! JM, MM
Guelph w/ tension inflitrometer L#2 2 N/A JM Inconclusive
Guelph w/ tension inflitrometer CT#1 1 3.47E-04 JM, MM
Guelph w/ tension inflitrometer CT#1_2 -3.50E-06 JM, MM
Guelph Permeameter CT#2A 1 #REF! JM, MM
Guelph Permeameter CT#2A 2 #REF! MM
Guelph Permeameter CT#2B 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3A 1 6.59E-05 JM, MM
Guelph w/ tension inflitrometer CT#3A 2 8.83E-04 MM
Guelph w/ tension inflitrometer CT#3A 3 1.11E-04 MM
Guelph w/ tension inflitrometer CT#3B 1 8.30E-04 JM, MM
Guelph w/ tension inflitrometer CT#3B 2 1.07E-03 JM, MM
Guelph w/ tension inflitrometer CT#3B 3 4.39E-04 JM, MM
Guelph Permeameter CT#4 1 #REF! MM
Ring Infiltrometer CT#1 1 #REF! JM, MM
Ring Infiltrometer CT#1_2 #REF! JM, MM
Ring Infiltrometer CT#1 3 #REF! JM, MM
Ring Infiltrometer CT#3A 9 #REF! MM
Ring Infiltrometer CT#3A_10 #REF! MM
Ring Infiltrometer CT#3A 11 #REF! MM
Ring Infiltrometer CT#3B_6 #REF! MM
Ring Infiltrometer CT#3B 7 #REF! MM
Ring Infiltrometer CT#3B_8 #REF! MM
Ring Infiltrometer CT#4 N/A JM Inconclusive
Ring Infiltrometer L#2 N/A JM Inconclusive
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Guelph Infiltrometer Calculation Sheet
Tension Infiltrometer

Location: L#2_2 Investigator: JM
Date: August 19, 2009 Depth of Well Hole: N/A
Test No: 5 Hole Diameter:
Dominant Soil Type: Till
Head = -105 mm Head = mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
| e T B e | Lot | waer | e
Reading Elapsed . Level Level Reading Elapsed . Level Level
Number Time Inte_rval no Change Change, Number Time Inte_rval no Change | Change,
(min) Re(_':,jnr\)/ow (cm) R1 (min) Re(_':,jnr\)/ow (cm) R2
(cm/min) (cm/min)
1 10:31:00 | 0:00:00 0.0 5.55 0.00 0.00 1
2 13:49 3:18:00 | 3:18:00 6.20 -0.65 0.00 2
3 14:13:00 | 3:42:00 [ 0:24:00 6.50 -0.30 -0.01 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.000 Steady rate for three consecutive readings (R2) 0.000

R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr  mm mm in cm/s cm/s
0.000 inner 0.000 inner 0 0 0 0 -105 0 1.00 #DIV/O!  #DIV/O!
Radius of porous disk = 4 in
Areaof inner tube =  2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet
Tension Infiltrometer

Location: CT#1_1 Investigator: JM
Date: August 17, 2009 Depth of Well Hole: N/A
Test No: 11 Hole Diameter:
Dominant Soil Type: Till
Head = -197 mm Head = -41 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
) Time VLV:::g Water Water } Time \llf\:slr Water Water
Reading Elapsed X Level Level Reading Elapsed . Level Level
Number Time Ime_rval in . | Change Change, Number Time Ime_rval in . Change | Change,
(min) Re(scei:‘\;mr (cm) R1 (min) Re(s;rq\;ow (cm) R2
(cm/min) (cm/min)
1 13:44:00 | 0:00:00 0.0 10.50 0.00 0.00 1 16:59 12.60
2 14:13 0:29:00 | 0:29:00 14.70 -4.20 -0.14 2 17:00 | 0:00:30 | 0:00:30 14.30 1.70| 3.40
3 14:23 0:39:00 [ 0:10:00 17.30 -2.60 -0.26 3 17:00 | 0:01:00 | 0:00:30 16.50 2.20| 4.40
4 14:33 0:49:00 | 0:10:00 20.20 -2.90 -0.29 4 17:01 0:01:30 | 0:00:30 18.50 2.00{ 4.00
5 14:57 1:13:00 | 0:24:00 26.70 -6.50 -0.27 5 17:01( 0:02:00 | 0:00:30 20.50 2.00| 4.00
6 15:23 1:39:00 | 0:26:00 36.00 -9.30 -0.36 6 17:02 | 0:02:30 | 0:00:30 22.50 2.00{ 4.00
7 15:44 2:00:00 | 0:21:00 41.10 5.10 0.24 7 17:02 | 0:03:00 | 0:00:30 24.50 2.00| 4.00
8 15:54 2:10:00 | 0:10:00 43.50 2.40 0.24 8
9 16:04 2:20:00 | 0:10:00 45.80 2.30 0.23 9
10 16:14 2:30:00 | 0:10:00 47.90 2.10 0.21 10
11 16:24 2:40:00 | 0:10:00 50.10 2.20 0.22 11
12 16:36 2:52:00 | 0:12:00 52.70 2.60 0.22 12
13 16:46 3:02:00 [ 0:10:00 54.70 2.00 0.20 13
14 16:56 3:12:00 | 0:10:00 56.70 2.00 0.20 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.209 Steady rate for three consecutive readings (R2) 4,000
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr  cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.209 inner 4.000 inner 27.004 516 1.647244 31.476 -197  -41 1.26  0.018911037 3.47E-04
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet
Tension Infiltrometer

Location: CT#1_2 Investigator: JM
Date: August 18, 2009 Depth of Well Hole: N/A
Test No: 2 Hole Diameter:
Dominant Soil Type: Till
Head = -97 mm Head = -38 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
) Time VLV:::g Water Water ) Time VLV:::g Water Water
Reading Elapsed X Level Level Reading Elapsed X Level Level
Number Time Ime_rval in . | Change Change, Number Time Ime_rval in . Change | Change,
(min) Re(scei:‘\;mr (cm) R1 (min) Re(sce:]\;mr (cm) R2
(cm/min) (cm/min)
1 15:15:00 - - 4.40 - 0.00 1 16:00 - - 5.60 - -
2 15:46 0:31:30 | 0:31:30 6.10 1.70 0.05 2 16:01 | 0:01:00 | 0:01:00 5.80 0.20[ o0.20
3 15:47 0:32:00 [ 0:00:30 6.50 0.40 0.80 3 16:03 | 0:03:00 | 0:02:00 6.20 0.40| 0.20
4 15:48 0:33:00 | 0:01:00 7.20 0.70 0.70 4 16:05 | 0:05:00 | 0:02:00 6.60 0.40[ o0.20
5 15:49 0:34:00 [ 0:01:00 7.80 0.60 0.60 5 16:07 | 0:07:00 | 0:02:00 6.90 0.30| 0.5
6 15:50 0:35:00 | 0:01:00 8.30 0.50 0.50 6 16:09 | 0:09:00 | 0:02:00 7.30 0.40[ o0.20
7 15:51 0:36:00 [ 0:01:00 8.60 0.30 0.30 7 16:11 | 0:11:00 | 0:02:00 7.70 0.40| 0.20
8 15:52 0:37:00 | 0:01:00 9.00 0.40 0.40 8 16:13 | 0:13:00 | 0:02:00 8.00 0.30[ o0.15
9 15:53 0:38:00 [ 0:01:00 9.40 0.40 0.40 9 16:14 | 0:14:00 | 0:01:00 8.20 0.20| 0.20
10 15:54 0:39:00 | 0:01:00 9.80 0.40 0.40 10 16:16 | 0:16:00 | 0:02:00 8.50 0.30[ o0.15
11 15:55 0:40:00 [ 0:01:00 10.20 0.40 0.40 11 16:39 | 0:39:00 | 0:23:00 13.00 4.50[ 0.20
12 15:56 0:41:00 | 0:01:00 10.60 0.40 0.40 12 16:41 | 0:41:00 | 0:02:00 13.30 0.30[ o0.15
13 13 16:43 | 0:43:00 | 0:02:00 13.70 0.40| 0.20
14 14 16:45| 0:45:00 | 0:02:00 14.10 0.40[ o0.20
15 15 16:47 | 0:47:00 | 0:02:00 14.50 0.40| 0.20
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.400 Steady rate for three consecutive readings (R2) 0.200
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr  cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.400 inner 0.200 inner 51.6 25.8 3.1476 15738 -97 -38 1.64 -0.011748257 -3.50E-06
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Tension Infiltrometer

Location: CT#3A_1 Investigator: JM
Date: August 14, 2009 Depth of Well Hole: O
Test No: 2 Hole Diameter:
Dominant Soil Type: Glacial Fluvial
Head = -198  mm Head = -52 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
. Time \,ngilr Water Water . Time \C/:\::; Water Water
Reading Elapsed : Level Level Reading Elapsed . Level Level
Number Time Inte_rval n- Change Change, Number Time Intewal n Change | Change,
(min) Re(f;:\)/mr (cm) Rl (min) Re(_':,jnr\)/ow (cm) R2
(cm/min) (cm/min)
1 10:52:00 | 0:00:00 0.0 70.50 0.00 0.00 1 13:40 69.90
2 11:11 0:19:00 [ 0:19:00 66.60 3.90 0.21 2 13:41| 0:01:00 | 0:01:00 68.40 1.50| 1.50
3 11:18 0:26:00 [ 0:07:00 65.00 1.60 0.23 3 13:42| 0:02:00 | 0:01:00 66.80 1.60] 1.60
4 11:30 0:38:00 [ 0:12:00 62.10 2.90 0.24 4 13:43| 0:03:00 | 0:01:00 65.30 1.50| 1.50
5 11:43 0:51:00 [ 0:13:00 58.90 3.20 0.25 5 13:44| 0:04:00 | 0:01:00 64.00 1.30] 1.30
6 11:53 1:01:00 | 0:10:00 56.30 2.60 0.26 6 13:45| 0:05:00 | 0:01:00 62.60 1.40| 1.40
7 12:04 1:12:00 | 0:11:00 53.60 2.70 0.25 7 13:46 | 0:06:00 | 0:01:00 61.20 1.40] 1.40
8 12:14 1:22:00 | 0:10:00 51.00 2.60 0.26 8 13:47 | 0:07:00 | 0:01:00 59.80 1.40| 1.40
9 12:24 1:32:00 | 0:10:00 48.00 3.00 0.30 9 13:48 | 0:08:00 | 0:01:00 58.40 1.40] 1.40
10 12:27 0:00:00 [ 0:00:00 74.50 -26.50 10
11 12:37 1:45:00 | 0:10:00 73.00 1.50 0.15 11
12 12:47 1:55:00 0:10:00 70.55 245 0.25 12
13 12:57 2:05:00 | 0:10:00 68.00 2.55 0.26 13
14 13:07 2:15:00 | 0:10:00 65.50 2.50 0.25 14
15 13:17 2:25:00 | 0:10:00 63.00 2.50 0.25 15
16 13:27 2:35:00 | 0:10:00 60.50 2.50 0.25 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.250 Steady rate for three consecutive readings (R2) 1.400
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr  cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.250 inner 1.400 inner 32.25 180.6 1.96725 11.0166 -198 -52 1.36 0.011799771 6.59E-05
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Tension Infiltrometer

Location: CT#3A_2 Investigator: JM
Date: August 14, 2009 Depth of Well Hole: 0
Test No: 3 Hole Diameter:
Dominant Soil Type: Glacial Fluvial
Head = -193 mm Head = -50 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
. Time \,ngilr Water Water . Time \,ngglr Water Water
Reading Elapsed : Level Level Reading Elapsed : Level Level
Number Time Inte_rval n- Change Change, Number Time Inte_rval n- Change | Change,
(min) Re(f;:\)/mr (cm) R1 (min) Re(f;:\)/mr (cm) R2
(cm/min) (cm/min)
1 14:30:00 | 0:00:00 0.0 2.30 0.00 0.00 1 17:39 12.00
2 14:59 0:29:00 [ 0:29:00 6.00 3.70 0.13 2 17:39 | 0:00:15 | 0:00:15 13.50 1.50| 6.00
3 15:10 0:40:00 [ 0:11:00 7.30 1.30 0.12 3 17:39 | 0:00:30 | 0:00:15 14.70 1.20| 4.80
4 15:28 0:58:00 [ 0:18:00 9.20 1.90 0.11 4 17:39 | 0:00:45 | 0:00:15 16.20 1.50| 6.00
5 15:52 1:22:00 | 0:24:00 16.8 7.60 0.32 5 17:40| 0:01:00 | 0:00:15 17.40 1.20| 4.80
6 16:10 1:40:00 | 0:18:00 13.60 -3.20 -0.18 6 17:40| 0:01:15 | 0:00:15 18.80 1.40| 5.60
7 16:36 2:06:00 | 0:26:00 16.00 2.40 0.09 7 17:40| 0:01:45 | 0:00:30 21.20 2.40| 4.80
8 17:10 2:40:00 | 0:34:00 19.00 3.00 0.09 8 17:41| 0:02:00 | 0:00:15 22.30 1.10| 4.40
9 17:28 2:58:00 | 0:18:00 20.50 1.50 0.08 9 17:41| 0:02:15 | 0:00:15 23.40 1.10| 4.40
10 10 17:42| 0:03:00 | 0:00:45 26.80 3.40( 453
11 11 17:44| 0:05:00 | 0:02:00 39.00 12.20| 6.10
12 12 17:44 | 0:05:15 | 0:00:15 40.20 1.20 4.80
13 13 17:44| 0:05:30 | 0:00:15 41.20 1.00| 4.00
14 14 17:44 | 0:05:45 | 0:00:15 42.50 1.30 5.20
15 15 17:45| 0:06:00 | 0:00:15 43.50 1.00{ 4.00
16 16 17:45( 0:06:15 | 0:00:15 44.60 1.10 4.40
17 17 17:45| 0:06:30 | 0:00:15 45.60 1.00{ 4.00
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.088 Steady rate for three consecutive readings (R2) 4.133
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.088 inner 4.133 inner 11.34668175  533.2 0.692147587 32.5252 -193 -50 1.35 0.026922876 8.83E-04
Radius of porous disk = 4 in
Area of inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Tension Infiltrometer

Location: CT#3A_3 Investigator: JM
Date: August 15, 2009 Depth of Well Hole: 0O
Test No: 4 Hole Diameter:
Dominant Soil Type: Glacial Fluvial
Head = -203  mm Head = -52 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
. Time \,ngilr Water Water . Time \C/:\::; Water Water
Reading Elapsed : Level Level Reading Elapsed . Level Level
Number Time Inte_rval n- Change Change, Number Time Intewal no Change | Change,
(min) Re(f;:\)/mr (cm) Rl (min) Re(_':,jnr\)/ow (cm) R2
(cm/min) (cm/min)
1 13:58:00 | 0:00:00 0.0 14.70 0.00 0.00 1 17:00 5.00
2 14:44 0:46:00 [ 0:46:00 24.00 9.30 0.20 2 17:00 | 0:00:19 | 0:00:19 6.00 1.00| 3.16
3 15:37 1:39:00 | 0:53:00 28.80 4.80 0.09 3 17:01| 0:00:49 | 0:00:30 7.00 1.00] 2.00
4 16:01 2:03:00 | 0:24:00 31.30 2.50 0.10 4 17:01| 0:01:19 | 0:00:30 8.00 1.00| 2.00
5 16:11 2:13:00 | 0:10:00 32.20 0.90 0.09 5 17:02 | 0:01:51 | 0:00:32 9.00 1.00] 187
6 16:21 2:23:00 | 0:10:00 33.00 0.80 0.08 6 17:02 | 0:02:32 | 0:00:41 10.00 1.00| 1.46
7 16:31 2:33:00 | 0:10:00 34.00 1.00 0.10 7 17:03 | 0:03:06 | 0:00:34 11.00 1.00] 176
8 16:41 2:43:00 | 0:10:00 34.80 0.80 0.08 8 17:04 | 0:04:06 | 0:01:00 12.40 1.40| 1.40
9 16:51 2:53:00 | 0:10:00 35.60 0.80 0.08 9 17:05| 0:05:06 | 0:01:00 13.80 1.40] 1.40
10 10 17:06 | 0:06:06 | 0:01:00 15.10 1.30| 1.30
11 11 17:07 | 0:07:06 | 0:01:00 16.50 1.40] 1.40
12 12 17:08 | 0:08:06 | 0:01:00 17.70 1.20] 1.20
13 13 17:09 | 0:09:06 | 0:01:00 18.90 1.20] 120
14 14 17:10| 0:10:06 | 0:01:00 19.90 1.00| 1.00
15 15 17:11| 0:11:06 | 0:01:00 21.10 1.20] 120
16 16 17:12| 0:12:06 | 0:01:00 22.30 1.20] 1.20
17 17 17:13| 0:13:06 | 0:01:00 23.50 1.20] 120
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.085 Steady rate for three consecutive readings (R2) 1.200
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr  cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.085 inner 1.200 inner 10.965 154.8 0.668865 9.4428 -203 -52 1.34  0.01753262 1.11E-04
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet

Tension Infiltrometer

Location: CT#3B_1 Investigator: JM
Date: August 16, 2009 Depth of Well Hole: O
Test No: 5 Hole Diameter:
Dominant Soil Type: Glacial Fluvial
Head = -190  mm Head = -20 mm
Reservoir(s) used: inner Reservoir(s) used: inner

Rate of Rate of
. Time \,ngilr Water Water . Time \C/:\::; Water Water
Reading Elapsed : Level Level Reading Elapsed . Level Level

Number Time Inte_rval n- Change Change, Number Time Intewal no Change | Change,

(min) Re(f;:\)/mr (cm) Rl (min) Re(_':,jnr\)/ow (cm) R2
(cm/min) (cm/min)
1 12:08:00 | 0:00:00 0.0 4.10 0.00 0.00 1 15:30 8.30

2 12:38 0:30:00 [ 0:30:00 4.90 0.80 0.03 2 15:30 | 0:00:15 | 0:00:15 10.50 2.20| 8.80
3 13:41 1:33:00 | 1:03:00 8.00 3.10 0.05 3 15:30 | 0:00:30 | 0:00:15 12.70 2.20| 8.80
4 13:53 1:45:00 | 0:12:00 8.60 0.60 0.05 4 15:30 | 0:00:45 | 0:00:15 15.00 2.30] 9.20
5 14:01 1:53:00 | 0:08:00 9.10 0.50 0.06 5 15:31| 0:01:00 | 0:00:15 17.50 2.50] 10.00
6 14:39 2:31:00 | 0:38:00 11.50 2.40 0.06 6 15:31| 0:01:15 | 0:00:15 19.40 1.90| 7.60
7 14:50 2:42:00 | 0:11:00 12.30 0.80 0.07 7 15:31| 0:01:30 | 0:00:15 21.80 2.40| 9.60
8 14:55 2:47:00 | 0:05:00 12.60 0.30 0.06 8 15:31| 0:01:45 | 0:00:15 24.50 2.70| 10.80
9 15:00 2:52:00 | 0:05:00 13.00 0.40 0.08 9 15:32 | 0:02:00 | 0:00:15 27.70 3.20| 12.80
10 15:05 2:57:00 | 0:05:00 13.30 0.30 0.06 10 15:32 | 0:02:15 | 0:00:15 31.50 3.80( 15.20
11 15:10 3:02:00 | 0:05:00 13.60 0.30 0.06 11 15:32 | 0:02:30 | 0:00:15 33.00 1.50] 6.00
12 15:15 3:07:00 | 0:05:00 13.90 0.30 0.06 12 15:32 | 0:02:45 | 0:00:15 35.00 2.00| 8.00
13 13 15:33 | 0:03:00 | 0:00:15 37.20 2.20] 8.80
14 14 15:33| 0:03:15 | 0:00:15 39.40 2.20| 8.80
15 15 15:33 | 0:03:30 | 0:00:15 41.30 1.90| 7.60
16 16 15:33 | 0:03:45 | 0:00:15 43.30 2.00| 8.00
17 17 15:34 | 0:04:00 | 0:00:15 45.30 2.00] 8.00
18 18 15:34 | 0:04:15 | 0:00:15 47.30 2.00| 8.00
19 19 15:34 | 0:04:30 | 0:00:15 49.40 2.10| 8.40
20 20 15:34 | 0:04:45 | 0:00:15 51.00 1.60| 6.40
21 21 15:35| 0:05:00 | 0:00:15 53.30 2.30] 9.20
22 22 15:35| 0:05:15 | 0:00:15 55.00 1.70| 6.80
23 23 15:35| 0:05:30 | 0:00:15 57.20 2.20| 8.80
24 24 15:35| 0:05:45 | 0:00:15 59.00 1.80| 7.20
25 25 15:36 | 0:06:00 | 0:00:15 61.00 2.00] 8.00
26 26 15:36 | 0:06:15 | 0:00:15 63.00 2.00| 8.00
27 27 15:36 | 0:06:30 | 0:00:15 64.90 1.90] 7.60
Steady rate for three consecutive readings (R1) 0.060 Steady rate for three consecutive readings (R2) 7.920

R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.060 inner 7.920 inner 7.74 1021.68 0.47214 62.32248 -190 -20 1.12  0.028722364 8.30E-04
Radius of porous disk = 4 in
Areaof inner tube=  2.15 cm2
Area of combined tubes = 35.22 cm2




" SRIK Consulting

Engineers and Scientists

Guelph Infiltrometer Calculation Sheet

Tension Infiltrometer

Location: CT#3B_2 Investigator: JM
Date: August 16, 2009 Depth of Well Hole: 0
Test No: 6 Hole Diameter:
Dominant Soil Type: Glacial Fluvial
Head = -145  mm Head = -39 mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
. Time \,ngilr Water Water . Time \,ngglr Water Water
Reading Elapsed : Level Level Reading Elapsed : Level Level
Number Time Inte_rval n- Change Change, Number Time Inte_rval n- Change | Change,
(min) Re(f;:\)/mr (cm) R1 (min) Re(f;:\)/mr (cm) R2
(cm/min) (cm/min)
1 15:45:00 | 0:00:00 0.0 6.30 0.00 0.00 1 17:.07 18.80
2 15:58 0:13:00 [ 0:13:00 10.80 4.50 0.35 2 17:07 | 0:00:15 | 0:00:15 21.30 2.50( 10.00
3 16:12 0:27:00 | 0:14:00 25.50 14.70 1.05 3 17:08 | 0:00:30 | 0:00:15 23.50 2.20| 8.80
4 16:17 0:32:00 [ 0:05:00 31.90 6.40 1.28 4 17:08 | 0:00:45 | 0:00:15 26.10 2.60( 10.40
5 16:22 0:37:00 [ 0:05:00 38.50 6.60 1.32 5 17:08 | 0:01:00 | 0:00:15 29.50 3.40| 13.60
6 16:27 0:42:00 [ 0:05:00 43.60 5.10 1.02 6 17:08 | 0:01:15 | 0:00:15 33.00 3.50( 14.00
7 16:32 0:47:00 [ 0:05:00 48.60 5.00 1.00 7 17:09 | 0:01:30 | 0:00:15 36.70 3.70| 14.80
8 16:37 0:52:00 [ 0:05:00 53.70 5.10 1.02 8 17:09 | 0:01:45 | 0:00:15 39.60 2.90( 11.60
9 16:42 0:57:00 [ 0:05:00 58.60 4.90 0.98 9 17:09 | 0:02:00 | 0:00:15 42.10 2.50| 10.00
10 16:47 1:02:00 | 0:05:00 63.60 5.00 1.00 10 17:09 | 0:02:15 | 0:00:15 44.50 2.40( 9.60
11 16:52 1:07:00 | 0:05:00 68.50 4.90 0.98 11 17:10| 0:02:30 | 0:00:15 46.90 2.40| 9.60
12 12 17:10| 0:02:45 | 0:00:15 49.60 2.70( 10.80
13 13 17:10| 0:03:00 | 0:00:15 52.10 2.50| 10.00
14 14 17:10 0:03:15 | 0:00:15 54.60 2.50( 10.00
15 15 17:11| 0:03:30 | 0:00:15 57.40 2.80| 11.20
16 16 17:11| 0:03:45 | 0:00:15 60.00 2.60( 10.40
17 17 17:11| 0:04:00 | 0:00:15 62.50 2.50| 10.00
18 18 17:11| 0:04:15 | 0:00:15 65.00 2.50( 10.00
19 19 17:12| 0:04:30 | 0:00:15 67.50 2.50| 10.00
20 20 17:12| 0:04:45 | 0:00:15 70.00 2.50( 10.00
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.987 Steady rate for three consecutive readings (R2) 10.000
R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr  cm3/hr in3/hr in3/hr  mm mm in cm/s cm/s
0.987 inner 10.000 inner 127.28 1290 7.76408 78.69  -145 -39 1.37 0.021849133 1.07E-03
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2
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Guelph Infiltrometer Calculation Sheet
Tension Infiltrometer

Location: CT#3B_3 Investigator: JM
Date: August 17, 2009 Depth of Well Hole: O
Test No: 9 Hole Diameter:
Dominant Soil Type: Glacial Fluvial
Head = -175 mm Head = mm
Reservoir(s) used: inner Reservoir(s) used: inner
Rate of Rate of
. Time \,ngilr Water Water . Time \C/:\::; Water Water
Reading Elapsed : Level Level Reading Elapsed . Level Level
Number Time Inte_rval n- Change Change, Number Time Intewal no Change | Change,
(min) Re(f;:\)/mr (cm) Rl (min) Re(_':,jnr\)/ow (cm) R2
(cm/min) (cm/min)
1 9:27:00 | 0:00:00 0.0 4.50 0.00 0.00 1 12:41 13.60
2 10:05 0:38:00 [ 0:38:00 5.10 0.60 0.02 2 12:41| 0:00:15 | 0:00:15 15.50 1.90| 7.60
3 10:59 1:32:00 | 0:54:00 9.10 4.00 0.07 3 12:42| 0:00:30 | 0:00:15 17.00 1.50] 6.00
4 11:10 1:43:00 | 0:11:00 9.90 0.80 0.07 4 12:42| 0:00:45 | 0:00:15 19.00 2.00| 8.00
5 11:22 1:55:00 | 0:12:00 10.90 1.00 0.08 5 12:42| 0:01:00 | 0:00:15 21.00 2.00| 8.00
6 11:32 2:05:00 | 0:10:00 11.70 0.80 0.08 6 12:42| 0:01:15 | 0:00:15 23.00 2.00| 8.00
7 11:42 2:15:00 | 0:10:00 12.50 0.80 0.08 7
8 11:52 2:25:00 | 0:10:00 13.20 0.70 0.07 8
9 12:02 2:35:00 | 0:10:00 14.00 0.80 0.08 9
10 12:12 2:45:00 | 0:10:00 14.80 0.80 0.08 10
11 12:22 2:55:00 | 0:10:00 15.50 0.70 0.07 11
12 12:32 3:05:00 | 0:10:00 16.30 0.80 0.08 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
Steady rate for three consecutive readings (R1) 0.077 Steady rate for three consecutive readings (R2) 8.000

R1 Tube used R2 Tube used Q1 Q2 Q1 Q2 H1 H2 P alpha Ks Ks
cm/min for R1 cm/min for R2 cm3/hr  cm3/hr in3/hr in3/hr mm mm in cm/s cm/s
0.077 inner 8.000 inner 9.89 1032 0.60329 62.952 -175 0 1.00  0.026558456 4.39E-04
Radius of porous disk = 4 in
Areaof inner tube = 2.15 cm2
Area of combined tubes = 35.22 cm2




Appendix D.3

Ring Infiltrometer Data



Hydraulic

Testing Method Test Location Conductivity Tested Comments
(cmls) y
Guelph Permeameter L#1 1 #REF! JM, MM
Guelph Permeameter L#1 2 #REF! MM
Guelph Permeameter L#2 1 #REF! JM, MM
Guelph w/ tension inflitrometer L#2 2 N/A JM Inconclusive
Guelph w/ tension inflitrometer CT#1 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#1_2 #REF! JM, MM
Guelph Permeameter CT#2A 1 #REF! JM, MM
Guelph Permeameter CT#2A 2 #REF! MM
Guelph Permeameter CT#2B 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3A 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3A 2 #REF! MM
Guelph w/ tension inflitrometer CT#3A 3 #REF! MM
Guelph w/ tension inflitrometer CT#3B 1 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3B 2 #REF! JM, MM
Guelph w/ tension inflitrometer CT#3B 3 #REF! JM, MM
Guelph Permeameter CT#4 1 #REF! MM
Ring Infiltrometer CT#1 1 7.77E-06 JM, MM
Ring Infiltrometer CT#1_2 5.49E-05 JM, MM
Ring Infiltrometer CT#1 3 5.84E-05 JM, MM
Ring Infiltrometer CT#3A 9 7.17E-04 MM
Ring Infiltrometer CT#3A_10 5.12E-04 MM
Ring Infiltrometer CT#3A 11 1.38E-03 MM
Ring Infiltrometer CT#3B_6 6.15E-04 MM
Ring Infiltrometer CT#3B 7 2.41E-03 MM
Ring Infiltrometer CT#3B_8 9.50E-04 MM
Ring Infiltrometer CT#4 N/A JM Inconclusive
Ring Infiltrometer L#2 N/A JM Inconclusive
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Ring Infiltrometer Calculation Sheet

Reference Head: 27.4 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
Date: 15-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#1_1b Test1 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 17.2 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/14/2009 17:07 6.6 20.8
8/14/2009 18:13 66 66 7.5 19.9 0.9 0.82
2 8/14/2009 18:13
8/15/2009 10:48 995 1061 11.2 16.2 3.7 0.22
3 8/15/2009 11:14 7.3 20.1
8/15/2009 12:22 68 68 7.5 19.9 0.2 0.18
4 8/15/2009 12:22
8/15/2009 13:54 92 160 8.0 19.4 0.5 0.33
5 8/15/2009 13:54
8/15/2009 14:48 54 214 8.3 19.1 0.3 0.33
6 8/15/2009 14:48
8/15/2009 15:40 52 266 8.4 19.0 0.1 0.12
7 8/15/2009 15:40
8/15/2009 17:27 107 373 8.6 18.8 0.2 0.11
8 8/15/2009 17:27
8/16/2009 9:37 970 1343 10.6 16.8 2.0 0.12
9 8/16/2009 9:37
8/16/2009 12:11 154 1497 11.2 16.2 0.6 0.23
10 8/16/2009 12:11
8/16/2009 13:58 107 1604 11.4 16.0 0.2 0.11
11 8/16/2009 13:58
8/16/2009 17:32 214 1818 11.5 15.9 0.1 0.03
12 8/16/2009 17:32
8/17/2009 8:35 903 2721 13.0 14.4 1.5 0.10
13 8/17/2009 8:35
8/17/2009 11:05 150 2871 13.1 14.3 0.1 0.04
14 8/17/2009 11:05
8/17/2009 15:27 262 3133 13.5 13.9 0.4 0.09
15
16
17
18
19
20
Average Infiltration Rate: 0.07 cm/hr
Infiltration Rate (account for lateral divergence): 0.04 cm/hr

Effective Saturated Hydraulic Conductivity K:

7.77E-06 cm/sec
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Ring Infiltrometer Calculation Sheet

Reference Head: 22.3 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
Date: 15-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#1_2c Test 2 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 10.3 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/14/2009 17:04 53 17.0
8/14/2009 18:13 69 69 8.0 14.3 2.7 2.35
2 8/14/2009 18:13
8/15/2009 10:48 995 1064 19.6 2.7 11.6 0.70
3 8/15/2009 11:13 7.8 14.5
8/15/2009 12:21 68 68 8.4 13.9 0.6 0.53
4 8/15/2009 12:21
8/15/2009 13:53 92 160 9.5 12.8 1.1 0.72
5 8/15/2009 13:53
8/15/2009 14:46 53 213 9.6 12.7 0.1 0.11
6 8/15/2009 14:46
8/15/2009 15:39 53 266 10.1 12.2 0.5 0.57
7 8/15/2009 15:39
8/15/2009 17:24 105 371 11.5 10.8 1.4 0.80
8 8/15/2009 17:24
8/16/2009 9:36 972 1343 19.0 3.3 7.5 0.46
9 8/16/2009 9:43 5.9 16.4
8/16/2009 12:10 147 147 7.3 15.0 1.4 0.57
10 8/16/2009 12:10
8/16/2009 13:47 97 244 8.1 14.2 0.8 0.49
11 8/16/2009 13:47
8/16/2009 16:29 162 406 9.2 13.1 1.1 0.41
12 8/16/2009 16:29
8/16/2009 17:30 61 467 10.0 12.3 0.8 0.79
13 8/16/2009 17:30
8/17/2009 8:33 903 1370 17.5 4.8 7.5 0.50
14 8/17/2009 8:33
8/17/2009 11:03 150 1520 18.0 4.3 0.5 0.20
15 8/17/2009 11:03
8/17/2009 15:26 263 1783 19.7 2.6 1.7 0.39
16
17
18
19
20
Average Infiltration Rate: 0.36 cm/hr
Infiltration Rate (account for lateral divergence): 0.20 cm/hr

Effective Saturated Hydraulic Conductivity K:

5.49E-05 cm/sec




—*—

SRK Consulting

Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 18.5 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 60 cm
: 19-Aug-09 Inner Area of Ring: 2827.4 cm2
Test-Pit-No: CT#1_3 Test 3 Lateral Divergence: 10 cm
Operator: Depth of Wetting Front: 15 cm
NOTES: saturated after rain Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 9.7 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/18/2009 18:15 9.0 9.5
8/19/2009 9:18 903 903 14.5 4.0 5.5 0.37
2 8/20/2009 9:34 0 3.0 15.5
3
4
5
6
7
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 0.37 cm/hr
Infiltration Rate (account for lateral divergence): 0.21 cm/hr

Effective Saturated Hydraulic Conductivity K:

5.84E-05 cm/sec




_w_ SRK Consulting
4 Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 23 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
Date: 19-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#3B_6 Test 6 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: Reference head assumed as 23 cm Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 5.0cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/19/2009 11:53 13.0 10.0
8/19/2009 12:39 46 46 17.2 5.8 4.2 5.48
2 8/19/2009 12:39
8/19/2009 12:58 19 65 19.7 3.3 2.5 7.89
3 8/19/2009 12:58
8/19/2009 13:50 52 117 22.0 1.0 2.3 2.65
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 2.65 cm/hr
Infiltration Rate (account for lateral divergence): 1.48 cm/hr

Effective Saturated Hydraulic Conductivity K:

6.15E-04 cm/sec




—*—

SRK Consulting

Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 23 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
Date: 19-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#3B_7b Test7 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: Reference head assumed as 23 cm Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 3.7 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/19/2009 11:59 135 9.5
8/19/2009 12:39 40 40 23.0 0.0 9.5 14.25
2 8/19/2009 14:08 18.4 4.6
8/19/2009 14:11 3 3 18.9 4.1 0.5 10.00
3 8/19/2009 14:11
8/19/2009 14:14 3 6 19.3 3.7 0.4 8.00
4 8/19/2009 14:14
8/19/2009 14:17 3 9 19.8 3.2 0.5 10.00
5 8/19/2009 14:17
8/19/2009 14:20 3 12 20.2 2.8 0.4 8.00
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 9.00 cm/hr
Infiltration Rate (account for lateral divergence): 5.02 cm/hr

Effective Saturated Hydraulic Conductivity K:

2.41E-08 cm/sec




—*—

SRK Consulting

Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 23 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
: 19-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#3B_8b Test 8 Lateral Divergence: 10 cm
Operator: Depth of Wetting Front: 15 cm
NOTES: Reference head assumed as 23 cm Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 8.4 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/19/2009 12:07 7.6 -7.6
8/19/2009 12:42 35 35 11.8 -11.8 4.2 7.20
2 8/19/2009 12:42
8/19/2009 13:00 18 53 1338 -13.3 1.5 5.00
3 8/19/2009 13:00
8/19/2009 13:48 48 101 17.8 -17.8 4.5 5.63
4 8/19/2009 14:27 12.8 10.2
8/19/2009 14:33 6 6 13.5 9.5 0.7 7.00
5 8/19/2009 14:33
8/19/2009 14:41 8 14 14.0 9.0 0.5 3.75
6 8/19/2009 14:41
8/19/2009 14:46 5 19 14.3 8.7 0.3 3.60
7 8/19/2009 14:46
8/19/2009 14:51 5 24 14.8 8.2 0.5 6.00
8/19/2009 14:51
8/19/2009 14:56 5 29 15.3 7.7 0.5 6.00
9 8/19/2009 14:56
8/19/2009 15:01 5 34 15.8 7.2 0.5 6.00
10 8/19/2009 15:01
8/19/2009 15:06 5 39 16.3 6.7 0.5 6.00
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 5.48 cm/hr
Infiltration Rate (account for lateral divergence): 3.06 cm/hr

Effective Saturated Hydraulic Conductivity K:

9.50E-04 cm/sec
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SRK Consulting

Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 23 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
Date: 19-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#3A 9 Test9 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: Reference head assumed as 23 cm Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 9.2 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/19/2009 12:37 85 14.5
8/19/2009 13:02 25 25 11.0 12.0 2.5 6.00
2 8/19/2009 13:02
8/19/2009 13:47 45 70 14.1 8.9 3.1 4.13
3 8/19/2009 13:47
8/19/2009 14:29 42 112 16.5 6.5 2.4 3.43
4 8/19/2009 14:29
8/19/2009 15:02 33 145 18.7 4.3 2.2 4.00
5
6
7
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 4.39 cm/hr
Infiltration Rate (account for lateral divergence): 2.45 cm/hr

Effective Saturated Hydraulic Conductivity K:

7.17E-04 cm/sec




_w_ SRK Consulting

Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 23 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 59 cm
Date: 19-Aug-09 Inner Area of Ring: 2734.0 cm2
Test-Pit-No: CT#3A_10 Test 10 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: Reference head assumed as 23 cm Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 8.8 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/19/2009 12:48 85 14.5
8/19/2009 13:03 15 15 9.9 13.1 1.4 5.60
2 8/19/2009 13:03
8/19/2009 13:46 43 58 13.0 10.0 3.1 4.33
3 8/19/2009 13:46
8/19/2009 14:30 44 102 16.0 7.0 3.0 4.09
4 8/19/2009 14:30
8/19/2009 15:03 33 135 17.8 5.2 1.8 3.27
5 8/19/2009 15:03
8/19/2009 15:50 47 182 20.0 3.0 2.2 2.81
6
7
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 3.04 cm/hr
Infiltration Rate (account for lateral divergence): 1.70 cm/hr

Effective Saturated Hydraulic Conductivity K:

5.12E-04 cm/sec




_w_ SRK Consulting

Engineers and Scientists

Location: Vangorda Waste Rock Dump
Date: 19-Aug-09
Test-Pit-No: CT#3A_11b Test 11
Operator: JM

NOTES:
'- possibly leaking, pooling and running water around base of ring
'- Reference Head assumed as 23 cm

Ring Infiltrometer Calculation Sheet

Reference Head:
Inner Diameter of Ring:
Inner Area of Ring:
Lateral Divergence:
Depth of Wetting Front:
Water Entry Value:
Average Depth of Water in Ring:

23 cm
59 cm

2734.0 cm2

10 cm
15 cm
-1.5 cm
6.1 cm

Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/19/2009 12:56 85 14.5
8/19/2009 13:44 48 48 9.9 13.1 1.4 1.75
2 8/19/2009 13:44
8/19/2009 14:31 47 95 13.0 10.0 3.1 3.96
3 8/19/2009 14:40 15.0 8.0
8/19/2009 14:45 5 5 15.7 7.3 0.7 8.40
4 8/19/2009 14:45
8/19/2009 14:50 5 10 16.1 6.9 0.4 4.80
5 8/19/2009 14:50
8/19/2009 14:55 5 15 17.0 6.0 0.9 10.80
6 8/19/2009 14:55
8/19/2009 15:00 5 20 17.7 5.3 0.7 8.40
7 8/19/2009 15:00
8/19/2009 15:05 5 25 18.2 4.8 0.5 6.00
8/19/2009 15:05
8/19/2009 15:10 5 30 18.3 4.7 0.1 1.20
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 6.60 cm/hr
Infiltration Rate (account for lateral divergence): 3.68 cm/hr

Effective Saturated Hydraulic Conductivity K:

1.38E-03 cm/sec




—*—

SRK Consulting

Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 23.2cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 60 cm
: 19-Aug-09 Inner Area of Ring: 2827.4 cm2
Test-Pit-No: Test4 Lateral Divergence: 10 cm
Operator: Depth of Wetting Front: 15 cm
NOTES: Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 9.7 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/18/2009 18:49 10.6 12.6
8/19/2009 9:20 871 871 17.0 6.2 6.4 0.44
2 8/19/2009 9:20 0 0
8/20/2009 9:38 1458 1458 12.8 10.4 -4.2 -0.17
3
4
5
6
7
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 0.44 cm/hr
Infiltration Rate (account for lateral divergence): 0.25 cm/hr

Effective Saturated Hydraulic Conductivity K:

7.01E-05 cm/sec




_w_ SRK Consulting
4 Engineers and Scientists

Ring Infiltrometer Calculation Sheet

Reference Head: 224 cm
Location: Vangorda Waste Rock Dump Inner Diameter of Ring: 60 cm
Date: 19-Aug-09 Inner Area of Ring: 2827.4 cm2
Test-Pit-No: L#2 Test5 Lateral Divergence: 10 cm
Operator: JM Depth of Wetting Front: 15 cm
NOTES: saturated by rain; ring empty over night of 18to19 Water Entry Value: -1.5 cm
Average Depth of Water in Ring: 119 cm
Change in Infiltration
No. Time t At Time Elapsed Level reading Water level Water Level Rate
dd/mm/yy hh:mm min min cm cm cm cm/hr
1 8/18/2009 18:34 3.4 19.0
8/19/2009 9:00 866 866 22.4 0.0 19.0 1.32
2 8/19/2009 9:00
3 8/19/2009 9:31 31 897 5.8 16.6
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Average Infiltration Rate: 1.32 cm/hr
Infiltration Rate (account for lateral divergence): 0.74 cm/hr

Effective Saturated Hydraulic Conductivity K:

1.83E-04 cm/sec
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Field Records of In-Situ Density Measurements



ST

Project:  Faro-Vangorda Waste Rock Cover

esignation D222 & D3017

Test Apparatus:

~ Trials, Anvil Range, Y'T

Client: SRIK

Project No.:  Wi4101280

Temperature

Attention: _loscf Miskloczi

Date Tested:

Contractor:

Soil Description: T, waste rock cover pads

Nuclear

Troxler No: 38814

Specified Compaction: 95 % Sed. Proctos Max. Dry Density
Specified Moisture (MC):  See Below
Air: 19 °C Soil: °C

See below By: JMP

Construction Period:

Date Backfill Placed: 2005
Date  |LestNe. _ Blev. | % | e {Max Dy Opre | Comp
Probe Location: Density . Density | MC Yo
yyyy/mm/dd {(m) e -
{mm) (kg/m*) (kg/m?*) Yo SPD
2009-1| CT #4
2009708719 fmmriomne ;
/08/ 56 Row 1 Columa 1 GR 2176 8.2 2130 i0 102.2
2009-2| CT #4
250 Row 2 Column 1 GR 2118 9.9 2130 10 99.4
2009-3 ~T
freetot BAL S GR | 2105 | 94 ] 2130 | 10 | 988
250 Row 3 Column i
2609-41 CT #4
................. 3 9. K .
250 Row 4 Column 1 GR 24 6 2130 10 992
2009-5 T
Cl #:l . GR 2138 7.8 2130 10 100.4
250 Row 5 Column 1
2009-6| C1 #4
# ) GR 2139 8.9 2130 10 ] 1004
250 Row 6 Column 1
2009-7| CT #4 N
250 Row 1 Column 2 GR 2155 7.8 2130 10 i01.2
2009-8| CT #4 .
526 Row 2 Colamn 2 GR 2137 9.2 2130 10 100.3
2009-9 1 CT #4
# . GR 2002 9.7 2130 10 94.0
250 Row3 Column 2
2009-101 CT #4
I Row 4 Column 2 GR 2116 8.6 2130 10 99.3
2009-11 T
caiy CrEe GR | 2138 | 83 | 2130 | 10 | 1004
250 Row 5 Column 2
200912 CT #4
aanmarranernaveny (
555 Row 6 Column 2 GR 2098 8.0 2130 10 98.5

Remarks:

Copies:

Reviewed By:

SRR

Data presented heweon s for the sole use of the supulated client. 1EBA 1= not responsibie, nor can be held liable, for use made of thas veport by
any other party, with or withowt the knowledge of EBA. The testing services reported herein have been performed by an EBA echaician

recognized indostry standaeds, unless otherwise noted. No other wartanty s made, Fhese data do not include or represent any iterpretation or

0‘
EBA Engineering o~

opinion of specification comphiance or material suitabiity. Should engineering interprention be required, BBA will provide it upon woitten reguest, CO nsu,tants Ltd - em



M Designation D22 & D3017

Reviewed Bm h

Project:  IYaro-Vangorda Waste Rock Cover  Test Apparatus:  Nuclear  Troxler No: 38814
~ Frials, Anvil Range, YT Specified Compaction: 95 % Std. Proctor Max. Iy Density
Project No.:  W14101280 Specified Moisture (M) See Below
Client: SRK Temperature Air: 19 *CBei  °C
Attention: Josef Miskloczi Date Tested: See below By: jMp
Contractor: Construction Period:
Soil Desecription:  #13-18; Till, waste rock cover pads / #19-24; GRAVEL and SAND - trace silt
Date Backfill Placed: 2005
Date | LsstNo. | _ Blev. | P age | Max. Dy Opt. C(;mp
Probe Location: Density i Density | MC Yo
vyyy/mm/dd (m) % ; .
(mm) (kg/m*) (kg/m?) i SPD
2009-13) C1 #4 ‘
200008719 frrrermsimesnene . GR 2137 9.4 2130 10§ 100.3
250 Row 1 Column 3
2009-14 T #4 .
2%} Row 2 Column 3 GR 2086 9.8 2130 10 97.9
2009-15 T
CT #4 . GR 2080 8.6 2130 10 97.7
250 Row 3 Column 3
20609-16 ’
................. CT#E GR | 2004 | 98 | 2130 | 10 | 941
250 Row 4 Column 3
200917 CT #4
250 Row 5 Columa 3 GR 2072 10.3 2130 10 97.3
2009-18| T #4
250 Row 6 Column 3 GR 2201 6.7 2130 10 11633
2009-19) CT3A
s 2 4 5
e Row 1 Column 1 GR 2193 4.9 2150 6 162.0
2009200 CT3A .
..... 250 Rovw 2 Column 1 GR 2067 5.8 2150 6 96.1
2009-21] CT3A
. GR 2097 4.1 2150 6 97.5
250 Row 3 Column 1
2009-22{ CT 3A .
ZSG Row 4 Columa 1 GR 2048 38 2150 6 953
2009-23t CT 3.
CT3a . GR 2082 54 2150 6 96.8
250 Row 5 Columa 1
2009-24f (T 3/
it BT GR | 2028 | 55| 2150 | 6 | 943
250 Row 6 Column 1
Remarks:
Copies:

Data presented hereon is for the sole use of the supulared client. EB.A is not responsible, nov can be hield liabie, for use made of this report by
any other party, with or without the knowledge of EBA. The resting services reported berem have been performed by an EB.A technician o
recognized mdustry standards, unless otherwise noted. No other warranty & made. These data do notinclude or represent any fmempretanon or

opinion of specification complianee or material suitability. Should englocering mterpretation be requived, 1333 will provide it upon written request.

A
. . &
EBA Engineering Adili=
Consultants Ltd.




Project:  Faro-Vangorda Waste Rock Cover  ‘Test Apparatus:  Nuclear  Troxler No:

Trials, Anvil Range, YTI' __Specified Compaction: 95 % Std. Proctor Max. Dry
Project No.:  W14101280 ~ Specified Moisture (MC):  See Below
Client: SRK Temperature Air: 19 °C Soik
Attention: Josef Miskloczi _ Date Tested: See below By:
Contractor: Construction Period:

Soil Dcscription; GRAVEL and SANIDD - trace silt

Date Backfill Placed: 2005
Date '_I‘ff.t-_b_qi).‘.. i Flev. 1)1)? j\IC A[ﬂx ny ()Pt C‘imp
Probe Location: Density _ Density | MC Yo
y_\'yy/mm/dd ( M ) Yo
{mm) (kg/m*) (kg/m*) % SPD
2009-25} CT3A .
2000708719 Jmererns 3 . 21 98.0
1081 250 Row 1 Column 2 GR 2106 *0 >0 6 8
2000-26] T 3A
250 Row 2 Column 2 GR 2077 4.3 2150 G 96.6
2009-27) CT 34 GR | 1987 | 39 ] 2150 | 6 | 924
250 Row 3 Column 2 ’ . ) ’ '
2009-28) CT3A Gr | 1971 | 45| 2150 6 | o917
250 | Row 5 Column 2 ) -
2009-291 CT3A
3 1 21 97.9
250 Row 4 Column 2 GR 2104 4 >0 6
2009-30)  CT34 GR 2027 5.5 2150 6 | 943
""" 250 Row 6 Column 2 g ' "
2009-31| 71 3.
C134 sRp 2195 | 37 1 2150 6 |1021

950 | Row i Column 3
2009-320 (T 3A
250 Row 2 Column 3
20533 T
250 Row 3 Columan 3
2009-34] T 3A
250 Row 4 Column 3

2009-35 CT34 GR | 1981 | 46 | 2150 | 6 | 921
""" 250 | Row 5 Column 3 ’ ) .

S| rowe GR | 2055 | 43 ] 2150 | ¢ | 956
250 Row 6 Column 3 ¥ . 5

GR 2013 33 215¢ 6 93.6

GR 2079 4.4 215G 6 96.7

GR 2128 5.0 2150 6 9%.0

Remarks: #31 - possibly on rock

Copies: \

O_AN\/\._)

Reviewed BP s

Diata presenred hereon is Tor the sole use of the stipulated cient. FBA 15 nol respensible, nor can be held liable, for use made of tis teport by

any other party, with or without the knowledge of EBA. The testing services veported herem have boen performed by an EBA technician o

recognized mdustry standards, unless oberwise noted. No other warmnty s made. These dam do aot inctude or represent any interpretation or !g dg em
opinion of specification complinnee or material suitabality. Should engmeermyg interpremtion be vequired, EIBA will provide it upen written request. Consultants Ltd.



EST SUMM
ASTM Designation D2922 & D3017

Project: 'lﬁggglj}]amagorda Waste Rock Cover Test Apparatus: Nuclear Troxler No: 38814

Trials, Anvil Range, Y'I' Specified Compaction: 95 % Std. Proctor Max. Dry Density
Project No.: W14101280 Specified Moisture (MG} Sce Below
Client: SRK ~ Temperature Air: 19 °C8eil: °C
Attention: Josef Miskloczi Date Tested: Sce below By: JMP
Contractor: Construction Period:

Soil Description; GRAVIEL and SAND - trace siit

Date Backfill Placed: 2005
Date ,}chf_l\_lf’;_ i lilev. Dr)i NC Max. I.)ry Opt. C(;mp
evey fem /dd Probe Location: (m) Density o Denstty | MC Yo
oy (mm) (kg/m*) {kg/m* ) Yo SPD
2000/08/19 | ooeer| C1'3B GR 2096 37 | 2150 6 | 975
- 2%0 Row 1 Cohumn 1 ’ o 7 '
2009-38| 1
........ ] 1B GR | 2004 | 41| 2150 | 6 | 932
250 Row 2 Column 1
2009-3% CT3AB ~
250 Row 3 Columa 1 GR 1987 43 2150 6 024
2009-40{ CT 3B -
" R ow 4 Column 1 GR 2075 3.4 2150 6 96.5
2009-41] CT 3B
- 4.7 2150 G 93.7
250 Row 5 Column 1 GR 2015
2009-42f CT 3B .
55l Row 6 Column 1 GR 2160 34 2150 G 100.5
200943 CT
oy CT3B GR | 2045 | 38 | 2150 6 | 951
250 Row 1 Column 2
2009-44f T 3B
T 3.5 215 6 3.7
250 Row 2 Column 2 GR 2015 3 0 ' %
2009-45| CT3B .
5551 Row 3 Column 2 GR 1972 37 2150 6 91.7
2009-46] CT 3R
................. , ; 3 5, 21 .
2560 Row 4 Colwmmn 2 GR 1931 8 >0 6 898
2009-471 CT 3B .
250 Row 5 Column 2 GR 2224 3.6 2150 6 103.4
2009-48{ CT 3B .
lllll 250 Row 6 Colummn 2 GR 1976 36 2150 6 719

Remarks:

Copies: —
Reviewed By: S (T

Daw presenced hereon is for the sole use of the stiputated clienc BBA is not respansible, nor can be held hable, for use nade of this report by

anty other party, with or without the knowledge of EBA. The westng services reported herein have been pecformed by an EBA weehnician to

‘ ) EBA Engineering Adiln=
recognized mdustry standards, unless othenvise noted. No other warranty 1 made. These dain do nor include or represent any muerpretaton or * d eo O
opinion of specification comphance or mizteral swicabilsty. Should engincerng interpretatian he required, LBA will provide it upon written reguest. Consuitants Ltd.



ASTM Designation D2922 & D3017

Project:  TFaro-Vangorda Waste Rock Cover

Trials, Anvil Range, YT

Test Apparatus:

Nuciear

Troxler No: 38814
Specified Compaction: 95 % Swd. Proctor Max. Dry Density

ProjectNo.:  WI4101280  Specified Moisture iy See Below
Client: SRK _Temperature Aiz. 19 °C8eil: °C
Attention: Joset Miskioczi Date Tested: See below By: JMP
Contractor: Construction Period:
Soil Description:  #49-54; GRAVEL and SAND - trace silt / #55-60; Till, waste rock cover pad
Date Backfill Placed: #49—54, 2005 / #55-60; 2007
Test No - Dy Max. Dry{ Opt. | Comp
__________ Elev. ¢ hY .
Date Probe Location: & Density MC Density | MC %%
yyyy/mm/dd ( m ) % -
{(mmy}) {kg/m™) (kg/m*) %o SPD
2009-49] CTaB
2000708719 frrreeersrsns 3 . 3.
009/08/ 35h Row 1 Column 3 GR 2006 4.2 2150 6 933
2009-50{ CT 3R )
250 Row 2 Column 3 GR 1967 40 2150 6 ?
2009-51
o] CL3B GR | 2090 | 46 | 2150 | ¢ | 972
250 Row 3 Column 3
2009-52( 1 3B
3 . 5 96,
250 Row 4 Column 3 GR 2064 +8 2150 6 4
2009-53| CT 3B
250 Row 5 Column 3 CR 1935 70 2150 6 900
2009-54f (T 3B o
250 Row 6 Column 3 GR 2112 >8 2150 6 8
2009-55| CT #1 .
250 Row 1 Column 1 GR 2078 10.1 2130 10 97.6
2009-56] CT #1 .
................. p . 10 97.7
250 Row 2 Column 1 OR 2081 86 2130
2009-57 CT'#:
................. Cr#s GR | 2055 | 79 | 2130 | 10 | 965
200 Row 3 Column 1
2009-58 T
........ o] ChE GrR | 2061 | 93 | 2130 | 10 | 968
250 Row 4 Column 1
2009-59
] CTHL GR | 2134 | 80| 2130 | 10 |1002
250 Row 5 Column 1
2009-60] CT
................. CL#T GrR | 2068 | 86 | 230 | t0 | o1
250 Row 6 Column 1
Remarks:
Copies:

Reviewed By: N AL

I3ata presenied hereon is for the sole use of the stputated client. EBA 13 not responsible, nor can be held lable, for use made ol this report by
any other party, wath or without the knowledge of EBA The testing services reported herein have heen peeformed by an BEBA techuician to
recogntzed mdustty standads, unless otherwise noted. No other warmnty 1 made. These data do not include or represent any mtempretatiaon or

opinon of specificauon compliance or matenal sutabaidity. Should enganeering mterpretation be required, EBA will provide st upon written request.
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Consultants Ltd.



ENSITY TES M
ASTM Designation D2922 & D3017

Project: Faro-Vangorda Waste Rock Cover Test Apparatus: Nuclear Troxler No: 38814

Trials, Anvil Range, YT ~ Specified Compaction: 95 % Std. Proctor Max. Dry Density
Project No.:  W14101280 Specified Moisture (MC): See Below _
Client: SRIK ) Temperatute Aier 19 °C Soil:  °C
Attention: Josef Miskloczi Date Tested: See below By:  JMP
Contractot: Construction Period:

Soil Description; ’1‘1.1], waste rock cover pﬂd

Date Backfill Placed: 2007
Date rostNo . Elev. Dl}f MC Max. I?ry Opt. C?,mp
evye/imn/dd Probe Location: (m) Density Ny Density | MC Yo
0 {mm) ™ (kg/m*) ’ thg/m*) ) SPD

200961 cr#l

250 Row 1 Column 2
2009-62] T #1

250 Row 2 Column 2
2009-63f CT #1

250 Row 3 Column 2
2009-64) CT#1

250 Row 4 Column 2
s e

250 Row 5 Column 2
2009-66 CT #1
""" 55071 Row 6 Column 2 GR 2045 9.9 2130 10 96.0
2009-67F CT #1

250 Row 1 Column 3
W56 Cr

250 Row 2 Column 3
2009-69 CT #1

250 Row 3 Column 3
2009701 CT #1
""" 5661 Row 4 Columa 3 GR 2217 7.6 2136 10 11041
2009-71] CT #1

2503 Row 5 Column 3
2009-721 CT #1

................. 3 4 } 1 96.1
250 Row 6 Column 3 GR 2047 10.8 2130 0 ¢

2009/08/19 GR 2068 11.0 2136 10 97.1

GR 2017 1.4 2130 10 94.7

GR 1921 11.6 2130 10 90.2

GR 1747 10.2 2130 10 82.0

GR 2023 11.4 2130 10 95.0

GR 2135 7.1 2130 10 1100.2

GR 2097 S.4 2130 10 98.5

GR 2121 9.2 2130 10 99.6

GR 2080 8.8 2136 10 97.7

Remarks:

s
i i
Copies: — Q B
k"”\ O(/L/\D\

Reviewed By:

13aaa presented hereon is for the sole use of the suputated cient. EBA is not vesponsible, nor can be held hable, for use made of this report by F .

any other party, with or without the knowledge of EBAL The testing services reported Rerein have been performed by an EBA technician to EBA En ineeri n _‘E

recopnized medustry standads, unless otherwise noted. No other waranty is made. These data do not saclude or represent any smtempretation or C i% t Ltdg
onsuitants .

apinion of specification complance or material swiabihey. Should engireening intarpretation be reguired, EBA will provede it upon writlen request.



Project:

Trials, Anvil Range, YT

ASTM Designation D2922 & D3017

Faro-Vangorda Waste Rock COV,?E,,,‘,,__M__

W14101280
SRK

Project No.:
Client:

_ Specified Moisture (\(C):

Attention: Josef Miskloczi

Contractor:

Soil Description: Till, waste rock cover pad

Test Apparatus: Nuclear

Troxler No: 38814

95 % Std. Proctor Max. Dry Density

Specified Compaction:
See Below

°C Soil: °C
JMP

Temperature Air: 19
Date Tested:

Construction Period:

See below By:

Date Backfill Placed: 2005
Date  f ot . By, | DY e | M Dyl Ope ) Gomp
Probe Location: Density , Density | AMC | %
yryy/mm/dd {(m) Yo ) .
(mm) (kg/m*) (kg/m*) Yo SPD
2009-73| CT 2B
2009708/ 19 forvminin, Cral . GR 2085 9.3 2130 10 97.9
250 Row 1 Column 1
20090-74f 71
C12B . GR 2069 0.4 2130 10 97.1
250 Row 2 Column 1
2009-751 CT
anniyy o . GR 2153 7.8 2130 10§ 1011
250 Row 3 Column 1
2009-76
T2 N GR 2140 7.6 2130 10 11005
250 Row 4 Column 1
2009-77 oK
eTeB GR 2108 9.6 2130 10 99.0
250 Row 5 Column 1
2009.78} T 2B
¢ . GR 2105 8.9 2130 10 98.8
250 Row 6 Column 1
2009-79) CT2B .
----- 55571 Row 1 Column 2 GR 2146 8.1 2130 10 11008
2009-80] CT2B .
250 Row 2 Columa 2 TR 2097 9.0 2130 10 98.5
2009-81f T
----------------- CL2B . GR 2094 8.6 2130 10 98.3
250 Row 3 Column 2
2009-82| CT'ZB .
----------------- 3 2 ) 21 10 {101
250 Row 4 Column 2 GR 164 63 30 0 01.6
2009-83 '
cr2B . GR 2081 8.0 2130 10 97.7
250 Row 5 Column 2
2009-84 T
""""""""" ¢12B . GR 2006 9.2 2130 10 04.2
250 Row 6 Column 2
Remarks;
Copies:
. L
Reviewed By: AN VTP

Pata presented hereon ss for the sole use of the stipulaced cliens, EBA is not responsible, nar can be held liable, for use made of this report by
any other party, wirh or without the knowledge of EBA. Fhe testing services reported herem have been performed by an EBA teehnionan o
recogiized ndustry standards, wnless othenvise noted. No other wartanty s made. These dan do not include or represent any interpretation or

opiion of specification compliance or suaterial suitability. Should engmeering interpretaton be required, BBA wilt provde it upon writlen tesuest,

=
eQ

EBA Engineering
Consultants Ltd.



Project:

Fazo-Vangorda Waste Rock Cover

Trials, Anvil Range, YT

ASTM Designation D2922 & D3017

Test Apparatus:

Nuclear

Specified Compaction: 95 % Sd. Proctor Max. Dry Density

TroxlerNo: 38814

Project No.:  Wi14101280 Specified Moisture (MG See Below
Client: SRK  Temperature Airz 19 °CSeil:  °C
Attention: Josef Miskloczi Date Tested: See below By: JMPp
Contractor: _Construction Period:
Soil Description: Till, waste rock cover pad
Date Backfill Placed: 2005
Test No e Dry o §Max Dry | Opt. | Comp
" BI::: Jdd Probe Location: L]c‘)‘ Density A(JIC Density MC %
e {mr) (m {kg/m*) * {kg/m*) % SPD
2009-85 \
2009/08/19 frvirinnny ¢l ZB GR 2153 7.7 2130 10 101.1
250 Row 1 Column 3
2009-86] CT 28
................. N ! : 102.4
P Row 2 Column 3 GR 2182 &1 2130 10
2009-87 ©T
Cl2b . GR 2180 6.9 2130 10 102.3
250 Row 3 Colunn 3
2009-88) 1 2B
3 . 10 100.4
250) Row 4 Column 3 R 2138 7 2130
2009-89 CT
ey G128 . GR 2108 8.3 2130 1] 99.0
250 Row 5 Column 3
2009-90{ 7T
ClLab . GR 2056 7.1 2130 10 96.5
250 Row 6 Column 3
2009-91} CT 2A .
----- 250 Row 1 Column 3 GR 2152 71 2130 10 101.0
2009-92f CT2A
3 : . K 100.3
250 Row 2 Column 1 GR 2136 26 2130 10
2009931 oA . )
----------------- . GR 2211 7.2 2130 10 103.8
250 Row 3 Column 1
2009-94) C125 GR 2263 7.3 2130 i0 106.2
"7250 | Row 4 Column 1 i ' - :
2009-951 T 2A
----------------- . GR 2132 7.3 2130 10 100.1
250 Row 5 Column 1
2009-96) 12,
123 N GR 2197 7.4 2130 1¢ 1031
250 Row 6 Column 1
Remarks:
Copies: Y
Reviewed By: R (e

BPawa presented hereon is for the sole use of the stipulated client. EBA it not responsible, nor can be held Sable, for use made of this report by

any other party, with or without the knowledge of EBA. The testing services reported horein have been performed by an EBA techmeian w

recagnized industry siamdards, anless otherwise noted. No other wananty is made. These dain do vot include or represent any smterpretation or

opimion of specification compliance o tareddad suitabitity. Should engmetring interpretation be teguired, EBA will provide it upon written request.

o
. . L/
EBA Engineering A=
Consultants Ltd.



ASTM Designation D2922 & D3017

Project: Faro-Vangorda Waste Rock Cover Test Apparatus: Nuclear Troxler No: 38814

Trials, Anvil Range, Y'I Specified Compaction: 95 % Swd. Practor Max. Dy Density
Project No.:  W14101280 Specified Moisture (M) See Below 7
Client: SRK Temperature Airr 19 °C8oi:  °C
Attention: Josef Miskloczi Date Tested: See below By: JMP
Contractor: Construction Period:

Soil Description: Till, waste rock cover pad

Date Backdill Placed: 2005
Date  [ie: | Hlev.| DT | | M Dy | Opi [Comp
Prabe Location: Density _ Density { MC Yo
yyyy/mm/dd {m ) %o
{mum) (kg/m*) (kg/m*) i SPD

2009971 CT 2A
250 Row 1 Column 2
2009-98} T 2A
250 Row 2 Column 2
2009-99] CT2A
250 Row 3 Column 2
2000100 T 2,
""" 2ﬂ0 1(-{;‘24} Column 2 GR 2123 7.9 2130 10 99,7
:) 7
2000-101| ¢ 2A
550 | Row 5 Column 2

2009/08/19 GR 210 10.2 2130 10 98.6

GR 2216 7.8 2130 10 | 104.0

GR 2107 7.5 2130 10 98.9

GR 2138 8.8 2130 10 | 10G.4

2000-802| T 2A
..... 250 | Row 6 Column 2 GR 2191 75 2130 101 102.9
2009-103| T 2A

55071 Row 1 Column 3

GR 2152 8.1 2130 10 | 101.0

2009184 | T 2A
7250 | Row 2 Column 3
2000-105| CT 2A
250 Row 3 Column 3

iR 2132 9.6 2130 10 ] 100.1

GR 2128 8.8 2130 10 99.9

2009-106{ 1 2A
250 Row 4 Column 3
2000-107{ (T 24

................. . | X : |
250 1 Row 5 Column 3 GR 2112 9.2 2130 o | 99.2

20091081 CT'24 skl 2152 | 87 | 2130 | 10 [ 1010
.... 25() Row 6 Celumn 3 ? ) l ) )

GR 2116 9.1 2130 10 99.3

Remarks:

Copies: WL/.L’[ ‘ V
Reviewed By: Gy

Daia presented hereon is lor the sole use of the stipulared client. FBA s nar sesponsible, nor can be held hable, for use made of this report by

any other party, with or without the knowledge of EBAL The testing serviees weported herein bave been pecformed By an 1BA teehocian

. . N EBA Engineering =
recogrized mdustry standards, ualess otherwise noted. No other waeranty ss made. These data de nou inelude or represent any interpretadon or | L d m
opinion of specification comphiance or suatenal sutabiliy, Should enganeening intempretation be requared, EBA will provide it upon writlen reguest. Co nsu ta nts Ltd.



02922 & D3Ct7

ASTM Designation

Project:  Faro-Vanporda Waste
Trials, Anvil Range, Y1
Project No.:  W14101280

~ Test Apparatus:

Troxler No: 38814
Specified Compaction: 95 % Std. Proctor Max. Dry Density

_ Specified Moisture (MCy: - Sce Below

RE °C Soil:

By

Client: SRK Temperature Airi
Attention: Josef Miskloczi Date Tested: See below
Contractor: N o Construction Period:

Soil Description: Till, waste rock cover pad

‘Fest No. . Dy .| Max, Dzy | Opr. Comp
.......... , Hlev, i . MC .
Date Probe Location: v Density MC Density | MC { %
yyyy/mm/dd (m) o .

{ram) {kg/m?*) {kg/m*) Ly SPD

2009169 | (T 1.2

2009/08/19 Foerserinnnnnd . ) GR 2213 7.5 2130 10 103.9

250 Row 1 Column #

2009-110 -7

CrL2 . GR 2127 83 2130 10 99.9
250 Row 2 Column 1

2009-111 T

Rt e GrR | 2122 | 74| 2130 | 10 | 9956
250 Row 3 Column 1

2009-112| CT L2 .

..... 2‘30 Row 4 Colun 1 GR 2160 5.2 2130 10 101.4

2009-113F T 1.2 i

250 Row 5 Cotummn 1 GR 2217 4.8 2130 10 104.1

2009-114f CT1.2

5 . 2130 10 90.8
250 Row 6 Column 1 GR 2126 3

2009-115 T1

crL2 . GR 2202 5.5 2130 10 103.4
250 Row 7 Column 1

2000416 | T 12 ,

250 Row 1 Column 2 GR 2151 0.5 2130 10 101.0

2000117 T 12 .

555 Row 2 Column 2 GR 2172 3.0 2130 10 | 102.0

20004118 | T 12 ‘

” GR 2084 9.2 2130 10 97.8
250 Row 3 Colamn 2 ’

2000-119| CTI2

3 2 7.7 21 10 ] 102
250 Row 4 Celumn 2 OR 186 30 6

2009-120 .

CTL2 . GR 2156 7.4 2130 10 10%1.2
250 Row 5 Column 2

Remarks:
Copies: T =
Reviewed By: ‘L,l b\

Data presented hereon s for the sale use of the stipulawed chent. EBA is not responsible, nor can be held liable, for use made of this repore by
any other pary, with or without the knowledge of FIAL The testing serviees reported hevem have Been pecformed by an EIA techiician to
recognized ndustey standacds, unless otherwise noted. No other warruty s made. These dats do not inelude or represent any intespretation or
opimon of specificanon campliance or material suitability. Should engineering interpretation be required, EBA will provide it upon written request.
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Consultants Ltd. eoo
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Project: iﬂmovVangorda\VasLG Rock Cover

Trials, Anvil Range, YT

Project No.:  W14101280

Client: SRK

Temperature Air:

Attention: Josef Miskloczi

Date T'ested:

Contractos:

Soil Description: Till, waste rock cover pad

ASTM Designation D2922 & D3017

Test Apparatus:  Nuclear — Troxler No: 38814
7 Specified Compaction: 95 % Std. Proctor Max. Lxry Density
Specified Moisture MC): See Below

See below By: JMP

Construction Period:

Date Backfill Placed: 2007
Date [t . Bev, | DB} e [ M Dayy OptjComp
Probe Location: Density ] Density MC Yo
vyyvy/mm/dd ( m ) o, ‘ .
(mm) (kg/m?) {(kg/m*) o SPDR

2009-121 CT 12

2009/08/19 | . _
108/ 250 Row 6 Column 2

GR 2174 6.8 2130 10 1021

2009-122| (T L2
250 Row 7 Column 2

GR 2153 7.1 2130 10 1011

2009-123| CT 1.2
2‘3(} Row 1 Column 3

GR 2178 7.4 2130 10 11623

20091241 CTip2
2'30 Row 2 Column 3

GR 2188 7.6 2130 16} 1027

2000-1251 CT' 1.2
950 | Row 3 Column 3

GR 2180 7.4 2130 10 ] 1023

2009-126| CT L2

250 Row 4 Column 3

GR 2005 9.3 2130 10 98.4

200927 CT L2
250 Row 5 Column 3

GR 2223 59 2130 10 § 1044

2000128 T2

250 Row 6 Column 3

GR 2187 6.5 2130 10 11027

2009129 T L2

250 Row 7 Column 3

GR 2199 5.6 2130 10 }103.2

2009130 CT L1
250 Row 1 Column 1

GR 1836 7.6 2130 10 86.2

2009131 CT L1
2'"){) Row 2 Columm 1

GR 1624 7.8 2130 10 76.2

2009-132{ CT 1.1
250 Row 3 Column 1

R 1683 8.0 2130 10 79.0

Remarks:

Copies:

Reviewedﬁq’\@, CE; ;

Daa presented heveon is for the sole use of the stpulated client. EBA is not responsible, nor can be held able, for use made of this report by
any other party, with or without the knowledge of EBA. The wsting services reported herein have been performed by an EBA technician to

recognized mdustry standards, untess atherwre noted. No other warranty s macle. These daz do nor include or represent any intempretation or
& Y > 3 1 } ¥

s
. &
EBA Engineering =

opinion of specilication compliance or materal suitabiity, Should eogimeermg mtegpretation be requiced, EBA will provide 1t upon written reguest, Co nsultants Ltd‘ em



Trials, Anvil Range, YT

Project:  Faro-Vangorda Waste Rock Cover

Project No.:  W14101280

_ Specified Moisture ey See Below

Client: SRK
Attention: Josef Miskloczi
Contractor:

Soil Description: Till, waste rock cover pad

ASTM Designation D2922 & D017

Test Apparatus:  Nuclear — TroxlerNo: 38814
Specified Compaction: 95 % Std. Proctor Max. Dry Density

Temperature Air: 19 °C 8o °C
Date Tested: See below By: JMP

Construction Period;

Date Backfill Placed: 2007
: , Dey Max. Dry T
Date  [-airie] : Blev, | PY | pe | Mex Dy | Opt ) Comp
Probe Location: Density _ Density | MC Yo
yyyy/mm/dd {(m) 0, .
{mm)} (kg/m?) {(kg/m*) K SPD

2009-133) CT 11

2009/08/19 | R
/08/ 250 Row 4 Column 1

GR 1847 8.5 2130 10 86.7

2009-134 CT L1
250 Row 5 Columa 1

GR 1736 6.9 2130 10 81.5

2009-135 |  COT L1

250 Row ¢ Column 1

GR 1599 6.8 2130 10 75.1

2009136 'Lt
250 Row 7 Column 1

GR 1814 7.4 2130 10 85.2

2000-137] 1 LA

250 Row 1 Column 2

GR 1607 5.9 2130 10 75.4

2009-138] CT L1
2*30 Row 2 Column 2

GR 1841 7.6 2130 16 86.4

2009-139 CTI11
250 Row 3 Column 2

GR 1764 5.9 2130 10 82.8

2609-140| CT 1.1

250 Row 4 Column 2

R 1752 6.0 2130 10 823

2000-141] CT L1

250 Row 5 Column 2

GR 1662 59 2130 10 | 780

20091421 CT'141
250 1 Row 6 Column 2

GR 1743 7.2 2130 10 81.8

2009-143| (T L1
250 Row 7 Column 2

GR 1813 7.0 2130 10 85.1

20091440 1L
250 Row 1 Column 3

GR 1707 7.7 2130 10 80.1

Remarks:

Copies:

Reviewedm v 2 E_/

Dara presented hereon iz for the sole uxe of the stipubited diene. EBA is not responsible, nor can be held Lable, for use nade of this veport by
any other party, with or without the knowledge of ERAL The testing serviees reported hevein have bren performed by an EBA wechnician o

vecogmzed imdustey standards, unless etherwise noted. No other warranty i made. These data do not mclude or vepresent any interpreaanion or

o
&
EBA Engineering . =

oot of specification comphance or materal susiabiluy, Shonld enganeening inrerpretation be reguired, BBA will provide it upon written seguest. CO nsu Eta nts Ltd' em



Project:  Fato-Vangorda Waste Rock Cover

Trials, Anvil Range, YT

_ Specified Compaction:

 Temperature Air;

Project No.:  W1410128¢
Client: SRKK

Attention: Josef Miskloczi
Contractor:

Date Tested:

Soil Description: Till, waste rock cover pad

ASTM Designation D2922 & D317

Test Apparatus:  Nuclear Troxler No: 38814
95 % Std, Proctor Max, Dry Density

Specified Moisture (MO See Below

19 °C Soik e

See below By: JMP

Construction Period:

2‘5:.[) 1 Row 7 Column 3

Date Backfill Placed: 2007
Date Test No. | ) Rlev. Dl}t AC Max. 1.)ry Opt. C,oump
| Probe Location: Density , Density | M Yo
syyy/mm/dd (m) *o .
{mm) (kg/m?*) {lgz/m™) Y SPI>
2009/08/19 |on] CT 11 G 2130 10 | 823
- 250 Row 2 Column 3 SR 1753 66 ) B
2009-146 T
CTL1 . GR 1842 7.5 2130 10 86.5
250 Row 3 Column 3
2009-147 CTT1A
................. > ¢
sen Row 4 Columa 3 GR 1792 7.3 2130 10 84.1
2000-148) T 1.4
R 75 . 2130 10 82.2
25() Row 5 Column 3 ¢ 1750 6.4 3
| CTL 3 57 04 | 2130 16 | 825
250 Row 6 Column 3 CR 1 ' ‘
2009-1501 CTI1A

GR 1837 9.3 2130 1¢ 86.2

Remarks:

Copies:

Reviewed By: MQ @F/

Data presented heveon is for the sole use of the stipulated client. BBA is not respoensible, nor can be held lable, for use made of s vepori by
any ather party, with or without the knowledge of FBA. The wsting services reporied herein have heen perfarmed by an EBA technician o
recogmized mdustry standards, unless orherwise noted. No other waveanty is made. These data do notinclude or represent any mgerpretaton or

apinon of specification compliance o matenal sustability. Should engineering interprettion be requised, EBA will provide it upon written request.

A
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EBA Engineering =
Consultants Ltd.




Appendix F

Summary of Erosion Damage Repairs — Technical Memorandum



Engineers and Scientists Canada

RK ’ — SRK Consulting (Canada) Inc.
onsu ’ng Suite 2200 — 1066 West Hastings Street
Vancouver, B.C. V6E 3X2

vancouver@srk.com
www.srk.com

Tel: 604.681.4196
Fax: 604.687.5532

Memo

Jozsef Miskolczi, SRK Date: 3 July 2009
Maritz Rykaart, SRK From: Michelle Murphy, SRK

Subject: Erosion control at Vangorda Cover Project #: 1CY001.030

Trial, Faro Mine Complex

1.1

Background

Cover trials are being conducted at the top of the Vangorda Waste Rock dump in order to determine
the most suitable cover for covering the waste rock dumps at the Faro Mine Complex. The trials
have been running for several years and each of the eight cells are instrumented and monitored
regularly.

During the most recent winter and spring, significant erosion damage occurred on and around the test
cells. In order to protect the cover trials and the integrity of the instrumentation, the erosion required
repair and additional protection measures so that snowmelt and water flow would not do further
significant damage.

Preliminary Assessment

SRK engineer lozsef Miskolczi did a preliminary assessment of the area and found major erosion on
the slope between CT#4 and 3A. Fines had washed away, leaving mainly rocks exposed. As well,
the lower pipeline carrying water from CT#4 to the lower monitoring hut had been damaged and he
fixed it temporarily. In addition, water had eroded two channels around the lower monitoring hut as
well as erosion gullies below CT#1 and a large channel to the west of CT#4.

Snowmelt had accumulated and pooled on the flat surface of the dump just above L1, L2 and CT#2A
and 2B. The diversion channel constructed at the base of L1, L2, CT#2A and 2B was overwhelmed
and water pushed past a berm constructed to protect the lower cells. The berm eroded and allowed
water to cause the above-mentioned damage. Figure 1 shows the general layout of the test covers and
lysimeters.

It was recommended by SRK that these problems be repaired and protective measures be put in place
so that this scale of erosion could possibly be prevented in the future.
Summary of Work

Denison Environmental Services (DES), the Care and Maintenance Contractor for the Faro Mine
Complex, assisted with manpower and equipment for completion of the work.

MM/sdc

ErosionRepairVangordaTestCovers.Memo.1CY001.030.mm.jm.Rev02.docx, 3:02 PM, Jan. 29, 10
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SRK Consulting

Page 3 of 12

211

Access Road

An access road was cut from the top of the VVangorda dump on the south slope, to just below the test

cells. There are access points from both the east and west side of the cells, so equipment can drive
straight through and do not have to turn around or back out.

21.2

Berms

Three berms were constructed: between L1 and L2 (Berm 1), L2 and CT#2A (Berm 2) and at the

crest of the slope above CT#4, 3A and 3B (Berm 3). See the table below for details.

Table 1: Berm Dimensions and Locations

Berm

Location

Height (m)

Top Width (m)

Length (m)

1

L1 and L2

0.75

1.0

5

2

L2 and CT#2A

11

1.0

8

3

CT#4,3A, 3B

Varies from 1.0 to 1.5

1.9

91

2.1.3

214

A dry till was used to construct the berms, and compacted with the back of the bucket of the
excavator. This method of construction is not ideal and erosion of the berm may be expected. In
order to mitigate possible erosion, two stabilizing methods were used. Berms 1 and 2 were clad with
an approximately 0.2m thick layer of rock and Berm 3 was covered with 10 0z. geotextile which was
weighed down with approximately 0.2m thick layer of soil and rock. See Figures 2a and 2b.

Drainage Ditch

A drainage ditch had already been constructed along the south edge of L1, L2 and CT#2A and 2B,
draining out towards the east, away from the lower test cells, but required improvement.

The ditch was surveyed using a Dumpy level and a 1% grade was selected. During construction it
was found that the excavator was having difficulty digging out the channel with the tip of the bucket
as there was very little room to manoeuvre next to the ditch. The ditch is considerably deeper than
before, however the final overall grade is 0.7%. See Figure 3 for a profile of the ditch with final
surveyed points.

Wires crossing from CT#2A/2B across to the lower monitoring hut were further exposed in the now
deeper and wider ditch. They were covered with a 6” length of 3” PVC pipe to protect them.

Erosion

The table below describes the erosion repair.
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2.1.6

Table 2: Erosion Repair

Location Material used Description

West of CT#4 Till and rock The dozer repaired this erosion by pushing nearby
material into the gully and then driving over it with his
tracks to compact it

Between CT#4 and CT#3A Rock and fines The loader dumped material ahead of the excavator
which smoothed it out and tamped it in with the back of
the bucket. It also shaped the channel so that water will
run away from the berms and toward the centre.

West berm of CT#3A Moist till The loader dumped till sourced from the Grum till dump
and the excavator shaped the berm and compacted it
with the back of the bucket.

Around the lower monitoring Rock and clean The excavator used the bucket to compact and stabilize
hut gravel the side walls of the existing erosion channel and then
placed large rocks into the channel and compacted
them. It also placed clean gravel in the channel.

Base of CT#1 Moist till In constructing the upper bench of the access road,
some of the erosion was already covered over.
Remaining erosion was filled in with moist till and
compacted with the excavator bucket.

Upper part of CT#3A, Till and rock Rock and till were placed by hand over the exposed
exposed wires wires
Snowmelt pond Dry till The dozer reshaped the area so that water will flow

northeast, away from the cells.

Pipe

There is a 3” and a 2” water bearing pipe that runs between CT#4 and the lower monitoring which
were damaged as that section eroded. They had been repaired but only temporarily and would need
to be repaired and covered again. That being the case, the remainder of the pipe was exposed up to
the berm of CT#4 and the length of the pipe spanning the eroded channel, about 12°, was cut and
removed to allow access to the excavator.

Once the work was completed, a new section of pipe was fit into the couplers at either end of the
span and glued in place with PVC glue. The pipe was then covered over with soil, but no rocks.

A second pipe towards the top of the slope was also exposed, but had been exposed for years. It was
lightly covered with soil.

Additional Work

There was a small road on the east side of CT#2B which ran south into what is now the drainage
ditch. Although the snowmelt pond area was re-graded to push water away from the cells, in the
case that water did start to flow toward the cells, this road could be used to drain that water into the
drainage ditch. The excavator pushed a breach in the drainage ditch berm so that water could flow
through if necessary.
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Figure 2a: Berm 1 section. This is a typical section for Berm 1 and 2.
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Figure 2b: Berm 3 section, showing geotextile layer.
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Figure 3: Profile of drainage ditch up to wires exiting from CT#2A, exaggerated scale.
Some very minor high spots, overall grade is 0.7% downhill
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Photo 1: Access road from west side, below CT#4
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Photo 2: Access road from the east side, below CT#1
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Photo 4: Berm 2 in foreground, Berm 3 in background

MM/sdc ErosionRepairvVangordaTestCovers.Memo.1CY001.030.mm.jm.Rev02.docx, 3:02 PM, Jan. 29, 10



SRK Consulting Page 8 of 12

Photo 5: Berm 1

Photo 6: Drainage ditch, looking east. New pipe to protect wires
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Photo 8: Drainage ditch, draining south onto slope
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Photo 10: Between CT#4 and CT#3A, erosion repaired, berm repaired and pipelines fixed and
covered with soil
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Photo 11: Repairing erosion around the lower monitoring hut by shoring up the gully and placing
rock and clean gravel

Photo 12: Re-graded ‘snowmelt pond’, looking northeast
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Photo 13: Possible drainage path for ponding water, if necessary, connecting to the drainage ditch.
To the east of CT#2B
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