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Attn:  Ron Bonnycastle, President 

Dear Mr. Bonnycastle, 

Re:  Revised Hydrogeological Assessment and Groundwater Monitoring and Sampling Results 

Hemmera Envirochem Inc. (Hemmera) was retained by Castle Rock Enterprises (Castle Rock) to 

complete a hydrogeological assessment and groundwater sampling program at their proposed Land 

Treatment Facility (LTF) located on the west side of Old Ski Hill Road, south of the Alaska Highway (the 

Site). The proposed LTF is located within an active gravel quarry leased by Castle Rock through the 

Yukon Government Lands Branch. Yukon Environment issued and replaced LTF Permit #24-023 (the 

LTF permit) to Castle Rock on March 14, 2007 and April 30, 2014 respectively. Hemmera provided the 

initial assessment report in October 2014 which was forwarded to Yukon Government for third party 

review.  Based on the reviewer’s comments, the assessment report has been revised and we are  

pleased to provide this final report to Castle Rock.  

We have appreciated the opportunity to work with you on this project and trust that this report meets your 

requirements. Please feel free to contact the undersigned by phone or email regarding any questions or 

further information that you may require. 
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EXECUTIVE SUMMARY 

Hemmera Envirochem Inc. (Hemmera) was retained by Castle Rock Enterprises (Castle Rock) to 

complete a hydrogeological assessment and groundwater sampling program at their proposed Land 

Treatment Facility (LTF) located on the west side of Old Ski Hill Road, south of the Alaska Highway 

(the Site). The proposed LTF is located within an active gravel quarry leased by Castle Rock through 

the Yukon Government Lands Branch. Yukon Environment issued and replaced LTF Permit #24-023 

(the LTF permit) to Castle Rock on March 14, 2007 and April 30, 2014 respectively. 

The assessment showed that conceptually, groundwater flows in an unconfined setting within the surficial 

deposits which blanket bedrock at the Site. The surficial aquifer is interpreted to flow to the east-northeast 

towards Little Takhini Creek, approximately 250 m down-gradient of the Site. Haeckel Hill acts as a 

recharge site for shallow unconfined groundwater, and may also recharge a bedrock aquifer. The 

hydraulic conductivity of the surficial unit is expected to exhibit considerable variability associated with its 

complex depositional history. However, owing to the sites history as a gravel quarry, high hydraulic 

conductivity surficial soils are expected at the Site. The bulk hydraulic conductivity of the bedrock is 

expected to be low and strongly related to the orientation of its bedding planes. The degree of hydraulic 

connectivity between the surficial and bedrock aquifer remains unclear. 

The field program involved a total of 5 boreholes, each completed as a monitoring well (MW14-01-A, 

MW14-01-B, and MW14-02 to MW14-04), drilled and installed by Midnight Sun Drilling Inc. of Whitehorse, 

YT, using a truck-mounted, solid stem auger drill rig on July 15 and 16, 2014.  On test pit was advanced 

on August 12, 2014, a temporary monitoring well was installed in the test pit by Hemmera. The locations 

of the monitoring well locations were selected to represent hydraulically up-gradient and down-gradient 

conditions relative to the LTF footprint and to assess the water quality conditions and hydraulic 

conductivity at the site. The monitoring well installed in the test pit location was only used to obtain water 

level information in the footprint of the LTF. 

The groundwater analytical results indicated that aside from MW14-01-A that had a concentration of 

manganese (213 µg/L) exceeding the CSR DW and IW standards (50 and 200 µg/L respectively), and 

MW14-03 had a concentration of manganese (57 µg/L) that exceeds the DW standard, no parameters 

analyzed had concentrations that exceed the applicable CSR standards. The estimated groundwater 

velocity was determined to be approximately 7 m per day. At this velocity, it would take approximately 

36 days for groundwater to migrate from the Site to Little Takhini Creek, the creek located approximately 

250 m east-northeast of the Site. 
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The following recommendations are made based on the results of the hydrogeological assessment:  

1. Castle Rock fill the site between 1.0 and 1.5 m to raise ground surface greater than 3 m above 

the water table. Three additional monitoring events (see above) will confirm if a 1.5 m increase in 

land surface is sufficient or if additional filling will be required; 

2. Castle Rock grade the site during filling to reduce the slope to less than 6% over the footprint of 

the holding cells; 

3. Confirm site buildings remain greater than 60 m away from the active portion of the Site; and 

4. Improve the existing water diversions up-gradient of the Site to divert shallow groundwater 

around the footprint of the holding cells. 

The following groundwater sampling monitoring and sampling program is recommended pursuant to 

Part 7 of the Permit. 

 Three additional groundwater monitoring events for combustible headspace readings (CHR), 

depth to product, depth to groundwater, etc. 

 An additional groundwater sampling event during seasonal high water table (expected during 

spring runoff)1 

▫ Sample to be submitted for BTEX/VPH, LEPH/HEPH, PAHs, VOCs, dissolved metals, 

general chemistry2,and field parameters collected concurrently with sampling. 

Completion of the above recommendations is expected to satisfy the requirements of the hydrogeological 

assessment pursuant to the Permit. 

The following recommendations are made for site operations, following completion of the above: 

 Extra monitoring well should be installed down-gradient of each of the five holding cells. 

Depending on final site configuration and grading, this may require the installation of three3 

additional monitoring wells. Seasonal groundwater monitoring data collected during the 

hydrogeological assessment will determine where to complete well installations such that the 

screened interval straddles the water table at all times during the year; 

 Groundwater sampling should be conducted twice annually. The high hydraulic conductivity of the 

sand and gravel aquifer, relatively high groundwater velocity, and close proximity to surface water 

warrant additional groundwater sampling frequency. 

Groundwater monitoring should be conducted at least quarterly. High CHR and/or the presence of LNAPL 

would trigger additional sampling, contacting an environmental protection analyst, and developing an 

adaptive management plan. 

                                                      
1
  Two rounds of sampling (high and low water table) are expected to provide baseline groundwater quality conditions. Low water 

table is inferred to occur during August/September, for which groundwater samples have already been collected and analyzed. 
2
  Anions, TDS, TSS, speciated alkalinity/nitrogen, etc. 

3
  MW14-02 will likely need to be decommissioned and/or re-drilled to facilitate groundwater sample collection. 
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1.0 INTRODUCTION 

Hemmera Envirochem Inc. (Hemmera) was retained by Castle Rock Enterprises (Castle Rock) to 

complete a hydrogeological assessment and groundwater sampling program at their proposed Land 

Treatment Facility (LTF) located on the west side of Old Ski Hill Road, south of the Alaska Highway 

(the Site). The proposed LTF is located within an active gravel quarry leased by Castle Rock through 

the Yukon Government Lands Branch. Yukon Environment issued and replaced LTF Permit #24-023 

(the LTF permit) to Castle Rock on March 14, 2007 and April 30, 2014 respectively.  

1.1 BACKGROUND 

The proposed LTF location is on the area of a gravel quarry lease registered to Castle Rock. The LTF 

footprint is located in an area where gravel has been extracted. The LTF was assessed under YESAA 

(YESAA file number 2006-0133) and a decision document was issued by Yukon Government on 

September 5, 2006. An LTF permit (#24-023) was issued by Environment Yukon on March 14, 2007 and 

subsequently replaced on April 30, 2014. The site location is presented in Figure 1.  

Access Consulting Group (Access) prepared a report in April 2006 for Castel Rock Enterprises titled 2006 

Construction, Operation, and Decommissioning Plan as Required by the Contaminated Sites Regulations 

of the Yukon Environment Act. The report includes information about a test pitting program that was 

completed in 2006 at the proposed LTF area. A copy of the report is attached in Appendix A. 

Seven test pits were advanced to a depth ranging from 3.2 mbg to 3.7 mbg. Four test pits were advanced 

in the area of the proposed LTF, the others were advanced southeast of the proposed location. 

Groundwater was encountered at three of the seven test pit locations. Water was encountered at the 

following depths: 2.5 mbg (TP01), 2.1 mbg (TP02) and 3.55 mbg (TP05).  

1.2 OBJECTIVE 

The objective of the hydrogeological assessment and groundwater sampling program was to: 

a. Determine the direction and rate of groundwater flow; 

b. Identify potential receiving environments; 

c. Assess travel times for potential contaminant pathways; 

d. Collect data from a minimum of one well hydraulically down-gradient and hydraulically up-

gradient of the facility and install additional wells to characterize the groundwater flow regime 

(if required); 

e. Assess baseline groundwater quality; 

f. Provide data for the design and construction of the LTF; and 

g. Satisfy the LTF #24-023 permit requirements. 
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Work was carried out in accordance with the scope of services outlined in the Hemmera Proposal for 

Hydrogeological Assessment and Groundwater Monitoring dated June 3, 2014 (the Proposal). 

1.3 SCOPE OF SERVICES 

Hemmera has completed the following tasks in accordance with the Proposal: 

 Conducted a project kick-off meeting to confirm logistics and schedule; 

 Reviewed historical site information to assess the presence or absence of underground utilities 

that may exist at the site; 

 Retained Midnight Sun Drilling Inc. of Whitehorse, Yukon to conduct the drilling program; 

 Advanced five boreholes, each completed with a groundwater monitoring well (MW14-01-A, 

MW14-01-B, and MW14-02, MW14-03 and MW14-04) and a protective steel casing to protect the 

well from damage during LTF construction and/or operations; 

 Advanced one test pit in the area of the LTF footprint and installed a temporary shallow 

groundwater well (MW14-05) to verify groundwater elevations (MW14-05 was not used to collect 

groundwater quality data or hydrogeological testing data);  

 Developed groundwater monitoring wells and sampled groundwater from select groundwater 

monitoring wells; 

 Collected pH, conductivity, dissolved oxygen, redox potential and temperature field parameters 

during groundwater purging and sampling as applicable; 

 Submitted 4 groundwater samples (3 from monitoring wells and 1 duplicate) to ALS Environment 

(ALS), an accredited laboratory for analysis of the potential contaminants of concern (dissolved 

metals, benzene, toluene, ethyl benzene, xylenes, styrene (BTEXS), methyl tert-butyl ether 

(MTBE), volatile petroleum hydrocarbons (VPH), light and heavy extractable hydrocarbons 

(LEPH & HEPH), and polycyclic aromatic hydrocarbons (PAHs)); 

 Coordinated the surveying of groundwater monitoring well locations and elevations; 

 Monitored combustible headspace readings (relative to petroleum hydrocarbons) at each 

groundwater monitoring well; 

 Determined direction of groundwater flow;  

 Stored purge water on site in sealed drums; and 

 Prepared this report.   

Hemmera will also monitor groundwater levels on a quarterly basis for one year (an additional 3 events 

after the initial drilling) to establish the timing of high and low water conditions and provide a technical 

memo documenting any fluctuations in the water table. 
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2.0 PRELIMINARY HYDROGEOLOGICAL ASSESSMENT 

Available information pertaining to the site was reviewed prior to the drilling program. The objective of this 

desktop review was to develop a preliminary hydrogeological conceptual model to be used to plan the 

drilling program.  

2.1 DATA SOURCES 

Sources of information reviewed included: 

 topographic maps; 

 surficial geologic maps; 

 bedrock geologic maps; 

 the location and orientation of aquatic life habitat (rivers and streams); 

 water well records and borehole logs (if available); and 

 historic site assessment reports. 

2.2 SURFICIAL GEOLOGY 

The surficial geology of the site and vicinity is described in the work of Morison and Klassen (1991). The 

topography of the site is described as a quarry bench excavated into the side of Haeckel Hill. In the 

vicinity of the site, the slope of Haeckel Hill dips to the northeast. Topography slopes towards Little 

Takhini Creek, located approximately 250 m east-northeast (down-gradient) of the Site.  

The surficial deposits on-site are comprised of lodgement and ablation till with a sandy to silty matrix 1 m 

to 30 m thick. This unit blankets the underlying bedrock and its thickness is strongly correlated to the 

bedrock topography. This unit forms a nearly continuous blanket over benches along the sides of large 

valleys and gentle mountain slopes. 

2.3 BEDROCK GEOLOGY 

The bedrock geology of the site and vicinity was compiled by Gordey (2008). Bedrock at the Site is 

comprised of the Mandanna Member of the Lewes River Group of Upper Triassic age. The Mandanna 

Member is comprised of red, purple, green and grey, medium bedded to massive arkosic greywacke, 

mudstone and shale; finely laminated, thick-bedded arkosic sandstone; minor interbedded pebble 

conglomerate and red, bioturbated sandstone. 

No major faults are present in the Mandanna Member in the vicinity of the Site. However, the Mandanna 

Member exhibits bedding planes dipping towards the northeast in the vicinity of the Site. The hydraulic 

conductivity of the Mandanna member is expected to exhibit low hydraulic conductivity and flow in 

bedrock may be dominated by the orientation and connectivity of bedding planes. 

The region is generally mineralized with polymetallic veins as evidenced by two drilled prospects south of 

the Site (Gordey, 2008).  
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2.4 CONTAMINATED SITES INVENTORY 

The Canadian Federal Contaminated Sites Inventory (FCSI) was searched to see if any known federal 

contaminated sites are present in the vicinity of the Site. The search indicated the closest federal 

contaminated site was located approximately 7 km southeast of the Site. Based on topography and 

drainage in the watershed, this property is interpreted to be cross- and down-gradient from the Site. 

No federal contaminated sites were identified up-gradient of the Site. 

2.5 REVIEW OF LTF PERMIT 

The following is a review of a sub-set of conditions put forth by Yukon Environment to satisfy permit 

requirements. Of particular relevance to this Hydrogeological Assessment Report are the following 

excerpts from the permit: 

2.5.1 Part 3: Facility Specifications 

1. The permittee shall not construct or operate a facility on any portion of land where: 

a. The slope is greater than 6%; 

b. The seasonal high water table is less than 3 m below the surface; 

c. The facility would be within 100 m of a surface water body; 

d. The land is identified as being within a 25-year floodplain; or 

e. Residential property lines or buildings are less than 60 m away. 

14. The permittee shall ensure that a qualified hydrogeologist conducts a hydrogeological 

assessment of the site which: 

a. Determines the direction and rate of groundwater flow; 

b. Identifies potential receiving environments; 

c. Assesses travel times for potential contaminant pathways; and 

d. Is based on data from a minimum of one well up-gradient of the facility and two wells down-

gradient of the facility, at locations chosen by the qualified hydrogeologist, and which are 

installed in such a way as to allow their use for monitoring of groundwater for contamination 

as required in Sections 7.4 and 7.5 of the permit. 

The permittee shall submit a written report of the hydrogeological assessment for review and approval by 

an environmental protection analyst before accepting material into the facility. 

2.5.2 Part 7: Monitoring 

1. The permittee shall develop and implement a sampling and monitoring program for all 

contaminated material being treated at the facility, in accordance with all guidelines and protocols 

pursuant to the CSR that pertain to the sampling, analysis and monitoring of contaminated 

material within a land treatment facility; 
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2. The permittee shall ensure that all groundwater wells at the facility with detectable water levels 

are monitored, sampled and analysed as follows: 

a. To determine the timing of high and low water conditions, the groundwater elevation in all 

wells shall be monitored quarterly for one year following the completion of the 

hydrogeological assessment. In subsequent years, all wells shall be monitoring twice 

annually for groundwater elevation at the determined high and low water points; 

b. To establish baseline levels and monitor for groundwater contamination, samples from all 

wells at the facility shall be analysed for petroleum hydrocarbons, dissolved metals, pH, 

conductivity, dissolved oxygen, redox potential, temperature, and any other contaminants of 

concern: 

i. at the time of the hydrogeological assessment; and 

ii. annually thereafter. 

3. If groundwater is not encountered during the hydrogeological assessment, the permittee shall 

ensure that the groundwater wells are checked for water at least once annually during known 

periods of high water in the area. If groundwater is encountered, the permittee shall conduct the 

monitoring, sampling, and analysis described in section 7.2 above. 

4. If groundwater analysis show detectable concentrations of hydrocarbons at any well during any 

sampling event, the permittee shall contact an environmental protection analyst within 7 days of 

receipt of results. 

5. If hydrocarbons are detected in any groundwater well under section 7.4, the permittee shall 

conduct additional monitoring and develop and implement an adaptive management plan to 

address the contamination as directed in writing by an environmental protection analyst. 

2.6 REGULATORY FRAMEWORK – APPLICABLE GROUNDWATER STANDARDS  

The Site is located in Yukon Territory and is therefore subject to the Yukon Environment Act and the 

Contaminated Sites Regulation (CSR). The applicable standards for groundwater at the Site are 

dependent upon present and future water use at the Site and on the distance to the closest point of use, 

as specified in CSR Protocol 6 - Application of Water Quality. As a conservative approach, Hemmera has 

assumed that the aquatic life water use (AW), drinking water use (DW), irrigation water use (IW), and 

livestock water use (LW) standards all apply to the Site as follows: 

 The Groundwater Information Network Basic Map Viewer (GIN Map) shows an unnamed stream 

approximately 250 m east-northeast of the Site.  The Access report from 2006 identifies this 

stream as Little Takhini Creek.  Little Takhini Creek is a tributary to the Yukon River and it is 

assumed that it potentially contains aquatic life, therefore the AW standards apply; 

 The Site is located within a 1.5 km radius of a water well. GIN Map shows a “Domestic - 

household needs” Water Use well approximately 1 km northeast of the Site.  This well is identified 

as Well ID #204140085 with information provided by Environment Yukon.  Aside from its location 

and elevation, no other well details including well construction or screen interval is provided.  

Based on proximity of the water well, DW standards apply; and, 
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 Hemmera was unable to determine whether irrigation water use presently exists within a 1.5 km 

radius of the Site, however Hemmera believes that there is the potential for agriculture to occur 

within 1.5 km radius of the Site in the future and as such has applied the IW and LW standards. 

2.7 PRELIMINARY HYDROGEOLOGICAL SITE CONCEPTUAL MODEL 

Conceptually, groundwater flows in an unconfined setting within the surficial deposits which blanket 

bedrock at the Site. The surficial aquifer is interpreted to flow to the east-northeast towards Little Takhini 

Creek approximately 250 m down-gradient of the Site. Haeckel Hill acts as a recharge site for shallow 

unconfined groundwater, and may also recharge a bedrock aquifer. The hydraulic conductivity of the 

surficial unit is expected to exhibit considerable variability associated with its complex depositional 

history. However, owing to the sites history as a gravel quarry, high hydraulic conductivity surficial soils 

are expected at the Site. The bulk hydraulic conductivity of the bedrock is expected to be low and strongly 

related to the orientation of its bedding planes. The degree of hydraulic connectivity between the surficial 

and bedrock aquifer remains unclear.  

A residence with a domestic use well is present approximately 1 km northeast (down-gradient) of the Site, 

indicating aquifers are present in the vicinity of the Site that will need to be protected.  

The proposed LTF will be constructed in a manner which will prevent impacted surface water or 

groundwater from reaching Little Takhini Creek or the down-gradient domestic water well. As outlined in 

Section 2.5.2 above, ongoing monitoring at the Site should be completed. 

An unnamed pond is located approximately 125 m east (cross-gradient) from the southeast corner of the 

Site, and groundwater from the Site is not expected to flow to this pond. Additional groundwater 

monitoring events will confirm if there is a seasonal component of groundwater flow towards this feature. 
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3.0 FIELD METHODS 

3.1 GROUNDWATER MONITORING WELL DRILLING AND INSTALLATION 

A total of 5 boreholes, each completed as a monitoring well (MW14-01-A, MW14-01-B, and MW14-02 

to MW14-04) were drilled and installed by Midnight Sun Drilling Inc. of Whitehorse, YT, using a truck-

mounted, solid stem auger drill rig on July 15 and 16, 2014.   

On test pit was advanced on August 12, 2014, a temporary monitoring well was installed in the test pit 

by Hemmera. Investigation locations are shown on Figure 2. 

Monitoring wells were completed with 5.08-cm (2”) diameter PVC monitoring well casing. The 

screen lengths for each monitoring well were 1.5 m and constructed using a Schedule 40 PVC pipe, and 

a 10-slot PVC screen. The PVC pipe and screens were factory-cleaned and stored in a protective plastic 

casing until installation. New nitrile gloves were used to handle the well materials during installation.  

Once the well screen and pipe were in place, a sand pack was placed around the screen to fill the 

borehole annulus a height of approximately 0.30 m above the well screen using 10 – 20 washed filter 

sand. A minimum 0.90-m thick bentonite chip well seal was then placed on top of the sand pack, and in 

most cases the bentonite seal extended from the top of the sand pack to 0.6 m below ground surface. 

The monitoring wells were installed to a height of approximately 0.85 m above ground (“stick ups”) and 

finished with red painted metal ‘stick up’ well protectors. 

Newly-installed monitoring wells were developed by removing at least 10 well volumes using dedicated 

tubing with a low flow pump.  This was conducted to remove foreign materials that may have entered the 

well and to ensure adequate permeability through the sand filter pack surrounding the PVC monitoring 

well screen length. After development the newly-installed wells were left for a minimum of 24 hours prior 

to purging and sampling. 

The soils at the boreholes and test pit were logged with respect to geologic properties: specifically colour, 

moisture, density, grain size, and soil type.  Soil samples were placed into Ziploc bags, with a minimum of 

handling and atmospheric exposure, for measurement of combustible soil vapours (CSVs).  Each bag 

was half-filled with soil from each sample location and sealed tightly.  The bags were gently agitated to 

facilitate the break-up of any lumps and then allowed to sit for 20 to 30 minutes.  CSVs were measured by 

inserting the probe of a RKI Eagle (methane elimination mode on, calibrated to hexane) into the 

headspace of the bag. A copy of each monitoring well log is included in Appendix B, attached. 
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3.2 MONITORING WELL SURVEY 

An elevation survey at the monitoring well locations was performed by Castle Rock Enterprises. The 

survey consisted of measuring the elevation at grade (ground surface) and at the top of the monitoring 

well pipe (with the j-plug off) of each monitoring well. The horizontal position of each monitoring well tied 

into Site survey as prepared by Castle Rock Enterprises. 

Monitoring well survey measurements are included in Table 1 and are shown on borehole logs compiled 

in Appendix B. 

3.3 GROUNDWATER MONITORING AND SAMPLING EVENT 

On August 15, 2014 Hemmera performed the following groundwater monitoring and sampling activities:  

a. Immediately upon opening the well casings at MW14-01-A, MW14-01-B, MW14-03, MW14-04 

and MW14-05, measured combustible headspace readings (CHRs) using a RKI Eagle set in 

methane elimination mode and calibrated to hexane; 

b. Measurement of light non-aqueous phased liquid (LNAPL) thickness (if any) and static water 

levels and measurement of total water depth at the aforementioned mentioned monitoring wells 

was completed using an interface probe; 

c. Groundwater was sampled at MW14-01A and MW14-03 using a low-flow sampling technique. 

Groundwater was purged at a rate not exceeding 150 mL/min using a peristaltic pump. 

Groundwater temperature, pH, conductivity, redox, and dissolved oxygen were monitored using a 

YSI multi-probe during purging until measurements stabilized, which indicated collection of 

representative formation groundwater. Visual and olfactory observations of the groundwater were 

also noted during sampling (sheen, colour, transparency, silt content, and odour if present); 

d. Groundwater was sampled without purging at MW14-04 using a low-flow sampling technique. 

This monitoring well was developed dry the previous day and exhibited slow recharge. The 

limited amount of water in the well and slow recharge precluded purging prior to sampling; 

e. Groundwater samples were field-filtered and preserved by Hemmera staff prior to dissolved 

metals analysis; and 

f. Groundwater samples were collected in pre-cleaned glass bottles supplied by ALS Environmental 

(ALS) and specific to the requested analysis. 

Groundwater samples were temporarily stored in an insulated shipping cooler to prevent chemical 

alteration of the samples between the Site and the lab. The coolers were delivered to ALS in Whitehorse, 

YT on August 15, 2014, the same afternoon that the samples were collected. 

Project-specific chain-of-custody forms accompanied the samples shipped for analysis.  These forms 

contained pertinent sampling information and analytical requirements, and followed the samples through 

the analytical process to final sample disposal. This documentation provided a traceable history of the 

sample from the time of collection to disposal, and ensured that analytical determinations were performed 

within recommended holding times. Details of pertinent sampling information for this site were also 

recorded in a field notebook and on field sample collection sheets. 
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3.4 HYDRAULIC CONDUCTIVITY TESTING 

Single well rising-head (slug) testing was conducted to estimate the hydraulic conductivity of the surficial 

aquifer at the Site. Slug testing was conducted on September 4, 2014. Three tests were conducted on 

MW14-03. Data was recorded using an InSitu LevelTroll™ 700 vented pressure transducer. Testing was 

initiated by removing a “slug” of water from the monitoring well using a dedicated disposable bailer. Slug 

test data were recorded in true logarithmic time until the water level had recovered to at least 90% of the 

static water level. Data were downloaded to a PC and interpreted with AQTESOLV Professional (Version 

4.0) using the Bouwer-Rice (1976) method for non-oscillating responses in an unconfined aquifer. Slug 

test results are presented in Appendix C. 

3.5 QUALITY ASSURANCE / QUALITY CONTROL 

Hemmera’s field quality assurance/quality control program (QA/QC) included standard soil and 

groundwater sampling protocols to minimize the potential for cross contamination between samples. The 

field QA/QC procedure also included the collection and analysis of field duplicates. Where field duplicates 

were collected, relative percent difference (RPD) calculations were completed between characterization 

samples and their duplicates. RPDs are calculated as the difference between a sample and its field 

duplicate, over the average of the two values. RPDs were not calculated where concentrations were less 

than five times the detection limit, which is considered to be too low to accurately calculate RPD values. 

RPD calculations were completed for soil and groundwater samples, and are presented with analytical 

results in Table 2. The RPD data quality objectives (DQOs) used in this investigation for soil and 

groundwater are listed below in Table A. 

Table A BC MOE Recommended DQOs for Groundwater 

Parameter Category  DQOs 

Organics in Water 

Volatile Organics (including BTEX and VH) 30% 

Most other Typical Organic Parameters 30% 

General Inorganics in Water 20% 

Groundwater sample analyses were completed by ALS in Burnaby, BC. The samples submitted to ALS 

were subjected to QA/QC procedures specific to the laboratory. Laboratory QA/QC included 

internal/surrogate standards, replicates and duplicates, method blanks and method spikes. 
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4.0 RESULTS 

The results of the subsurface investigation at the Site are summarized in the following sections. 

4.1 SOIL STRATIGRAPHY  

Borehole observations by Hemmera are consistent with available surficial geologic information for the 

Site. Stratigraphy is described as sand and gravel till with less extensive finer grained till units. 

Groundwater was encountered in a sand and gravel till unit which appears to be continuous across the 

site. This is consistent with the sites historical use as an aggregate quarry. Bedrock was not encountered 

in any borehole advanced by Hemmera.  Borehole and monitoring well completion details are included in 

Appendix B. 

4.2 GROUNDWATER MONITORING 

Groundwater monitoring was conducted on August 15, 2014. Monitoring results are presented in Table 1. 

Monitoring results indicated zero combustible headspace readings (CHRs). Measurable headspace 

readings are a general indication of the presence of hydrocarbons. CHR measurements of 0ppm indicate 

hydrocarbon impacts are not present in groundwater at the Site. 

Groundwater was encountered between 1.8 m and 4.1 m below ground surface (m bgs). Permit 

requirements stipulate the seasonal high depth to groundwater must be greater than 3 m bgs. Three 

additional monitoring events are proposed to evaluate seasonal fluctuations in groundwater elevation. 

This data will assist Castle Rock to determine how much fill is required to raise grade 3 m above the 

seasonal high water table. 

The saturated thickness was observed up to 6.15 m thick. Bedrock was not encountered during the 

drilling investigation. 

Groundwater monitoring data was used in conjunction with survey data to prepare groundwater elevation 

contours (Figure 4). Groundwater appears to flow towards the northeast with an average horizontal 

hydraulic gradient of 0.12 (12%). The vertical hydraulic gradient was calculated from the MW14-01A/B 

well pair. The results indicate that the vertical hydraulic gradient is approximately 0.04 m/m (4%) 

downward. 

4.3 GROUNDWATER SAMPLING 

Hemmera sampled three monitoring wells (MW14-01-A, MW14-03, and MW14-04) at the Site on 

August 15, 2014 and submitted these samples for laboratory analysis to ALS. A field duplicate sample 

(MW14-100) was collected at MW14-03 and was also submitted for laboratory analysis.  Samples 

MW14-01-A, MW14-03, and MW14-04 were analyzed for dissolved metals, BTEXS, VPH, LEPH, HEPH, 

PAHs, and MTBE. The field duplicate sample MW14-100 was submitted for analysis of LEPH, HEPH, and 

PAHs only. The certificate of analysis from ALS for is attached in Appendix D.   
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Aside from MW14-01-A that had a concentration of manganese (213 µg/L) exceeding the CSR DW and 

IW standards (50 and 200 µg/L respectively), and MW14-03 with a concentration of manganese (57 µg/L) 

exceeding the DW standard, no parameters analyzed had concentrations that exceed the applicable CSR 

standards. Table 1 and Figure 3, both attached, display a summary of the groundwater analytical results 

as compared with the CSR standards. 

4.4 HYDRAULIC CONDUCTIVITY TESTING 

Slug test results indicate that hydraulic conductivity of the sand and gravel unit to be approximately 

2x10
-4

 m/s. Results are based on three slug tests conducted at MW14-03. 

4.5 QUALITY ASSURANCE AND QUALITY CONTROL 

4.5.1 Groundwater 

Groundwater RPDs for parameters analyzed could not be calculated because all concentrations for the 

duplicate groundwater sample were reported as non-detect. Hemmera reviewed the laboratory quality 

assurance/quality control report and there were no items identified that may have impacted the quality of 

the data. Based on the analytical results and the laboratory report, the data appears to be reliable.  

Laboratory QA/QC results from ALS are included with each certified laboratory report (Appendix D). 
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5.0 HYDROGEOLOGIC CONCEPTUAL MODEL 

The preliminary hydrogeological conceptual model (Section 2.8) assisted in developing the field program 

presented in Section 3.0. Results of the subsurface investigation were used to refine the preliminary 

hydrogeological conceptual model with site specific data. Results are presented in the following 

subsections. 

5.1 SETTING 

The proposed CRE LTF is in the southwest portion of the Yukon, within the Yukon Southern Lakes 

Ecoregion, and in the territory of the Kwanlin Dün First Nation and the Ta'an Kwäch'än Council. The Site 

is at an elevation between 763 and 776 m AMSL and lies within the Little Takhini Creek watershed, which 

is part of the larger Yukon River watershed. The Site encompasses approximately 22,000 m
2
 of cleared 

area within a larger cleared area along the western side of Old Ski Hill Road. Site topography slopes to 

the northeast, but the surface expression has been altered by aggregate mining at the Site. 

5.2 CLIMATE 

Climate data for the Site is likely similar to that at the Whitehorse Airport climate station (2101300) located 

approximately 12 km southeast of the Site at an elevation of 706 m AMSL. Average monthly precipitation 

reported at the Whitehorse Airport station ranges from an average low of 7 mm in April to an average high 

of 38 mm in July. The average annual precipitation is approximately 262 mm including 142 cm as 

snowfall. Temperate ranges from an average low of -19.2 ºC in January to an average high of 20.6 ºC in 

July (Canadian Climate Normals, 1981-2010). 

Average annual precipitation is relatively low (about 260 mm per year). With a significant portion of the 

precipitation occurring as snow, and the relatively cold climate, little infiltration would be expected during 

the winter months. The greatest potential for infiltration would occur during spring runoff. This is of 

particular interest to CRE is spring runoff is when highest groundwater elevations are expected. Seasonal 

groundwater monitoring will inform the extent of groundwater table fluctuations and the required amount 

of filling to raise grade to greater than 3m above seasonal high groundwater table. 

5.3 GEOLOGY AND HYDROGEOLOGY 

The surficial geology of the site and surrounding area is described in the work of Morison and Klassen 

(1991). They describe the surficial deposits in the vicinity of the site as lodgment and ablation till; silty to 

sandy matrix; 1 to 30 m thick. These deposits are interpreted to blanket the irregular underlying bedrock 

surface. Borehole observations by Hemmera are interpreted to represent lodgement and ablation till. 

Bedrock was not encountered during borehole advancement by Hemmera. Expected bedrock geology is 

described in Section 2.3 above. 
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Groundwater was encountered between 1.8 and 4.1 m bgs during the August 15, 2014 monitoring event. 

Groundwater was typically encountered within a sand and gravel unit, where groundwater appears to flow 

in an unconfined setting. During the August 2014 monitoring event, the average horizontal hydraulic 

conductivity was estimated to be 0.12 m/m (12%). A horizontal gradient of 12% is high for sand and 

gravel aquifers and is interpreted to be associated the steep slope of the quarry bench. The average 

vertical hydraulic gradient was calculated using the MW14-01A/B shallow/deep well pair. The results 

indicate a downward vertical gradient within the sand and gravel unit of 0.04 m/m (4%). In other words, 

shallow groundwater in the sand and gravel would tend to migrate downward deeper into the sand and 

gravel. It remains unclear if this observed downward vertical gradient is an indication of the bedrock 

aquifer being recharged by the surficial (sand and gravel) aquifer. Seasonal monitoring will inform the 

extent to which horizontal and vertical hydraulic gradients fluctuate over the year. 

As stated in Section 5.2 above, groundwater is expected to be recharged during spring runoff 

(snow melt), infiltration during the summer months, and ingress from the up-gradient aquifer. 

Groundwater appears to flow towards Little Takhini Creek, approximately 250 m east-northeast of 

the Site. 

5.4 HYDRAULIC CONDUCTIVITY TESTING 

Hydraulic conductivity (slug) testing indicated that the hydraulic conductivity of the sand and gravel 

aquifer is an estimated 2x10
-4

 m/s. This is consistent with literature values for  

5.5 ESTIMATED AVERAGE LINER GROUNDWATER VELOCITY 

The groundwater velocity can be estimated using the following relationship: 

en

iK
v


  

where: 

v  is the average linear groundwater velocity,  

K  is the aquifer hydraulic conductivity (2 x 10
-4

 m/s), 

i  is the interpreted horizontal hydraulic gradient (0.12 m/m) 

ne  is the effective porosity of the aquifer material (ne = 0.3 estimate for a poorly sorted sand and 

gravel aquifer). 

Using this relationship, the estimated groundwater velocity is approximately 7 m per day. At this velocity, 

it would take approximately 36 days for groundwater to migrate from the Site to Little Takhini Creek. 
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5.6 GROUNDWATER CHEMISTRY 

Groundwater analytical results and field parameters collected during groundwater sampling are presented 

in Table 2. The results indicate that concentrations of BTEX, EPH, VOC, and PAH were less than YCSR 

AW, DW, IW, and LW standards and were generally less than the detection limit. The results also indicate 

that concentrations of dissolved metals less than YCSR AW, DW, IW, and LW standards. The only 

exception is manganese; analytical results indicated concentration of manganese greater than YCSR DW 

at MW14-03 (57 µg/L) and greater than YCSR DW and IW at MW14-01A (213 µg/L). 

Groundwater analytical results also indicated detectable concentrations of PAH in groundwater as 

follows: 

 naphthalene (0.147 µg/L) @ MW14-01A; YKCSR DW standard is 10 µg/L; 

 pyrene (0.11 µg/L) @MW14-03; YKCSR DW standard is 0.2 µg/L; and 

 benzo(g,h,i)perylene (0.075 µg/L) @MW14-03; no standard. 

It should be noted that a duplicate sample collected at MW14-03 indicated the concentration of pyrene 

and benzo(g,h,i)perylene was less than the detection limit. 

Field parameters collected during groundwater sampling indicate neutral pH and low Electrical 

Conductivity (ED) typical of freshwater. Dissolved oxygen (DO) measurements generally indicated well 

oxygenated water with the exception of MW14-01A (0.7 mg/L). This monitoring well is screened 

approximately 6m below the water table. This low DO concentration is consistent with chemical results 

indicating a dissolved manganese concentration of 213 µg/L; manganese is not soluble under oxidizing 

conditions and its presence in groundwater at MW14-01A is consistent with low DO and somewhat 

reducing conditions. 

5.7 POTENTIAL CONTAMINATION OF GROUNDWATER AND TRANSPORT MECHANISMS 

Groundwater flows in an unconfined setting in the sand and gravel aquifer. As reported in Section 5.5 

above, the estimated groundwater velocity in this unit is high (7 m/day). Under these conditions, the 

dominant mechanism for groundwater transport would be advection (groundwater flow) and dispersion 

(groundwater mixing). Under these aquifer conditions, hydrocarbon contamination and metals 

contamination are attenuated by different mechanism, as described below: 

5.7.1 Dissolved Hydrocarbon Migration 

Hydrocarbons migrate in groundwater in the dissolved phase. Dissolved hydrocarbons are attenuated by: 

 simple mixing; 

 biodegradation; and 

 adsorption. 
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Adsorption is the tendency for hydrocarbons to stick (or adsorb) to organic soil particles, thus partitioning 

(removing) hydrocarbons from solution and appear to ‘slow’ the rate of hydrocarbon migration. The 

degradation of hydrocarbons creates localized reducing conditions which can mobilize certain metal from 

the aquifer solid phase. An understanding of these transport/attenuation mechanisms will inform the 

recommended monitoring and sampling plan presented at the end of this report. 

5.7.2 Dissolved Metal Migration 

Metals migrate in groundwater in the dissolved phase or adsorbed onto colloids. In typical shallow 

aquifers, such as at the Site, oxidizing conditions prevail. Under oxidizing conditions, many divalent 

metals strongly adsorb onto iron and manganese oxyhydroxide mineral surfaces, which are nearly 

ubiquitous in shallow aquifers. Metals are released to solution when the aquifer system changes the pH 

or redox state, for example, with the release of hydrocarbons which tend to create reducing conditions. 

Analytical results indicating concentrations of manganese greater than DW standards indicates that the 

redox state of the aquifer is reducing with respect to manganese.  
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6.0 CONCLUSIONS 

Groundwater is present within a sand and gravel aquifer at the Site. The sand and gravel aquifer is 

interpreted to be lodgement/ablation till deposited during the last glaciation. This unit overlies an irregular 

bedrock surface. Bedrock was not encountered during subsurface investigation by Hemmera. 

Groundwater appears to flow in an unconfined setting in the sand and gravel unit with an average 

horizontal hydraulic conductivity of 0.12 m/m. The horizontal hydraulic gradient (the slope of the water 

table) mirrors the surface of the topography. Groundwater is interpreted to flow to the northeast and 

discharge to Little Takhini Creek  approximately 250 m east-northeast of the Site. This creek discharged 

to the Yukon River. 

With regard to the permit application, the following conclusions are made. 

6.1 PART 3 

1a The slope of the site is greater than 6%; 

1b The water table was encountered less than 3 m below surface; 

1c The facility is greater than 100 m from any surface water body; 

1d The Site is located approximately 30 m higher than the down-gradient creek, and the Site is 

interpreted to be above the 15-year flood mark; 

1e No residential properties or buildings are within 60 m of the Site; 

14a Groundwater appears to flow to the northeast at an average velocity of 7 m/day; 

14b Groundwater appears to discharge to Little Takhini Creek, approximately 250 m east-northeast 

of the Site; 

14c  The groundwater travel time from the Site to Little Takhini Creek is approximately 36 days; 

14d  MW14-01A/B is installed up-gradient of the proposed LTF, and MW14-02 to MW14-04 are 

installed down-gradient of the proposed LTF. 

The monitoring and sampling requirements of Part 7 of the permit are addressed in Section 7.0 below. 
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7.0 RECOMMENDATIONS 

The Yukon Environment permit requires three additional monitoring events to evaluate seasonal 

groundwater fluctuations and determine the time of year when groundwater levels are highest. In addition 

to these additional monitoring events, Hemmera recommends: 

1. Castle Rock fill the site between 1.0 and 1.5 m to raise ground surface greater than 3 m above 

the water table. Three additional monitoring events (see above) will confirm if a 1.5 m increase in 

land surface is sufficient or if additional filling will be required; 

2. Castle Rock grade the site during filling to reduce the slope to less than 6% over the footprint of 

the holding cells; 

3. Confirm site buildings remain greater than 60 m away from the active portion of the Site; and, 

4. Improve the existing water diversions up-gradient of the Site to divert shallow groundwater 

around the footprint of the holding cells. 

The following groundwater sampling monitoring and sampling program is recommended pursuant to 

Part 7 of the Permit. 

 Three additional groundwater monitoring events for CHR, depth to product, depth to groundwater, 

etc. 

 An additional groundwater sampling event during seasonal high water table (expected during 

spring runoff)4 

▫ Sample to be submitted for BTEX/VPH, LEPH/HEPH, PAHs, VOCs, dissolved metals, 

general chemistry5, and field parameters collected concurrently with sampling. 

Completion of the above recommendations is expected to satisfy the requirements of the hydrogeological 

assessment pursuant to the Permit. 

The following recommendations are made for site operations, following completion of the above: 

 Extra monitoring well should be installed down-gradient of each of the five holding cells. 

Depending on final site configuration and grading, this may require the installation of three6 

additional monitoring wells. Seasonal groundwater monitoring data collected during the 

hydrogeological assessment will determine where to complete well installations such that the 

screened interval straddles the water table at all times during the year; 

 Groundwater sampling should be conducted twice annually. The high hydraulic conductivity of the 

sand and gravel aquifer, relatively high groundwater velocity, and close proximity to surface water 

warrant additional groundwater sampling frequency; and 

 Groundwater monitoring should be conducted at least quarterly. High CHR and/or the presence 

of LNAPL would trigger additional sampling, contacting an environmental protection analyst, and 

developing an adaptive management plan. 

                                                      
4
  Two rounds of sampling (high and low water table) are expected to provide baseline groundwater quality conditions. Low water 

table is inferred to occur during August/September, for which groundwater samples have already been collected and analyzed. 
5
  Anions, TDS, TSS, speciated alkalinity/nitrogen, etc. 

6
  MW14-02 will likely need to be decommissioned and/or re-drilled to facilitate groundwater sample collection. 
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We sincerely appreciate the opportunity to have assisted you with this project and if there are any 

questions, please do not hesitate to contact the undersigned by phone at 604.669.0424. 

Report prepared by: 
Hemmera Envirochem Inc. 
 

   
Andrew Brown, B.Sc., RPF   Jake Gossen, B.A.Sc., EIT (BC, AB) 
Environmental Engineering Technician   Engineering Hydrogeologist 
abrown@hemmera.com  jgossen@hemmera.com 
 
 
Report senior reviewed by: 
Hemmera Envirochem Inc. 
 
 
 
 
 
 
Chuck Jochems, P.Eng. (YT), CSAP (BC) 
Practice Leader, Investigations and Remediation 
cjochems@hemmera.com 
 
This document represents an electronic version of the original hard copy document, sealed, signed and 
dated by Chuck Jochems, P.Eng. (YT), CSAP (BC) and retained on file.  The content of the electronically 
transmitted document can be confirmed by referring to the original hard copy and file. This document is 
provided in electronic format for convenience only.  Hemmera Envirochem Inc. shall not be liable in any 
way for errors or omissions in any electronic version of its report document. 
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9.0 STATEMENT OF LIMITATIONS 

This report was prepared by Hemmera Envirochem Inc., based on fieldwork conducted by Hemmera, for 

the sole benefit and exclusive use of Castle Rock Enterprises. The material in it reflects Hemmera’s best 

judgment in light of the information available to it at the time of preparing this Report. Any use that a third 

party makes of this Report, or any reliance on or decision made based on it, is the responsibility of such 

third parties. Hemmera accepts no responsibility for damages, if any, suffered by any third party as a 

result of decisions made or actions taken based on this Report. 

Hemmera has performed the work as described above and made the findings and conclusions set out in 

this Report in a manner consistent with the level of care and skill normally exercised by members of the 

environmental science profession practicing under similar conditions at the time the work was performed. 

This Report represents a reasonable review of the information available to Hemmera within the 

established Scope, work schedule and budgetary constraints. It is possible that the levels of 

contamination or hazardous materials may vary across the Site, and hence currently unrecognised 

contamination or potentially hazardous materials may exist at the Site. No warranty, expressed or implied, 

is given concerning the presence or level of contamination on the Site, except as specifically noted in this 

Report. The conclusions and recommendations contained in this Report are based upon applicable 

legislation existing at the time the Report was drafted. Any changes in the legislation may alter the 

conclusions and/or recommendations contained in the Report. Regulatory implications discussed in this 

Report were based on the applicable legislation existing at the time this Report was written. 

In preparing this Report, Hemmera has relied in good faith on information provided by others as noted in 

this Report, and has assumed that the information provided by those individuals is both factual and 

accurate. Hemmera accepts no responsibility for any deficiency, misstatement or inaccuracy in this 

Report resulting from the information provided by those individuals. 

The liability of Hemmera to Castle Rock Enterprises shall be limited to injury or loss caused by the 

negligent acts of Hemmera. The total aggregate liability of Hemmera related to this agreement shall not 

exceed the lesser of the actual damages incurred, or the total fee of Hemmera for services rendered on 

this project. 
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MW14-03
2014/08/15

2014/01/01 << Sample Date (yyyy/mm/dd)
MW14-01 << Sample ID

Manganese 57 << Concentration (µg/L) greater than the CSR DW Standard
Manganese 213 << Concentration (µg/L) greater than the applicable CSR IW and DW Standards
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TABLES 



Table 1: Groundwater Monitoring Results (August 15, 2014)

Northing Easting CHV TOC Elevation Ground Elevation Depth to Water Depth to Bottom Groundwater Elevation Depth to Water
[m] [m] ppm [m amsl] [m amsl] [mb TOC] [mb TOC] [m amsl] [mbgs]

MW14-1A 6740341.33 487373.56 0 777.32 776.44 3.918 9.918 773.40 3.04
MW14-1B 6740338.98 487373.08 0 777.39 776.49 3.745 4.68 773.65 2.85
MW14-02 6740444.57 487448.54 nm 764.52 763.63 dry 3.074 <761.45 >2.18
MW14-03 6740374.75 487479.43 0 765.43 764.58 3.895 4.665 761.54 3.05
MW14-4 6740408.93 487447.84 0 765.73 764.89 4.918 5.16 760.81 4.08
MW14-5 6740375.00 487428.68 0 768.6 767.42 2.945 3.815 765.66 1.77

NOTES: CHV = combustible headspace vapours
ppm = parts per million
nm = not measured

Monitoring Well ID

Castle Rock Enterprises
Hydrogeological Assessment and Groundwater Results Page 1 of 1

Hemmera
File: 1721-001.01
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Table 2: Groundwater Analytical Results

Location ID: MW14-01-A MW14-03 MW14-04

Sample ID: MW14-01-A MW14-03 MW14-100 MW14-04
Date Sampled: 15/08/2014 15/08/2014 15/08/2014 15/08/2014

Parameter YKCSR AW 3,4 YKCSR IW 3,5 YKCSR LW 3,6 YKCSR DW 3,7

Location Info

Dissolved Metals Filtration Location (text) - - - - FIELD FIELD - - FIELD

Sample Info

Lab's Sample ID (text) - - - - L1503364-1 L1503364-2 L1503364-4 - L1503364-3
Duplicate Of (text) - - - - - - MW14-03 - -

Comment (text) - - - -
no odour, no 
sheen, water 

clear

no odour, no 
sheen, water 

clear

no odour, no 
sheen, water 

clear
-

no odour, no 
sheen, water 
clear. Limited 

water in well and 
slow recharge. 
Direct sample 
with no purge 

after well 
developed dry 

previous day by 
NS. Almost 
complete 
drawdown 

during sample - 
see field sheet

Sample Time, Start (text) - - - - 3:57:00, 12:5 4:03:00, 14:0 4:03:00, 00:0 - 15:55:00, 14:55
Well Depth, To Bottom (m) - - - - 9.918 4.665 4.665 - 5.16
Well Depth, To Water (m) - - - - 3.918 3.895 3.895 - 4.918

Field Tests

Field Conductance, Specific (uS/cm) - - - - 609 474 474 0.0 -
Field Conductivity (uS/cm) - - - - 380 335 335 0.0 -
Field Dissolved Oxygen (mg/L) - - - - 0.7 7.29 7.29 0.0 -
Field pH - - - - 7.29 7.21 7.21 0.0 -
Field Redox, Uncorrected (mV) - - - - 42.4 109.8 109.8 0.0 -
Field Temperature (ºC) - - - - 5.81 9.74 9.74 0.0 -
Field Vapours (ppm) - - - - 0 0 0 0

Physical Tests

Hardness, Total (CaCO3) (mg/L) - - - - 320 265 - 261

RPD (%)

Castle Rock Enterprises
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Table 2: Groundwater Analytical Results

Location ID: MW14-01-A MW14-03 MW14-04

Sample ID: MW14-01-A MW14-03 MW14-100 MW14-04
Date Sampled: 15/08/2014 15/08/2014 15/08/2014 15/08/2014

Parameter YKCSR AW 3,4 YKCSR IW 3,5 YKCSR LW 3,6 YKCSR DW 3,7

RPD (%)

Dissolved Metals

Aluminum - 5000 8 5000 8 200 8 <10 <10 - nc <10
Antimony 200 8 - - 6 8 <0.5 <0.5 - nc <0.5
Arsenic 50 9 100 8 25 8 25 8 2.1 <1 - nc <1
Barium 5000 10 - - 1000 8 46 44 - nc 31
Beryllium 53 9 100 8 100 8 - <5 <5 - nc <5
Boron 50000 8 500 8 5000 8 5000 8 <100 <100 - nc <100
Cadmium 0.1-1 11 5 8 80 8 5 8 <0.05 <0.05 - nc <0.05
Calcium - - 1000000 8 - 104000 94000 - nc 92700
Chromium 10 9 5 8 50 8 50 8 <0.5 <0.5 - nc <0.5
Cobalt 9 8 50 8 1000 8 - 0.71 <0.5 - nc <0.5
Copper 20-20 12 200 8 300 8 1000 8 <1 2 - nc 1.6
Iron - 5000 8 - 300 8 <30 <30 - nc <30
Lead 20 10 200 8 100 8 10 8 <1 <1 - nc <1
Lithium - 2500 8 5000 8 - <50 <50 - nc <50
Magnesium - - - 100000 8 14700 7260 - nc 7190
Manganese - 200 8 - 50 8 213 57 - nc 32
Mercury 1 8 1 8 2 8 1 8 <0.2 <0.2 - nc <0.2
Molybdenum 10000 8 10 8 50 8 250 8 2.4 2.7 - nc 2.8
Nickel 83 10 200 8 1000 8 - <5 <5 - nc <5
Selenium 10 9 20 15 50 8 10 8 <1 <1 - nc <1
Silver 0.5-15 13 - - - <0.05 <0.05 - nc <0.05
Sodium - - - 200000 8 7000 3000 - nc 3600
Thallium 3 8 - - - <0.2 <0.2 - nc <0.2
Titanium 1000 8 - - - <50 <50 - nc <50
Uranium 1000 10 10 8 200 8 20 8 2.32 2.79 - nc 2.09
Vanadium - 100 8 100 8 - <30 <30 - nc <30
Zinc 75-100 14 1000 8 2000 8 5000 8 <5 <5 - nc <5

BTEX

Benzene 1000 10 - - 5 8 <0.5 <0.5 - nc <0.5
Ethylbenzene 2000 9 - - 2.4 8 <0.5 <0.5 - nc <0.5
meta- & para-Xylene - - - - <0.5 <0.5 - nc <0.5
ortho-Xylene - - - - <0.5 <0.5 - nc <0.5
Styrene 720 8 - - - <0.5 <0.5 - nc <0.5
Toluene 390 9 - - 24 8 <0.5 <0.5 - nc <0.5
Xylenes - - - 300 8 <0.75 <0.75 - nc <0.75

EPH

EPH10-19 5000 8 5000 8 5000 8 5000 8 <250 <250 <250 nc <250
EPH19-32 - - - - <250 <250 <250 nc <250
LEPH 500 8 - - - <250 <250 <250 nc <250
HEPH - - - - <250 <250 <250 nc <250

VPH

VH6-10 15000 8 15000 8 15000 8 15000 8 <100 <100 - nc <100
VPH 1500 8 - - - <100 <100 - nc <100

Castle Rock Enterprises
Hydrogeological Assessment and Groundwater Results Page 2 of 4
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Table 2: Groundwater Analytical Results

Location ID: MW14-01-A MW14-03 MW14-04

Sample ID: MW14-01-A MW14-03 MW14-100 MW14-04
Date Sampled: 15/08/2014 15/08/2014 15/08/2014 15/08/2014

Parameter YKCSR AW 3,4 YKCSR IW 3,5 YKCSR LW 3,6 YKCSR DW 3,7

RPD (%)

PAH

Acenaphthene 60 8 - - - <0.05 <0.05 <0.05 nc <0.05
Acenaphthylene - - - - <0.05 <0.05 <0.05 nc <0.05
Acridine 0.5 8 - - - <0.05 <0.05 <0.05 nc <0.05
Anthracene 1 8 - - - <0.05 <0.05 <0.05 nc <0.05
Benzo(a)anthracene 1 8 - - - <0.05 <0.05 <0.05 nc <0.05
Benzo(a)pyrene 0.1 8 - - 0.01 8 <0.01 <0.01 <0.01 nc <0.01
Benzo(b)fluoranthene - - - - <0.05 <0.05 <0.05 nc <0.05
Benzo(g,h,i)perylene - - - - <0.05 0.075 <0.05 nc <0.05
Benzo(k)fluoranthene - - - - <0.05 <0.05 <0.05 nc <0.05
Chrysene 1 8 - - - <0.05 <0.05 <0.05 nc <0.05
Dibenz(a,h)anthracene - - - - <0.05 <0.05 <0.05 nc <0.05
Fluoranthene 2 8 - - - <0.05 <0.05 <0.05 nc <0.05
Fluorene 120 8 - - - <0.05 <0.05 <0.05 nc <0.05
Indeno(1,2,3-c,d)pyrene - - - - <0.05 <0.05 <0.05 nc <0.05
Naphthalene 10 8 - - - 0.147 <0.05 <0.05 nc <0.05
Phenanthrene 3 8 - - - <0.05 <0.05 <0.05 nc <0.05
Pyrene 0.2 8 - - - <0.05 0.11 <0.05 nc <0.05
Quinoline 34 8 - - - <0.05 <0.05 <0.05 nc <0.05

VOC

Methyl tert-butyl ether (MTBE) 4400 10 - 11000 8 20 8 <0.5 <0.5 - nc <0.5

Surrogate Recovery

1,4-Difluorobenzene, surrogate (%) - - - - 97.4 97.4 - nc 97.6
3,4-Dichlorotoluene, surrogate (%) - - - - 77.2 88 - nc 84.9
4-Bromofluorobenzene, surrogate (%) - - - - 94 96 - nc 96.9
Acenaphthene-d10, surrogate (%) - - - - 93 93.9 92.8 nc 93.4
Acridine-d9, surrogate (%) - - - - 94.6 96 93.1 nc 89.6
Chrysene-d12, surrogate (%) - - - - 91.8 93.3 91.2 nc 92.4
Naphthalene-d8, surrogate (%) - - - - 96.3 91.2 90.8 nc 91.3
Phenanthrene-d10, surrogate (%) - - - - 96.8 97.6 95.1 nc 95.6

Unknown Parameters

Dissolved Mercury Filtration Location (text) - - - - FIELD FIELD - - FIELD
Field TDS - - - - 389000 308000 308000 nc -

Castle Rock Enterprises
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Table 2: Groundwater Analytical Results

(1) All values are reported as µg/L unless otherwise noted (13) Silver varies with Hardness in mg/L as follows for YKCSR AW, Schedule 3, 
(2) - = No standard or not analyzed Generic Numerical Water Standards, Standard to protect freshwater aquatic 
(3) YKCSR = Yukon Environment Act, Contaminated Sites Regulation, Y.O.I.C. life (Schedule 3, Note 6):

2002/171, effective September 30, 2002  0.5 if H<=100
(4) YKCSR AW = Schedule 3, Column II Aquatic Life  15 if H>100
(5) YKCSR IW = Schedule 3, Column III Irrigation Otherwise, Schedule 3, Generic Numerical Water Standards, Standard to 
(6) YKCSR LW = Schedule 3, Column IV Livestock protect marine and/or estuarine aquatic life (Schedule 3, Note 8) applies 
(7) YKCSR DW = Schedule 3, Column V Drinking Water (15 ug/L).
(8) Schedule 3, Generic Numerical Water Standards (14) Zinc varies with Hardness in mg/L as follows for YKCSR AW, Schedule 3, 
(9) Schedule 3, Generic Numerical Water Standards, Standard to protect Generic Numerical Water Standards, Standard to protect freshwater aquatic 

freshwater aquatic life (Schedule 3, Note 6) life (Schedule 3, Note 6):
(10) Schedule 3, Generic Numerical Water Standards, Standard to protect marine  75 if H<=90

and/or estuarine aquatic life (Schedule 3, Note 8) Otherwise, Schedule 3, Generic Numerical Water Standards, Standard to 
(11) Cadmium varies with Hardness in mg/L as follows for YKCSR AW, Schedule 3, protect marine and/or estuarine aquatic life (Schedule 3, Note 8) applies 

Generic Numerical Water Standards, Standard to protect freshwater aquatic (100 ug/L).
life (Schedule 3, Note 6): (15) Schedule 3, Generic Numerical Water Standards, selenium standard for 
 0.1 if H<=30 continuous application on crops (Schedule 3, Note 26)
 0.3 if H>30 and H<90 (14) RPD = Relative Percent Difference. The difference between a sample 
 0.5 if H>=90 and H<150 and its field duplicate over the average of two values.
 0.6 if H>=150 and H<210 nc = not calculated. RPD is not calculated if either the sample or the field 
 0.8 if H>=210 and H<270 duplicate concentration is less than five times the detection limit.
 0.9 if H>=270 and H<330 Bold Indicates QAQC values exceed expected results (i.e. RDP values exceed 20%).
Otherwise, Schedule 3, Generic Numerical Water Standards, Standard to 
protect marine and/or estuarine aquatic life (Schedule 3, Note 8) applies 
(1 ug/L).

(12) Copper varies with Hardness in mg/L as follows for YKCSR AW, Schedule 3, 
Generic Numerical Water Standards, Standard to protect freshwater aquatic 
life (Schedule 3, Note 6):
 20 if H<50
Otherwise, Schedule 3, Generic Numerical Water Standards, Standard to 
protect marine and/or estuarine aquatic life (Schedule 3, Note 8) applies 
(20 ug/L).

Castle Rock Enterprises
Hydrogeological Assessment and Groundwater Results Page 4 of 4

Hemmera
File: 1721-001.01

July 2015



 

APPENDIX A 

Previous Report 





















































































































 

APPENDIX B 

Logs 



Log of Monitoring Well:

Project Name/No:

Client:

Site Location:

Date Drilled:

Drilling Company:

Drilling Method:

Logged by:

Sheet: 1 of 2

Well location:

Borehole diameter:

Depth to water level (TOC):

Date of water level:

Depth of well (TOC):

Well Elevation (TOC):

Ground Elevation:

Well casing diameter:

Well casing material:

Well screen slot size:

Well screen interval (bgs):
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Backfill details

MW14-01-A/B

1721-001.01

Castle Rock Enterprises

Alaska Highway

July 16, 2014

Mightnight Sun Drilling Inc.

Solid Stem Modified Split Point

Thomas Kolb

Ground Surface

Organic Topsoil
Spongy, black, rootlets present

SILT AND SAND AND GRAVEL
Fine to coarse grained silt, fine to coarse grained sand 
and gravel (subangular to subrounded, poorly sorted), 
brown, low density, dry to moist, coated in topsoil from 
the auger

CLAYEY SILT
Some trace fine to coarse grained gravel (subangular 
to subrounded, poorly sorted), light grey/brown, some 
blue shading, soft, medium density, wet

CLAYEY SILT
Trace fine to coarse grained gravel (subangular to 
subrounded), blue grey, firm, high density, moist to 
wet, homogeneous

Increasing density with depth starting at 4.200 m
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Log of Monitoring Well:

Project Name/No:

Client:

Site Location:

Date Drilled:

Drilling Company:

Drilling Method:

Logged by:

Sheet: 2 of 2

Well location:

Borehole diameter:

Depth to water level (TOC):

Date of water level:

Depth of well (TOC):

Well Elevation (TOC):

Ground Elevation:

Well casing diameter:

Well casing material:

Well screen slot size:

Well screen interval (bgs):
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Backfill details

MW14-01-A/B

1721-001.01

Castle Rock Enterprises

Alaska Highway

July 16, 2014

Mightnight Sun Drilling Inc.

Solid Stem Modified Split Point

Thomas Kolb

SILTY SAND
Medium to fine grained, some gravel (poorly graded), 
grey, wet

SANDY SILT
Medium to fine grained, some gravel (poorly graded), 
grey, wet

End of Log

Increasing stiffness and firmness with depth 
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Log of Monitoring Well:

Project Name/No:

Client:

Site Location:

Date Drilled:

Drilling Company:

Drilling Method:

Logged by:

Sheet: 1 of 2

Well location:

Borehole diameter:

Depth to water level (TOC):

Date of water level:

Depth of well (TOC):

Well Elevation (TOC):

Ground Elevation:

Well casing diameter:

Well casing material:

Well screen slot size:

Well screen interval (bgs):
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Backfill details

MW14-02

1721-001.01

Castle Rock Enterprises

Alaska Highway

July 15, 2014

Mightnight Sun Drilling Inc.

Solid Stem Auger

Thomas Kolb

Ground Surface

SANDY SILT
Fine grained, some fine to coarse grained gravel and 
cobbles (subangular to subrounded), dark brown, 
loose to very slightly dense, slightly moist, fairly 
homogeneous

Cobbles end at 2.100 m, trace clay, density increases 
with depth (medium density), moist 

SAND AND GRAVEL
Fine to coarse grained sand, fine to coarse grained 
gravel (subrounded, poorly sorted), light brown to grey, 
dry to moist

SAND AND SILT
Fine grained sand, trace fine grained gravel, stiff, 
moist, homogeneous

SAND AND SILT AND GRAVEL
Fine grained sand, fine to coarse grained gravel 
(subangular to subrounded, poorly sorted), brown, 
crumbly, moist 

Poor recovery from 4.350 - 4.800 m
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Log of Monitoring Well:

Project Name/No:

Client:

Site Location:

Date Drilled:

Drilling Company:

Drilling Method:

Logged by:

Sheet: 2 of 2

Well location:

Borehole diameter:

Depth to water level (TOC):

Date of water level:

Depth of well (TOC):

Well Elevation (TOC):

Ground Elevation:

Well casing diameter:

Well casing material:

Well screen slot size:

Well screen interval (bgs):
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Backfill details

MW14-02

1721-001.01

Castle Rock Enterprises

Alaska Highway

July 15, 2014

Mightnight Sun Drilling Inc.

Solid Stem Auger

Thomas Kolb

End of Log
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Log of Monitoring Well:

Project Name/No:

Client:

Site Location:

Date Drilled:

Drilling Company:

Drilling Method:

Logged by:

Sheet: 1 of 1

Well location:

Borehole diameter:

Depth to water level (TOC):

Date of water level:

Depth of well (TOC):

Well Elevation (TOC):

Ground Elevation:

Well casing diameter:

Well casing material:

Well screen slot size:

Well screen interval (bgs):
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Backfill details

MW14-03

1721-001.01

Castle Rock Enterprises

Alaska Highway

July 15, 2014

Mightnight Sun Drilling Inc.

Solid Stem Modified Split Point

Thomas Kolb

Ground Surface

SAND AND SILT AND GRAVEL
Fine grained sand, fine to coarse grained gravel 
(subangular to subrounded, poorly sorted), loose, 
moist

SAND AND SOME GRAVEL
Fine to coarse grained sand, fine to coarse grained 
gravel (subangular to subrounded), trace silty sand, 
brown, loose to medium density, moist to wet

Some silt beginning at 1.800 - 2.250 m

SAND AND GRAVEL
Fine to medium grained sand, trace coarse grained 
silty sand, fine to coarse grained gravel  (subangular to
subrounded, poorly sorted), some soft to stiff clay, 
medium plasticity, wet with some moist sections

End of Log
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Log of Monitoring Well:

Project Name/No:

Client:

Site Location:

Date Drilled:

Drilling Company:

Drilling Method:

Logged by:

Sheet: 1 of 1

Well location:

Borehole diameter:

Depth to water level (TOC):

Date of water level:

Depth of well (TOC):

Well Elevation (TOC):

Ground Elevation:

Well casing diameter:

Well casing material:

Well screen slot size:

Well screen interval (bgs):
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Backfill details

MW14-04

1721-001.01

Castle Rock Enterprises

Alaska Highway

July 16, 2014

Mightnight Sun Drilling Inc.

Solid Stem Modified Split Point

Thomas Kolb

Ground Surface

SAND
Fine to medium grained, trace medium to coarse 
grained gravel (subrounded), loose, dry, 
homogeneous

NO RECOVERY

SAND
Fine to medium grained, trace medium to coarse 
grained, reddish brown, loose, dry, homogeneous

Moist from 2.400 - 2.700 m

Up-rippling silt contours increase in presence with 
depth

Wet from 2.700 - 3.900 m

SILT AND SAND
Fine to medium grain silt contours dominate with some 
coarse grained sand, some fine to coarse grained 
gravel and some small cobbles (subangular to 
subrounded)

End of Log

764.89
0.00

763.98
0.91

763.52
1.37

762.45
2.44

762.15
2.74

760.93
3.96

759.40
5.49

 MW14-04-1 

 MW14-04-2 

 MW14-04-3 

 MW14-04-4 

  

  

  

  

2500 500

ppm

0

0

0

0

500 100

%

B
e
n
to

n
it
e

S
lo

u
g
h

S
a
n
d

S
c
re

e
n

Upgradient of LTF
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4.918 m

15 Aug 2014

double check
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10 Slot Schedule 40
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APPENDIX C 

Slug Test Results 
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MW14-03 TEST 1
Data Set:  Q:\...\MW14-03 Test 1.aqt
Date:  09/09/14 Time:  09:04:36

PROJECT INFORMATION
Company:  Hemmera
Client:  Castle Rock Enterprises
Project:  1721-001.01
Location:  Whitehorse, YT
Test Well:  MW14-03
Test Date:  September 4, 2014

AQUIFER DATA
Saturated Thickness:  2.442 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW14-03 Test 1)
Initial Displacement:  0.16 m Static Water Column Height:  0.613 m
Total Well Penetration Depth:  0.613 m Screen Length:  0.613 m
Casing Radius:  0.0254 m Well Radius:  0.0762 m

SOLUTION
Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice
K  = 0.0001215 m/sec y0 = 0.08804 m
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MW14-03 TEST 2
Data Set:  Q:\...\MW14-03 Test 2.aqt
Date:  09/09/14 Time:  09:08:12

PROJECT INFORMATION
Company:  Hemmera
Client:  Castle Rock Enterprises
Project:  1721-001.01
Location:  Whitehorse, YT
Test Well:  MW14-03
Test Date:  September 4, 2014

AQUIFER DATA
Saturated Thickness:  2.436 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW14-03 Test 2)
Initial Displacement:  0.11 m Static Water Column Height:  0.607 m
Total Well Penetration Depth:  0.607 m Screen Length:  0.607 m
Casing Radius:  0.0254 m Well Radius:  0.0762 m

SOLUTION
Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice
K  = 0.0001263 m/sec y0 = 0.05192 m
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MW14-03 TEST 3
Data Set:  Q:\...\MW14-03 Test 3.aqt
Date:  09/09/14 Time:  09:10:38

PROJECT INFORMATION
Company:  Hemmera
Client:  Castle Rock Enterprises
Project:  1721-001.01
Location:  Whitehorse, YT
Test Well:  MW14-03
Test Date:  September 4, 2014

AQUIFER DATA
Saturated Thickness:  2.425 m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW14-03 Test 3)
Initial Displacement:  0.14 m Static Water Column Height:  0.596 m
Total Well Penetration Depth:  0.596 m Screen Length:  0.596 m
Casing Radius:  0.0254 m Well Radius:  0.0762 m

SOLUTION
Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice
K  = 0.0002646 m/sec y0 = 0.1876 m
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Certified Analytical Reports 
 



[This report shall not be reproduced except in full without the written authority of the Laboratory.]

15-AUG-14

Lab Work Order #:  L1503364

Date Received:HEMMERA ENVIROCHEM INC.

230 - 2237 2nd Avenue
Whitehorse  YK  Y1A 0K7

ATTN: Natasha Sandys
FINAL   
26-AUG-14 11:48 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

Brent Mack
Account Manager

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 867-456-4865

Comments:  

1721-001.01Job Reference: 
NOT SUBMITTEDProject P.O. #: 

10-152811C of C Numbers: 
Legal Site Desc: 



26-AUG-14 11:48 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1503364 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

5

WATER

Groundwater Groundwater Groundwater Groundwater
15-AUG-14 15-AUG-14 15-AUG-14 15-AUG-14

MW14-01-A MW14-03 MW14-04 MW14-100

L1503364-1 L1503364-2 L1503364-3 L1503364-4

12:57 14:03 14:55

Hardness (as CaCO3) (mg/L)

Dissolved Mercury Filtration Location

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Mercury (Hg)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

Benzene (mg/L)

Ethylbenzene (mg/L)

Methyl t-butyl ether (MTBE) (mg/L)

Styrene (mg/L)

Toluene (mg/L)

ortho-Xylene (mg/L)

meta- & para-Xylene (mg/L)

320 265 261

FIELD FIELD FIELD

FIELD FIELD FIELD

<0.010 <0.010 <0.010

<0.00050 <0.00050 <0.00050

0.0021 <0.0010 <0.0010

0.046 0.044 0.031

<0.0050 <0.0050 <0.0050

<0.10 <0.10 <0.10

<0.000050 <0.000050 <0.000050

104 94.0 92.7

<0.00050 <0.00050 <0.00050

0.00071 <0.00050 <0.00050

<0.0010 0.0020 0.0016

<0.030 <0.030 <0.030

<0.0010 <0.0010 <0.0010

<0.050 <0.050 <0.050

14.7 7.26 7.19

0.213 0.057 0.032

<0.00020 <0.00020 <0.00020

0.0024 0.0027 0.0028

<0.0050 <0.0050 <0.0050

<0.0010 <0.0010 <0.0010

<0.000050 <0.000050 <0.000050

7.0 3.0 3.6

<0.00020 <0.00020 <0.00020

<0.050 <0.050 <0.050

0.00232 0.00279 0.00209

<0.030 <0.030 <0.030

<0.0050 <0.0050 <0.0050

<0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050

<0.00050 <0.00050 <0.00050

Physical Tests

Dissolved Metals

Volatile Organic 
Compounds



26-AUG-14 11:48 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1503364 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

5

WATER

Groundwater Groundwater Groundwater Groundwater
15-AUG-14 15-AUG-14 15-AUG-14 15-AUG-14

MW14-01-A MW14-03 MW14-04 MW14-100

L1503364-1 L1503364-2 L1503364-3 L1503364-4

12:57 14:03 14:55

Xylenes (mg/L)

Surrogate: 4-Bromofluorobenzene (SS) (%)

Surrogate: 1,4-Difluorobenzene (SS) (%)

EPH10-19 (mg/L)

EPH19-32 (mg/L)

LEPH (mg/L)

HEPH (mg/L)

Volatile Hydrocarbons (VH6-10) (mg/L)

VPH (C6-C10) (mg/L)

Surrogate: 3,4-Dichlorotoluene (SS) (%)

Acenaphthene (mg/L)

Acenaphthylene (mg/L)

Acridine (mg/L)

Anthracene (mg/L)

Benz(a)anthracene (mg/L)

Benzo(a)pyrene (mg/L)

Benzo(b)fluoranthene (mg/L)

Benzo(g,h,i)perylene (mg/L)

Benzo(k)fluoranthene (mg/L)

Chrysene (mg/L)

Dibenz(a,h)anthracene (mg/L)

Fluoranthene (mg/L)

Fluorene (mg/L)

Indeno(1,2,3-c,d)pyrene (mg/L)

Naphthalene (mg/L)

Phenanthrene (mg/L)

Pyrene (mg/L)

Quinoline (mg/L)

Surrogate: Acenaphthene d10 (%)

Surrogate: Acridine d9 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

<0.00075 <0.00075 <0.00075

94.0 96.0 96.9

97.4 97.4 97.6

<0.25 <0.25 <0.25 <0.25

<0.25 <0.25 <0.25 <0.25

<0.25 <0.25 <0.25 <0.25

<0.25 <0.25 <0.25 <0.25

<0.10 <0.10 <0.10

<0.10 <0.10 <0.10

77.2 88.0 84.9

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000010 <0.000010 <0.000010 <0.000010

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 0.000075 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

0.000147 <0.000050 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

<0.000050 0.000110 <0.000050 <0.000050

<0.000050 <0.000050 <0.000050 <0.000050

93.0 93.9 93.4 92.8

94.6 96.0 89.6 93.1

91.8 93.3 92.4 91.2

96.3 91.2 91.3 90.8

96.8 97.6 95.6 95.1

Volatile Organic 
Compounds

Hydrocarbons

Polycyclic 
Aromatic 
Hydrocarbons



Reference Information

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

26-AUG-14 11:48 (MT)

L1503364 CONTD....

4PAGE of

EPH-SF-FID-VA

HARDNESS-CALC-VA

HG-DIS-CVAFS-VA

LEPH/HEPH-CALC-VA

MET-DIS-ICP-VA

MET-DIS-LOW-MS-VA

PAH-SF-MS-VA

PAH-SURR-MS-VA

VH-HSFID-VA

VH-SURR-FID-VA

VOC7-HSMS-VA

VOC7/VOC-SURR-MS-VA

VPH-CALC-VA

EPH in Water by GCFID

Hardness

Dissolved Mercury in Water by CVAFS

LEPHs and HEPHs

Dissolved Metals in Water by ICPOES

Dissolved Metals in Water by ICPMS(Low)

PAH in Water by GCMS

PAH Surrogates for Waters

VH in Water by Headspace GCFID

VH Surrogates for Waters

BTEX/MTBE/Styrene by Headspace GCMS

VOC7 and/or VOC Surrogates for Waters

VPH is VH minus select aromatics

Analysis is in accordance with BC MOE Lab Manual method "Extractable Petroleum Hydrocarbons in Water by GC/FID", v2.1, July 1999.  Whole water
samples are extracted with DCM prior to gas chromatography with flame ionization detection (GC-FID).  EPH results include Polycyclic Aromatic 
Hydrocarbons (PAH) and are therefore not equivalent to Light and Heavy Extractable Petroleum Hydrocarbons (LEPH/HEPH).

Hardness (also known as Total Hardness) is calculated from the sum of Calcium and Magnesium concentrations, expressed in CaCO3 equivalents.  
Dissolved Calcium and Magnesium concentrations are preferentially used for the hardness calculation.

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and 
involves a cold-oxidation of the acidified sample using bromine monochloride prior to reduction of the sample with stannous chloride.  Instrumental 
analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

Light and Heavy Extractable Petroleum Hydrocarbons in water. These results are determined according to the British Columbia Ministry of 
Environment, Lands, and Parks Analytical Method for Contaminated Sites "Calculation of Light and Heavy Extractable Petroleum Hydrocarbons in 
Solids or Water".  According to this method, LEPH and HEPH are calculated by subtracting selected Polycyclic Aromatic Hydrocarbon results from 
Extractable Petroleum Hydrocarbon results.  To calculate LEPH, the individual results for Acenaphthene, Acridine, Anthracene, Fluorene, Naphthalene
and Phenanthrene are subtracted from EPH(C10-19).  To calculate HEPH, the individual results for Benz(a)anthracene, Benzo(a)pyrene, 
Fluoranthene, and Pyrene are subtracted from EPH(C19-32).  Analysis of Extractable Petroleum Hydrocarbons adheres to all prescribed elements of 
the BCMELP method "Extractable Petroleum Hydrocarbons in Water by GC/FID" (Version 2.1, July 20, 1999).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedure involves filtration (EPA Method 3005A) and analysis by inductively coupled plasma - 
optical emission spectrophotometry (EPA Method 6010B).

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA).  The procedures involves preliminary sample treatment by filtration (EPA Method 3005A).  
Instrumental analysis is by inductively coupled plasma - mass spectrometry (EPA Method 6020A).

The entire water sample is extracted with dichloromethane, prior to analysis by gas chromatography with mass spectrometric detection (GC/MS). 
Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene 
parameter.

Analysed as per the corresponding PAH test method. Known quantities of surrogate compounds are added prior to analysis to each sample to 
demonstrate analytical accuracy.

The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transfered into a gas chromatograph. 
Compounds eluting between n-hexane and n-decane are measured and summed together using flame-ionization detection.

The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transfered into a gas chromatograph. 
Target compound concentrations are measured using mass spectrometry detection.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

BC MOE EPH GCFID

APHA 2340B

EPA SW-846 3005A & EPA 245.7

BC MOE LABORATORY MANUAL (2005)

EPA SW-846 3005A/6010B

EPA SW-846 3005A/6020A

EPA 3510, 8270

EPA 3510, 8270

B.C. MIN. OF ENV. LAB. MAN. (2009)

B.C. MIN. OF ENV. LAB. MAN. (2009)

EPA8260B, 5021

EPA8260B, 5021

BC MOE LABORATORY MANUAL (2005)

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1503364-1, -2, -3
L1503364-1, -2, -3
L1503364-1, -2, -3

Calcium (Ca)-Dissolved
Calcium (Ca)-Dissolved
Manganese (Mn)-Dissolved

MS-B
MS-B
MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike
Matrix Spike
Matrix Spike

QC Type Description

5
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XYLENES-CALC-VA Sum of Xylene Isomer Concentrations

These results are determined according to the British Columbia Ministry of Environment Analytical Method for Contaminated Sites "Calculation of 
Volatile Petroleum Hydrocarbons in Solids or Water". The concentrations of specific Monocyclic Aromatic Hydrocarbons (Benzene, Toluene, 
Ethylbenzene, Xylenes and, in solids, Styrene) are subtracted from the collective concentration of Volatile Hydrocarbons (VH) that elute between n-
hexane (nC6) and n-decane (nC10).

Calculation of Total Xylenes

Total Xylenes is the sum of the concentrations of the ortho, meta, and para Xylene isomers.  Results below detection limit (DL) are treated as zero.  
The DL for Total Xylenes is set to a value no less than the square root of the sum of the squares of the DLs of the individual Xylenes.

Water CALCULATION

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-152811

Version: FINAL   

5
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ALS Sample ID:          L1503364-1
Client Sample ID:        MW14-01-A
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of common 
petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention times may vary 
between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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ALS Sample ID:          L1503364-2
Client Sample ID:        MW14-03
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of common 
petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention times may vary 
between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.



Printed on 8/23/2014 10:42:40 AM Page 1 of 1

ALS Sample ID:          L1503364-3
Client Sample ID:        MW14-04
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of common 
petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention times may vary 
between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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ALS Sample ID:          L1503364-4
Client Sample ID:        MW14-100
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The EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample.  For further interpretation, a current 
library of reference products is available on www.alsglobal.com or upon request.

The scale at the bottom of the chromatogram indicates the approximate retention times of common 
petroleum products, and three n-alkane hydrocarbon marker compounds.  Retention times may vary 
between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the response scale at the left.

A "-L-" in the sample ID denotes a low level sample.  A "-S-" denotes a silica gel cleaned sample.
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