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Executive Summary 

A field program was conducted by SRK during the late summer of2009 to provide groundwater 

information for eight locations at the Faro and Vangorda/Grum mine areas and to install a 

groundwater well to supply non-potable water to the Guardhouse for personnel involved with site 

care and maintenance. Reporting of the Guardhouse water well installation and testing is provided 

under separate cover. The other locations, which are described within this document, were identified 

during discussions with various parties (ie. YG, the TAT, the 1PRP and SRK.) as having gaps in 

groundwater or geologic information that, if filled, couid improve closure planning and engineering 

or provide valuable groundwater monitoring information. Objectives, conclusions and 

recommendations for each of the eight areas are provided below. 

Cross Valley and Intermediate Dams (CVD/ID) - The objective of this component was bedrock 

groundwater characterization. Three inclined drill holes were completed to characterize bedrock 

below the CVD, which are from north to south, P09-Cl, C2 atld C3. Monitoring wells were installed 

in P09-C l and P09-C2. A monitoring well could not be installed in P09-C3 due to drilling 

complications. Depth to bedrock was greatest at the southern-most drill hole (56m at P09-C3). 

Overburden at depth in P09-C3 was dominated by fine sand, possibly with boulders and gravel 

immediately over bedrock. Bedrock hydraulic conductivity ranged from average lows of about 

5xto·8 mis to local zones with values greater than lxl0"5 mis. A highly permeable zone was 

identified at depth in P09-C3, with a value of about 2x 104 mis. No significant structural features 

were identified in the bedrock. Water quality data indicates that bedrock groundwater on the 

northern side of the valley is impacted by contaminated waters. Water quality at P09-Cl is impacted 

by contaminated seepage, though not to the same magnitude as overburden waters. Water quality at 

P09-C2 has low sulphate concentrations but sodium and alkalinity may indicate contributions from 

process water and, hence upgradient impacted waters; but that the sulphate plume has not yet arrived. 

Water quality from deep bedrock in P09-C3 has elevated zinc but repeat sampling cannot be 

completed due to the monitoring well position. Total bedrock sulphate load is significantly less than 

overburden load, as is bedrock zinc load. Despite multiple attempts, drill holes below the ID did not 

reach bedrock due to heaving sands. All drill holes attempted below the ID were grouted to surface. 

For the CVD/ID area, it is recommended that consideration be given to further bedrock testing if the 

final SIS alignment is not along the toe of the CVD. SIS closure engineering should consider the 

depth to bedrock, particularly on the south side of the valley. If the elevated zinc concentrations 

from deep bedrock at P09-C3 cannot be ruled out as indications of impacts from up gradient waters, 

additional drilling to delineate these waters is also recommended. Pumping tests using the 

overburden pwnping wells should be completed to assess effectiveness in terms of bedrock hydraulic 

control. The 2009 monitoring wells should be included for routine groundwater sampling. 

ETA-The objective of this component was characterization of hydraulic properties and water 

quality within bedrock and natural overburden at the mouth of the Faro Creek canyon to assess the 

bypass of the current ET A interim seepage interception system (SIS). One inclined drill hole was 
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completed in bedrock (P09-ETA1), one vertical drill hole into natural overburden (P09-ETA2) and a 

third vertical hole (P09-ETA3) to assess depth to bedrock away from the other two drill holes. 

Monitoring wells were installed in P09-ET Al and P09-ET A2. Bedrock hydraulic testing indicated 

generally very low hydraulic conductivity (mostly less than lxl0·8 mis) and no significant geologic 

structures were identified. Natural overburden is thin, no more than 2m thick but highly permeable, 

under about l 6m of tailings. Bedrock water quality shows low concentrations of sulphate and zinc. 

Overburden has high sulphate and zinc concentrations, with sulphate load on the order of 

300 tonnes/yr and zinc load on the order of 5 tonnes/yr. Load estimates indicate load has or is 

bypassing the ET A interim SIS within the natural overburden unit, though not in bedrock, at least 

where tested. 

For the ETA, it is recommended that: monitoring wells P09-ETA1 and ETA2 be added to the l.ist of 

regular !,'TOundwater sampling locations; seepage interception in the ETA be improved to provide 

better capture efficiency; the removal of the tailings from within the bottom of the Faro Creek 

Canyon should be considered as part of the development of the final detailed closure plan. 

S-wells - The specific objectives of this component were completion of a performance assessment of 

the S-wells SIS and determination of the need for additional monitoring. The performance review of 

the S-wells SIS indicates that the system is capturing significant load, but modifications to PW3, the 

primary trench pumping sump, would be required to improve hydraulic control. It was also 

recognized that additional groundwater monitoring was required down gradient of the SIS to tnonitor 

and fully evaluate system effectiveness. As part of the 2009 field program, six monitoring wells 

were installed below the SIS. Geologic data suggests that the SIS intersects the Shallow Aquifer 

except at its eastern end. Modifications to the S-wells SIS were undertaken during the 2009/2010 

winter season to improve drawdown and extend the interceptor trench to the east. Performance data 

before and after the SIS modifications indicate that modification activities have improved hydraulic 

control in the Shallow Aquifer, and that Deep Aquifer interception at PW2 is working but could be 

improved by replacement of PW2 with a deeper screen and installation of a second pumping well 

near PW2. Additional water quality data from down gradient monitoring wells and the NFRC will be 

required to determine if load to the NFRC has been reduced. 

For the S-wells area, it is recommended that: monitoring wells SIS 1 to SIS6 be added to the list of 

regular groundwater sampHng locations; performance reviews be completed annually to assess 

system effectiveness over time and provide input to the adaptive management process. flow 

monitoring on the NFRC, at least at station X2, should be improved to allow better assessment of 

NFRC load. The current SIS setup should be monitored for at least one year to allow determination 

of effectiveness. 

Grum Slot - The objective of this component was to detennine characteristics of the overburden -

bedrock interface for assessment of maximum allowable elevations that the Grum Pit lake should be 

allowed to reach during closure. Historically, it has been assumed that this interface is permeable 

and, thus, the pit water level should remain below the interface. Two drill holes were completed in 

the Grum Slot, one into the overburden and one into bedrock. Hydraulic testing data suggests that 

20QIJFAmMinoCOmplDa0roundwnlcr_Ropon_1CY001.0J4_CM_20100J02. FNLdD0X February 2010 
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the interface and overlying sediments are permeable, but water levels in both overburden and 

bedrock are higher than the pit water elevation, similar to the standing water in the Grum Slot. The 

presence of a groundwater mound under the Gmm Slot creates a hydraulic barrier to flow from the 

Grnrn Pit. The Grum Pit water level could be allowed to rise above the previous AMP elevation of 

1213.4 masl to an elevation less than that of the Grum Slot (-1227 mas I). 

Water quality in the overburden shows relatively high concentrations of zinc similar to Grum Pit 

water quality. Bedrock has lower zinc concentrations. Standing water in the Grum Slot shows 

slightly elevated sulphate concentrations but very Low zinc concentrations. Relatively high zinc 

concentrations in overburden may be derived from fill, much of which was observed to have high 

pyrite content and may be waste from mineralized zones. 

For the Grum Slot, it is recommended that: P09-GS 1 A and GS 1 B be sampled again to provide better 

confidence in water quality numbers, but not more than once per year; consideration should be given 

to routing a clean water source into this area if necessary, to support the high hydraulic head 

providing the barrier to flow from the Grum Pit. Consideration may be given to increasing the Grum 

Pit water level, as long as it is below the elevation of the Grum slot standing water. The possibility 

of changing the maximum allowable Grum Pit water level will have to be considered in tenns of 

predicted Grum Pit water quality and risk of release to the environment, but could allow significant 

additional storage capacity within the Grum Pit. 

Little Creek Dnm - The objective of this component was groundwater characterization below the 

Little Creek Dam. Seven drill holes with monitoring wells were completed below the toe of the 

Little Creek Dam (P09-LCD I to LCD7). The geology is heterogeneous, with zones of high 

permeability sand and gravel interlayered with lower permeability silty units. Groundwater flow is 

estimated to be about 5 Us. Groundwater quality shows relatively low concentrations of sulphate 

and zinc and groundwater under the dam currently carries minor load. 

For the Little Creek Darn area, it is recommended that five monitoring wells (P09~LCD1, 2, 3, 4 and 

6) be added to the list of regular groundwater sampling locations. 

Vangorda Creek -The objectives of this component were characterization of bedrock and 

overburden groundwater conditions underneath and around Vangorda Creek, below the mine access 

road, and survey of flow and water quaHty in Vangorda Creek. Two drill holes were completed 

immediately down gradient of the mine access road, one to characterize bedrock (P09-VCI) and one 

for overburden (P09-VC2). Bedrock drilling identified no geologic stmctures and only moderate 

bedrock penneability, ranging from about 2x10-7 to 7xl0-7 mis. A permeable sand and gravel unit 

was identified overlying bedrock. Water quality in both the bedrock and overburden shows low 

concentrations of sulphate and zinc, though slightly higher in overburden than bedrock. Grow1dwater 

zinc and sulphate loads in this area arc minimal. 

2009Fo,oMJnaComploxGruunct.volor_Ropo<\_ICYOOIJ)34_D~L20100302_~N~.- February 2010 
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Groundwater elevations indicate a gradient towards the Vangorda Pit, but if the pit water level 

reached a high enough elevation, flow towards Little Creek Dam, within the basal sand and 

weathered bedrock unit, would be possible. 

The recent Vangorda Creek flow and water quality survey indicates that loading to the creek is 

occurring, but can mostly be explained by inputs from small surface water drainages below the Grum 

Pit and seepage from Moose Pond. An increase in zinc load upstream of Moose Pond was identified, 

but the source is uncertain. A high concentration, low flow source, such as a minor seepage from the 

V angorda Dump could cause the observed increase in load, but the presence of such a source has not 

been identified. 

For the Vangorda Creek component, recommendations are: monitoring wells P09-VC1 and VC2 

should be added to the list of regular groundwater sampling locations; additional flow and water 

quality surveys should be completed along Vangorda Creek to determine if the observed zinc load 

increase is real and, if so, provide spatial guidance for identification of potential sources; 

consideration should be given to further subsurface characterization of the basal sand and weathered 

bedrock unit underneath the Vangorda mine access road and closer to the southwestern edge of the 

pit to determine the elevations and characteristics of this potential pathway for Vangorda Pit water. 

Grum Dump West - The objective of this component was groundwater characterization in the 

vicinity of seep survey location SRK-GD L3 1 immediately down-gradient of the Grum Dump, which 

in 2009 had sulphate concentrations ofabout 1,150 mg/L, zinc concentrations of about 0.1 mg/Land 

flows ranging from about 6 L/min during the later summer dry season to greater than 100 L/min 

during the spring. Three overburden drill holes were completed (P09-GW1 to GW3). Overburden 

thickness ranged from less than lm to about 3.5m, lithologics ranging from sand and gravel to silty 

or clayey sand. At the time of drilling, significant water was encountered, but by August, when 

hydraulic testing and sampling occurred, all monitoring wells were dry, suggesting seasonal 

variation in water levels is greater than the depth of monitoring well screens, on the order of a few 

metres. 

A stream survey was conducted in October 2009 by Laberge to assess surface drainage from this 

area. Water was not observed until a distance of about 200m below the dumps (station G 1). Water 

quality at two stations showed elevated sulphate concentrations (-900 to 1,000 mg.IL) and low zinc 

concentrations (0.0015 to 0.03 mg/L); the higher concentration being found at a distance of about 

400m down-gradient of the dumps (station 02). 

While concentrations are relati.vely low and the catchment size for this area is relatively small, 

results suggest seepage from the Grum Dump is the likely source of the loadings. 

Recommendations for the Grum Dump west area are: monitoring wells P09-GW1 and GW3 should 

be added to the list of regular groundwater sampling locations for the spring only; consideration 

should be given to continuing flow and water quality monitoring at least at station 02 to provide 

better information regarding potential effects of dump seepage on surface water drainages over time. 
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Upper North Fork of Rose Creek -The purpose of this component was preliminary 

characterization of geology and groundwater conditions for use in engineering design for the 

re-alignment of the NFRC into a lined channel. Three drill holes with monitoring well installations 

were completed within the NFRC valley about 50m downstream of the confluence with the Faro 

Creek diversion (P09-UN 1 to UN3), where the stream valley narrows to a width of about 25m. The 

NFRC valley alluvial materials have a depth ofup to 12m closer to the valley centre, decreasing 

towards the valley margins and arc permeable with hydraulic conductivity as high as lxlff3 mis. 
Shallow, discontinuous permafrost exists, but extents are uncertain. The NFRC is probably a gaining 

stream in the area of the drill holes. At the outlet, the sides of the valley are characterized as 

colluvial apron, heterogeneous colluvial deposits. Groundwater flow within the valley centre is 

estimated to be on the order of 6 Lis under natural conditions. Groundwater quality showed 

relatively low concentrations of sulphate and zinc, considered to be representative of background 

levels for this area. The proposed cutoff wall for the re-alignment of the NFRC seems reasonable. 

Recommendations for the upper NFRC area are: one or more of the monitoring wells in this area be 

included in the regular groundwater sampling program, if additional background water quality is 

considered necessary and if the wells are not frozen; engineering design for the cutoff wall at the 

upper end of the NFRC channel re-alignment should take into account appropriate cutoff wall 

techniques for high permeability materials and consider groundwater management during 

construction. 
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OMltdc 

Introduction and Scope 
This report presents results of the SRK Consulting (Canada) Inc. 2009 groundwater investigations at 

various locations (Figure 1) on the Faro Mine Complex, near Faro, Yukon. These investigations 

have been completed for the Yukon Government (YG) to provide groundwater information as part of 

the overall mine closure planning process. 

The scope of work for this program was developed by SRK, the Faro Mine Closure Management 

Team (FMCM) and the Faro Technical Advisory Team (TAT). The scope included: 

• Desktop studies to develop conceptual understandings of groundwater flow at the Grum Slot and 

Little Creek Dam areas. 

• A performance assessment for the S-wells seepage interception system (SIS). 

• Completion of a drilling program for bedrock and overburden hydrogeologic understanding at 

the following areas: 

• 

- Below the Cross Valley and Intermediate Dams (CVD and ID, respectively); 

Below the Emergency Tailings Area (ETA), near the mouth of the Faro Creek Canyon; 

Along the toe of the western side of the Grum Dump West; 

Within the Grum Pit slot; 

Along Vangorda Creek, immediately downstream of the Haul Road and tlume; and 

Along the toe of Little Creek Dam. 

Drilling and installation of a groundwater supply well for the Guardhouse and laboratory 

facilities. 

• Flow and water quality surveys along Vangorda Creek and surface water below the Grnm Dump 

West area. 

• Data analysis, development or updates to hydrogeologic conceptual models and estimates of 

flow and load for each area, presented in a final report. 

During July, an investigation was added for groundwater conditions in the upper North Fork of Rose 

Creek (NFRC) area, near the confluence with the Faro Creek diversion. This work involved 

additional drilling and testing to provide information for input to engineering studies related to the 

overall closure plan, specifically, the NFRC diversion. 

The report is organized as follows: a brief background of information and justification for each area, 

followed by a program description and methods section, summarizing what and how work was 

completed, followed by results. Results are presented by area. 

Results of the water well driJling and installation are presented in a separate report submitted to YO: 

Faro Mine Comple.'(, 2009 G11ardllo11se Water Supply Well I,,stallatiori Report, SR.K Consttlting, 
November 2009. 

2009F"1Qt.fo0Complo,Grvuodwo1o,_Roport_1CY001.03-4_DMJ011l0J02._FNL.d""" February 201 O 
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Background 
While groundwater at the Faro Mine Complex has been the subject of numerous investigations as 

part of the mine closure planning, uncertainty still exists in certain areas in regards to existing 

groundwater flows, clistribution of hydraulic conductivity and current, or potential, load from dumps 

and open pits. Each of the areas included in the 2009 groundwater investigation has been identified 

in terms of such uncertainly and considered of sufficient significance to require further data 

collection. The fo11owing summarizes background and justification for the studies included in this 

report. 

CVD/lD - As part of the overall closure plan, a SIS will eventually be installed in the area of the 

CVD and ID. This SIS will likely be required to have very high capture efficiencies, thus the 

potential for bypass through the bedrock system needs to be assessed and potentially included in 

designs. All of the groundwater investigation that has currently been completed in this area has 

focused on overburden. The need for an assessment of bedrock hydraulic parameters, water quality 

and capture potential, has been recognized for the past few years. 

A desktop review of bedrock structure and available hydrogeological information was completed by 

SRK. in 2008 (SRK, 2008a). Recommendations for bedrock drill holes were presented. Multiple 

discussions were completed with the TAT and Faro Independent Peer Review Panel (IPRP) in 2006 

to 2008 in regards to bedrock investigations. Bedrock drilling and hydraulic testing were 

recommended, but were deferred until the location of a SIS was more certain. 

For the 2009 program, it was decided that initial bedrock drilling be completed, despite a final 

location for the SIS not being determined, to provide initial bedrock information for conceptual 

design purposes and baseline bedrock water quality. 

ETA - Groundwater quality review and investigations in 2004 and 2005 concluded that the tailings 

in the ET A were, or had the potential to, add significant clissolved metal load to the Rose Creek 

Valley aquifer (SRK, 2006). In 2007, Deloitte &Touche, as Interim Receiver, instaJled a preliminary 

SIS below the ETA and mine access road, to intercept water and pump it back to the Faro Pit. This 

SIS operated during warm months only and, during operation, uncertainty existed in regards to how 

much water was bypassing the system through bedrock and whether or not it must be included in 

future interception design. 

Additional investigation of bedrock water quality and hydraulic parameters was determined to be 

necessary. This information would be combined with surface water tlow survey data to assess this 

need. 

S-wells - In the winter of 2009, a SIS was installed in the S-wells area to intercept groundwater in 

the Shallow Aquifer, considered to be a significant percentage of waste dump seepage reporting to 

the NFRC, leading to a triggering of the Adaptive Management Plan (AMP) (SRK, 2009b; GLL, 

2008). While quantitative performance of the SIS was not yet available, during discussions of the 
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SIS in the summer of 2009, it was concluded that additional monitoring wells were required down

gradient of the SIS to properly assess and track SIS efficiency. 

Grum Slot - In 2003, Gartner Lee Limited (GLL) completed a study of management alternatives for 

the Gmm Pit, including development of a filling curve, time to fill and a recommended rnaximwn pit 

water elevation (GLL, 2003). The maximum elevation that was recommended for the pit assumed 

that the overburden - bedrock contact would be permeable and, hence, allowing the pit water level to 

rise above this elevation could lead to leakage from the pit to the environment. The TAT 

recommended that the penncability of the contact zone be assessed to provide better understanding 

of the risk of leakage due to a high pit water level. 

Little Creek Dam - Little Creek Dam is located immediately up-gradient ofVangorda Creek. 

Water impounded behind the dam bas poor water quality, due, at least in part, to the controlled 

capture of seepage from the Vangorda Waste Rock Dwnp. No information has been available to 

assess seepage from Little Creek Dam and the consequent effects on Vangorda Creek water quality. 

The TAT recommended that an investigation be completed to assess hydrogeologic conditions and 

groundwater quality below Little Creek Dam. 

Vangorda Plt Bedrock Seepage to Vangorda Creek - The potential for leakage from the 

Vangorda Pit to Vangorda Creek via bedrock pathways was identified by the TAT as a risk during 

planning for previous site investigations, but investigations were deferred due to inabilities of 

drilling equipment on previous years to accomplish the required task. The drilling equipment used 

for the 2009 investigation was selected to accomplish investigation of bedrock hydraulic 

conductivity and potential for seepage from Vangorda Pit to Vangorda Creek. As part of this 

investigation, a flow and water quality survey along Vangorda Creek was also recommended, to 

provide additional information on the location of potential. loading sources. 

Grum Dump West - Numerous drainages exist to the northwest of the Grum Dump for which no 

infonnation exists on surface water or groundwater quantities or quality. Based on the results of a 

2009 water quality review, the TAT recommended that a targeted investigation be conducted to 

assess seepage from the Grum Dump in this area, including a flow and water quality survey of 

surface water drainages (TAT, 2009). 

Upper North Fork of Rose Creek - As part of the closure plan, at least part of the NFRC is to be 

re-aligned into a raised channel to isolate it from impacted groundwater. Engineering works at the 

upstream end of this channel will be required to divert both surface water and, at least, shallow 

groundwater into the channel. No infonnation is currently available for the design of said 

structure(s). The TAT recommended that an initial field investigation be completed to provide 

information for design purposes. 

Figure l shows the areas covered as part of the 2009 groundwater investigation. 

2009FaroMinoComploxGrournfWatcr_Rapon. 1CY001.0:34...,DM ... 20100302_FNL.dOCJI February 2010 
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3 Program Description and Methodology 

3.1 Desktop Studies 

As part of the planning process for certain areas, desktop studies were completed by SRK using 

existing infommtion. The following summarizes the method and objectives of these studies: 

Grum Slot - The objective of this study was focused on updating the hydrogcological conceptual 

model for the area, with a particular emphasis placed on the potential for groundwater flow along the 

overburden - bedrock contact within the Gmm slot itself. The study focused primarily on a review 

of existing reports and studies, specifically, engi.neering hydrogeoJogy studies completed by Piteau 

Associates during mining of the Grum Pit and GLL studies. Results are summarised in 

Section 4.4.1. 

Little Creek Dnm - The objective of this study was a review of available geology and 

hydrogeological data to assess the potential for load emanating from seepage below the Little Creek 

Dam. Results are summarised in Section 4.5. l . 

3.2 Field Program 

The 2009 groundwater field program included drilling and monitoring well installation, hydraulic 

testing, sampling for groundwater quality and two stream surveys. The drilling, testing and sampling 

component occurred from approximately June 14 to August 28, 2009. Drilling and testing were 

overseen by nmJtiple SRK staff: John Kurylo, Michelle Murphy, Melissa Pitz and Dan Mackle. 

Well development, hydraulic testing and initial sampling were completed by SRK, namely Melissa 

Pitz, Mark Storey and Chris Doughty. Stream surveys were conducted by Laberge on 

October l , 2009. 

There were two significant variances from the originally proposed work. As previously mentioned, 

drill holes were added near the confluence of the Faro Creek Diversion and the NFRC to provide 

information for design of the NRFC diversion. The second variation was the inability to complete 

the two drill holes planned along the toe of the ID, despite multiple attempts. Details on this work 

are provided in Section 4. l . l, the CVD/ID component. 

3.2.1 Drilling and Monitoring Well Installations 

Drilling was conducted by Geotech Drilling of Prince George, BC using a track-mounted Fraste 

MDXL with air-rotary and diamond drilling capability. Overburden was drilled using 10 cm 

(4-inch) or 15 cm (6-inch) ODEX air-rotary methods. Bedrock was drilled using HQ diamond 

drilling with triple tube core recovery. When necessary, diamond drilling used an environmentally 

safe polymer drilling mud. Air-rotary drilling used no additives; water was occasionally used to 

assist in clearing cuttings from bit. Two Marooka tracked support vehicles carried equipment and 

compressors. SRK provided all drilling supervision and logging. 
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Monitoring wells were installed in two ways: 

• Overburden monitoring wells were completed through ODEX casing with flush-threaded, 5 cm 

(2-inch) solid and 0.0 l O slot schedule 40 PVC. Filter sand was used around screen zones and 

bentonite chips, pellets or grout used for surface seals. 

• Bedrock monitoring wells were completed in HQ drill holes, also with flush-threaded, 5 ctn 

(2-inch) solid and 0.0 l O slot schedule 40 PVC. Filter sand was not placed around screen zones. 

Bentonite packers and foam bridges were installed on the PVC above the screen zone. After 

waiting at least 2 hours for packers to hydrate, the annular space, in both bedrock and the 

overburden was grouted to surface using a tremmie line. 

At ground surface, steel protective casings were installed and cemented over monitoring well PVC 

stickups. Well IDs were either written on the top of each protective casing with indelible ink or 

inscribed on metal tags attached to the monitoring well. 

Drill hole logs are included in Appendix A. 

3.2.2 Hydraulic Testing Methods and Data Analysis 

OWsdc 

Hydraulic testing was completed in all drill holes, with the exception of the monitoring wells in the 

S-wells areas. Testing of the monitoring wells in S-wells area was not considered a high priority as 

hydraulic properties could be inferred through monitoring during operation of the S-wells SIS. 

Multiple methods were used for hydraulic testing, depending on site-specific conditions and when 

the testing occurred, either duriog drilling or following monitoring well installation. Testing and 

data analysis methods are summarized below. 

Packer Injection Tests 

Packer injection tests were completed in all bedrock diamond drill holes using a pneumatic packer 

assembly. In general, packer injection tests were completed roughly every five meters in bedrock 

drill holes. When drilling of a specific interval was completed, clean water was pumped through the 

drill rods to clean cuttings from the drill hole. Once water became clear, drill rods were pulled back 

an appropriate length, packers installed and inflated using nitrogen, and pressure injection tests 

completed. The possibility that drilling mud (i.e. polymer-based drilling additive) remained in 

fractures during testing cannot be ruled out, thus hydraulic conductivity values may in fact be higher 

than measured. 

Packer testing followed SRK standard operating procedures. Test pressures were estimated prior to 

initiation based on depth in bedrock. Water was injected at multiple increasing pressure steps, 

followed by decreasing pressure steps of similar value. Pressure and flow were monitored using a 

dedicated testing apparatus. Pressure was monitored on liquid-filled gauges and flow measured on a 

flow meter with increments of OJ litre. Pressure was checked by comparison with the drill rig 

pressure gauge. The flow meter was checked multiple times using the bucket and stopwatch method. 

2009PoroM!ooComploxG"""'dwolorJ(oJ>O!l_1CY001.0J4. DM,,.20100J02._FNL.doox February 201 O 
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Test data was entered by field staff into a spreadsheet immediately following each test. Data quality 

was checked and interpretations on data validity or anomalies identified on the spreadsheets. If 

questions arose about test validity, the test was repeated. 

Data was analyzed using the Thiem method (Thiem; 1906). 

Airlift Tests 

Airlift testing was considered in relatively high hydraulic conductivity zones for both bedrock and 

selected overburden drill holes. In bedrock drill holes, if packer injection testing indicated a 

relatively permeable zone, identified by high injection flows, an airlift test was considered. 
Similarly, in overburden drill holes, if immediate sampling for water quality analyses was desirable, 

an airlift test was conducted. 

In bedrock drill holes, airlift tests occurred over the same packer-isolated zone as used for packer 
injection testing. With the packers inflated and sealing off the test zone, an educator line (air line) 

was lowered down through the ODEX casing, an airlifting welleap installed and water airlifted, or 

pumped, from the zone using the compressors. Airlifted water was directed to tanks of known 
volume and the flow rate calculated. If the objective was collection of a water quality sample, the 

sample was collected from the discharge line after a sufficient volume had been airlifted from the 

test zone. Following airlifting, recovery of water level was recorded, essentially providing a 

pumping recovery test. 

The same general procedure was used for airlift testing in overburden drill holes, except that the test 
zone was not isolated using the pneumatic packers. Water was airlifted directly out of the ODEX 

casing, such that the test zone was essentially the materials at the end of the drill bole. 

Airlift test data was analyzed using pumping test recovery methods in the computer package 

AQTESOLV. Typically, the Theis recovery analytical method (Theis, 1935) was used to determine 

hydraulic parameters. 

Slug Tests 

Slug tests were conducted after well development was complete. A static water level reading was 
first taken, and a Soli.nst Levelogger with a direct read cable lowered into the well to measure head 

during testing. A solid slug made of PVC was quickly introduced into the well, causing a sudden 

rise in head. Levelogger readings were monitored until head had fallen to the static level. The slug 
was then quickly removed from the well, causing a sudden fall in head, and readings were monitored 

until the head bad risen to the static level; or approximately 95% recovery. This procedure was 
repeated several times using two different sizes of slug. The number ofrepetitions depended on the 

quality of the data collected, and the recovery time of the well. 
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A direct-read cable was not available for the testing of the ETA and upper NFRC (UN) wells, so the 

Levelogger was simply started and then lowered down the well, and retrieved at the end of testing. 

Recovery between each test was assessed using a water level. tape. 

Isolated variances to these methods are discussed in the results section for each area. 

Raw data from the tests was prepared for input into AQTESOLV. Normalised recovery data from 

each test were superimposed in order to assess the consistency of the tests. Some data sets were 

adjusted using the translation method (Butler, 1998) in order to remove noise during the test 

initiation. All wells were assumed to be fully penetrating, and the thickness of the aquifer (b) was 

assumed to be equal to the vertical length of the screen (L). For those wells not installed vertically, 

the appropriate corrections were applied to determine the effective vertical height and horizontal 

diameter of the well and screen. It was assumed that there was no well skin. AQTESOLV applied a 

correction for the effective well casing radius based on the expected value of HO (initial 

displacement) for the slug that was used (Butler, 1998). Expected values of HO were calculated 

based on dimensions of the slugs used. 

Multiple analytical methods were used for each slug test analysis. All of the analytical models used 

assume that the well is installed in a confined aquifer. For each slug test, first the Cooper ct al. 

method was applied, and a type curve manually fitted to the data. Secondly, the KGS method was 

applied, and a type curve again manually fitted to the data. The storativity value was assumed to be 

Lx l 0·5, unless it was possible to achieve a good curve match using a higher value. In all cases, 

consistent storativity values were used for all tests. 

Isolated variances to these methods are discussed in the results section for each area. 

Hydraulic testing results are summarized in Appendix B. 

3.2.3 Well Development and Sampling for Water Quality 

Well development and sampling were completed at least one day after installation of monitoring 

wells to provide time for annular seals to set. Monitoring wells were developed by pumping at least 

three well volumes using either a Waterra Hydrolift pump, or by hand. Well development and 

sampling were completed by Mark Storey and Chris Doughty of SRK. 

During well development, field parameters were collected regularly to assess sufficiency of 

development. Field parameters included electrical conductivity (EC), pH and oxidation-reduction 

potential (ORP). The ORP values recorded are considered uncertain due to exposure to the 

atmosphere and should be used with caution. Observations of water clarity were also collected as a 

general sense of well development. At multiple locations, despite significant development, water did 

not become clear. 

During development, once field parameters stabilized and a minimum of three well volumes had 

been removed, samples were collected for water quality analyses. Water samples were collected in 
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dedicated, laboratory-supplied bottles. All bottles were triple rinsed with sample water. Samples for 

dissolved metals were field-filtered using a 0.45 nm filter and a nitric acid stabilizer added. Bottles 

were stored in the site lab refrigerator prior to shipping to Maxxam Analytics. 

Groundwater quality laboratory results are included in Appendix C. 

3.2.4 Stream Survey Methods and Data Analysis 

Two surface water surveys were conducted by Laberge Envirollillental under direction from SRK, 

along ephemeral streams below the Grum Dump West and along Vangorda Creek. For both, flows 

were measured at multiple locations using standard flow measurement techniques and samples of 

surface water collected for water quality analyses. The Laberge report on these surveys is included 

in Appendix E. 

Flows and water quality data were used to calculate load and changes in load along the surveyed 

reaches. 

4 Results 
4.1 Cross Valley and Intermediate Dams 

4.1.1 Drilll Holes, Completions and Hydraulic Testing 

DJ,.Vsda 

Five bedrock drill holes were planned for the CVD and ID areas, three bcJow the toe of the CVD and 

two below the toe of the ID. The objective of all drill holes was bedrock hydraulic testing and 

bedrock water quality sampling, with completion of monitoring wells within competent bedrock 

below the weathered zone, if identified. Overburden at all drill holes was completed with 4-inch 

0DEX methods. Bedrock was drilled HQ triple-tube. 

Three of the planned five drill holes were completed (P09-Cl, C2 and C3), along the toe of the CVD, 

though only two as initially planned. All holes are inclined, Cl and C2 oriented towards the north 

and C3 oriented towards the south. A bedrock monitoring well could not be installed in P09-C3. At 

C3, depth to bedrock was found to be significantly greater than assumed during planning (drilled 

depth of 58 m vs. initial estimate of 45 m). The ODEX drilling rate through the sandy overburden 

was very slow and caused rapid wear on the casing shoe and down-hole hammer, extending the time 

to complete this bole by numerous days. Ultimately, the ODEX casing could not reach bedrock. 

The drilling method had to be changed to diamond drilling and, subsequently, the hole did reach the 

planned total depth. The consequence of switching to diamond drilling prior to reaching bedrock 

was that a monitoring well could not be installed with available materials: materials to construct a 

monitoring well through the diamond drill rods were not available, which was required as the ODEX 

casing extended only partially through the overburden. Removing the diamond drill rods would have 

led to collapse of the borehole above the overburden - bedrock interface, In the end, a monitoring 

well was installed within the deep overburden, approxinmtely 3 m (10 ft) above the bedrock 

interface. 
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Drlll 
Hole ID 

P09-C1 

P09-C2 

P09-C3 

P09-
ID1 .. 

P09-
102·· 

Both of the ID locations (P09-ID l and ID2) were attempted multiple times but drilling was 

unsuccessful due to flowing sand conditions. Both 4-incb and 6-incb ODEX drilling were attempted, 

but after more than seven days had been expended at different collar locations, discussions between 

Geotech and SRK concluded that the likelihood of success were very low with the avail.able 

equipment. After discussion with YG, drilling in this area was abandoned. 

Drill hole locations are shown on Figure 2. Details on drill hole completions and are sw.nmarized in 

Table 1. Hydraulic testing results are summarized in Table 2. 

Table 1: CVD and ID Drill Hole and Completion Information 

Northing Easting Stlck·Up lncllnatlon Drill Hole MW Depth Stick• Screen Depth to Date of 
Elevation (degrees) Depth to Bottom Up(m) Depth water(m depth to 

(mast) (mbgs) (mbgs) (mbgs) below water 
TOC) 

6914314 580170 1017.36 70 60.4 34.0 0.85 32.6 to 34.0 0.36 8-Aug-09 

6914228 580119 1016.58 70 74.9 59.3 0.75· 53.5 to 59.3 - -1.0• 8-Aug-09 

6914143 580078 1019.65 70 87.4 48.7 0.77 45.8 to 48.7 1.47 8-Aug-09 

6914108 580646 n/a 70 40.5 No monitoring well - grouted to N/A NIA 
surface 

6913888 580476 n/a 70 27.4 No monitoring well - grouted to N/A N/A surface 

• Artesian conditions: with stick-up extension, estimated at about 1 m above ground . 
.. Drill hole not completed or surveyed. Location information from hand-held GPS only. 

Mbgs = metres below ground surface. 

OMlt de 2008ForoMinoCo<np/oxG"""1dwotor..Jlopon_lC'r"001.034j)M._20100302_, Nl.dOOJ< February 2010 
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Table 2: CVD Drill Hole Hydraulic Testing Results 

Drill Test Zone TestType Te&tZone Test Hydraulic Comment& 
Hole ID Lithology (m.b.g.5- Date Conductivity 

vertical depth) (mis) 

BR Packer 26 lo 30.4 24-Jul-09 5x10-7 

BR Packer 30.4 to 34.7 24-Jul-09 2x10-5 

BR Packer 34.7 to 39 24-Jul-09 3x10-6 

BR Packer 39to 43.2 25-Jul-09 2x10-7 

BR Packer 43.2 to 47.5 25-Jul-09 5x10-7 

BR Packer 49.7 to 51.9 25•JUl-09 1x10-6 
P09-C1 

BR Packer 46.1 to 51 .9 25-Jul-09 1x10·6 

BR Packer 51.9 to 56.1 26-Jul-09 2x10-6 

BR Packer 56.1 to 60.4 26-Jul-09 1x10-6 

BR Slug 
32.6 to 34.0 

8-Aug-09 2x10-4 (BEJ) BEJ "' Best engineering Judgement 
(Screen) 

Average horizontal K 3x10-6 (packer data only) 

BR Packer 43.2 to 46.2 18-Jul-09 8x10-8 

BR Packer 46.2 to 50.6 19-Jul-09 4x10-8 

BR Packer 50.6 to 54.9 19-Jul-09 4x10-8 

BR Packer 50.6 to 59.1 20-Jul--09 1x10-7 

BR Packer 54.9 to 59.1 20-Jul-09 2x10-7 

BR Packer 59.1 to 63.4 20-Jul-09 2x10-8 
P09-C2 

BR Packer 63.4 to 67.8 20-Jul-09 6x10-8 

BR Packer 66.2 to 72. 1 21-Jul-09 2x10·8 

BR Packer 72.1 to 74.9 22-Jul-09 2x10-8 

BR 
Pump· 53.5 to 59.3 

8-Aug-09 6x10·7 (BEJ) Pumped with Hydrollft 
Recovery (Screen) 

Average horizontal K 6.x1 0·8 (packer data only) 

BR Packer 59.2 to 67.3 26-Jun-09 2x10-7 

BR Packer 67.3 lo 71 .6 27-Jun-09 6x10-7 

BR Packer 74.4 to 80.4 28-Jun-09 9X10-9 

BR Packer 80.2 to 87 29-Jun-09 4x10-4 
Low confidence - low injection 
pressure. Qualitative high K. 

P09-C3 
.. 

Moderate confidence. Poor fit to 

BR Airlift 80.2 to 87.4 29-Jun-09 2x10-6 
data. Continuously pumping rate of 
- 0.5 Us (8 US gpm). Drawdown of 
about 20+ m. 

OB Slug 
45.8 to 48.7 

B-Aug-09 3x10-4 (BEJ) Oscillatory response 
(Screen) 

Average horizontal K 7x10·7 (packer and airlift BR data only) 

Figure 3 is a cross section for the Cross Valley Dam drill hole locations. A cross-section below the 

Intermediate Dam is not presented as drilling in this area did not reach bedrock and did not provide 

any data beyond that previously available. Observations and conclusions from drilling and hydraulic 

testing for P09~Cl, 2 and 3 are summarized below. Information for the Intermediate Dam driU holes 

follows. 
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Bedrock Characteristics 

• Phyllite or schist was the predominant lithology intersected by the drill holes. Geologic maps 

(Pigagc, 2004) indicate a NW-SE trending Lithologic contact extending approximately between 

the locations of P09-Cl and P09-C2, from gabbro on the south to phyllite on the north, but all 

rock types essentially looked the same. Rock characterized as gabbro may have been intersected 

at depth in P09-C3
1 

but the change in lithology was subtle. Unless noted, all rock is considered 

phyllite. 

• Depth to bedrock increases from north to south. At P09-Cl, vertical depth to bedrock was about 

25metres, about 44.5m at C2 and about 56m at C3. 

• All bedrock was highly foliated, with a very significant percentage of core breaks occurring on 

or parallel to foliation. 

• Core recovery from the phyllite was often less than 100% for no apparent reason. The rock was 

highly friable and wea~ suggesting that some percentage of the lost core could have been 

washed during drilling. Return water was very turbid. This has been observed at drill holes in 

other areas of the site intersecting similar lithology. 

• Rock quality designation (RQD) was typically greater than 75% and often greater than 90%. 

Low RQD was typically related to rubble zones tl1at could not be considered drilling induced 

(ic. mechanical breaks) with high certainty. However, considering the highly friable and weak 

strength nature of the phyllite lithology, many if not most of these rubble zones were likely 

drilling-induced. 

• Weathered bedrock, as characterized by lower than average RQD, presence of oxidation 

products on fractures, or indications of bedrock decomposition, were not identified in significant 

thickness in any of the drill holes. In P09-Cl, a 1 m weathered zone was interpreted below the 

overburden - bedrock interface. In P09-C2 and C3, the only disccmable difference between 

rock below the interface and deeper bedrock was a tendency for an increasing number of breaks 

along foliation surfaces. Even this relationship is uncertain. 

• At P09-C3, there was no significant change in fracture frequency from the phyllite to the gabbro 

sections. 

• Following monitoring well construction at P09-C2, water flowed from the top of the stick-up. 

After addition of an additional stick-up, the static water level was about 1 m above ground 

surface. The monitoring well is screened over an interval approximately 7 to 10 m below the 

overburden-bedrock interface. 

Hydraulic Characteristics 

• Packer testing was completed at approximately 5m intervals in all three drill holes (P09-Cl, 2 
and 3). 

• At P09-Cl, hydraulic conductivity ranged from 2xlo-s to 2xl0'7 rn/s, with a geometric mean of 

lxl0-6 mis for nine tests. One test was greater than the mean and four tests were less than mean. 

The highest value (2x10-5 mis) was for a zone approximately 3 to 8 m below the overburden-

2QD!lF010MlnoComplOl!Groun<t.valo1_Roport_ lCYOO I .034_DM_2010030Z,_FNL,d ... February 201 O 



SRK Consulting 
Faro Mine Complex - 2009 Groundwater Investigations - FINAL Page 12 

OM/sdc 

bedrock interface. This zone corresponds to rock with high RQD and total core recovery (TCR). 

No features of specific interest were identified. The depth-weighted average hydraulic 

conductivity from packer tests is 3x 10-6 m/s. 

• Slug testing of the P09-Cl monitoring well, which was screened over the high hydraulic 

conductivity (K) packer test zone; resulted in a best engineering judgement (BEJ) K value of 
2xl0...i m/s. The screen length is approximately two meters shorter than the packer testing zone 

and may indicate the highly permeable nature of individual fractures. 

• At P09-C2, hydraulic conductivity ranged from lxl0"7 to 2xl0-8 m/s, with a geometric mean of 
5x I ffH m/s for nine tests. Four tests were greater than the mean and five tests were less than the 

mean. The highest value (2xlff7 m/s) was for a zone approximately 12 to 16 m below the 

overburden-bedrock interface. This zone included about 0.4m of rubble zone, some of which 
was interpreted as drilling-induced. Veining was relatively frequent and, on average, two joints 

were identified per; three metre core nm. The depth-weighted average hydraulic conductivity 

from packer tests is 6x I o-s mis. 

• Development recovery testing of the P09-C2 monitoritlg weU, which was screened over the high 

K packer test zone, resulted in a BEJ hydraulic conductivity of 6x10-7 mis. The screen length is 

approximately equivalent to the packer testing zone. 

• At P09-C3, hydraulic conductivity ranged from 2x10-7 to 9x10-9 m/s, with a geometric mean of 

9x10-8 m/s for three successful tests. A fourth test, from 85 to 93 m drilled depth and within the 

gab bro lithology, had a packer testing result of approximately 4x 104 m/s, but is only considered , 
indicative due to low injection pressure combined with sufficiently high flow rates to incur high 

friction losses. An airlift test was completed over this zone for 210 minutes at an average 
"pumping rate" of 0.5 Lis. Drawdown at the end of the test was greater than 20m. The 

hydraulic conductivity from the airlift test was 2x10-G mis. This zone was characterized by 

foliation fractures but no joints were identified. Core recovery was good with relatively long 
sections of intact core. The depth~weighted average hydraulic conductivity from packer and 

airlift tests is 7x l 0·7 m/s. 

• The monitoring well at P09-C3 was completed in fine sand above the overburden-bedrock 

interface due to drilling and installation limitations. Slug testing of the monitoring well in a 

hydraulic conductivity of 3x104 m/s for these materials. 

• High hydraulic conductivity zones in P09-C 1 appear to be limited in extent but results suggest 

the presence of discrete high K fractures in, at least, relatively shallow bedrock to depths of 

approxin1ately 8 m below the overburden-bedrock interface. 

• The bulk hydraulic conductivity in P09-C2 appears to be relatively low compared to P09-Cl, 
with the only relatively high penneability zone occurring approximately 12 to 16 m below the 

overburden-bedrock interface. 

• At P09-C3, there is more variation in hydraulic conducitivity than at the other two locations. 

The highest value occurs at depth within the apparent gabbro lithology, but the hydraulic 
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conducitivity was greater than Ix I 0·7 m/s to depths of approximately 15 m below the 

overburden-bedrock interface, within phyllitc. 

Intermediate Dam Drlll Holes 

Page 13 

Multiple attempts were made to complete dri11 holes P09-ID1 and ID2. 0DEX drilling, using both 

4-inch and 6-incb setups, was confounded by flowing sands at relatively shallow depths. 

• Two attempts were made for P09-ID I. ODEX drilling reached a maximum depth of 40 mat two 

different collar locations. The drill holes were grouted to surface upon termination. 

• Two attempts were made for P09-ID2. ODEX drilling reached a maximum depth of27 mat two 

different collar locations. The drill holes were grouted to surface upon termination. 

4.1.2 Water Quality 

Samples were collected from each of the three CVD locations for water quality analyses, both during 

drilling and following installation in August 2009 and, P09-C3 a second time in November 2009. 

P09-Cl and-C2 could not be sampled in November as they were frozen. For P09-Cl and C2, 

samples were collected from the monitoring wells screened in bedrock. For P09-C3, samples were 

collected from the monitoring well completed in overburden, just above the overburden-bedrock 

interface, but also from deep, penneable bedrock. The deeper bedrock sample was collected at the 

end of an airlift test conducted during drilling. A summary of water quality results are presented in 
Table 3. 

Table 3: CVD Groundwater Quality 

Well ID Sample Depth Sample n Acid Alk Cond pH S04 Mg Zn Ca 
(m drllled From (total) 

depth) 
(pH (mg/L) (mg/L) (uS/cm) units) (mg/L) (mg/L) (mg/L) (mg/L) 

P09-C1 32.6 to 34.0 Bedrock MW 2 38 380 2400 7.8 1150 90.8 0.016 425 

P09-C2 53.5 to 59.3 Bedrock MW 1 203 1500 2520 7.6 28 87.7 0.008 207 

P09-C3 45.8 to 48.7 
Overburden 

2 29 420 901 7.6 97 38.7 0.003 106 
MW 

P09-C3 85 to 93 • airlift Bedrock 1 na 2000 3100 7.9 11 149.0 0.176 386 

n "' number of samples; mw "' monitoring well 

Groundwater quality varies across the valley and between the bedrock and overburden. All samples 

show circum-neutraJ pH but concentrations aud bedrock appears to have high electricaJ conductivity 

relative to the one overburden location. 

P09-C 1 has elevated concentrations of sulphate, magnesium and zinc, similar to those reported for 

overburden at POl -1 l and POS-02 .in the 2008 groundwater quality review (RGC, 2009), both of 

which are located on the north side of the valley in close proximity to P09-Cl. P09-Cl water quality 

indicates that groundwater is impacted by contaminated waters at a depth of at least 10m below the 

overburden - bedrock interface along the north side of the valley. 

2009PnroMlnoComplo.Ground>mW_fto~ICY001 ,03J_DM._20100302_FNLd ... February 2010 
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P09-C2 water has a relatively high electrical conductivity but sulphate and zinc concentrations are 

much lower than at P09-C 1. Concentrations at P09-C2 are of similar or lower value to some 

overburden monitoring wells located on the southern side of the valley (e.g., POl-02), with the 

exception of magnesium, which has a concentration more similar to P09-Cl. P03-09, a multi-Level 

overburden monitoring well just to the south of P09-C2 has shown increasing sulphate 

concentrations, with significantly greater concentrations in all monitoring zones than observed at 

P09-C2. P09-C2 has elevated sodium compared to other wells (305 mg/L at - C2 vs. <100 mg/Lat 

-Cl or - C2) and higher bicarbonate (similar range of values to total alkalinity). P09-C2 waters could 

represent process water coming from the tailings that is not showing high sulphate, possibly because 

little oxidation occurred during milling. These observations could indicate that displaced process 

water, characterized by elevated sodium and bicarbonate concentrations, is reporting to P09-C2 now. 

Sulphate is low at this time because little oxidation occurred during milling, and so process water 

would have low sulphate concentration. This may indicate a pathway connecting to the tailings but 

that the sulphate plume has not yet arrived. 

P09-C3 bedrock water from the well screened over a depth of 85 to 93 mbgs shows very low 

sulphate concentrations but elevated concentrations of zinc and magnesium. In fact, the zinc and 

magnesium concentration are greater than any of the results presented for this area in the 2008 

groundwater quality review. While confidence in water quality for the deeper bedrock is limited due 

to the inability to complete a monitoring well in the deeper bedrock and collect additional data, 

comparison with water quality from overburden immediately above bedrock at P09~C3 indicates 

sufficient difference to rule out the possibility of contamination from the overburden aquifer. 

Sulphate in the deep overburden is about nine times that of the deep bedrock and zinc concentration 

in the overburden is about .2.5 orders of magnitude lower than deep bedrock. Magnesium 

concentration is almost four times higher in deep bedrock than overburden. The possibility that 

these waters represent an upgradient high sulphate, high zinc source affected by varying dilution or 

solubility controls cannot be ruled out. 

4.1.3 Hydrogeologic Conceptual Model 

OM/Ide: 

Existing hydrogeologic conceptual models have focused on overburden stratigraphy, with no real 

detail for bedrock. The only changes to the overburden conceptual model is the increase in depth to 

the overburden - bedrock contact at P09-C3 and the absence of the till unit overlying bedrock. 

Bedrock drilling and hydraulic conductivity data indicates that: 

• The weathered bedrock zone is thin or cannot be differentiated from competent bedrock. 

• Bedrock hydraulic conductivity does not decrease with increasing depth. 

• Air-lift testing at depth in P09-C3 indicates that relatively high hydraulic conductivity bedrock 

can be present at significant depths below the overburden - bedrock contact. 

• Hydraulic conductivities could not be correlated with specific features in drill core. 

200'.lForoMlnoComplo~Groundwotor,..Roport_ I CYDO I .OJ4_0M_ZO !00l02_FNL.ooo, February 201 O 

r 

r 

f 
f 

( 

i 

\ 
I.,. 



r 
I ' 

r 
I 

l . 

[ I 

l 
1 ' 
' 

r 
l 

' L_ 

L 

r . 

L. 

SRK Consulting 
Faro Mine Complex - 2009 Groundwater Investigations · FINAL Page 15 

• Hydraulic conductivity is generally higher on the northern and southern sides of the valley than 

in the middle. 

Available water level data for autumn 2009 indicate that a small upwards gradient from bedrock to 

overburden is present, at least at the north side of the valley. This may be a function of the high 

hydraulic head within the Cross Valley and lntennediate ponds. 

Data suggests that bedrock should be considered as a separate hydrogeologic unit. Hydraulic testing 

data suggest that the bedrock could be subdivided into three hydrogeoJogic units, the separations 

assumed to be halfway between each of the drill holes and extending approximately to the valley 

sides. Each unit can be assumed to have a thickness of 30m. 

Two hydrostratigraphic units can be assumed for the CVD area, with bedrock including the three 

sub-units: 

1. Overburden: - 240m wide, 25 to 50m thick. Average transmissivity from 2005 pumping tests= 

1,495 m2/d (RGC, 2006). The overburden unit incorporates all lithologies. Increase in 
thickness at PQ9.C3 is not considered to represent a significant change to flows. 

2. Bedrock: 

a. North Bedrock - 170m wide x 30m deep with K - 3xl0-6 mis 

b. Central Bedrock - 95m wide x 30m deep with K = 6x 10-s mis 

c. South Bedrock - 140m wide x: 30m deep with K - 7xl0·7 mis 

4.1.4 Flow and Load Estimates 

Table 4 presents flow and load estimates for the hydrostratigraphic units at the CVD. Overburden is 

assumed the same as reported in RGC, 2006. Flow is assumed to be horizontal, in a down valley 

direction. The gradient is assumed to be the same as that used for the RGC estimates. 

Table 4: CVD Groundwater Flow and Load Estimates 

Unit or Location Area (m·) K (mis) Gradient Flux (Ifs) S04Conc. Zn Cone. S04 Load Zn Load 
(mg/Ll (mg/Ll (tonne/yr) (tonne/yr) 

Overburden 240m wide with T=1,495 m2/d 96.0 Assumed from RGC 1840 O.Q3 

North Bedrock 5100 3.00E-06 O.D16 0.24 1150 0.016 9 0.0001 

Central Bedrock 2850 6.00E-08 O.D16 0.003 28 0.008 0.002 0.000001 

South Bedrock 4200 7.00E,07 0.016 0.05 11 0.176 0.02 0.0003 

The flow and load estimates in Table 4 are considered conservative for the upper 30m of bedrock. 

Hydraulic gradients may be upwards from bedrock to overburden, thus actual horizontal flows less 

than presented here. 
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In general, bedrock and sulphate and zinc loads are minimal when compared to overburden. The 

lowest loads are within the central area and highest in the south. Zinc load in the southern bedrock 

area is about three times that in the north area. It is currently unclear if the measured zinc 
concentration in the deeper south bedrock is evenly distributed through this area or indicative of 

impacts from contaminated waters. There have been no other observations of concentrations at this 

magnitude anywhere near or below the CVD. 

RGC is currently completing a review of 2009 water quality data, including stable isotopes for 

certain areas. Interpretation of the source or cause of the observed concentrations within the deep 
bedrock at P09-C3 should be reviewed once the water quality study is completed. 

4.1.5 Considerations for Closure Engineering 

Results of the 2009 groundwater program indicate the following considerations for closure 

engineering: 

• Bedrock data is only available for the toe of the CVD. Additional information will be required if 

the planned Rose Creek Valley SIS is not located in this area. 

• Depth to bedrock is variable and can be significant. Methods for cutoff wall construction will 

have to take this into account, if that option is required. 

• Load is travelling within bedrock, could be significant, and must be considered for final closure. 

• Relatively high zinc concentrations within deep bedrock at P09-C3 require further interpretation. 

Bedrock water quality and the hydrogeologic conceptual model should be re-visited upon 

completion of the 2009 groundwater quality review. If the high zinc concentrations cannot be 
considered to represent high background levels, further investigation in this area will be 

required. 

• Additional pumping tests should be completed below the CVD to determine if bedrock 

groundwater can be captured or controlled by pumping from the overburden unit. The bedrock 

monitoring wells should be used as part of these tests. 

4.2 ETA 

4.2.1 Drill Holes, Completions and Hydraulic Testing 

Three drill holes were completed in the ETA area, at the mouth of Faro Creek canyon. Original 
planning called for two drill holes, one to characterize bedrock (P09-ET Al) and one for the 

overburden - bedrock contact (P09-ET A2). A third drill hole was completed on the southwest side 

of the canyon for further information regarding depth to bedrock (P09-ETA3), The overall objective 

of these drill holes was to improve characterization of the potential for bypass of the ET A interim 

seepage interception system. 

Drill hole locations are shown on Figure 4. Drill hole location and completion details are 

summarized in Table 5. Hydraulic testing is summarized in Table 6. 
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Table 5: ETA Drill Hole and Completion Information 

Drill Hole Northing Easting Stick-Up Inclination Drill Hole MW Stick- Screen Depth to Data of 
ID Elevation (degrees) Depth Depth to Up Depth water depth to 

(masl) (mbgs) Bottom (mags) (mbgs) (m from water 
(mbgs) TOC) 

P09-ETA1 6913635 582807 1074.66 70 40.4 29.8 0.93 29.8 to 6.99 24-Aug-09 26.9 

P09•ETA2 6913633 582807 1074.46 90 19.8 17.7 0.71 
16.15 to 

10.22 28-Aug-09 
17.7 

P09-ETA3 6913615" 582832" 1073.74. 90 4.6 NIA NIA NIA NIA NIA 

• Ground elevation estimated from handheld GPS as hole was not surveyed. 

Table 6: ETA Hydraullc Testing Results 

Drill Hole Test Zona TastTypa TastZona (m Test Data Hydraulic Comments 
ID Lithology drilled depth) Conductivity 

(mis) 
--- - ---

BR Packer 23.6 to 24.8 14-Aug-09 <1x10-8 Little flow at all pressures 

BR Packer 23.6 to 27.8 14-Aug-09 <1x10-8 Little flow at all pressures 

P09·ETA1 
BR Packer 27.8 to 32.4 14-Aug-09 7x10·8 

BR Packer 32.4 to 37.0 15-Aug-09 <1x10-8 LltUe flow at all pressures 
- -

BR Packer 37.0to43.1 15-Aug-09 <1x10-8 Little flow at all pressures 

BR Slug 
28.65 to 31.7 

28-Aug-09 NIA 
Test abandoned due to slow recovery 

(Screen) frum removal of Waterra tubing 

P09-ETA2 OB Slug 
16.15 to 17.7 

28-Aug-09 2x10-3 (BEJ) Oscillatory (Screen) 

P09-ETA3 NIA NIA N/A N/A NIA No well installed 

OM/ado 

Figures Sa and Sb are cross sections through the ET A drill holes. Observations and conclusions from 

drilling and hydraulic testing for P09-ETAl , 2 and 3 include; 

Tailings Thickness 

• P09-ETAl and 2 drilled through tailings to their respective targets, bed.rock and overburden. 

• Tailings were encountered to vertical depths of approximately 16 to 18 m. 

Overburden Characteristics 

• P09-ET A2 was drilled vertically with air-rotary methods to install a monitoring well in 

permeable materials at the overburden - bedrock interface. 

• Tailings were identified to a depth of 16 m and bedrock was intersected at 16.8 m. 

• Overburden materials were silty to clayey sand and gravel. Thickness was about Im. 

• The monitoring well was installed within the overburden materials and underlying shallow 

bedrock. 

Bedrock Characteristics 

• P09-ETA1 was drilled to a total drilled depth of 43 m (- 40 m vertical depth) for bedrock 

characterization. 
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• Bedrock was intersected at a drilled depth of 19.3 m (18 m vertical depth). 

• Highly foliated phyllite lithology with zones of quartz-calcite veinlng was encountered for the 

entire bedrock driU length. 

• Bedrock RQD was greater than 95% for the entire drilled length. The majority of core breaks 

occurred along foliation planes and were interpreted as drilling-induced breaks. 

• There was no clear weathered zone below the overburden - bedrock contact. 

• The drill bole extends approximately !Sm horizontally from the collar location, a distance 

roughly equivalent to the centerline of the canyon. 

• No significant structural features were identified. A 10cm zone was tentatively interpreted as a 

potential healed fault, recovered as competent core with high RQD, similar to other runs. 

Hydraulic Characteristics 

• At P09-ETA1 , hydraulic conductivity ranged from 7x 10-5 to less than lxlffH mis for five tests. 

A hydraulic conductivity value of lxl0-8 m/s is considered by SRK to be the lower limit of 

sensitivity for the packer testing equipment being used. The one relatively high K value of 

7x 10-s m/s was for a zone covering the potential fault, at a vertical depth of 26 to 31 m below 

ground surface, and approximately 8 to 13 m below the overburden-bedrock interface. The bulk 

hydraulic conductivity for bedrock is assumed to be lxlO"ij mis. 

• Slug testing of the P09-ETA1 monitoring well, which was screened between 27 and 30 m below 

ground surface, within the high hydraulic conductivity packer test zone, was inconclusive. 

Water level recovery from introduction of the slug was extremely slow and the hydraulic 

conductivity value qualitatively interpreted as <lxl0"8 mis. 

• At P09-ET A2 the monitoring well was installed within the overburden materials and underlying 

shallow bedrock. 

• Slug testing of the P09-ETA2 monitoring well was 2xl0"3 m/s. The water level response to slug 

emplacement was oscillatory, supporting the interpretation of high hydraulic conductivity. 

• P09-ETA3 was drilled approximately 15 rn southeast of ETA l& ETA2 on top of the berm to the 

southeast of the Faro Creek canyon, along the trend of the east bedrock waJI of the canyon. 

Bedrock was intersected at a depth of 4.6 m. 

4.2.2 Water Quality 

OM/Ide 

Samples were coUected from monitoring wells P09-ET Al and 2 for water quality analyses. A 

summary of water quality results is presented in Table 7. Water quality results for Faro Creek, at the 

approximate location of the drill holes, are included from a survey of Paro Creek surface water 

completed in mid-August 2009, approximately one week before groundwater samples were 

collected. 
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Table 7: ETA Groundwater Quality 

Well ID Sample Sample n Acid Alk Cond pH S04 Mg Zn Ca 
Depth From (pH (total) 

8.3) 

(l'li drilled (mg/L) (mg/L) (uS/c (pH (mg/L) (mg/L) (mg/L) (mg/L) 
depth) m) units) 

P09·ETA1 29.8 to 26.9 Bedrock 2 0.8 195 431 8.1 32 10.0 0.003 61 MW 

P09-ETA2 16.15 to 17.7 Overburden 2 540 165 5175 6.7 4400 540 82.6 528 MW 

FCS-4 weir at 
Surface end of Faro Faro Creek Water 1 1040 2.6 5930 5.6 5200 679 148 504 

Canyon 
.. 

n - number of samples; mw - monitoring well 

Groundwater quality is significantly different between the bedrock and overburden monitoring wells. 

While both have circum-neutral pH, water within the overburden unit is about l pH unit lower than 

bedrock. Electrical conductivity is significantly higher in the overburden unit, as are sulphate and 

zinc concentrations: sulphate concentration is about two orders of magnitude higher in the 

overburden unit and zinc concentrati.on is more than four orders of magnitude higher. 

4.2.3 Hydrogeologic Conceptual Model 

OP..Vsdc 

Bedrock in the Faro Creek canyon is calcareous phyllite of the Vangorda Formation (Pigage, 2004). 

Foliation dips to the south at about 15 degrees. The regional geologic map shows no geologic 

structures in the vicinity of the canyon. Bedrock on the sides of the canyon is highly fractured and 

weathered. 

At the mouth of the canyon, the canyon is a relatively narrow, deep feature with minimal overburden 

fill. Tailings constitute a significant percentage of the unconsolidated material within the canyon; 

the overburden and weathered bedrock unit is thin, no more than a couple of meters. 

Bedrock underneath the canyon appears to be low permeability. Foliations may impart an anisotropy 

on bedrock hydraulic conductivity, which would have lower hydraulic conductivity in the direction 

of Faro Creek drainage, as suggested by foliation orientation. The only other bedrock hydrogeologic 

data for the area is from SRK05-ETA-BR2, which was drilled northwest of the mine access road, 

collared on top of the ETA tailings. This drill hole was drilled vertically, to a depth of about 23 m, 

about 13.5 m of which were in bedrock of similar lithology to the P09-ETA1. Hydraulic 

conductivity was typically about lxl0-8 mis with one test zone at lx10·7 mis. While bedrock data is 

still relatively minimal, the data do suggest that bedrock has a low bulk hydraulic conductivity. 

Three hydrostratigraphic units are defined for this area: 

I. Tailings unit - Hydraulic co.nductivity is unknown, but assumed to be low. 

2. Overburden and weathered bedrock unit - Considered to have a maximum thickness of about 

1 to 2m. Characterized by sand and gravel. Hydraulic conductivity = 2x10·3 m/s. 

3. Competent bedrock unit - Hydraulic conductivity = lxl0-8 mis. 
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• Prior to April and after about mid July, PW2 water levels decline relative to the rest of the 

record. Only the data in mid July corresponds to a significant change in PW2 pumping rate. 

Increased PW2 drawdown after mid August without a corresponding change in monitoring well 

drawdown could be a result of well inefficiency. 

Data for PW2 suggest that pumping in the Deep Aquifer can be effective for hydraulic control and 

additional pumping wells would likely improve this situation. PW2 has limited available drawdown 

due to its construction. Additional pumping wells in the vicinity of PW2 could provide improved 

aquifer drawdown. PW2 itself is not an ideal pumping well and performance could potentially be 

improved by replacing it with a deeper screen. 

PWl, while installed in an area of elevated sulphate and zinc concentrations, could be removed from 

current operation and hook-ups used for an additional pumping well near PW2. 

4.3.2 Drill Holes and Completions 

Six monitoring wells were installed down-gradient of the S-wclls interceptor trench. Drill hole 

locations are shown on Figure 6. Drill hole location and completion details are summarized in Table 

1 l. Hydraulic testing was not completed for these drill holes as they will be included in on-going 

SIS performance monitoring. Hydraulic parameters can be determined from performance data, if 

necessary. 

Table 11: S~wells Drill Hole Completion Information 

Drlll Northing Easting Stick-Up Inclination Drill MW Depth Stick-Up Screen Depth to Date of 
Hole ID Elevatlon (degrees) Hole to Bottom (mag5) Depth water depth to 

5151 

5152 

SIS3 

SiS4 

SIS5 

SIS6 

O~Vsdc 

(masl) 

6912954 584585 1087.59 

691 2950 584594 1087.39 

6912944 584602 1087.36 

6912936 584617 1087.55 

6912935 584622 1087.49 

6912934 584625 1087.39 

Mbgs = metres below ground surface. 

TOC • top of casing. 

Depth 
(mbgs) 

90 6.1 

90 6.3 

90 6.1 

90 4.6 

90 4.6 

90 4.6 

(mbgs) (mbgs) (m from water 
TOC) 

6.3 0.97 4.8 lo 6.3 4.34 25-Aug-09 

5.5 0.98 4.6 to 5.5 3.34 25-Aug-09 

3.7 1.03 2.2 to 3.7 2.70 25-Aug-09 

3.7 1.03 2.8 to 3.7 2.99 25,Aug-09 

3.7 0.98 2.6 to 3.7 2.73 26-Aug-09 

4.6 0.90 4.6 to 5.5 2.99 27,Aug-09 

All six of the SIS monitoring well drill holes were drilled ODEX method in unconsolidated 

sediments, with total target depths equivalent to be below the interpreted base of the Shallow 

Aquifer, as determined from previous drilling information. Monitoring wells were completed in 

permeable zones identified in each drill hole. Figure 7 shows two cross sections, one showing 

stratigraphy based on test pits and drilling completed prior to the 2009 program. The second cross 

section shows stratigraphy including information from the 2009 drill holes. Both sections include 

the approximate outline of the permeable trench and the central pumping sump (i.e., PW3). 
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SIS l, 2, 3 and 4 were drilled at approximate 1 Om spacing, with SRK.05-SP4b included within the 
spacing, between S1S3 and 4. SIS5 and 6 were drilled at roughly Sm spacing to the southeast of 
SIS4, to provide additional stratigraphic information beyond the approximate southeast end of the 
primary interceptor trench. 

Lithologic infonnation from the SIS locations indicates that the interceptor trench has cross-cut the 
majority of sand and gravel materials interpreted as the Shallow Aquifer. Li tho logic information 

from the SIS wells provides the following additional information: 

• Permeable materials screened in SIS2 may extend past the northwest end of the interceptor 

trench. 

• Penncablc materials screened in SIS5 and 6 exist outside of the southeast end of the interceptor 
trench (prior to November, 2009). 

4.3.3 Water Quality 

Samples have been collected from monitoring wells SISI to 6 for water quality analyses. A 
summary of water quality results is presented in Table 12. Water quality results are included from 
the interceptor trench pumping well (PW3). Monitoring well SRK.05-SP4b was not sampled this 
autumn. The PW3 sample was collected mid-August, 2009, approximately one week before 
groundwater samples were collected. 

Table 12: S-wells SIS Wells Groundwater Quality 

Well Sample Sample From n Acid Alk Cond pH S04 Mg Zn Ca 
ID 

SIS1 
-·-· 

SIS2 

SIS3 

SIS4 

SIS5 

5156 

PW3 

Depth (pH8.3) (total) 
(m drilled (mg/L) (mg/L) (uS/cm) (pH (mg/L) (mg/L) (mg/L) (mg/L) 

depth) units) 
.. 

4.8 to 6.3 Overburden MW 1 337 250 7280 7.0 6800 1140 150 642 

4.6 to 5.5 Overburden MW 2 1140 175 2285 6.2 7800 1310 491 535 

2.2 to 3.7 Overburden MW 2 780 175 7340 7.0 6800 1135 453 465 

2.8 to 3.7 Overburden MW 2 607 230 6545 6.9 6000 996 296 484 

2.8 to 3.7 Overburden MW 1 28.7 300 5150 8.0 4000 621 7.39 507 

4 .6 to 5.5 Overburden MW 1 42.8 520 4910 7.7 3700 635 14.2 559 
----

Sump Pumping Well 1 815 150 8210 7.2 7500 1270 486 467 

Water quality data indicate that, while groundwater at all monitoring well locations shows impact 
from dump seepage, the level of impact is not the same at all locations. SIS2, 3 and 4, which are 
screened within the main body of the Shallow Aquifer, show higher concentrations of dissolved zinc 
than wells closer to the ends of the trench. Concentrations in these wells are also more similar to 
water pumped from PW3. 
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4.4.2 Drill Holes, Completions and Hydraulic Testing 

Two drill holes with monitoring wells were completed in the Grum Slot area, one in deep bedrock 

(P09-GS lA) and a second to the overburden-bedrock contact (P09-GS lB). Drill hole locations are 

shown on Figure 8. Drill hole location and completion details are summarized in Table 13. 

Hydraulic testing results are summarized in Table 14. Drill logs are located in Appendix A. 

Table 13: Grum Slot Drill Hole and Completion Information 

Drlll Northing Easting Stick-Up Inclination Drlll Hole MW Stick· Screen Depth to Date of 
Hole ID Elevation (degrees) Depth Depth to Up Depth water depth to 

(masl) (mbgs) Bottom (mags) (mbgs) (m from water 
(mbgs) TOC) 

P09· 
690465B 592593 1230.00 90 29.6 29.6 O.B6 23.5 to 29.6 2.52 6-Aug-09 

GS1A 

P09· 
6904657 592601 1229.9B 90 6.6 6.6 0.92 5.1 to 6.6 2.39 6-Aug-09 

GS1B 

DMlll<k 

Mbgs "' metres below ground surface 

TOC - 1op of casing 

Table 14: Grum Slot Hydraulic Testing Results 

Drill Hole ID Test Zone Test Type Test Zone (rn) 
Lithology 

BR 
Packer-Isolated 11.0 to 14.0 

Falling Head 

P09-GS1A 
BR Packer 14.3 to 18.9 

BR Packer 18.9 to 23.5 

BR Packer 23.5 to 29.6 

BR Slug 23.5 to 29.6 (Screen) 

P09-GS1B OB Slug 5.1 to 6.6 (Screei'l) 

Test Date HydmJllc 
Conductivity (m/5) 

14-Jul-09 3x10-6 

14-Jul-09 1x10·7 

15-Jul-09 1x10·9 

15-Jul-09 4x10· 8 

6,Aug-09 1x10•7 (BEJ) 

5-Aug-09 5x10-4 (BEJ) 

Figure 9 is a cross section extending through the Grum Slot drill holes to the Grum Pit lake. 

Observations and conclusions from drilling and hydraulic testing forP09-GS1A and GS1B include: 

Overburden Characteristics 

• Unconsolidated material was encountered to a depth of 5.5 m below ground surface. At 

P09-GSlB, fill materials were encountered to a depth of 4m, underlain by about 0.6in of black, 

pyritic-rich material interpreted to be ore or waste rock, then approximately lm of clayey, silty 

sand with gravel. overlying bedrock. 

• The P09-0S l B monitoring well was screened within the sandy unit and shallow bedrock, from 

5.1 to 6.6m below ground surface. 

• Static water level on the August 6, 2009 was about 1.5m below ground surface (1227.6 masl). 

• Slug testing of the monitoring well indicates a hydraulic conductivity of 5x lo"" mis. 
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Bedrock Characteristics 

• P09-GS1B was drilled to a total depth of29.6 rn below ground surface, approximately 24m of 

which were in bedrock. 

• Phyllite was the only lithology intersected, with zones of quartz-calcite veining and high 

sulphide content. 

• Bedrock was highly foliated, with a significant percentage of core breaks occurring on or parallel 

to foliation. Foliations breaks ranged from 12/m to 29/m. Joint frequency was lower, typically 

less than 2/m. 

• There were no indications of a significant bedrock weathered t one though core recovery was low 

in the first meter. 

• At P09-GS la, bedrock hydraulic conductivity ranged from 3x l o-6 to less than < 1 x l O"~ m/s for 

four tests conducted during drilling. Three tests were lxl0·7 mis or lower. The one relatively 

high hydraulic conductivity value of 3x10-6 m/s, derived from a packer-isolated falling head test, 

was for a zone between 11 to 14 m below ground surface, and approximately 6 m below the 

overburden-bedrock interface. This zone included a 10cm mechanical rubble zone. RQD 
ranged from 73% to 89% with four joints identified over the entire zone length. 

• A monitoring well was completed with a screen extending from 23.5 to 29 .6 meters below 

ground. Slug testing results from the monitoring well indicate a hydraulic conductivity of 

lxlO 7 mis, or roughly two times the packer test-derived hydraulic conductivity value for the 

same zone. 

• Static water level in the monitoring well on August 6, 2009 was approximately 1.66 m below 

ground surface (1227.5 masl)1 slightly lower than the water level in P09-GS1B. 

4.4.3 Water Quality 

Samples have been collected from both monitoring wells as well as the Grum Slot standing water for 

water quality analyses. A summary of water quality results is presented in Table 15. 

Table 15: Grum Slot Groundwater Quality 

Well ID Sample Sample n Acid Alk Cond pH S04 Mg Zn Ca 
Depth From (pH 8.3) (total) 

(m drilled 
(mg/L) (mg/L) (uS/c (pH (mg/L) (mg/L) (mg/L) (mg/L) 

depth) 
m) units) 

P09-GS1A 23.5 to 29.6 bedrock 2 9.8 210 1350 7.8 545 69.2 0.054 200 

P09-GS1B 5.1 to 6.6 overburden 3 14.8 213 1180 7.7 437 60.6 4.42 165 

Slot 
Standing Surface Surface 1 n/a 79 738 7.9 310 40.4 0.010 90 
water 
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Overburden and bedrock waters are circum-neutral with somewhat elevated sulphate and zinc 

concentrations. Sulphate concentrations are similar, but zinc is about two orders of magnitude 

higher in the overburden than bedrock. The standing water in the Grum Slot has slightly lower 

sulphate than groundwater, and considerably lower zinc concentration. 

For comparison, zinc concentrations in the Grum Pit on July 14, 2009 were about 5 mg/Lat depth 

and sulphate concentrations about 425 mg/L. 

4.4.4 Hydrogeologic Conceptual Model 

OMIO<lo 

Bedrock underlying the immediate Grum Slot area is primarily calcareous phyllite of the Vangorda 

Formation. The phyllitc may be anisotropic in terms of hydraulic conductivity. Sulphide-bearing 

ore may exist on the western edge, at the pit edge, or underneath the slot. Overburden thickens to the 

north and northwest of the slot, incorporating the basal "tbalweg'' aquifer described previously. This 

aquifer may daylight in the Grum Slot Within the slot, overburden is generally thin, typically 

characterized as ''till'' but heterogeneity is likely. 

Bedrock underneath the canyon appears to be relatively low hydraulic conductivity; overburden bas 

a relatively high hydraulic conductivity. 

Two hydrostratigraphic units are defined for the Grum Slot: 

1. Overburden and shallow permeable bedrock - extends to a depth of approximately lOm below 

the overburden-bedrock interface; hydraulic conductivity of Sx 10-4 mis. 

2. Competent bedrock - extends from roughly 10 to at least 30m below the overburden-bedrock 

interface; hydraulic conductivity of2x10-8 mis (geometric mean of deep bedrock hydraulic 

conductivity values). 

Water levels in P09-GS1A and Bare elevated above that of Grum Pit lake, similar to that of the 

standing water in the Grum slot. The hydraulic gradient in Grum slot is towards the pit lake from the 

slot standing water. There is no indication from drilling or hydraulic testing for the presence of a 

confining unit below the overburden-bedrock contact, thus the similarity of water levels in the two 

monitoring wells is suggested to indicate that bedrock and overburden in this area are hydraulically 

connected. 

Pitcau (1991 and L 995) report that the Thalweg Aquifer, located underneath the thick overburden on 

east and northeast sides of the Grum Pit, was artesian, thus the need for active dewatering during 

operations for pit slope stability. These reports indicate that water from the Thalweg Aquifer came 

to surface within the approximate area of tbe current Grum Slot, leading to the presence of standing 

water, similar to what is currently seen. Hence, it is possible that the current Grum Slot standing 

water is fed, at least in part, by groundwater from the Thalweg Aquifer, as well as direct 

precipitation and snowmelt runoff. As long as the standing water in the Grum Slot is higher than the 

pit lake, the hydraulic gradient will be towards the pit lake. 
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4.4.5 Considerations for Closure Planning 

For closure planning, the primary concern is that the water level in the Grum Pit reaches an elevation 

allowing discharge to the environment through the Grum Slot. If the hydrogeologic conceptual 

model presented here is valid, it may be feasible to allow the Grum Pit water level to reach 

elevations higher than previously believed (1213.4 mas! at pit spill point), as long as it is below that 

of standing water in the Gmm Slot (approximately 1227 masl), which essentially provides hydraulic 

control. The possibility of changing the maximum allowable Grum Pit water level will have to be 

considered in terms of predicted Grum Pit water quality and risk of release to the environment, but 

recently acquired data indicates the allowable water level could be raised, which could provide 

significant additional storage capacity within the Grum Pit. 

While the Grum Slot represents the "spill point" for Grum Pit, a hydraulic gradient will exist from 

the Grum Pit to the environment in a west to southwesterly direction, through bedrock. While no 

information exists on bedrock hydraulic conductivity to the west or southwest of the Grum Pit, 

available data suggests that the flux in these directions would be low. 

Sampling P09-GS 1 A and B again would increase confidence in the water quality results. 

Consideration should be given to the feasibility of identifying a source of clean water that could be 

diverted into the Grum Slot to support the presence of the hydraulic barrier, if ever necessary. 

4.5 Little Creek Dam 

4.5. 1 Desktop Study 

DM'adc 

Prior to initiation of drilling in the Little Creek Dam area, a review of available geology information 

was completed to assist in development of the drilling program. Little information was identified, 

the only available information being from field investigation and construction reports for the dam 

itself, which focused on geoteclmical stability issues rather than hydrogeology. Personal 

communication with Peter Healey, P .Eng. of SRK, who was involved in the design and construction 

of the dam, provided useful observational information. The following points summarize information 

available prior to drilling; 

• Discontinuous permafrost was identified in dam foundation soils, primarily in the left abutment 

area (viewed looking downstream). 

• Sand and gravel was encountered occasionally, most Lithologies being identified as silty till. 

• Significant groundwater was never identified. 

• Quality of water impounded behind the dam is poor and there is a hydraulic gradient from this 

water towards Vangorda Creek. 
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Considering the information available for planning, it was concluded that the appropriate approach 

was to complete drill holes along the toe of the darn at regular spacing, completing additional 

infilling drilling if information collected deemed it appropriate. Monitoring wells would be installed 

in permeable, water bearing materials for hydraulic testing and sampling for water quality. 

4.5.2 Drill Holes, Completions and Hydraulic Testing 

Seven drill holes were completed in overburden (P09-LCD 1 to LCD7). Monitoring wells were 

installed in all drill holes except P09-LCD5, which was terminated in frozen silty sand and gravel. 

Drill hole locations are shown on Figure 10. Drill hole location and completion details are 

summarized in Table 16. Hydraulic testing results are summarized in Table 17. Drill logs are 

located in Appendix A. 

Table 16: Little Creek Dam Drill Hole Completion Information 

Drlll Hole Northing Easting Stick-Up Inclination Drill Hole 
ID Elevation (degrees) Depth 

(masl) (mbgs) 

P09-LCD1 6903138 593468 1097.53 90 19.8 
--

P09-LCD2 69031 36 593465 1097.69 90 7.6 

P09-LCD3 6903104 593443 1093.71 90 9.1 

P09-LCD4 6903097 593436 1093.68 90 12.2 

P09-LC05 6903056 593418 1096.37* 90 19.8 

P09·LCD6 6903073 593421 1096.21 90 9.1 

P09-LCD7 6903009 593423 1101.68 90 10.4 

• Ground elevation estimated from handheld GPS as hole was not surveyed. 
Mbgs c metres below ground surface 
TOC : top of casing 

MW Stick- Screen Depth 
Depth Up (mbgs) 

to (mags) 
Bottom 
(mbgs) 

6.5 0.91 5.97 to 6.47 

4.8 0.90 3.6 to 4.8 

6 0.86 5.5 to 6 

11.78 0.84 10.88 to 11.78 

N/A NIA N/A 

7.31 0.84 6.41 to 7.31 

10.4 0.60 7.4 1.0 10.4 

Table 17: Little Creek Dam Hydraulic Testing Results 

Drill hole ID Test Zone Test Type Test Zone (m) Test Date Hydraulic 
Llthology Conductivity 

(m/s) 

P09-LCD1 OB Slug 5.97 to 6.47 (Screen) 7-Aug-09 4x10-4 (BEJ) 

P09-LC02 OB Pump-Recovery 3.6 to 4.8 (Screen) 7-Aug-09 4x10-6 (BEJ) 

P09-LCD3 OB Slug 5.5 to 6 (Screen) 7-Aug-09 2x10-5 (BEJ) 

P09·LCD4 OB Slug-Recovery 10.88 to 11 .78 (Screen) 6-Aug-09 NIA 

P09-LCD5 NIA N/A N/A N/A N/A 

P09-LCD6 OB Slug 6.41 to 7.31 (Screen) 6-Aug-09 6x10-4 {BEJ) 

P09-LCD7 N/A N/A 7.4 to 10.4 (Screen) N/A NIA 

~ !JFr.10MlncComplo.1Groundwatcr. Rcpon_ 1 CY001 .0:l4. 0P.1_ :zo100J02_FNL.doox 

Depth to Date of 
water depth to 

(rn from water 
TOC) 

3.87 7-Aug-09 

4.42 7-Aug-09 

1.69 7-Aug-09 

11 .96 6-Aug-09 

N/A N/A 

5.61 6-Aug-09 

Dry 5-Aug-09 

Comments 

Hand pumped 

Hole was probably frozen 
end affected by test method. 
No data presented. 

Borehole only 

Dry well 
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Figure L l is a cross section through the Little Creek Dam drill boles. Observations and conclusions 

from drilling and hydraulic testing of the Little Creek Dam locations include: 

Overburden Characteristics 

• Unconsolidated material was encountered to depths of over 20 m below ground surface. Only 

one of the drill holes intersected bedrock (P09-LCD 1 at a depth of about 20m); all other drill 

holes were terminated prior to intersecting bedrock. 

• Lithology is variable both spatially and with depth. Lithology ranges from silt to sand and 

gravel dominant layers. Thicknesses of individual layers vary between drill holes and may or 

may not be laterally continuous. Lithology and variability is generally supportive of a 

glaciofluvial depositional environment. 

• There is no indication of a primary channel or flow path; permeable materials (typically sand and 

gravel with or without silt) were intersected to varying degrees in all drill holes. 

• There is no indication of a permeable sand/gravel horizon overlying bedrock in P09-LCD 1. 

• lee was observed in cuttings from numerous holes, but delineation of a permafrost boundary is 

uncertain. 

• Hydraulic conductivity from tests in five monitoring wells ranged from 4xl0"6 to 6x10"" m/s. 

The distribution of hydraulic conductivity values does not show any obvious pattern. 

• LCD2 did not have sufficient water column to submerge any of the available slugs. The 

Levelogger was lowered to the bottom of the well, which was then pumped by hand using 

Waterra tubing. The water level was then allowed to recover before being pumped a second 

time. 

• LCD4 did not have sufficient water to submerge any of the available slugs. Previous 

observations suggested that the well had a very slow recharge rate and would require monitoring 

over a longer period of time, so the Levelogger was installed overnight with a lower sampling 

rate (2 seconds). The well proved difficult to pump, so instead the Waterra tubing was removed,. 

acting as a "slug removal" and causing a fall in the water level. The Levelogger was retrieved 

the following day. 

• LCD2 tests were pump-recovery tests, and were analyzed using the Theis Recovery method, 

assuming that they were fully penetrating wells. A straight line was fit to the early-time data. 

4.5.3 Water Quality 

Samples have been collected from all monitoring wells for water quality analyses. A summary of 

water quality results is presented in Table 18. 
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Table 18: Little Creek Dam Groundwater Quality 

Well ID Sample Sample n Acid Alk Cond pH $04 Mg Zn Ca 
Depth From (pH (total) 

(m drilled 8.3) 
depth) 

(mg/L) (mg/L) (uS/cm) (pH (mg/L) (mg/L) (mg/L) (mg/L) 
units) 

P09-LCD1 5.97 to 6.47 
Overburden 

2 7.8 280 813 7.9 165 32.2 0.004 120 MW 

P09-LCD2 3.6 to 4.8 
Overburden 

2 9.7 280 848 8.0 175 34.7 0.010 132 MW 

P09-LCD3 5.5 to 6 
Overburden 

2 13.0 285 789 8.0 150 34.4 0.004 128 MW 

P09-LCD4 10.88 to 11 .78 
Overburden 

1 1.3 330 1210 7.8 270 32.2 0.004 127 MW 

P09-LCD6 6.41 to 7.31 Overburden 2 10.3 290 803 7.9 140 33.5 0,013 127 MW 
n - number of samples; mW = monitoring well 

In general, groundwater in this area has a circum-neutral pH with slightly elevated electri.cal 

conductivity. The highest conductivity value (1210 uS/cm from LCD4) is from a monitoring well 

that may be frozen; results may just indicate quality of stagnant water within the standpipe. Sulphate 

concentrations are elevated compared to overall background levels for the Faro Mine Complex 

(<50mg/L) but within the range of concentrations observed at monitoring wells P2001-02 and 

P2001-03, which are located down gradient of the Vangorda Dump collector ditch. Zinc 

concentrations at LCD1, 3 and 4 also compare similarly with these Vangorda Dump monitoring 

wells. Zinc concentrations at LCD2 and LCD6 are elevated compared to these monitoring wells. 

For comparison, water quality for standing water behind the Little Creek Dam, collected twice in 

2008, shows sulphate concentrations from about 1,100 to 3,100 mg/Land zinc concentrations from 

about 95 to 179 mg/L. These data suggest that groundwater down gradient of the dam are not, at 

present, significantly impacted by seepage through the dam, though zinc may be being attenuated 

along a flowpath from Little Creek Pond. 

4.5.4 Hydrogeologic Conceptual Model 

Overbmden sediments of the Vangorda Plateau area are typically compact silly and sandy glacial till. 

A basal sand and gravel unit typically overlies bedrock. Bedrock in the vicinity of the Little Creek 

Dam is calcareous phyllite of the Vangorda Formation (ICAP, t 996) . Within the immediate area of 

the Little Creek Dam, a relatively permeable channel of sandy materials has been observed 

(P.Healey, pers. comm.). 

Overburden units underlying the Little Creek Dam are heterogeneous, perhaps reflecting a 

glaciofluvial depositional setting, though variation within a "till" unit is not uncommon. 

Three overburden hydrostratigraphic units are defined for the Little Creek Dam area: 

February 2010 

r 

'· 
1 

1 

1 

l ... 

'-



r 
r 
' 

' 

l 

\ I 

r 

l 
I 
( 

1 

l 

t 
I I 
' 

SRK Consulting 
Faro Mine Complex - 2009 Groundwater Investigations - FINAL Page 37 

1. Permeable sand and gravel unit - Considered vertically and laterally heterogeneous. May be 

present at depths of up to 15m in certain areas with composite thickness ranging to a maximum 

of about 5m. Average hydraulic conductivity of7x10-5 mis. 

2. Low permeability silt-dominant unit- Considered vertically and laterally heterogeneous. May 

be present at depths of up to 20m with composite thickness ranging to a maximum of about 

15m. Average hydraulic conductivity assumed to be <lxl0-7 mis (reasonable for a silty till). 

3. Frozen ground - Considered to be present at a depth of about 10 to L 5m down gradient of the 

dam in all but the northern-most areas. Base unknown. Hydraulic conductivity assumed to be 

less than lxl0"8 mis. 

IncJusion of uni.ts l and 2 is considered justified as, if loading in this area ever does become an issue, 

it will Likely be focused within the higher permeability materials. Hence, lumping of these units 

could over-simplify the hydrogeological conditions. 

4.5.5 Flow and Load Estimates 

Flow and load estimates were determined for both the permeable sand and gravel and lower 

permeability silt units. Cross sectional areas were estimated based on Figure 11. A cross-sectional 

area of675 m2 was assumed for the sand and gravel unit (135m wide by 5m thick) and a cross

sectional area of 1,350 m2 (135m wide by 10m thick) for lower permeability silt unit. A hydraulic 

gradient of 0.1 was assumed, based on the water level difference and distance for Little Creek Pond 

and Vangol'da Creek down-gradient of the dam. Table 19 presents flow and load estimates for 

groundwater under the Little Creek Darn. As water quality data are not available for the silt unit, 

values are assumed to the same as for the sand and gravel unit 

Table 19: Little Creek Dam Flow and Load Estimates 

Unit Area K (mis) Gradient Flux (1/s) S04 Cone. Zn Cone. S04 Load Zn Load 
(m2) (mg/L) (mg/L) (tonne/yr) (tonne/yr) 

Permeable 
135 7x10-5 0.1 0.9 175 0.01 5 0.0003 

Sand & Gravel 

Low 
Permeability 1,350 1x10·7 0.1 0.014 175 0.01 0.07 0 .00004 
Slit 

Loading from this area is currently relatively low with the exception of sulphate within permeable 

sand and gravel. Zinc within the permeable sand and gravel may be attenuated along the flowpath. 

4.5.6 Considerations for Closure Planning 

DM/sdc 

At this time, there appears to be no need to assess groundwater interception below the Little Creek 

Dam. Routine, long-term monitoring of groundwater quality from at least three of the monitoring 

wells (ie. LCD l, LCD3 and LCD6) should be continued as part of the overall site monitoring 

program. 
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4.6 Vangorda Creek 

4.6.1 Drill Holes, Completions and Hydraulic Testing 

Two drill holes were completed below the mine access alongside Vangorda Creek, P09-VCI and 

VC2. P09-VC 1 was completed in bedrock. P09-VC2 was completed in overburden. Monitoring 

wells were installed in both drill holes. Drill hole locations are shown on Figure 10. Drill hole 

location and completion details are summarized in Table 20. Hydraulic testing results arc 

summarized in Table 21. Drill logs are located in Appendix A. 

Table 20: Vangorda Creek Drill Hole, Completion and Testing Information 

Drill Hole Northing Easting Stick-Up Inclination Drill Hole MW Depth Stick- Screen Depth to Data of 
ID Elevation (degrees) Depth to Bottom Up Depth water(m most 

(masl) (mbgs) (mbgs) (mags) (mbgs) fromTOC) recant 
depth to 

water 

P09-VC1 6903244 593627 1113.28 60 58.1 57.9 0.89 
52.6 to 4.00 5-Aug-09 

57.9 

P09-VC2 6903259* 593623* 1110.so• 90 21 .3 21 .3 0.9 
18.25 to 1.63 5-Aug-09 

21 .3 

• Coordinates and ground elevation estimated from handheld GPS as hole was not surveyed. 

Table 21: Vangorda Creek Hydraulic Testing Results 

Drill hole ID Test Zone TestType Tagt Zona (m) Test Date Hydraulic Comments 
Llthology Conductivity 

(mis) 

BR Packer 32.0 to 35.6 11-Jul-09 1x10"° 

BR Packer 38.5 to 44.9 11-Jul-09 4x10·1 

P09-VC1 BR Packer 46.4 to 52.8 12-Jul-09 2x10·7 

BR Packer 53.1 to 58.1 12-Jul..Q9 7x10·7 

BR Slug 60.7 to 66.8 (Screen) 5-Aug-09 5x10"' (BEJ) Problematic Test Results 

P09-VG2 OB Slug 18.25 to 21.3 (Screen) 5-Aug-09 2x10·5 (BEJ) 

DMfsdc 

Figures 12a &bare cross sections through the Vangorda Creek drill holes. Cross section locations 

are shown on Figure l 0. Observations and conclusions from drilling and hydraulic testing of the 

Vangorda Creek locations include: 

Overburden Characteristics 

• Overburden thickness at P09-VC2 was approximately 21m. The collar for P09-VC2 is 

approximately 5m above Vangorda Creek. 

• The upper 18m are sandy silt and clay. 

• Sand and gravel was encountered for 2.4m above bedrock, from about l 8 to 21 below ground. 

• The screen for the monitoring well at P09-VC2 is 3m long, covering the sand and gravel unit and 

marginally into bedrock. 

• Slug testing of the overburden monitoring well indicates a hydraulic conductivity of 5xlO"" mis. 
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Bedrock Characteristics 

• P09-VCI was drilled at an inclination of 60 degrees from vertical to a total drilled depth of 67m. 

The drill hole was oriented towards, and roughly perpendicular to, Vangorda Creek to assess 

bedrock conditions underneath the creek, specifically, to determine if the creek is stmcturally 

controlled. The orientation and drilled length resulted in the drill hole reaching fin.al depth at 

approximately the opposite side of Vangorda Creek, at a depth of approximately 52m below the 

Creek. 

• Lithology was calcareous pbyllite, with marble zones up to 0.6m in length. 

• RQD was less than 80% for 3 7% of the recovered core. Average RQD was 85%. The lowest 

RQD (37%) occurred approximately 2 to 3.5m below the overburden-bedrock interface. 

• Total core recovery (TCR) was typicaUy lower than core run length, attributed to the friable, 

weak nature of the phyllite. Return water was typically black and very turbid, suggesting rock 

was pulverized and "washed" during drilling. 

• Mulitple rubble zones were encountered, most interpreted as drilling~induced in nature. 

• Joint density ranged from a low of Olm to a high of 4.6/m, with an average of2.4/m. The highest 

joint density occurs at a drilled depth of 58 to 59.5m. 

• No structural features were identified. 

• Bedrock hydraulic conductivity ranged from 2x 10-7 to 1 x I o-6 mis for four tests conducted during 

drilling. Three tests were lxl0-7 mis or lower. The highest hydraulic conductivity value of 

lxl0'6 m/s was for a zone between 32 to 35.6 m below ground surface, and approximately 5 m 

below the overburden-bedrock interface. RQD ranged from 70% to 98% with 11 joints 

identified over the entire zone length. 

• The monitoring well in P09-VC I is screened across a vertical depth of about 61 to 67m, 

corresponding to the bottom of the drill hole. Slug testing at this location indicates a hydraulic 

conductivity of 5x 104 tn/s, significantly higher than packer injection testing. Slug test water 

level data was non-ideal, variations with slug direction suggesting a directional bias. The slug 

test value is considered of only moderate confidence. 

4.6.2 Water Quality 

DM1odo 

Samples were collected from both monitoring wells for water quality analyses. A summary of water 

quality results is presented in Table 22. 
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Table 22: Vangorda Creek Groundwater Quality 

Well ID Sample Depth Sample n Acid Alk Cond pH $04 Mg Zn Ca 

(m drllled From (pH (total) 

depth) 8.3) 

(mg/L) (mg/L) (uS/cm) (pH (mg/L) (mg/L) (mg/L) (mg/L) 
units) 

P09-VC1 52.6 to 57.9 Bedrock MW 2 0.6 140 427 8.1 71 10.1 0.006 52 

P09-VC2 18.25 to 21.3 
Overburden 2 3.4 165 367 8.0 26 10.7 0.043 60 
MW 

P09-VC2 18.3 to 21.3 - Overburden 1 0.7 150 370 8.2 44 10.7 0,016 52 
airlift 

-
n c number of samples; mw = monitoring well 

Water quality results indicate that water has circum-ncutral pH and slightly elevated electrical 

conductivity, compared to Vangorda Creek. Sulphate concentrations arc low, similar to many 

background water concentrations. Sulphate is higher in bedrock than overburden. Thi.s could be a 

factor of rock vs. overburden mineralogy. 

Conversely, zinc concentrations are higher in overburden than bedrock. Bedrock zinc concentration 

is low, approximately three times lower than Vangorda Creek in this area. Overburden zinc 

concentration (as measured in the monitoring well) is approximately seven times higher than bedrock 

concentration and roughly 2.5 times the concentration of Vangorda Creek in this area (Vangorda 

Creek data are presented below in Section 4.6.5). 

4.6.3 Hydrogeologic Conceptual Model 

OM/sdt 

Bedrock underlying Vangorda Creek, in the vicinity of P09-VC1 and 2, is calcareous phyllite of the 

Vangorda Formation. The phyllite may be anisotropic in terms of hydraulic conductivity. 

Overburden is typically compact silty to sandy glacial till, overlying a relatively high hydraulic 

conductivity sand-dominant unit, which overlies bedrock. Overburden thickens is about 30m, with 
the majority comprised of till. Vangorda Creek is incised into this unit. No geologic structures have 

been mapped along the alignment of Vangorda Creek, below the mine access road (Figure 5-4, 
ICAP, 1996) 

Three hydrostratigraphic units are defined: 

1. Low permeability silt-dominant unit (till) - Considered vertically and laterally heterogeneous. 

May be present to depths of 20m. Hydraulic conductivity is uncertain, but assumed to be lower 

than lxl0-7 mis. 

2. High permeability basal sand and weathered bedrock unit - typically sand and/or gravel, with 

some silt. Considered to be laterally extensive. Thickness ranges from about 5 to 10m. 

Hydraulic conductivity= 2x I o·s m/s. 

3. Bedrock unit - may be anisotropic due to foJiations . Hydraulic conductivity - Sxl 0-7 mis to a 

depth of at least 30m below the overburden - bedrock interface (geometric mean of all bedrock 

test data). 
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Water level data collected for both wells on August 5, 2009, indicate hydraulic heads greater than the 

elevation of Vangorda Creek. Depth to water was 1.6m for VC2 (the overburden well) and 4m for 

VC l (the bedrock well). Correction to elevation suggests very similar hydraulic head values. Water 

levels for VC2 indicate that gradients in both the overburden and bedrock units are towards 

Vangorda Creek. 

Comparison of water levels for the monitoring wells and the Vangorda Pit (as measured on 

July 13, 2009) indicate a hydraulic gradient towards the pit. As shown on Figure 12b, the pit water 

level is below the overburden - bedrock interface, though the exact elevation and configuration of 

the interface in that area of the pit is uncertain. Considering this and water quality, the source of 

water within the basal sand and weathered bedrock unit is probably Hmitcd in terms of catchment 

area, perhaps with contributions from Vangorda Creek above the mine road. 

4.6.4 Flow and Load Estimates 

Flow and load estimates were detennined for tho basal sand/weathered bedrock and bedrock units 

based on the cross-sectional area illustrated in Figure 12a. A cross-sectional area of 500 m2 (50m 

wide by 1 Om thick) was assumed for the basal sand/weathered bedrock and a cross-sectional area of 

1,500 m2 (50m wide by 30m thick) for the bedrock unit. For the purpose of the flow estimates, the 

flow direction is assumed to be roughly horizontal Hydraulic gradients are uncertain. A gradient of 

0. l was assumed. Results are summarized in Table 23. 

Table 23: Vangorda Creek Groundwater Flow and Load Estimates 

Unit Area K (mis) Gradient Flu,c. S04 Zn S04 Load Zn Load 
(mz) (1/s) Cone. Cone. (tonne/yr) (tonne/yr) 

(rng/L) (mg/Ll 

Basal Sand and 500 2x10·! 0.1 1.0 26 0.043 1 0.001 
Weathered BR 

Bedrock 1500 5x10·7 0.1 0.08 44 0.006 0.1 0.00001 

There is a gradient from groundwater towards the creek, but considering the thick silty materials 

between the basal sand and the creek, groundwater flux is probably very low and not considered 

significant. 

4.6.5 Vangorda Creek Stream Survey 

DM/sda 

Laberge Environmental Services conducted a stream survey along V angorda Creek on 

October 1, 2009. The survey included flow measurements and sampling for water quality at six 

stations, located from immediately below the mine access road to downstream of Sweet Creek. 

Survey locations are shown on Figure 10. The Laberge survey report is included as Appendix E. 

Table 24 presents flow, zinc and sulphate concentrations and calculated loads for each station. 
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Station 

A 

B 

C 

D 

E 

F 

Table 24: Vangorda Creek Flows and Surface Water Quality 

Discharge Alk Cond pH S04 Zn $04 Zn 
(m3/s) (total) Load Load 

.. 

mg/L uS/cm pH mg/L mg/L mg/s mg/s Comments 
units 

n/a 26 114 7.6 26 0.017 n/a n/a 
Not possible near outlet of 
CMP 

0.398 26 119 7.6 28 0.018 11144 7.2 

0.403 28 127 7.6 31 0.023 12493 9.3 

0.399 35 197 7.7 55 0.023 21945 9.2 

Station close to D and flow 
n/a (same as 

37 209 7.8 59 0.022 23541 8.8 measurement considered 
D) redundant. Change in flow 

less than 2 Us from 0 . 

0.443 41 271 7.8 67 0.021 29681 9.3 

Flow measurements indicate that Vangorda Creek discharge does not increase significantly along the 

surveyed reach. Discharge measurements are typically considered± 10%, so the reported flows, even 

the apparent increase between station D and F (no measurement at station E), could be about the 

same. 

Zinc and sulphate concentrations and load show different increases in a downstream direction. Zinc 

concentration increases between stations Band C by about 25%. Suphate shows about a 10% 

increase between these stations, but almost doubles between station C and D and shows another 

increase of about 15% between stations E and F. Assuming that discharge remains about the same at 

all stations, load shows a similar increase to concentration. If th.e increase in discharge between 

stations D and F is real, sulphate load increases by an additional 14% while zinc load shows a only a 

marginal increase. 

Comparison of Vangorda Creek water quality data with groundwater quality data and seep survey 

results provides insight into sources for the increasing downstream load. Areas of loading to 

Vangorda Creek have historically been constrained primarily to surface seepage from the Grum 

Dump, specifically, seepage from Moose Pond (station V2A), Trib A (V2) and, to a lesser degree, 

the smaller creeks draining from the southwest portion of the dumps (ie. No Fork Creek and Sweet 

Creek). Groundwater quality data from the majority of monitoring wells located below both. the 

Grum and Vangorda dumps have historically shown low metal and sulphate concentrations. Notable 

exceptions, showing effects of seepage from the Grum Dump, are P96-9A, a 20m deep overburden 

well approximately 225m above Vangorda Creek and close to Grum Creek, and Moose well, located 

at the toe of the Moose Pond embankment. lncreases in sulphate load between Vangorda Creek 

stations C and F can be explained by known contributions from these areas. 

The increase in sulphate and zinc load between Vangorda Creek stations Band C cannot be 

reasonably explained by those same contributions as stations B and C are sufficiently far upstream of 

these contributing areas that they can be reasonably ruled out. There are at least two possibilities for 

this additional load: upwelling groundwater from the overburden unit identified at P09-VC2 or 

seepage from the north/northeastern portion of the Vangorda Dump. 
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Sulphate concentration from groundwater at P09-VC2 is about 30 mg.IL and zinc concentration about 
0.04 mg/L. At these concentrations, the flows required to obtain the observed increase in load 

between stations B aod C (2 mg/s for zinc and 1,200 mg/s for S04) are: 

Sulphate: 

Zinc: 

1,200 mg.ls+ 30 mg/L = 40 Lis 

2 rng/s + 0.04 mg/L "" SO Lis 

Flows of 40 to 50 Lis are about I 0% of the tlow of Vangorda Creek measured at stations B and C. 
The increase in flow between the two stations was only about 5 Lis, so while the required 
groundwater contribution would be higher than observed, these measurements are close to or within 

flow measurement error. Considering the groundwater flow estimated for the basal sand unit (about 

l Lis as shown in Table 23) it seems unlikely that such flows are the contributing source, assuming 
that Vangorda Creek has incised into the basal sand/weathered bedrock unit such that direct 
hydraulic connection is possible. 

Stations V32 and V33 are water quality monitoring stations on Vangorda Dump toe drains No. 5 and 

No. 6, respectively, both of which are generally aligned to flow into Little Creek Pond, behind Little 

Creek Dam. SRK seep survey stations SRK-VD04 and SRK-VDOS also cover these Locations. 
SRK-VD 10 is located on drain No. 4, which is to the west of drain No. 5 and No. 6. Average 2007 

to 2008 sulphate concentrations for the SRK seep survey stations range from 13,000 to 59,000 mg/L 
and zinc average concentrations from 2,000 to about 12,000 mg/L. 

Assuming a sulphate concentration of 35,000 mg/L, the observed increase in sulphate load between 
stations B and C, about 1,350 mg/s, requires a flow of: 

1,200 mg/s + 35,000 mg.IL= - 0.03 Lis. 

At a flow of 0.04 L/s and assuming a zinc concentration of 6,000 mg/L, zinc load would be: 

6,000 mg/L x 0.03 Us = 180 mg/s. 

This is about two orders of magnitude greater than the observed increase in zinc load of 2 mg/s. 

Working backwards, the necessary zinc concentration to achieve a zinc load increase of 2 mg/sat a 

flow of 0.04 Lis is: 

2 mg/s + 0.03 Us = - 65 mg/L. 

This zinc concentration is significantly lower than concentrations observed at the seeps, but 

attenuation along a flow path could account for the lower zinc concentration. Such attenuation has 

been observed at other locations. Considering that heterogeneity in the geologic materials 

underlying the Vangorda Dump is present, a small amount of seepage bypassing diversion structures 
couldn't be ruled out, but has not ever been observed. 
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While the scenarios presented here are considered plausible, even considering the relatively low flow 

estimated for the basal sand/weathered bedrock unit in Section 4.6.4, it is recognized that only one 

survey has been completed along Vangorda Creek, thus it is difficult to make any fim1 conclusions. 

4.6.6 Considerations for Closure Planning 

Based on findings from the Vangorda Creek area, three items are presented for consideration during 

closure planning: 

1. P09-VC1 and VC2 should be added to the groundwater sampling locations. 

2. While data suggests that flow within bedrock underlying Vangorda Creek is likely not great, the 

basal sand and weathered bedrock unit does represent a potential groundwater pathway for water 

from Vangorda Pit, if the water level reaches sufficient elevation and can enter the unit. This 

potential should be considered as part of determining the final pit water level. 

3. There is potentially a source ofload to Vangorda Creek in the general vicinity of Little Creek 

Dam. Additional flow and water quality surveys along Vangorda Creek should be considered. 

Monthly measurements for one year would likely provide sufficient data to better constrain 

whether this is real or what potential sources area. 

4.7 Grum Dump West 

4.7.1 Drill Holes, Completions and Hydraulic Testing 

Three drill holes were completed below the Grum Dump West area, P09-GWI, 2 and 3. All three 

drill holes were terminated in shallow bedrock. Monitoring weJls wore installed in saturated 

unconsolidated materials in P09-GWJ and GW3. No monitoring well was installed in P09-GW2. 

Drill hole locations are shown on Figure 13. Drill hole location and completion details are 

summarized in Table 25 . Drill. logs are located in Appendix A. 

On August 3, 2009, the Grum Dump west drill holes were visited for sampling and hydraulic testing. 

Both wells were found to be dry, thus sampling and testing could not occur. 

Table 25: Grum Dump West Drill Hole and Completion Information 

Drill hole Northing Easting Stick-Up lnc:linatlon Drill 
ID Elevation (degrees) hole 

(masl) Depth 
(mbgs) 

P09-GW1 6904214 591114 1280.01 90 5.2 

P09-GW2 6904207 591113 1279• 90 1.2 

P09-GW3 6904214 591107 1279.80 90 9.0 
·-

Note: Coordinates estimated from handheld GPS as hole was not surveyed. 
*Ground elevation as no monitoring well. 

Mbgs "' metres below ground surface. 
TOC "' top of casing. 

MW 
Depth to 
Bottom 
(mbgs) 

3.7 

N/A 

2.4 

DM/odo 2QQ!IFA1ol.f.ncCompt""Groundwolor~cport_ I CYOO I .OJ4_DM_20100302_FNL.d°"" 

Stick- Screen 
Up Depth 

(mags) (mbgs) 

0.74 1.56 to 
3.66 

N/A NIA 

0.83 
1.4 to 
2.4 

Depth Date of 
to water depth to 
(mfrom water 

TOC) 

Dry 27-Aug-09 

NIA NIA 

Dry 27-Aug-09 
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Figures 14a and 14b are cross sections through the Grum Dump west drill holes. Observations and 

conclusions from drilling include: 

Overburden Characteristics 

• Overburden thickness ranges from less than lm at GWl, the drill hole furthest from the dumps, 

to about 3.5m at GW3, closest to the durnps. The area of relatively deep overbrnden may 

correspond to the ephemeral surface drainage, but variation is probable across the area. 

• Overburden materials range from sand and gravel to silty or clayey sand, the silty or clayey sand 

lithology bcmg generally predominant. 

• During drilling, water was encountered in both GW I and GW3. In GW l, water was encountered 

close to the overburden - bedrock interface. In GW3, the drill hole closest to the dump toe with 

greatest overburden thickness, water was encountered above bedrock. 

• At GW3, weathered bedrock was encountered from about 3 to 3.5 in to about 7.5m depth. 

Cuttings were wet and showed significant weathering, as identified by orange, rusty staining. 

Drilling through this section was ''quick". 

• The screen for the monitoring well at GW L was installed at the overburden - bedrock contact, 

within shallow weathered bedrock and overlying sand and gravel materials. 

• The screen for the monitoring well at GW3 was installed at shallow depth (about 1.5 to 2.5m 

below ground) in a penneable zone identified during drilling, just above the overburden-bedrock 

interface. 

• A monitoring well was not installed at GW2. 

• Hydraulic testing could not be completed as water levels had dropped below the screen levels by 

the time of testing, but the presence of water at shallow depths during drilling suggests that water 

levels can be thls high and likely vary seasonally. 

4.7.2 Water Quality 

OW:sda 

Due to the monitoring wells being dry on all visits following initial completion, groundwater quality 

cannot be assessed. During drilling, observations of "orange" colored water were made during the 

drilling of GW3, both in overburden and weathered bedrock. Similar observations at other areas of 

the Faro Mine complex have shown such waters to be impacted. 

For comparison, the dump toe seep at this location, SRK-GD 13, which was sampled on 

September 24, 2009, had a sulphate concentration of 1,100 mg/Land a zinc concentration of 

0.108 mg/L. Conductivity was 2,650 uS/cm and pH 8.0. Flow was estimated at 6 Lim.in. During the 

spring 2009 survey, general parameters and metals were similar (S04 - l,200 mg/L; Zn -

0.113 mg/L) but flow was much higher, estimated at about 120 L/min. 
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4.7.3 Hydrogeologic Conceptual Model 

Within this area, overburden is assumed to the be the same silty to sandy glacial till as observed in 

other areas of the Vangorda Platuea. Bedrock is calcareous phyllite of the Vangorda Fonnation. 

Without additional hydrogeologic data, it is difficult to define an appropriate conceptual model for 

this area. Based on drilling data alone, three hydrostratigraphic units can be suggested: 

1. Silty sand to sand and gravel unit - Considered to be laterally heterogeneous. Silty materials 

generally overly sand and gravel unit. Thickness varies laterally. Maximum observed thickness 

of about 3.5m. Hydraulic conductivity currently unknown but should be assumed reasonably 

high. 

2. Weathered bedrock unit - Assumed to be present in topographic lows but lateral extent 

unknown. Can reach thickness of about 4m. Hydraulic conductivity currently unknown but 

should be assumed reasonably high. 

3. Bedrock unit- Competent bedrock can be encountered at depths of less than Lm, probably 

associated with topographic highs. Little information available, but assumed lower hydraulic 

conductivity than overlying units. 

4.7.4 Flow and Load Estimates 

Groundwater flow and load cannot be properly estimated without further hydrogeologic information. 

Considering the seasonal variability in water levels, shallow flows may be seasonal. Deeper flow is 

inferred to be continuous based on surface water information from surface water survey location 

GW l. The basis for this is presented in the following section. 

4.7.5 Grum Dump West Surface Water Survey 

OtMidO 

Laberge Environmental Services conducted a stream survey along ephemeral drainages below the 

Grum Dwnp West on October I, 2009. The survey was planned to collect flow and water quality 

data at numerous locations down potential drainages, but at the time of the survey, water could only 

be located at some distance from the dump toe. Survey locations are shown on Figure 10. The 

Laberge survey report is included as Appendix E. 

The survey included flow measurements and sampling for water quality at two stations, located 

approximately 200 and 400 m down gradient of the dump. Station Gl was the highest elevation 

location where water was observed. Table 26 presents flow, zinc and sulphate concentratitms and 

calculated loads for each station. 
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Table 26: Grum Dump Surface Water Quality 

Station Discharge Alk (total) Cond pH so .. Zn S04 Zn 
(m'ls) Load Load 

mg/L uS/cm pH units mg/L mg/L (mg/s) (mg/s) 

G1 0.0015 330 1760 8.0 680 0 .001 1020 0.0015 

G2 0.002 270 1290 8.1 460 0.015 920 0.03 

Flow measurements indicate that stream discharge did not increase significantly between the 

surveyed stations. Attempts to locate flowing water higher up on these drainages was unsuccessful. 

Discharge measurements are typically considered ±10%, so the reported flows are considered to be 

the same. 

Sulphate concentrations suggest that these surface waters are impacted by dump seepage. Zinc 

concentration at station G l was low, but surprisingly high at 02. Both sulphate and zinc 

concentrations suggest dilution when compared to the toe seep data from SRK-GD13. Zinc and 

sulphate load show different increases in the downstream direction. Zinc concentration increases 

between the two stations increase by more than one order of magnitude. Suphate load decreases 

slightly. 

The measured concentrations suggest that seepage from the dump is reaching the creek at the 

measurement stations. The depth and pathway is uncertain, but at greater depth than monitored by 

P09-GW1 and GW2. Weathered bedrock is a likely candidate. 

4.7.6 Considerations for Closure Planning 

At this time, this area is not considered to require additional work, besides continued monitoring of 

existing stations (P09-GW1 and GW3). The load from this area is relatively low and the catchment 

is small. The groundwater wells should be visited as part of the routine monitoring, particularly in 

early spring. Consideration should be given to continued monitoring of surface water quality. 

4.8 Upper North Fork of Rose Creek 

4.8.1 Drill Holes, Completions and Hydraulic Testing 

OIN,do 

Three drill holes were completed Upper North Fork Rose Creek area, P09-UN1, 2 and 3. All three 

drill holes were terminated in shallow bedrock. Monitoring wells were installed in saturated 

unconsolidated materials. The three drill holes were completed roughly perpendicularly to the 

NFRC, with UNl being closest to the NFRC stream valley side and UN3 being closest to the NFRC 

and the center of the valley. Drill hole locations are shown on Figure 15. Drill hole location and 

completion details are summarized in Table 27. Hydraulic testing results are summarized in 

Table 28. Drill logs are located in Appendix A. 
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Table 27: Upper NFRC Drill Hole and Completion Information 

Drill Hole Northing Easting Stick-Up Inclination Drill Hole MW Depth Stick• Screen Depth to Date of most 
ID 

P09-UN1 

P09-UN2 

P09-UN3 

DMl•do 

ElavaUon (degrees) Depth to Bottom Up Depth waler(m recent depth 
(masl) 

6914228 586409 1114.21 

6914226 586436 1114.72 

6914243 586400 1115.26 

Mbg& = metres below ground surface. 
TOC .. top of casing. 

(mbgs) 

90 9.1 

90 9.4 

90 13.7 

(mbgs) (mags) (mbgs) 

5.2 1.01 
3.7to 

5.2 

6.7 0.90 
5.2 to 

6.7 

8.8 0.90 
7.3to 

8.8 

Table 28: Upper North Fork Rose Creek Hydraulic Testing Results 

Drill Hole Test Zone TestType Test Zone (m) Test Date Hydraullc 
ID Lithology Conductivity 

(mis) 

P09-UN1 OB Slug 3.7 to 5.2 (Screen) 26-Aug-09 1x10-3 (BEJ) 

P09-UN2 OB Slug 5.2 to 6.7 (Screen) 26-Aug-09 6x10-4 (BEJ) 

P09-UN3 OB Slug 7.3 to a.a (Screen) 26-Aug-09 3x10-4 (BEJ) 

from TOC) lo water 

1.33 25-Aug-09 

1.64 25-Aug-09 

1.9 25-Aug-09 

Figure 16 is a cross section through the UN drill holes, oriented perpendicular to the NFRC. 

Observations and conclusions from drilling and hydraulic testing of the Upper North Fork locations 

include: 

Overburden Characteristics 

• Depth to bedrock increases towards the center of the stream valley ranging from about 7.5 to 

12 m below ground surface. Depth to bedrock was greatest at the northem-most drill hole 

(UN3), which is located along the northern valley margin, not within the valley centre. 

• Lithology is vertically and laterally heterogeneous, characterized by varying percentages of silt, 

sand and gravel, with clay-rich zones. 

• Sand and gravel with silt is the most common material. 

• Sand and gravel, or cobbles with sand and gravel are present over bedrock. At UN3, this cobble 

zone is 3.4m thick. 

• The upper two to three meters ofUN3 were frozen, indicating the presence of shallow, 

discontinuous permafrost. This is supported by observations of isolated frozen monitoring wells 

at the Zone [I area, downstream from the Upper North Fork area. 

• Slug testing data from all tlrree holes indicates high hydraulic conductivity, ranging from 

3xl0 4 mis to lxto·3 m/s with an average of 6x104 m/s. Overall, tl1e valley bottom sediments 

can be considered to be highly permeable. 
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4.8.2 Water Quality 

Samples were collected from all three monitoring wells for water quality analyses. A summary of 

water quality results is presented m Table 29. 

Table 29: Upper NFRC Groundwater Quality 

Well ID Sample Sample n Acid Alk Cond pH so. Mg Zn 
Depth From loH 8.3\ ttotal\ 

Ca 

(m drilled (mg/L) (mg/L) (uS/cm) (pH (mg/L) (mg/L) (mg/L) (mg/L) 
depth) units) 

P09-UN1 3,7 to 5.2 Overburden MW 1 6.8 120 233 7.8 8.7 7.27 0.005 

P09-UN2 5.2 to 6.7 overburden MW 1 6.9 210 416 7.8 16 15.3 0.031 

P09-UN3 7.3 to 8.8 Overburden MW 1 12.5 110 215 7.5 8.2 5.65 0.011 

n " number of samples; mW "' monitoring well 

Concentrations of sulphate and zinc are relatively low, and conductivity in range with other 

interpreted background levels. Zinc concentration in UN2 is about one order of magnitude greater 

than UN l, but may indicate background variability. Sulphate levels arc very low in al I three 

monitoring wells. 

4.8.3 Hydrogeologlc Conceptual Model 

34 

62 

31 

The area of the upper NFRC drill holes can generally be characterized as a relatively broad, flat area 

of alluvial stream deposits, surrounded by variable thickness' of glacial deposits. Surficial geology 

maps from Bond (1999) shows alluvial plain materials with.in or overlying a colluvial apron. 

• Alluvial deposits are defined as: silt, sand and pebbles with reworked cobbles and boulders 

occurring as bars or overbank floodplain deposits, 0 - l O m thick; floodplain subject to periodic 

floods. 

• CoJluvial apron is defined as: coalescing colluvial fans at the base of a slope, > 1 m thick. 

The drill holes are located at the downstream end of a flat, approximately 25 to l OOm wide and about 

100m long, area of alluvial deposits. The confluence of the Faro Creek diversion is located about 

50m upstream of the drill hole locations. The drill hole locations are located in a narrow portion of 

the area, where the NFRC becomes constrained in a relatively narrow valley bounded on the 

northwest by hills leading up to the Faro waste rock dumps and on the southeast by materials 

mapped as colluvial apron. 

Two hydrostratigraphic units are defined for this area: 

1. Alluvial deposits - 7 to at least 12 m thick. Typically silty sand and gravel. Relatively high 

permeability cobble-dominant zone on bedrock is typical. K "" 5xl0"" mis to Lxl0-3 mis. 

2. Bedrock - carbonaceous phyllite or sinular lithology. Typically lower hydraulic conductivity 

than overburden based on data from other areas (likely by at least two orders of magnitude). 
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The alluvial deposits hydrostratigraphic unit does not appear to be confined to the valley center in 

the vicinity of the NFRC, though lateral extents are uncertain. At surface, the valley appears 

bounded to the sides by relatively low penneability colluvial apron materials, into which the NFRC 

appears to have incised. The alluviaJ deposits unit can be assumed, at least at this area, to be a 

single, highly permeable, zone. 

Water levels within the UN monitoring wells are all relatively close to ground surface, probably 

close to the elevation of the NFRC. It is assumed that the NFRC is a gaining stream in this area as 

the valley narrows at the southwestern end, though there is insufficient water level data, particularly 

for bedrock and the NFRC itself, to confinn this. Water within the overburden unit is assumed to 

flow in the same direction as the NFRC and to have a horizontal gradient similar to the NFRC. 

4.8.4 Flow and Load Estimates 

Flow and load estimates were determined for the valley centre alluvial unit based on the cross

section illustrated in Figure 16. A cross-sectional area of 500 m2 was assumed (50m wide by l Om 

thick). For the purpose of the flow estimates, the flow direction is assumed to be roughly horizontal 

in the direction of flow of the NFRC. A gradient of 0.02 was assumed, about that of the NFRC. 

Results arc presented in Table 30. 

Table 30: Upper NFRC Groundwater Flow and Load Estimates 

Unit Area K (mis) Gradient Flux $04 Zn Cone. S04 Zn Load 
(m2) (1/s) Cone. (mg/L) Load (tonne/yr) 

(mg/L) (tonne/yr) 

Alluvial Deposits 500 6x10"" 0.02 6.0 26 0.043 5 0.0083 

4.8.5 Considerations for Closure Engineering 

One or more of the new wells should be added to the b'Toundwater monitoring system, if more 

background water quality data is needed and the wells are not frozen. 

The location of the drill holes described here is the approximate upstream end of the re-aligned 

NFRC channel described i.n the closure project description. A cutoff wall has been presented as part 

of this project description to divert clean groundwater within the alluvial materials up into the 

re-aligned NFRC channel. Based on drilling and hydraulic testing results, construction of said cutoff 

seems reasonable, with proper planning for water management during constmction and selection of a 

cutoff method appropriate for reasonably high permeability materials. 
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5 Conclusions and Recommendations 
A field program was conducted during the late summer of 2009 to provide groundwater information 

for eight locations at the Faro and Vangorda/Grum mine areas and to install a groundwater well for 

the Guardhouse. Reportit1g of the Guardhouse water well installation and testing is provided under 

separate cover. For the other eight locations, interpretations of subsurface conditions were made or 

updated. Considerations for closure planning were included for most of the areas. Conclusions and 

recommendations for each of the eight areas are: 

5.1 Cross Valley and Intermediate Dams (CVD/ID) 

Three inclined drill holes were completed to characterize bedrock below the CVD. Monitoring wells 

were installed in two (P09-C I and P09-C2). A monitoring well could not be installed in P09-C3 due 

to an inability to get surface casing seated in bedrock. Depth to bedrock increases from north to 

south, from about 25m to 56m. The depth to bedrock at the southern-most drill hole (56tn at 

P09-C3) was greater than anticipated from previous drilling. Hydraulic conductivity is variable, 

from average lows around Sxl0-8 mis to local zones of values greater than lx10·5 m/s. A highly 

permeable zone was identified at depth in P09-C3, with a value of about 2x I 04 m/s. No significant 

structural features were identified in the bedrock. Hydraulic conductivity is generally higher at the 

northern side of the valley and lowest in the center. Bedrock water quality is variable. Elevated 

sulphate at P09-Cl, the northern most drill hole, and zinc are similar to impacted overburden in this 

area. Zinc is relatively elevated at depth in P09-C3 compared to other monitoring wells below the 

CVD. P09-Cl water quality suggests that bedrock underlying the northern portion of the valley is 

impacted like overburden. The deep bedrock satnple for P09-C3, which was collected during an 

airlift test cannot be repeated but needs to be further interpreted as part of the 2009 groundwater 

quality study. Contaminant load within bedrock exists and must be considered as part of closure 

engmeenng. 

Drill holes below the ID did not reach bedrock due to heaving sand conditions. All dril1 hole 

attempts were grouted to surface. 

CVD/JD Recomme11datio11s 

• Additional bedrock investigation should be considered as part of on-going closure engineering, 

particularly if the Rose Creek Valley SIS is not going to be located along the toe of the CVD. 

• Pumping tests should be completed using the existing overburden pumping wells and monitoring 

in bedrock. The objective being to assess whether or not pumping frorn overburden can provide 

bedrock hydraulic control. 

• SIS engineering and method assessment should include consideration of the depth to bedrock 

across the valley. 

• Water quality from the CVD bedrock drillholes should be included in the 2009 groundwater 

quality review aod, if the deep bedrock groundwater sampled during drilling ofP09-C3 cannot 
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be identified as anomalous background data, additional drilling will be required to better 

delineate contaminant distribution in th.is area. 

• Monitoring wolls in P09-Cl and C2 should be added to the list ofregular groundwater sampling 

locations. 

5.2 ETA 

Two drill holes were completed at the mouth of the Faro Creek canyon to characterize hydraulic 

properties and water quality within bedrock and natural overburden. Bedrock has low hydraulic 

conductivity and drilling did not identify any significant geologic structures. Overburden is thin, no 

more than 2m thick, but highly penneable, under about 16m of tailings. Bedrock water quality 

shows low concentrations of sulphate and zinc. Overburden has high sulphate and zinc 

concentrations, and sulphate load on the order of 300 tonnes/yr and zinc load on the order of 

5 tonnes/yr. Bedrock loads are orders of magnitude lower. The reasonably h.igh load within the 

overburden unit indicates load has or is bypassing the ETA interim SIS. Bedrock seepage is 

relatively minor. 

ET A Reco,nmendatiom· 

• Monitoring wells P09-ET Al and ETA2 shouJd be added to the list of regular groundwater 

sampling locations. 

• Seepage intercepti.on in the ETA should be improved to provide better capture efficiency. 

• Consideration should be given to removing tailings from within the bottom of the Faro Creek 

Canyon as part of closure. 

5.3 S-wells 

DM/,do 

Performance review of the S-wells SIS indicates that the system is capturing significant load, but 

was not achieving the required drawdowu within the Shallow Aquifer to fully intercept groundwater. 

It was also recognized that additional groundwater monitoring was required down~gradient of the 

SIS to monitor system effectiveness. As part of the 2009 field program, six monitoring wells were 

installed below the SIS. Geologic data suggests that the SIS intersects the Shallow Aquifer except at 

the eastern end. Modifications to the S-wells SIS were undertaken during the 2009/2010 winter 

season to improve drawdown and extend the interceptor trench to the east. Performance data 

following the SIS modification work indicate that hydraulic control has been significantly improved. 

Deep Aquifer interception at PW2 is working but could be improved by replacement of PW2 and 

installation of a second pumping well near PW2. PW l is operating effectively but contributing a 

small percentage of the overall intercepted load. 

S-wells Reco,n,nendatio11s 

• Monitoring wells P09-SIS1 to SIS6 should be added to the list of regular groundwater sampling 

locations. 
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• Performance reviews should be completed annually to assess system effectiveness. 

• Flow monitoring on the NFRC needs to be conducted with water quality sampling and 

procedures should be improved to provide more accurate values. 

• Consideration should be given to replacing PW2 with a well of similar diameter and deeper 

screened interval and installing a second pumping well near PW2. 

• The current setup should be monitored for at least one year to provide better data for assessing 

SIS effectiveness. 

5.4 Grum Slot 

An elevation of 1213.4 masl was determined by Gartner Lee as the maximum level to which the 

Gmm Pit water level should be alJowed to reach to prevent discharge to the environment. This 

elevation was based on the assumption that the overburden - bedrock interface is permeable. 

Two drill holes were completed in the Grum Slot to assess hydraulic properties of the overburden -

bedrock interface and deeper bedrock. Testing data suggests that the interface and overlying 

sediments are permeable, but water levels in both overburden and bedrock are higher than the pit 

water elevation, similar to the standing water in the Grum Slot. The presence of a groW1dwater 

mound under the Grum Slot creates a hydraulic barrier to flow from the Grum Pit, hence, 

consideration may be given to increasing the maximum allowable Grum Pit water level, as long as it 

remains lower than the standing water in the Grum Slot (- 1227 mas!). The possibility of changing 

the maximum allowable Grum Pit water level will have to be considered in tenns of predicted Grum 

Pit water quality and risk ofrelease to tho environment, but could allow significant additional storage 

capacity within the Gmm Pit. 

Water quality in the overburden shows relatively high concentrations of zinc similar to Grum Pit 

water quality. Bedrock has lower zinc concentrations. Standing water in the Grum Slot has higher 

zinc concentrations than groundwater or the Grum Pit water. 

Grum Slot Recommendatio,rs 

• P09-GS lA and GS 1 B should be sampled again to provide better confidence in water quality 

nwnbers, but shouldn't be monitored more than once per year. Sampling of the Grum Slot 

standing water should also be repeated. 

• If the load to the Grum Slot standing water cannot be identified and cut off, consideration should 

be given to routing clean water into this area, to provide a source of dilution to this water and to 

support the high hydraulic head providing the barrier to flow from the Grum Pit. 

5.5 Little Creek Dam 

DMlsdo 

Seven drill holes with monitoring wells were completed below the toe of the Little Creek Dam to 

provide groundwater quality and hydraulic conductivity information. The geology is heterogeneous, 
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with zones of high permeability $and and gravel interJayered with lower permeability silty units. 

Groundwater t1ow is estimated to be about 5 Lis. Groundwater quality shows relatively little 

influence of impacts from contaminated seepage. Sulphate is elevated but not to levels observed in 

Little Creek Pond. Zinc concentrations are low and may indicate attenuation. 

Little Creek Dam Recommemlatio11s 

• Monitoring wells P09-LCDL, 2, 3, 4 and 6 should be added to the list of regular groundwater 

sampling locations. 

5.6 Vangorda Creek 

Investigations in the Vangorda Creek area included the installation of two drill holes immediately 

down gradient of the mine access road to characterize bedrock under Vangorda Creek and 

overburden, as well as a flow and water quality survey ofVangorda Creek itself Bedrock drilling 

identified no geologic structures and bedrock permeabHity ranging from about 2xl0"7 to 7xl0"7 m/s. 

A permeable sand and gravel unit was identified overlying bedrock. Water quality in both the 

bedrock and overburden shows low concentrations of sulphate and zinc, though slightly higher in 

overburden than bedrock. Groundwater iinc and sulphate loads in this area are minimal. 

Groundwater elevations indicate a gradient towards the Vangorda Pit, but if the pit water level 

reached a high enough elevation, flow towards Little Creek Dam, within the basal sand and 

weathered bedrock unit, would be possible. 

The Vangorda Creek flow and water quality survey indicates that loading to the creek is occurring, 

but can mostly be explained by inputs from small surface water drainages below the Grom Pit and 

seepage from Moose Pond. An increase in zinc load upstream of Moose Pond was identified, but the 

source is uncertain. A high concentration, low flow source, such as a minor seepage from the 

Vangorda Dump could cause the observed increase in load, but the presence of such a source has not 

been identified. 

Vangorda Creek Recomme11dations 

• Monitoring wells P09~VC1 and VC2 2 should be added to the list ofregular groundwater 

sampling locations. 

• Additional flow and water quality surveys should be completed along Vangorda Creek to 

determine if the observed zinc load increase is real and, if so, provide spatial guidance for 

identification of potential sources. 

• Consideration should be given to further subsurface characterization of the basal sand and 

weathered bedrock unit underneath the Vangorda mine access road and closer to the 

southwestern edge of the pit to detennine the elevations and characteristics of this potential 

pathway for Vangorda Pit water. 
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5.7 Grum Dump West 

Three drill holes were completed in June 2009 west of the Grum Dump, in the vicinity of seep 

monitoring station SRK.-GD13, immediately down-gradient of the Grum Dump. 2009 sulphate 

concentrations at SRK-GD13 were about 1,150 mg/Land zinc concentrations about 0.1 mg/L. Seep 

flows range from about 6 L/min during the later summer dry season to greater than I 00 L/min during 

the spring. Overburden thickness ranges from less than lm to about 3.5m, lithologies ranging from 

sand and gravel to silty or clayey sand. At the time of drilling, significant water was encountered, 

but by August, when hydraulic testing and sampling occurred, all monitoring wells were dry, 

suggesting seasonal variation in water levels is greater than the depth of monitoring welJ screens, on 

the order of a few metres. 

A stream survey was conducted in October 2009 by Laberge to assess surface drainage from this 

area. Water was not observed until a distance of about 200m below the dumps. Water quality at two 

stations showed elevated sulphate concentrations (-900 to 1,000 mg/L) and low zinc concentrations 

(0.0015 to 0.03 mg/L); the higher concentration being found at a distance of about 400m down

gradient of the dumps. 

While concentrations are relatively low and the catchment size for this area is relatively small, 

results suggest seepage from the Grum Dump is the likely source of the loadings. 

Grum D11mp west Recommemlations 

• Monitoring wells P09-GW1 and GW3 should be added to the list ofregular groundwater 

sampling locations for the spring only. 

• Consideration should be given to continuing flow and water quality monitoring at least at station 

G2 to provide better information regarding potential effects of dump seepage on surface water 

drainages over time. 

5.8 Upper North Fork of Rose Creek 

OP.Vsdc 

Three drill holes with monitoring well installations were completed within the NFRC valley about 

50m downstream of the confluence with the Faro Creek diversion. The purpose of these drill holes 

was preliminary characterization of geology and groundwater conditions for use in engineering 

design for the re-alignment of the NFRC into a lined channel. 

Drilling results indicate that valley alluvial materials have a depth ofup to 12m closer to the valley 

centre, decreasing towards the valley margins. Shallow, discontinuous permafrost exists, but extents 

are uncertain. The alluvial plain characterizing this overaJI area narrows to about 25m or so at the 

southwestern edge, where the NFRC flows out of the valley. The NFRC is probably a gaining 

stream at the outlet of the alluvial plain. At the outlet, the sides of the valley are characterized as 

colluvial apron, heterogeneous colluvial deposits. Alluvial materials withln the valley centre are 

quite permeable with hydraulic conductivity as high as 1x10·3 mis. Groundwater flow within the 

va11ey centre is estimated to be on the order of 6 Lis under natural conditions. Groundwater quality 
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DM/sdc 

showed relatively low concentrations of sulphate and zinc, considered to be representative of 

background levels for this area. 

Upper NFRC Recommendations 

• If further background water quality is considered necessary for the NFRC stream channel, one or 

more of the monitoring wells in this area could be included in the regular groundwater sampling 

program, if the wells are not frozen. 

• Engineering design for the cutoff wall at the upper end of the NFRC channel re-alignment 

should consider water management during construction and appropriate cutoff wall techniques 

for high penneability materials. 

This report, "Faro Mine Complex - 2009 Groundwater lnvestlgatlons - FINAL," was prepared 

by SRK. Consulting (Canada) Inc. 

Prepared by 

Dan ack:ie (and CW) 
Senior Hydrogeologist 

Reviewed by 

All data used as source material plus the text, tables, figures, and attachments of this document have 

been reviewed and prepared in accordance with generally accepted professional engineering and 

environmental practices. 
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1140 ,--------------------,-----------------------------

11201~------
Creek crossing 

'ffi'1100L--1l=-----=~ ~ 
§. 
z 
0 

~ 
w 
u:j 1080 

1060 1----------~ 

Vangorda Pit 

1040 L---------~----------------------~~~~~~!L_ _ __________________________________ !__ _____________ _ 

LEGEND: 

D Silt and C!ay 

ff] Silt and Clay with some Sand/Gravel 

rn Sands; Gravels (Slits may be Pl'8Sent) 

~ Bedrock (Phyllile) 

All water level measurements 
taken on Aug. 5, 2009 

Monitoring Well 

Screen 

Bentonite Grout 

Backfilled Drill Hole 

SECTION@ 

No Vertical Exaggeration 

Notes: 

1. Both holes are projected onto section. Elevations to be 
determined In final draft 

2. • P09-VC1 drllled at 60" perpendlcular to and away from seetion . 

~ i 2009 Groundwater Investigation I ~ r 1 

· • Faro Mine Closure Vangorda Creek I O 1 O ,o JO 40 ,0 ..... _ Feunalun, de I• mine Faro Cross Section C 

I srn••M•
1
- -a~' '""°'-0

" FARO MINE COMPLEX = - 12b t -1------------------------------------------------- - ---------- --r:nu;~,~l<AM=E.:.·_:S!a~~t::;10:nP:o:::9::-:::v::c~1.;::d::w2,g ________ J.. __________________ .. __ F•• b•. •2•0•10 .. i...------------..i 



ID 
P09-GW1 

P09-GW2 

P09-
• Haodheld GPS co-oninates ~y 

LEGEND 

• -+-
Cl . ..... 

~ 

2009 Drill Hole with Moniloring Well (MW) 

2009 Drill Hole wilhout Monitoriqg Well (MW} 

Surface Water Survey Localion 

SRK Seep Survey Locafion 

0 20 40 60 60 100 

Scale in Metres 

SRK JOB NO.: I CYOO 1.034 

FU..£' HA.wE: VG_Area .dwg 

1 

1 ~ ---~ 
. _ 1 Faro Mine Closure 

..illllllllll..._ Ferrrie.Wte de la mine Faro 

FARO MINE COMPLEX 

~---- ·~ 

2009 Groundwater Investigation 

Grum Dump West 
Drill Hole and Stream Survey 

Location Ma 
DATE: I M'P~: 

Feb, 2010 OM 13 

~___.. 





l • 
~ 

10::0-1)dgift._fnmi ,GC_.Pr.,o~ 

1282. 

1280 

1278 

gj 1276 
.§. 
C 
0 

"' ' d:i 1274 

1272 

1270 

P09-GW2 

P09-GW1 

I 
P09-GW3 

i 

k;-, ~ .. .:.';';::r'.=i,~:7~ :;.;, ·,;:2 I .,:-;::;::~:.-=~'.c!r ,_ ---~- ..,-.o1~ -~ -~ 
1- "-~~ '-~ ' -;;;::,_,,,-::- .. - ,. ~ --.-:-'i- _ .. I , ·: ::. •. ,.""T:j- - -+-- -t-· ;--.; -'- t "-:-: ":; . . }:;-_ .. • . Orangey-,c;oioured Waler Observed 
-.J.~ ~ ~~ 1, ;:--~~::::.:::-~~ --'( = -...... .::_:_:~::::~ lE;;-::.<· 'i-.;"_;;,-:--f j-::~::-",:,::'! '1:-1~:{~~_:j-,..:~:;:;~~ 

, : _, _ ·'• - 1· ~ + ·- , · '::.~ "'l:,_ .'!.,_ - - - -- ~-:- = 3f .. . -- "' '-t, -

-'-Z'... ~~ ~ ,.._ :__;~_;~."~ft~ ·- 1 ' -=;: ·.:;-.._ -- -~ ~ . ~ _:-,,;:::-:;:: - - ,L-"'-,;:: .....i::': -"-.;~,-; 
- ',I,;;:-- - 1- 1......,._ - ..:.::-:... . - , _ -.,_~ , ~ ~ -. . I ,._,__. ___ --. 

.._,_, _, _ , 1-1 1- 1=~ - --'----- .. ..,.· ---L 
...._ - --: - 1-1-, - ,- = -, -1-1 -1 ,-, i- 1- -;:._ 1-1- - r-=r - , - - - -

- - - --- ...J - - j - - - 1- - -1- -1-, -1 -, - 1-1-
j - -..i.-,- - 1-1-1- 1- 1- 1-1 , 1 1- 1 1-1-1-1.- 1- ·t-1 

' 1- 1 1-1- 1-1-1-.:.7~--;:_,- , -•--•-_1-1-1- 1-
- ·, •- , 1-

1
-!_-..'.._~1-1-1-1 ·]-l-i- ·1-1-1-1-. 

' - -1-1 I I - l - l-J-1-•-1-I '- -1-•- !- l- t-_.!._-!._-:--..'...- l- l- ·- l'-1- r-r
-· -1-1-1-1-1 I I I I - i-,-,- 1-
_>J-1- 1-11 1-1..'.._~~1..'.._1 I 1~~- 1-1-1-1-I~ 

, 1-r-~---__ - ,- , _ - 1- 1- 1-1-1 -
, ~ ~ .~1~1 .:.1 ..'...1-1 1- r- 1-1-1-1- 1 

" I J • •- 1- 1-1--,,~l_'._l_:_~"j'._I 1 -1-1~1-1-1- 1- ! 
. - 1-1-1- -1-1--1- -1-1-1~ 

' I I I l I ' -·l -1-1-'1 1-1- ·. ~ - r- -i- - 1- , - 1-1 
- - ·-J..- - -1 -1-, 

I - --- - !-I 
.._ ____ _ 

1268-'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LE-GEND 
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D 
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§ --

i 

Screen Seclion 

Topsoil 

Silly/Clayey Sand 

Wea.lhered Bedrock 

I 

''----

[J 
Q 
Ll 

D 

Sand and Gravel 

SECTION@ 

No Vertical Exagge.ration 

Gra11el 

Bedrock (Soli d) 

Water Level Post-Drilll~ (June 2009) 
NOTE: AIi Wells Dry August lo Septembet' 2009 

·· , 'SRK Consulting 
/:ng,"-a and Sds,1liltlJ 

'-"" 

SRK JOB NO.: I CYOO 1.034 

f1L£Ho1WE: VG.J,reo .dwg 

1 ._ ----

JJ-~ 

""-' ...:~ Faro Mine Closure 
.illllllillll:• Fermeturo de la mine Faro 

FARO MINE COMPlEX 

--- ---- -=--

0 2 3 4 5 

Scale in Metres 

2009 Groundwater Investigation 

DATE: 

Grum Dump West 
Cmss Section B 

N'f'fiOIEO: -Feb. 2:010 DtA 

_ ____. -- ___, 

14b 

__J 
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D 25 50 75 100 I SRK JOB tu.; 1 C'l'OO 1.034 

Scale irl MblmS f1l.E IWIE: FARO SITE Areo.dwg 

....__, _ ____,, 

~ I!:~ Faro Mine Closure 
...illlll• FermslUre de la mine Faro 

FARO MINE COMPLEX 

-=- __) I .,,....--., 

P09-t.W~ 
...,.- 2009 Monitoring Wefl Completed 

2009 Groundwater Investigation 

Upper NFRC Drill Hole 
locations 

DAit: I N"f'Rtr.tD: I IJQJRt: 
Fect>. 2010 DJ.I 15 
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North For11 Rose Creek 

P09:UN1 ! P09•UN2 

See Detail befow 
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LEGEND: 

D 
~ 
D 
~ 

Silt and Clay 

Sand aoo Gravel 

Cobbles 

Bedrock (Ph~Dle) 

Survey coolrol derived from existing 1 :20000 
ph.otography Survey con1rol based on: UTM 
Projection, NAD27 Compiled by The ORTHOSHOP, 
Calgary, September 2003 
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~ 1005 
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1000 

SECTION@ 

LOOKING UPSTREAM 

10 20 30 40 

Scale in Matras 

'Z 

50 

POO-UN3 

' ,,1 , . J ~ ·--- ---~ - ~ 

P09-UN1 P09-UN2" 

1085 • P09-UN2 Projected to section 

DETAIL 
0 5 10 15 20 

Scale .-. Metres 

.Jt..~f.1. 
--' , J~ Faro Mine Closure 
....al(._ FemretDnl de la mine Faro 

'·SRK JOB NO·.: I CYOO 1.0.34 

,. fll.E HAWE: FAAO· SITE Area .cl'wg FARO MINE COMPLEX 
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2009, Groundwater Investigation 

Upper NFRC 
Cross Section 
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Feb. 2010 DM 16 
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Appendix A 
Drill Hole Logs 
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P09 - C1 

o to 3 feet Infill - Road materials (Clay, little silt, sand, and gravel) brown 

3 to 10 feet Organic swamp material (peat?) that smelled - black in color, decaying vegetation 

10 to 15 feet Gravel with cobbles, trace sand and clay. 

15 to 40 feet Silty clay, grey wet 

40 to 70 feet Gravel and cobbles little sand (30 to 50 mm) 

70 to 80 feet Silty clay some sand 

80 to 85 feet Sand and gravel 

85 to 91 feet Weathered bedrock, phyllite. 



( ' 

l 

1.' 

r ·, 

J 
~ -· 

f I 

l ) 

I I 

r 
\.-

1 ' 

r' 
• 
\ 



r-- ,...,_ ----1 r -

9' SRK~ 
BOREHOLE LOG 

GEHERAL. COMMENTS: 
Azimulh approximate. 

Water level Aug 8, 2009; 0.371lm from TOC 

E 
E 

PROJECT: 

1LOCATION: 

ALE No: 

BORING DATE: 

DIP: 70.00 

COORDINATES: 

STRATIGRAPHY 

,---

2009 Groundwater lnves1iga1ion 

Cross ValleyDam 

1CY001 .034 

2009-07-.22 TO 2009-07-27 

AZIM.UJH: 30 

6914313.1!5 N 580169.97 E 

SOIL LEGEND 
G TopsoiV01ganks 

ffl TaiUngs 

- Road materials 
IS] Overburcle.n 

# Jofnts c::::::::J 
# Foliations c::::J 

10 20 30 

. ~ ) ~ ·----=-·-- l 
BOREHOLE: P09-C1 

OF 3 PAGE: 1 

DRILL TYPE: 

DRILL: 

Odex 4"/Dlamond 

FrasleMOXL 

CASING: None 

DATUM: UTM NAO .27, 08V 

fZ2I Clay WELL .PLUG MATERIAL LEGEND 

[[[] Sill 

D Sand ~ Backfill [DI] Benlonile Groot . 
1: ::~ Gravell ~ Bentonite fe;,'.; d Cement 

~ Cobbles D . Sand 

E 

WELL 
DETALS 
&WATER 
LEVEL•m 

~ 
E j: .~ I I I I. I I I I I I I I I I 

Kydraullc 
conductMty 

K 
(mis) 

COMMENTS 
' 
t 
w 
0 

- 5 

II 

- 1D , II; 
\111 i 
lrll ,111 !: I , 

- 1s I ~ · 1

1 
: 

lq ..... . 

I 

r 
- 20 I 

)ii 
ljl 

11; L 11' 
) ,• .. 

m ; 
~5 
W, ::1: 

' 
ii 
Cl 

1016,51 

DESCRIPTION 

0.00 Infill - Road materials (Clay, li!tle slit, sand, and gravel). 

SYMBOL 

0.90 01ganic swamp malalia,I (peal?) lhal smelled - black rn · ---:..~ ,...._, ~ ,..._,--:....:_ 
101~61 1NCM1 ] ~~~~ 

1013.69 color, deca)ing ~talion :::---, ~---:...., ~ 
3.00 I Gravel wuh oobble:s, lraca !Mind and clay. 

1012.19 
4.60 I Silty day, gray, wel 

1005.05 
12.20 I Gra.vel amt oobbles. ittle sand (30-to 50 mm} 

996.49 
21:30 I Silty day, soma sand 

900.58 

:-: \ :-: ~\~ 

/ 

v 
V .. ., ...... ............. 

•• •••••• ..... .•. ' .•. " . . .. .. . . .• ·-.. . 
~ 
...... . . t .•. , ., , 
. ... . . 4, • 41 . " ...... . . 

' .. .. . ~ ... , 
• •••• • ' ti . ........... 
~ ........ ~ 
·1~--.·_7. ·_ . . .. . .. . . ,}.· . :: · :.:. ·· . .t . . . . . ...... ..... 

TCR + 
RQD• 
(%) 

25 50 75 
~ ~ S! § 
)()()(>( 
~ • ..-, ,:-1 T'" 

--1 



BORING DATE: 

; SRK !1:!'!~ 
PROJE:CT: 

LOCATION: 

FILE No: 

BOREHOLE LOG 
DIP·; 70.00 

COOROJNATES: 

GENERAL COMMENTS: 
Azimulh lijlproximale .. 

Wale1 fevel Aug 8, 2009; 0.378m from TOC 

WELL 
E DETAILS E: :c &WATER . 

STRATIGRAPHY 

E Ii: ..J LE\l'B.·m 

~ 'W e 
i:'i~ lli _, w :z:: 
w _, t: ~ _, 

:t ii: w 
0 DESCRIPTION 

·~ 

... . ~ ... ···i 1 · · · · . '• .. . .. . ... . . .. , ,• .. .. . . 

3S 
I_I 

- 4& 

- 45 

r- r- r--

Q 

992.17 
25.90 

991 .17 
26.97 

Sand and gravel 

Weathered bed'roct, ph~ 

Bedrock - ph)lllite 

~-~ ,.......:....- ~----, -=-: 

2009 Groundwal.er Investigation 

Cross Valley Dam 

tCY001.034 

2009-07-22 TO 

AZIMUTH: 30 

2009-07-27 

BOREHOLE: 

PAGE: 2 

DRll!.l. TYPE: 

DRIU.: 

CASOtG: 

P09-C1 

OF 3 

Ode~ 4"itlramood 

FrasleWXL 

None 

6914313.85 N 580169.97 E D·ATUM: UTM NAO 27, 08V 

SOIL LEGEND IZ2i Clay 

G Topsoil/Organics [IO Sit 

~ Taiqs D Sand - Road materials, ~ Glave! 

[Y] Overourden ~ Cobbles 

# Joints c::::::J 
# Foliations [=:I Hydraulic 

10 20 30 conductivi.ty 
' 

TCR • K 
RQD• (mis) 

(%) SYMBOL 

26 50 
'' I 

75 
~ ?! ~ ~ 
)()C)()( 

,,-- , ...-, ,--, -
· .. : ... ·. ·. ~--·. -~- ·. · .. ~ ~ 

111 

WELL PLUG MA'l'ERIAL llEGEND 

~ Bacldi~ Cl Be111ome Grout 

~ Benlonile m Cemenl 

D Sand 

COMMENTS 

Phyilite, 3 fuln fracs, qlz veir:is, broken and weattlered 

Phyilile layering, 8 fcln fracs, qtz veins v.ith. xlls, 
cemenled joints, sulphides 

6 loin fracs, qtz veins wilh xlls, la)'819d 

5 loin fracs, veinaig, long pieces or com recovered 

4 foln fracs, while & grey la)'Brs, .sulphide xtls 

LJ 8 foln. fracs , long runs of core 

2 foln fracs., sulphides,. and qtz veins, vuggy, q,lz xUs - pie 
in ctaUy repo,1 

6 loin fracs , q1z xlls, sulphides, qlz xtls, lhroughou1 

I 

l ~ j I------'-

..-- --~ ... --=---. 

5 ro111 fracs, crumbly fractured. ph~. vuggy, qtz. veins 

3 roln liacs, qtz xlls, veins & pieces of phyllite 

3 rain fracs, ph)l!it:e very broken up and crumbly 

11 foln rracs, aumbly, clay, lots of fracwres & crumbly 

3 foln rracs .. day, same as above 

7 foln rracs, layered ph~. qtz blebs & veins, sUlphldes 

6 foln rracs, layered ph~ite. wggy wilJI q1z veins 

5 fo1n rracs, 3 lareg qlz veins, 20 to 100 mm In length 

,........,--, ---i "j 



.-- r- r-· 

9 ~ -Consulting 
w £ilgims am Stmisls 

BOREHOLE LOG 
GENERAL COIIIIENIS: 

Azimuth approicimale. 

Water level Aug 8, 2009: 0.37Bm from TOC 

WELL 
DETAI..S E 
&WATER E . 

E 
1.1:VEL-m :. E i: 

~ 
', Q. . .4 w 

r .... ~~ 
Ii: ffi ul 5 

..I 

PROJECT'; 

LOCATION: 

FILE No; 

BORING DATE; 

DIP; 70.00 

COORDINATES: 

STRATIGRAPHY 

UI ~ 
0 :t Ei2 DESCRIPTION 

55 

00 

- 65 

- 71> 

a 

956.09 
64.31 ENO OF BOREHOLE 

2009 Gro11ndwater lrnlesUgalion 

Cross I/alley Dam 

1CY001.034 

2009-07-22 TO 

AZIMUTH: 30 

-=--

2009.()7 -27 

BOREHOLE; 

PA.GE: 3 

DRILi. TYPE: 

DRILi:: 

CASING: 

--J 

P09-Ct 

OF 3 

Od'ex 4•101amond 

Frast.eMDXL 

None 

6914313.85 N 580169.97 E DATUII: UTM NAD 27, oav 
SOIL LEGEND lZ2] Clay 
G Topsoil/Organics [I]] Sitt 

ffi Tailings D Sand 

ali Road .materials t; .";f Grava! 

b-:;;,o 4 Overbmden ~ Cobbles 

# Joints c::::::J 

SYMBOL 

1 

# Foliations c:::J I Hydraulic 
10 20 30 conducUvity " I , . I I I I I •• I 

K 
(mis) 

TCR + 
RQD• 
(%) 

25 50 75 
-1 

~ 1 I ~ 
•• 
I 

·-

'" 
I 

~ ~ ~ § 
XX)()( 

7°1 :-1 ...... .... 

WELL PLUG MATERIAL LEGEND 

~ Bac:lfill CJ Bentonite Grout 

~ Bentonlte ~ Cement 

D . Sand 

COMMENTS 

Bottom is la~ed purple/brown. 8 foln fracs, 4 to 5 qlz 
veins, 10 to 20 mm uplo 150 to 200 mm. 

7 foln rracs, q!z veins, oemenled joinls, green rine 
grained bedded 

Green speckled. 10 foln rracs, easier to driU ~h. 
longer rms, qtz veins 

Schist? 5 f.oln fracs, green, shiny mica like, easy lo dril 
ttvough 

Schist? 6 loin fracs , same as above, some qtz VfflS, 
Vll9!l!I' areas 

, li1ho cha"98. 1 foln fi'acs , simirat lookDg to the 10-5 
m/sec core 

3 rein fiacs, same as ab<we 

1 ro1n fracs, same as. abcw:e 

1 ro1n fracs, competent. hard run to drill 

::---1 
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P09 - C2 

O to SO feet/lSm 

50 to 125 feet/38m 

125 to 145 feet/44m 

''TIii" clay, some slit sand and gravel brown, then grey 

Gravel, some sand, trace silt and clay, grey 

Gravel with more sand 

145 feet Coarse sand, trace gravel, silt and clay. 
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., .. SRK Consulting. w ~sndSc&lli* 

PROJECT: 

LOCATION: 

ALE No: 

BORING DATE: 

BOREHOLE LOG 
DIP: 70.00 

COORDINATES: 

GENERAL COMMENTS: 
Amrluth apprOllimate. 

Water level A~. 8, 2009 -Anesian. 

WELL 
DETAILS E 
&WATER 

e: . . ::c: 

STRATIGRAPHY 

E 
LE\IEL -ID 

~ 
E Ii: . ~; ~ ... ~ IL 

LLI i a iii: 
Cl 

DESCRJPTION 

1015.83 , 
0.00 Till" clay, some silt, sand and gravel, brown, lhen grey 

,- 5 

- 1,0 

- 1S 1001.73 
15.00 I Grawif, some san~ lraca silt and clay, grey 

- 20 

- 25 

- 30 

2009 Groundwater lnves1iga11oo 

Cross Valrey Dam 

1CY001.034 

TO· 

30 

---i 

200!1-07-22 

-, ---, 

BOREHO.LE: 

PAGE: 

DRlll TYPE: 

DRIU: 

P09-C.2 

OF 3 

Odex 4"/Diamond 

FrasleMOXL 

CASING: None 

2009-07-17 

AZIMUTH: 

6914227 .57 N 580118.99 E DATUM : UTM NAD 27, OBV 

SOIL LEGEND !Z2] Clay 
G Topsoil/Organics [ill Sit 

ffl Tailings D Sand - Road male.rials ~ Gravet 

r ~ ,:,.:) 0Yerburden lu] Cobbles 

# Jojnls i==J 

I # Foliations ~ I Hydraulic 
1 O 20 30 conductivity 

J I I I 1 1 It I, 1 1 I I I I 

SYM:BOL 

11"' • ...,, " .. .. I • • e • .... ,,, . .. .. .. . . 
" • • • 0 •' ' •• •I 0 

. : .. • .... ... · .11:·.· :~ •·· .·., ... .... . .. . .. • ''" ... • , .. ,•• , ... 
. • • .. , ii • . ..... · " 

... .. .. =. · . ......... ... .. .. • ' ......... . 
. . •. ··.• ... .,.._ .. -~---.. •. · . 
.. . ·: ;..·.· '.'•: .·.·• : .. .. " . ,, , ... .... ,. .. ~. . . .. ' . . ... . . . 
'."'. : ·~ ~·. ",, "':'·".·. :~ ·• 
-~-: . .-~·-·: .•:: .•:: 
-.· .-.... . " _ ... ;.~ ~·: .. ·. · ... 
......... ... " ..... . · ·· ·· ·· •' .. .... . 

'! · .. : :• .. " : :~ :~~ ~: :i 
····· .... ..... . 
.. •:.· :.: ~;·~-~ .. ·:,· : ... . .. ... -- .. ..... . 

TCR • 
RQD• 
(%) 

25 50 75 
l 

K 
(mJs) 

~ ~ 
>C >C ...-, ..... 

! 

WEU PLUG MATERIAi.. LEGBID 

~ Backfil D Ben1cnite Grout 

~ Banlonile l~/~.·.J Cemenl 

D . Sand 

COMMENTS 

J 



cir BRIC enJ'! PROJECT: 

LOCATION: 

FILE No: 

BORIN.G DATE: 

DIP: 70.00 

BO·REHOLE LOG COORDINATES: 

GENERAL COMMENTS: 
A.!imulh approximate. 

Water level Aug. 8, 2009 • Artesian. 

WELL 
DE1'AILS 
&WATER 

E 
LEVEl.•m 

:c 
I-
Q. 
w 
Q 

,I 1 

I! 1 

I ;J 
.1 

1-40 

I. 

4S 

11 

50 

:1 

! ~u 
· · ·· · . 

.. ·- -. 

E . 
I 
ffi 
i 

E . 
:t 

Et-· IL, 
t Wi 

i; C , 
0 

-'W wj 
ii: 
Q 

980.12 
38.00 

~74. 59 
43.89 

~ 973.67 J 
44.65 

STRATIGRAPHY 

DESCRIPTION 

Graw wilh more sand 

Coarse sand, 1ra.ce gravel, sit and cla~. 
Bedrock - phytllle. Possible gabbro occurring al depth • see 
oommen1s, 

2009 Groundwater lnYeS1igaticn 

Cross Valley Dam 

1cvoo,.034 

2009-07-17 TO 

AZJMU·TH: 30 

2009-07-22 

6~14227.57 N 58011!1.99 E 

SOIL LEGEND· 
G Topsoil/Organics 

ffl Tailings - Road· materials 

~ . O,.,elburden 

# Joints c:=J 

BOREHOLE.: 

PAGE: 2 

DRILL TYPE: 

DRILL: 

P09-C2 

OF 3 

Odex 4"/0lamood 

FrasteMDXL 

CASING: Nooe 

D.AJUM: UTM NAO 27, 08V 

[22) Clay WELL PLIUG MATERIAL LE.GEND 
[ill Sill 

D Sand ~ Bactli ll DI] Benlonlle Groot 

,.~.It:., Gravel ~ Bentonite 1~.:d c~ment 

(!!] Cobbles ~ Sand 

I # FollaUons c=:l; I Hydraulic 
10 20 30 conductivity 

K 
(mis) 

COMMENTS 

SYMBOL 

. _.,,. _ .. -.. , ,, ..... :• . 
.... · ···-···· 
~ . . , ......... . 
•: _·. :-; ·: :~. ~-: ~ =--·~ "." ' 

-.. ~ ."'!· .. . : .· . • .. ·,,• • . : . •.• 

.... ·. --~·/ .·.•.·· .... ~.--· -. .. .. . - . - " .. --. --- .. .. -·- ·· .. . ... . .... .. . . -... . .. .. .. - ..... . . ' . ... . . -.. --- .. 
• ..... • • ll!o . - t •• · -
. --· --· · · .. . -... . ....... ,, .. . 
~:: ) : : : •.: ; '·. :.-.. . . .. ' .. ........ . . .. ... ~ . - .. ,, . . -

I 

TCR • 
RQD • 
{%) 

25 50 75 
LL1 

I 

b· . 
lk 
Ir 
n 

~ ~ 
X E 

Phyllit:e & sulphides-. 7 rein tracs 

11 ro1n l'racs, smal qtz v,ein 

12 fofn rracs. very layeredjbedded, orumbly 

17 foln rracs, cemented joints, wggy 

8 ro1n rracs. rubbly, crumbly top, more competent than 
bottom 

14 foln fracs, some smal qtz veins, ta,ge cemented j:lint 

17 fo1n frees, qlz veins 

12 foln fracs, qlz veins 

10 loin fracs, washed oul area In run 

J I 7 foln fracs, qlz last 41 cm of run 

r-- r-- .-- ----, ----, 
~ ---i 
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-,f> BRIC f!_~ 
PROJECT: 

LOCATION: 

FILE No: 

BORIN:G DATE: 

DIP: 70.00 

COORDINATES: BOREHOLE LOG 
GENERAL COMMENTS: 

Azimuth a,pproxfmale. 

WateT level Aug. 6, 2009 • AJ1esian. 

WELL 
E 

STRATIGRAPHY 

E . 
~ 
CL 
ILi 
Q 

- 65 

- 70 

DETAILS 
&WATER 
LEVB.- m 

::.·. :·.1 ~·. ·:.·. ·. ' 
·. ·.::. ·.1 t·. ·:. •. ·:. 

~ . ... .. . . ' • .. . . .. .. ...... . . ..... .. . 
-· . -........ . .. .. . ·-.... . .. . . . . .......... .. . .. .. .. . ... .. ...... .. .. · -· ··· ···. 
.. .... . ..... . .... .... --· ... . . , .. ..... . .. . . . ... .. .. .......... .... . .. .. . .... · -· · ..... . 

.... . .. .. .. .. . . .......... .. .. 
. ·. · ... · .. ............. .. · .. , ... •· • ... .. ... .. . . ........ .. .. . 

.... .. . ... .. ·· · ·· . . .. . ... .. .. 
75, I.";·: .·::.·:::: .... 

... h . . . . .. . ,, • •• .. .. .... ..... . . .. 
• • "• h O •• • . . . ... . ....... . .. . ... . ,• .. . . .. . ...... .. ... . 

- 80 

E . 
.J· 

~ ' 
.J 
II: 
W, 
t,. ; 

:c 
E Ii: 
• Ill 

~~ wj 
ie 
D 

940.93 
79,.70-

DESCRIPTION 

END OF BOREJ-IOLE 

2009 Groundwal er [1Westigation 

Oros:s Valley Dam 

1CY001.034 

2009-07"17 TO 

AZIMUTH: 30 

----, ---, 

2009-07-22 

---,, --, 
~ 

80.REHOLE: 

PAGE: 3 

DRILL TYPE: 

ORJl.1.: 

P09-C2 

OF 3 

Odex 4"/Diamond 

Fraste MDXL 

CA.SING: None 

I~ 

6914227.57 N 580118.99 E DATUII: UTM NAO 27, oav 
SOIL LEGEiN.D 

G TopS<Jil/Organics 

ffi Tailings 

mi Road materials 

~ . Overbt:Jrden 

SYMBOL 

# .Joinls c:::::J 
# Foliations c::::J 

10 20 30 
,, , ,1, , .,1 , , ,I .. 

TCR. • 
RQD• 
(%) 

50 75 

[Z2) Clay 

[IT] Sift 

D Sand 

E::J Gravel 

~ Cobbles 

Hydraulic 
conductivity 

K 
(mis} 

b b 
>c: )( 25 

......J 

I ,Y lt 
-::-1 .-1 

1 
I 

1---

I-

~ ~ 

WELL PLUG MATERIAL.LEGEND 

~ Bact;rill c:J Benlooita Grout 

~ Bentonite lo·;~ ~ Cemenl 

D Sand 

COMMENTS 

11 ro1n fracs., qtz ma,lbleish at end of run 

14 ro1n fracs, qtz veins rui:ring through ·· X pie 

5 foln fracs . SAA 

10 foln fracs., green in color and very hard 

14 Coln fracs , qtz. veins. broken up 

10 foln fracs, many smal qtz. veins 

2· fuln fracs, clay with pebble5 and qtz: 

green cfay, crumb!)' and fracluracl with pnytlile 

1 fotn fracs, crumbly green rock, wggy, qtz:. 

10 foln fracs, crumbled, qtz al. lop., ph.>flite at the bollom 

8 fain fracs, core missqj, clay al lhe end Olf the run 

' 11 foln fracs , palk qtz Y<iining 

3 foln fracs, gabbro? Qlz green Vllftng 

'~ 



[/ 
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' r 
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r 

l 

! 

L 
l 
L 
L 
L 
L 

PHOTOS OF C3 

Depth 

From To 

0.0 2.5 

2.5 5.0 

5.0 10 

10.0 12.5 

Description 

SIity SAND with 
light brown 
gravel. Dry. 

Silty SAND with 
gravel, dark 
brown moist 

Silty CLAY, dark 
grey, moist, 
very plastic 

Coarse silty 
SAND with 
clay, moist 

Photo 



12.5 13.5 

13.5 16 

16 18 

18 75 
75 140 
140 142 

Light gray rock 
(boulder). 
Water struck 
at 13.51

• 

Silty GRAVEL 
with sand, dark 
grey, moist 

Silty GRAVEL, 
sub-rounded, 
sub-angular, 
light brown, 
wet 
Same as above 
Gravel/sand 
Well sorted 
beach sand, 
dark grey 

See above 

Same as above 

f 

r 

' 
-

l 
I 

r 

I 
l 

l 
l 

I 

l 
I 

I. 

l 



G 
r 

l 
r 
} 

f 

I 

l 
I 

l 

l 
l 

I 

L 

l 
( 

L 
L 

142 145 

145 146 

146 149 

GRAVEL with 
silty sand, 
coarse sand, 
small gravel, 
mostly dark 
colour, 
subangular 

sandy GRAVEL, 
dark grey, 
some 
subangular W' 
pieces, mostly 
<1.5" sub 
angular and 
subround 

Very uniform, 
well sorted, 
black SAND, 
fine grain 



149 150 

150 153 

153 160 

Sandy GRAVEL 

Sandy GRAVEL, 
phyllite/quartz 
, larger pieces 
of angular 
rock, possibly 
boulders 

Sandy GRAVEL, 
some larger 
pieces 

l l 
l 
n 
[ 

I 
[ 

I 

I 

l 
I 
l 
I 



r 

r 
l 

l 

I 

I 

L 
L 
l 
L 

160 

170 

170 GRAVEL 

189'9" (began coring 
to get through 
boulders and 
cobbles) 
COBBLES 

189'911 219'9" Phyllite core 



219'911 264141
' Phyllite and 

quartz, 
feldspa r 

264'4" 305'1" Phyllite, and 
possibly 
Gabbro after 
270 feet? 

[ 

[ 

I 
f 

[ I 

l 
! 

f 

I 
t 

! 
L 
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96 SBK~sl'! 
PROJECT: 

LOCATION: 

ALEN·o: 

BORING, DATE: 

DIP: 70.00 

2009 Groundwater lnotestigalion 

Cross Valtey Dam 

1CY001.034 

2009--06-.22 TO 

AZIMUTH: 210 

,....___, 

2009-06-30 

-----, ·----i 

BORBtOI.E: 

PAGE: 1 

DRILL TYPE: 

DRILL: 

P09-C3 

OF 4 

Odex 4" & 6"JOiamond 

FrasleMDXL 

CASING: None 
BOREHOLE L.QG COORDJNA TES: 6914143.01 N 580078.40 E DATUM: UTM NAO 27,. OBV 

GENERAL COIIMEH1S: 
OB, MW. Azimulh a,ppmxima.le. 

WELL 
DETAILS 
&WATER 

E 

E 
LEYB.-m § . 

:J: 

Ii: ffi 
w ~ 
Q ~. 

I Y 
Ii 

! 
:! 

- s I I I~ 
i .. 
l 
.t 
2 
i 

I 11 

ro 

- 15 

- 20 

E 

% 
E Ii: 
• Ill 

::,:o 
WQ 
...J Ill 
111 ...J 

...J 

~ 
,o 

1018.86 
0.00 

1Q1B.1~ 

STRATIGRAPHY 

DESCRIPTION 

SIity SAND 'M1h llgh.l brown gra...al. Dry. 
Silty SAND wilh. gravel, dari< -brown, moist 
Silty CLAY, dar1< grey, m.oisJ, YB,Y plaSilic O .. BO 

1017.47, 
1.50 

1016~06JI Coarse silly SANO v.flh. day;-moisi 

997.36 
22.90 

Lighl gray rock (boulder}. Water struct; al 13.5' .. 
Silty GRAVB. with sand, cfark grey, mois-1 
Silty GRAVB., sub-rounded, sub-angular, lljght bfown, wet 
Silty GRAVEL, sub-rounded, sub,angular, light brown, wet 

Graotel/sand 

SOILLEGEND [Z2I Ctay WELL PLUG IIATERiAL LE.GENO 
G TopsoillOrganics []]] Silt 

ffi Tai[ngs D Sand ~ Back1il D Bentonite Grout . - Road materials (7.:,~,,·J Gravel ~ Benlonita ~ Cemenl. 

cs::] O...erburdell w Cobbles D Sand 

# Joints t::=J 
# Foliations c:::J. Hydraulic 

10 20 3f' conductJvity l ' I I I I I I " ' 
TCR + K 

COMMENTS 

RQD• (mis) 

(%) SYMBOL 
b'b~bb 

25 50 75 -----.-)( )(..)( X )C 

..... - , '7L1:°J ':" 
-·-~·.: -~,?-•. '.: 
'' ;,::_ .. . ·? · ' . 

7 ·7 
.•. .z; ·.t.·. fx -r-·. 

/ . 1~;r:-n • . 

~I I. I.I l I. !.II 
• I ~ I • I • 

•I , I• I • 

• I ,&, I., I . 1 • 

• I •I ~ 

• I • I ,t J. 
• I .. I • 

• I • ... 
1o I • I • 

• I "' i 
• I • I i I,, 

~ I 114 P. I• I • 

• ! • ~ 

• I ~ 1111 I .. 

• I • 

• ! ~ ~ ! • 

~1 ~ _1 .. . .. -• .. . .. ... - . .. . .. .... .. .. . . . . .. . .. .. - .. . 
. ·.•:: :~. ~. : ~ ~ : ,: : 

--=--i 



•1 SRK~ 
PROJECT: 

LOCATION : 

flLE No: 

BORING DATE: 

PIP: 70.00 

2009 Groundwa1Sf Jmre56galion 

Crll6S Valley Dam 

1CY001 .034 

2009-06-22 TO 

AZIMUTH: 210 

2009-(16.:30 

BOREHOLE: 

PAGE: 2 

DRILL TYPE: 

DRILL: 

CASING: 

P09-C3 

OF 4 

Odex 4" & 6"/0iarnond 

Fraste MDXL 

None 

BOREHOLE LOG ,OOORDINATI:S: 6914143.01 N 580078.40 E DATUM: UTM NAO 27, OBV 

GENERAL COIIIIEN1iS: 
OB r.tN. Azimuth appl'1»Cimale. 

WB.L 
DETAJL.S E 
&.WATER. E 

.:. :c 

E 
LEVEL -in UI E"'" 

ru ·. fb 
:I:. 

.., > Cl 

... a: w Cl 

a. 
UI ..I w 

w. 
... w ..I 

C . ~ 
..I 
ii: 
Cl 

STRATIGRAPHY 

DESCRIPTION. 

- 30 

- 35 

- 40 

97B.76 
42.70 Well sorted beach sand, dark. gray 

GRAVEL wilh silly sand, coarse sand', sman gravel, mos11y 

SOIL LEGEND [Z2I Cray 

G 
~ -!--<=J,d 

SYMBOL 

' ·· ' • ··· · ·· . . •. ·. · .... ·.·.,· .. : : .. ·.::. 
; : : ·,: •• :.:.. : ~ 1. . . . .. ....... , .. 

. . .. . · · ···· . . .......... -. . .. ... .. 
' 4 . .. . ... ..,,. • •••• '· · ......... , , . 

· .. ·.i ,\ ".~ ·.- .-~"· ·.·.• .· ..... ... ... . 
• .. • .. .. • h ... ...... .. 

,1' .. . . .......... . 

. ·. ·,·. ·.· .. •:4 .. 4 ,.: : .. "!' .. 

• •.. "J· . ..' . · .. :..· ...... '!· .. ·4 .... . . .. .. . . .. . . . . . . . 
j : : .~ .... : .·,· : : . ·:: . . .. .. .. . ,, .. . .. . . . . . . .. . ... .. 
. ·:~.·: ... :.·:1: .·.• . 
.... ; : ... ! : : ·.·: : :•. ~ · . .. . . . ,, . ... ... . . 
~:; .·: :.: : ~=::.;. 
. ...... -~ .... .. . . .... .. .. .... . ..... .. .... .. .... . 

·. ' ... ·• · ..... · .. ·• '· •• ". -4!: ·. · . 

.. : : ~: ~ : .. : : ... ~ : : . 
·1 .• J T H 1;-;· :": :-t~ '!' 

Topscil/Olganics [ill Silt 

Tailings D Sand 

Road materials El GraYel. 

Overtiurden m Cobbles 

# Joints c::::::J 
# Foliations [:::=J Hydraulic 

1 O 20 30 conductivity 
'I I I I I, 

TCR • K 
RQD• (mis) 

(%} 

25 50 7'5 
, l , I I 

bbC)b6 ,- _. ~,-.
)( )C )( X )( 
:i__::} ,:-1 "7 · ·,-

- 45 

'\ 97S.19 /' 
43.30 

977.35 
44.20 

977.06 1 

~~ \ daa ooloor, subangular tr .. : ·::: .... . ' . 
sandy GRAVEL, datk grey, some subeng.ular o/." ~ <. · -~ · · ~ · · ~ · _· · 

t ~ • ,- ' ' C • • o , • • 

~ 

r-

44.50 
97'6 .. 22 
45.40 

I 975.94 11'1 
45.70 

r-

mostly <:1.5" sub angular and subround 
Very unifom:i. weD sorted, black SAND, fine grain 
Sandy GRAVEL 
Sandy GRAVEL, ph.)tliteJquartz. larger pieces of arigular 
roc:lc.._ possibly_ b(l_Utder.; _ 

r---,, 

--:-.-:-~~·-:-.-:~ . 

,: .·. :;.: · .... :: ·,.: . .. .... . . .... • , 
. .. . ·:. • • _ .. 1 .. .. :. .. 

pi • 

-----, 

WB.L PLUG MATERIAL LEGENO, 

~l Backfill [J]] Bentonite Grout 

~ Ben1ooit& Ip~~ J Cement 

D Sand 

COMMENTS 

---, 
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+ SRl{e~ PROJECT: 

LOCATJ.ON,: 

FILE No: 

BORING ,DATE; 

BOREHOLE LOG 
DIP: 70.00 

COORDINATES: 

GENERAL COMMENTS,: 
O.B WM/. Azimuth iijlproxir:nale. 

WEU. 
DETAILS 
&WATSR 

E , LEVB.•m 
., 

~ 
w 
C 

- 55 

I 

1: .1, 

) 

I 

ll1 ,1i'i'.; ' 
I :I, .... 

- 60 II I , :I 

I 11 ::, , .I 
I ' 'r 

I 

65 I 

I!· I ,; i 

I I 'l ~· ;; \ 

-,t 
)

I j 

'.J.;'.'t 

,E 

§ 
15 
I-· 

i 

E . 
% 

E Ii: 
•w 

r:i~ iilW 
:I 
ii 
Q 

46.60 
973.02 
46.80 
970.20 
51.80 

965.97 
56.31 

STRATIGRAPHY 

DESCRIPTION 

(bagan coring lo gel lh'°"'9h b04'lt.:lers and 
cobbles)O COBBLES 

Bedrock - phi,iit&. Possible gabbro at depth - see 
comr:nenls. 

2009 Groundwater lnves.ligalion 

Cross Valley Dam 

1CY001 .034 

2009-06-22 TO 

AZIMUTH: 210 

-----. ,---. 

2009-06-30 

r----- -----. --i 

BOREHOLE: 

PAGE: 3 

D.RILLTYPE: 

DRILL: 

POO-C3 

OF 4 

Odex4" &6"/Dlar:nond 

Fraste MDXL 

CASING: None 

6914143.01 N 580078.40 E DATUM; UTM NAO 27, OBV 

SOIL LEGEND !Z2J Cla~ 
G Topsoil/Organics 

ffl Tailings 
[I] Sit 

D Sand 

- Roacf materials 

~ 0'>1erburden 
~ Gravel . 
~ Cobbles 

SYMBOL 

.. • ..!. • 

µ D Q OC< 

0 0 o o o 
00000 < 
o a o o o 
o o o ooc 

# Joints c::::J 

# F~liations c=J 1· Hyd. ra.ullc 
10 2D 30 • conductivity 

I I I, I ' 

K 
(mfs) 

TCR • 
RQD• 
(%), 

25 50 75 
t>:b~ob x~xx ·x 
~ I ""71 ._L '7· ·-

To~ 
, 

{ 
I 

I I 

I 

I I ~ Il l 

WELL Pl.UG MATEJRJAL LEGEND· 

~ Backlil (C] Bentooite Grout 

~ Benlonile w] Cemenl 

l :: ::! Sand 

COMMEN,TS 

phytlile. shod run. Very foliated, breaks along foiated 
lines 

phytllte. very weak foliated rock 

phytlile. breaks easily lo 1he lot!Ch 

phytlile. rock is getting ~htly more competent, same 
areas haw mucl between folds, bul cookl be from drill 
process 
phytllte. rock getting stronger, not bfeakin9 along ro1iated 
lines as mudl 
phytlite. waa~er, more foliated 

phytlite. weaker, more foliated 

ph)'Uite with feldspar and quar:tz 

ph)'llite. short run, core was Jost [n banal 

ph)Gite. weaker lhan previous runs, breaks UI} easily 

ph~ with feldspar and quartz. weakerlhan previous 
,runs, breaks up easily 

ph~ with feldspar and quartz. stronger rode 

-"J 



""'' SRK f:_~'!! 
PROJECT: 

LOCATION: 

FILE No: 

BORJNG DATE; 

BOREHOLE LOG 
DIP: 70.00 

COORDINATES: 

GENERAL CO.MMENTS: 
OB MN. Azimuth approximate. 

WELL 
DETAILS, E 
&WATER 

E . 
::c: 

STRATIGRAPHY 

E 
LE\IB. · m ..I: E i-w 

~ 
. :ti 

::c 
.... > Cl ... a: w Cl 

Q. 
Id ..iw 

W..1 

w i Q 
..I 
ii: DESCRIPTION 

I 1 I 'I ' 
,,; I 1 Ji1 

c-80 Ill . 
Iii 1 · .v 

- 85 

I' 
Ir 

··'.·."·:: :::~ ·::.··:·_'·I 
... .. .. .. .. . ... .. .. ····· · .. .. .. . . .. .. . . ... . . . 

' • • - • '• ' • ' ,, .. • I .. . . ... ... .. . .. . ... .. . ... . ... . .. . 
90 i ·.·.: : :: : :·; .:: : 

- 95 

. . .. ... ... . .. . . , . .. ... .... ... . .. .. . .... . .. . . . .. ...... ... ,, , • , .. . ........ . . .... . .. 

r-

0 

931.50 
92.99 END OF BOREHOLE 

,---

2009 Groundwal ar lm>astigatian 

Cross Valley Dam 

tCY001.034 

2009-06-30 

BOREIHOLE: 

PAGE: 4 

DRILL TYPE: 

DRJ!.L: 

P09-C3 

OF 4 

Oclax 4" & 6"/0iamond 

FrasteMOXL 2009-06-22 

AZIMUTH: 

6914143.01 N 

TO 

210 

580078.40 E 

CASING: 

1DATUM: UT1M NAD 27, oav 
None 

SOIL LEGEND 
G Topsoi/Organics 
fm Taiirigs 

- Road maJarials 

P~ qJ Ov'efburden 

IZ2J Clay 
[II] Silt 

D Sand 

r.·.:1 Gravel 

Iii) Cobbles 

# Joints c::::=.J 

SYMBOL 

# Foliations c:=i I. Hydraulic 
10 20 30 conductivl.ty 

I ' K 

25 

TCR • 
RQD• 
(%) 

50 75 

(mis) 

bbbC>b - · 'I'!'"" .... _. -,c .)( >< ,c: »c 
, 1"'7r - 1"71...-1- R 

1 
I 

WELL PWG MATERIAL LEGEND 

~ Backfil D Bentooite Grout 

~ Banlonila I•.:~· J Cemenl 

D . Sand 

COMMENTS 

phyllite. weak sections, stil easiy broken 

phyllite with feldspar and quartz. rook mora c:ompalenl, 
less roffated 

~~ 
phytlite. rock more competent. less foliated 

phytlite. rock more competent, less foliated 

I 

~ 
I 

I 

• I 

r 
I 

~ I 

---, ------i 

I---

phytlite. rock m01e competent, less foliated 
Two K lasts hare. Packer- K = 4E--04 

11 
Airlift - K = 2E-06, Poor frt. not supported by 
obsefva1ioos. 
gabbro? far less foliated, ro1ds are 'Mder apart 
gabbro? far less foliated , rolds are wider apart 

g;abbro? slrongar rock 

9<1bbro? strong rock, bul a rew more mechaiwcal break 
points in !his run 

gabbro? more mechanical breaks 

gabbro? strong rock, few foliations 

gabbro? strong rock, few folialions, not easil~ broken 

.----, --i . 
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~ .., SBK Consulting. 
IW ~sNJ~ 

r- ,---": 

PROJECT; 

LOCATION: 

iALE.N.o: 

BORING DATE: 

OIP: 70.00 

.... -
2009 Groundwates lnvestiga1ion 

Jntermeacam Dam 

1CY001 .034 

2009-08-.20 TO 

AZ!M.u:nt: 40 

---,, .-- ----, 

BOREHOLE: 

PAGE: 

DRILL TYPE: 

DRILL: 

P09-11 

OF 1 

Odex 4" & 6"JDiamond 

FrasleMOXL 

CASING: None 

BOREHOLE LOG COORDINATES: 6914106.00 N 580646.00 E DATUM: UTM NAD 27, 08V 

GENERAL CONMEMTS: 
Hole aborled at 133', NO MONITORING WELL - grt1uled to swtace. 

Azimuth apprt1xlmate. 

El8"'allon dala unavailable. 

E . 
::c 
Ii:: 
w 
C 

WELL 
D.ETAIL6 
&WATER 
LEVEL •on 

E . 
~ 

§ 
II:. 

·~· ; 

E 

= t E w 
'Q 
>a Ww _. .J w _. 

ii2 
Q 

0 .00 

SOJLLEGEND [Z2J Clay 

l -:---3 libpsoW,ganics (II]] Silt m Taiings I::: :·I Sand 

- Road materials G Gravel 

~ Ovalllurden W Cobbles 

STRATIGRAPHY 

DESCRIPTION 
SYMBOL 

0.00 Sandy (coarse), Graverly(.well graded), trace cobbles (cobbles increasing 
with depth} 

: : r.:: ~·= :·:·: .. 4: ;. .- .·:, .. ... ..... . .. . .... .. .. 
• "' • I "'••"' ••' ''•••'" .... ....... .............. 

- 5 

- 10 

- 15 

- 211, 

- 25 

- 3D 

- 35 

- 40 

-35.80 
38.10' 
-38.10 
40.54 

Silly, sandy , gravelly 

END OF BOREHOLE 

.· : ~ ·. -~ ~: .· .•: .· .'.~ : : ~ . .. . .. .. . .... . ... ... • 
t .· .·~· .. ·: .. ; /: .. •. · .. ·.·~··: .·., 

, .. .. .. ... .. ··· ····· . . . . . .. . .. ... .. .... . .... . . . . . . . .. . • .. ... 
...... .... .. .... •· ...... ... 
:: ~: :·.·~ ::~=~ ~: :: • . .. ... . • '' ........ . . 
:...·:. ·,·.·.·.,·. ". ·~ ·:. ·,,,-_: ... . . , ........ .. .. . .. .. .. . ·· · ·· · . , -· . "'. ; ~ ~ : ~ ~: : ...... : : ~ : ~· 
: ~ ~- .-:r ... : ~ .' .; :4;· : :~ .. .. ...... . .. .. .. . . 
:· .. , : .• · . :.. •• •• ·; _ • .. ·.~ .. • • • , "Ill' .. 

... . . ,. , ..... .. .. . .. .. . .... ... . .. . .... . 
·:. ~: : ~: : •. -:. : : •: . . _._. 

·. =··-·. :~; ·. ;: ;-.: ·. :,· 
;- . .. ..... .... .. .. . . 
.. .. . • ·. • • · ·w•. • • • .... - . ... .. . , ... . . .... .. .. .. . .. ..... . . 
It . .. . •' " • ~ - • ""' ' .. · ····· . .. . ··· ··· · 
• .. ·.··:. ·.: . : : .i. .. • ... :~..- .-. · ... , 

..... . .. . . . .. ... .. . . .. 
.. .... .. ,, • " . •· ••• - .. Iii 

P • • • o • ~ • • " • • P P • o I ...... . ... .. ... ....... . 
. t t t· 'l ·A. -~• 1· .. : =: : : : .• : : ~-: . : : : 

waL PLUG MATERIAL LE.GENO 

~ BackliU DID Bentonile Groul 

~ Bentonite rn Cement 
D Sand 

COMMENTS 

~ 



r 

! 

l 

I 
r 

L 
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~ SRIC eon... Hing 1111\P- Blgimsaoo&inss 

PROJECT: 2009 Groondwater l'rnresligalion 

LOCATION: lntennediale Dam 

FILE No: 1CY001 .. 034 

BOREHOLE: P09-12. 

PA.GE: 1 OF 

D.RlLL TYPE: Odex.4" 

BORING DATE: 2009-08-07 TO 2009-08-t2 DRJLL: Fraste MDXL 

DIP: 70.00 AZIMUTH: 220 CASING: None 

BOREHOLE LOG COORDINATES: 6'913888.00 N 580476.00 E DATUM: UTM NAO 27, oav 
GENERAL COMMENTS: SOIL LEGEND 

Hole aborted. NO MONITORING WELL - grouted to suriaca ooh 400 gallons of grout. 

Azimuth approximale. 
G Topsoil/Organics 

ffl Tailings 

(221 Clay 
III] Silt 

CJ Sand 
EJevaoon data unavailable. 

E 
3: 

t: 
w 
Q 

1 

2 
- 3 

4 

- 5 
- 6 
I 7 

- 8 
- 9 
- 10 
- 11 
- 12 
- 13 
- 14 
:- t5 
- H 
- 17 
- 16 

- 19· 
- 20 
- 21 
- 21 
- 23 
- 24 
- 25 
- 26 

Xl 
28 
29 

WELL. 

DETA.I.S 
&WATER 
LEVEL-m 

E . E - :r ' = I-· 

~ E ~ 
,. Q 

.J 

~ fil ~ .. 
... ..I !¢ w ..I 

ii: 3: 
Q 

0.00 
0.00 

-2.87 
3.05 

-25.78 
27.43 

- Road materials B Gravel 

t',..."".j Overburden f11 •I 
STRATIGRAPHY 

DESCRIPTION 

Co~ar:ted fill ror road way- sand, gravel. days and silt compactad 
boulders 

Layers of sands and gravels, Yli1h boo.1ders 

ENO OF BOREHOLE 

SYM.BOL 

. :~!-:4! ·._ .. -.. ~· :·-..·:~:-1 

.':'f ':~:·.~/~·=·~·:·.~ 
• :.-.. : ... :If :t. : iii : .... :;: .~:.:~,. ... :. 
~ . ... ... ~ ~ . ... . . 

:-.-• • _ • . _ .. _ ..... -.• ~-f!. 

~ :~~'.·~.:~. ~~= ·~::
:_f :' t:4!;. ~~t::~; 
a:.• :.•·:•·: lit' :• : .i 

.. ~ .. : :D;:~.:.~ '. ~~- :·,: ~ 
, : 11: :6 ': 4Pii :i ·. i .. . .. . . .. . -. .. .. . 

• : ~ ·-• :.;:• ·-~ . :. : i 
• ,01'. -. -•• • ·~ · ... -.-• . ..... . .... .. ' .. . . .... .... . 
:ic ti : ., : • · :.i : 41 
·: ·; ·-_·1(i:·i ··.r ·~ 
r:~·: :!:·"-'~~::·.~-.. ~ 
·.~·-·--·· ··~·•.-:.. :,.: ;.· .. .. 1: :.;: .• .- . 

. • • • • - . .. . . •,1 • • =··:·: .1, =. ·.-• .- . 
f _..;;; :-; ~ ... J~.: .\ : . 
~-. , ·_.'* j i_.-~fif :~· 
·.;,;. =• ·· . -.:.:~ ·.fi ' 
•• • • • · -· - · - - · - . !_!_____!_ •• •• 

Cobbles 

WELL PLUG MATERIAL LEGEND 

~ Bac:klill D Bent.onite Grout 

~ Bentonite Ip /t ·,l eemen1 

D . Sand 

COMMENTS 

---, 



r . 

l 
( 

L 
L 
l 
L. 
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~ .-SBK Consultlng 
I W ftv,1B8 rm Sasntist8 

PROJ.ECT: 

LOCATION: 

FILE No: 

SORT.NG DATE: 

BOREHOLE LOG 
DIP: 70.00 

COORDINATES: 

GEiNERAL COMMENTS: 
Hole drilled under aeek - azimuU1 approxirnale. 

WELL E DETAILS 
E &WATER . Et: LEVEL.-m -' 

E UI 

~ 'W 

:z: if~ a: Ii- UI -'w 
0.. w ..I 

STRATIGRAPHY 

~ w ..I 

C iC ii: OE.SCRlPTION 

~ 
Ill I I 

- 5 

- 10 

- 15 

.I! 
i 

I 

11 

I 

Cl 

1073.73 
0.00 I Tailings 

I 

~ 

r-- r~- .,...___, ~ .... -- ' -, 
J 

2009 Groundwater Jn...estigation 

Eme~cy Tailings Area 

1CYOOt,034 

TO 

300 

2009-08015 

BOREHOLE: P09-E.T A 1 

PAGE: 

DRl1.L TYPE: 

DRIU: 

OF 2 

Odex 4"/0iamond 

Frasla .WXl. 

CASING: Nona 

2009-08-13 

AZJMUTH: 

6913634.86 N 582807.41 E DATUM: UTM NAO 27, oav 
50.11. LEGEND 
G Topsoil/0Jgan1cs 

fm Tailings 

- Road ma1erialS 

[Z2I 
ITO 
D 
W : : :1 

Clay 

Sill 

Sand 

Gravel 

E] ~urcfen 1••1 Cobbles 

SYMBO.L 

# Joints c:=J 
# Foliations c::J I Hydraulic 

10 20 ~ conducUvlty 
I K 

25 
! 

TCR • 
RQD• 

(%) 

50 
! 

75 
l 

(mis) 

~ ~ ~ ~ 
>(' )()<)( 

- ~ _., ~ . or-

WELL PLUG MATERIAL LEGEND 

~ Backfill DI] Senfonile Groot 

~ Bentonite 1~::d Cement 

D Sand 

COMMENTS 

~ 



, f • SRK f:!'!!J! 
BOREHO·LE LOG 

GENERAL COMMENTS: 
Hole driilSed under creek - azimulh approxirnale. 

E . 
::c 
t: 

WEU. 
DETAILS 
&WAJ1ER 
LE.I/EL· m 

E . 
~ ... 
a: 
w 

E 

% 
E Ii: 
•w 

G'.i~ 
..Jw 
w .... 

PROJ.ECT: 

LOCATION: 

FlLENo: 

BORUlG CATE: 

DIP: 70.00 

COOROJNATES: 

STRAT1GRAPHiY 

w 
Q I .... 

ii: DESCRIPTION 

- 20 

- 25 

- JO 

1r .1 

i,11 II 

.,. 
D 

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

........ ·- , .. . . . ........... . .. 

. . ..... ... . - .. . .... _ .. . . .... .... . . .. .... .. ..... .. .. 
- 35 •.. . . .. · · , . · · · · 

• I • " • " • " • • ~ . · -· · ·· · ..... -·· .... . . . . ... ... .. ..... '•. 

.... .. ....... . ·-·- -~- .... ~ .. ···~ ··· .~ .. -~... ~ ..... ~ ... . 
-.ro I:·:: _:°:" ·:=. 

... .. .. .. " • ... 

~ 

Q 

1033.23 

Sand and. gravel 
08fBR transition 

Phytlile 

4l.t0 I END OF BOREI-IOLE 

2009 Groundwater ln,...astigaoon 

Emeigency Tailing.s Area 

1CY001.034 

2009-08-13 TO 

AZIMlJTH: 300 

2009.()801.5 

BOREHOLE: 

PAGE: 2 

DRILL. TYAE: 

DRILL: 

P09-ETA1 

OF 2 

Odex 4"/Diamond 

FrasleMOXL 

CASIN,G: Nomi 

6913634.86 N 502807.41 E DATUM: UTM NAO 27, 0-8V 

SOIL LEGEND lZ2l Clay 

G 
~ -e::'J 

SYMBOL 

TopsoillOl'!Jllnics ITil Sit 
Taiings EJ . Sand 

Road maletials a Gravel 

Oveiburden @ Cobbles 

#Joints ~ 
# Foliations. c:=:J HydrauHc 

10 20 30 con.ductiv.lty I I, I, I I I 

TCR + 
RQD• 

(%) 

5 50 75 
.1. . , . I' 

K 
(mis) 

b b b g ... ,- - -)( )( ')( )( . t · 
l 

II 

I u 
I 

I 

11 
i 

I 

I 

I 
I 
I 

fr 
I 

I 

1! 
I 

1 J I I I I 

WELL PLUG MATERIAL I..EGEND 

~ Backfill D Ben1ooita Grout 

~ Benlonil e ~:'P ~ Cemenl 

D ' Sand 

COMMENTS 

8 roln frac:s - clay material @ 1op layer 
18 ro1n rracs •. layered phytlila, qtz veins traoe - some 
sulphides 
17 fofn rracs - la~ed. qtz blebs - line grained green. 
gray malarial 
11 foln rracs - loog oompelenl co,e, 5 cm qlz @ end Wiltl 
SUiphides 
10 foln fracs - 3 large qtz veins 13 ID 2.4 cm, pyrite aoo 
green [nfill 
13, foln fracs - daiker phytlile - mottled zone 10 crn fault 
heal? 

1 J foln fracs · phytlile layered - 10 cm mica al end 

5 foln rracs - layered wi1h sulphides - reddish & green 
la)'llrs old cemented join1s 

t 1 roln frac:s - 5 cm qtz. varn at end - hard 

5 foln fracs • long core, oompetenl, la.)'8red 

11 foln fracs - long oore, compelenl, tayerad 

18 foln rracs - dai:ker, broken up al lop 

15 foln l'racs - dark. and la)'8red 

9 fo!n rracs -2 qtz veins 5 an. loog 

10 foln fracs - 1 to 20 cm q1z veins - green infilling 

·r- r--- i-: -'-· r-- ,.---, --, -----i 
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9 .. SRK Consultln9 
W' ~sooSc:i!nusts 

r--

PROJECT: 

LOCATION: 

.ALE.No: 

,BORING DATE: 

OJP: 90.00 

-~ 
2009 Groundwater lnves1igation 

Emergency Tailings Area 

1CY001.034 

2009-08-13 JO 

AZIMUTH: 0 

-. 
2009-08-15 

__ ...., 
~ 

BOREHOU:: 

PAGE: 

DRJU. TYPE: 

DRILL: 

P09-ETA2 

OF 1 

Odex 4"10iamond 

Frasle MDXL 

CASING: None 

BOREHOLE LOG COORDINATES: 6913632.81 N 582807.18 E DATUM: UTM NAO 27, 08V 

GENERAL COMMENTS: 

E 
X 
1-· 
,II. 
,W 
,Cl 

' . 
~ 2 

f 3 

~ 4 

- s 
6 

1 

6 

9 

1:0 

r t1 

;- ,2 
~u 
~ 1:4 

; is 
~ i6 

f U 

;--u 
;- t9 

,--2f) 

;-21 

WELL 
DETAILS 
I .WATER 
lEVEl -in 

i 
& 

... .. . ... . . -- . . . , .. .. . ... . . . 

E . 
i 
...I, 

;ffi 
~ 
:I: 

... 

E 

:c 
E Ii: 
•w ·o 

ii';Q 
.J w w .J 

.J 
ii 
,o 

1073.75 
o:oo 

1058.51 

1053.95 
19.80 

STRATIGRAPHY 

DESCIUPTlON 

Tailings 

SOrLLEGEND 
G Topsoil/Organics 

ffi TaiUngs 

- Road matarials 
B Overburden 

SYMBOL 

[Z2I Clay 
[IT] Sill. 

D Sand 

~ Gravel . m Cobbles 

Hydraullc, 
conductivity 

K 
(mis) 

b 
~ 

>< 
~! 

b 
~ 

>< 
~ 

b 
~ 

>< 
~ 1 

Sand • fine wi1h silt and clay, wet r I I i'.J I I t:I • 'I I I I 
Gravel -with sand1 pieces of pti)'llite wilh a bit of quartz ~ - •. ·: ' . : •. ~ ·• •• ~: •• ·:·. ·: ' 

Ph)'llite 

I I I 
END OF BOREHOLE 

WELL PLUG MATERIAL LEGEND 

~ Badcfill 

~ Bernoolte 

D Sand 

[ill] Benlonile Groo1 

rn Cement 

COMMENTS 

_,, 
:--i 





r--"' - r:-- r-· r-

~ ,SRK~ 
PROJECT: 

LOCATION: 

FILE No,: 

BO.RING DATE; 

BOREHOLE LOG 
DIP: 90.00 

COORDINATES: 

GENERAL COMMENTS: 
NO WELL INSTALLED. Benlonile grout to surface. Handherd GPS o:Hirdina1:e$ ont)'. 

2009 Groundwater lnves1iga1ion 

Emergency Taiings Area 

1CY001 .034 

2009-08-15 TO 

AZIMUTH: 0 

2009-08-15 

691'3615.00 N 582832.00 E 

SOIL LEGEND 
G Topsoil/Organics 

ffl Tailings - Road malerials 

E6] O...erbulden 

---,, --1 

BOREHOLE: 

PAGE: 1 

DRlU TYPE: 

DRJLL: 

--.. 

P09-ETA3 

OF 1 

Odex4" 

FrasteMDXL 

CASING: None 

DATUM: UTM NAD 27, OBV 

[Z2J Cray WEU PLUG MATERIAL LEGEND 
[II] Silt 

D Sand ~ Backfil ([]] Bentonite Grout -
El Gravel ~ Benlonile 1~:v J Cemenl 

~ Cobbles D Sand 

WELL 
DETAILS 
&WATER 
LEVB.-m 

E 
STRATlGRAPHY 

E 
J:' 

IL w. 
C 

- 1 

'- 2 

- 3 

- .. 

E 

irl 
~ 
0: w .. ; 

. 
- :c = ... 
E :i 
•• Q 

~Q wj 
iic 
Q 

1082.00 
0.00 

1079.00 
~ 

1077040 
4.60 

COMMENTS 

DESCRJPTIO-N 
SYMBOL 

Silly clay, Yri1Jr\ sane! and gravel 

WeaUiered bedrock - phytlile 

END OF BOREHOLE 

~-, 
J 



! 
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L 
L 
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9
, _. SRIC Colllflffin9 
w ~aooSdrists 

BOREHOLE LOG 
I GENERAL COMIIENTS,: 

S-wells SIS, Moniloring Well .. Overburden hole. No slug 1asling oomplelecl 

e . 
~ 

WELL 
D.ETAJLS 
&.WATER 
LEVEL •m 

E .., 
! .., 
~ 
Ill 

E . 
- :c ..... 
.. 4. 
Ew 
'C 

iJ'.; C 

,.- ---- .--

PROJ.ECT: 2009 Groundwater Investigation 

LOCATION: S-wells 

FILE No: 1CY001.034 

BORING DATE: 

DIP: 90.00 

COORDINATES: 

STRATIGRAPHY 

TO 2009-08-16 

0 

2009-08-16 

AZlllUTH: 

6912953.80 N 584585.44E 

SOIL LE.GENO 
G Topsoil/Organics m Tailings 

- Roa.cl materials 
I:;;; J Overburden 

SYMBOL 

-1 -.- ~ 

BOREH.OLE: SIS1 

PAGE: OF 

DRILL TYPE: 

;oruLL.: 

Air Ro1:afy 

Fraste MDXL 

CASING: None 

DATUM.: UTM NAO 27, 08V 

fZ2J Clay WELL Pl!.UG MATERIAL LEGEND 
lil] Sit 

~ Bacidil D Sand IL] Bentooite Grout 

~:::) Gravel ~ Benlonila k:~ J Cement 

m Cobbles [·. ·::I Sand 

COMMENTS 

w 
Q 

~ 
3: 

iil ~ 
i2 I DESCRIPTION 

~ 1 

- 2 

- J 

... 
- 4 

5 

:-- 6 

C 

1086.62 
0.00 

1085.86 
0 .. 76 

1085.10 
1.52 

1084.33 
2.29 

1082.66 
3.96 

1082 .. 05 
4.57 

1081 .44 
5.16 

1060.63 
5.79 

1080.34 
6.26 

!>lltyct'ay S"ck-up length 0.97m. 

slltyday 

sandy silty clay 

saooy sily cla.y 

sill.y cla.y • black/brown 

saty cla.y • blacidbrown 

silty· clay· black/brown 

sandy clay 

END OF BOREHOLE 

.---:..-.., -=--i 
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BOREHOLE LOG 
GENERAL COMMENTS: 

S-wells SJS Monitoring Well. O,,,elburden hole. No ~ tes6ng, co~leled. 

WELL 
E DETAILS 

E . 
&WATER ' .;: :: 
LEVEL-m ..... II I-w E a. E ili w 

•: C ..... 
~ fa :I: 

~ 
a: I- UI .. w :l a. 
i w ii! Q 

C 

1086.41 
0.00 I dayaysill 

t.. 1 

- 2 

1085.19 I graYely slfty day 122 

I ··1~ :ii 1083.36 I s111yc1ay 3.05 

1052.15 I ·11yc1ay :ti 3.66 SI 

~ I siltyci'ay :t i'.;;- 2 

- 3 

:--. 
- 5 1081 .53 I gravel &. sand 4.BB 

1080.92 
5.49 silly clay 

- 6 1080.31 

r--"'i (""'-l 

PRO·JECT: 

LOCATIObil : 

FILE No: 

BORING DATE: 

DIP: 90.00 

r-1 ~ r-> 
2009 Groundwater Investigation 

$-wells 

1CY001 .034 

2009-03-16 TO 

AZIMUTH: 0 

r:-1 -
2009-03-16 

r-, I--\ r:-:-) 

BOREHOLE: SIS2 

PAGE: OF 

DRILL TYPE: 

DRILL: 

Ail Rotary 

FrasteMDXL 

CASING: Nooe 

COORDINATES: 6S12949.76 N 584593.63 E DATUM.: UTM NAD 27, OBV 

STRATIGRAPHY 

DESCRIPTION 

SOIL LEGEND 
G Topsoil/Organics 

~ Tailings 

- Road materials 
[~'-;,'.] QyerbQrden 

SYMBOL 

[.221 Clay 
[J] Sit 

D Sand 

~ Gravel 
~ Cobbles 

S4ick,up length Q,gjlm, 

r';: (·:::;: :\ _? 
i-. : .. ·· .. ". ·. ·. = ·~ · ... ~-- . .. . . 

'f 
I 

WELL PWG· MATERJAL LEGEND· 

~ Backfill D Bentonita Grout 
~ Bentonile 1; ,'.?. ~ Cernenl 
D Sand 

COMMENTS 

-'-! ~ 



\: 

I 
l. 
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'-\ .. SRK~ 

BOREHOLE LOG 
GENERAL COMMENTS: 

S-wells SIS Monlloring Well. Ovefburtl'en hole. No slug tesling oornpl&ted. 

WELL I 
DETAILS E 

E. . 
lloWATER. - :c 
LEYS.- m, I : I-

E EI:; . 
~ 

'Q 
~ II: ~~ I- w a. i w I 0 ii: 

Q 

1066.33 
0:00 I sandysilty cia~ 

i 
1085.11 
1.22 

I 
gravelly silly cla~ 

I ... 
I 

1084.20 
~ gravel 

- 2. 

1083.59 
~ gravel wi1h sand 

- 3 

1082.67 
3.66 silty cia~ 

4 

1081.76 
4.57 END OF BOREHOLE. 

- 5 

r--- --
PROJECT: 

LOCATION: 

FlLEN.o: 

BO.RlNG. DATE: 

DIP: 90.00 

COORDJNATES: 

,--. .--

2009 Groundwater lnves1iga1ion 

S-wells 

1CY001.034 

TO 

0 

2009-08-16 200!Hl8-16 

AZIM.UTH: 

6912943.97 N 584601.78 E 

SOIL LEGEND 
G Topsoil/Organics 

~ Tailings - Road malerials 

E:J . 0...erburden 

STRATIGRAPHY 

DESCRIPTION 
SYMBOL 

_--, a~\ 

BOREHOLE: SIS3 

PAGE: 

DRJU TYPE: 

DRILL: 

OF 

Ail Rotary 

FrasteMOXL 

CASING: None 

1 

DATUM: UTM NAD 27, OBV 

f.Z2l Clay WELi. PJ.UG IIATEEUAL LEGEND 
[ID Silt 

D Sand ~ Bacidil [[3] Bentonite Grout 

I! ··~ Gravel ~ Benlonile Ip,.._,\. J Cemenl 

I::!) Cobbles D Sand . 

COMM.ENTS 

Stici<-up length 1.03m. 

.. • 'I .. .. • 

••· ... _·: .•.· •· .··~:: J•·.·.: :•. 
\ : : ~ .. . · .·.•.:.: :.: :: , .~ .. . ....... .... 
• •• •••• ,, • ••, •,I Oo 

_..__, 



1 

) ' 

[ 

I ~ 

I 

r· 
... -

L 
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9 '=9SRK ~s!Ji 
BOREHOLE LOG 

GENERAL COUUENTS: 
S-wells SIS Monlloring Well. Overourden hOle. No swg 1asling completed. 

WELL e DETAILS 
E . 

&WATER iii~ 
LEVEL•m § e~ E 

~ 
'0 . 
~Q i!: ffi 

CL. !c IIJ ~ w :I,: ii: Q 
Q 

1086.5.2 
0.00 I silly clay 

- 1 · -------- --- ----- - 1085.30 

_,_ YI l.221 n '.I', .silty clay 

2 

e..... I 
1083.78 

PROJECT: 

LOCATION: 

FILE No; 

BORlNG DATE: 

DIP: 90.00 

COORDINATES: 

~ 

2009 Groundwa1er lnvesligallon 

S-wel!s 

1CY001.034 

TO 

0 

2009-08-16 2009-08-16 

AZIMUTH: 

69'12936.17 N 584616.71 E 

SOIL LEGEND 
G Topsoil/Organics 

ffl Tailings 

- Road materials 
~ Overburden 

STRATIG.RAPHY 

DESCRIPTION 
SYMBOL 

--=---- ------, 

BOREHOLE: SIS4 

PAGE: 1 OF 

DRILL TYPE: AlrRn1a,y 

DRILL: Frasht fll>XL 

CASING: None 

DATUM: UTM NAO 27, OBV 

fZ2l Clay WELL PLUG UATE:RIAL LEGEND 

[Il Sit 
~ Baddill D Sand D Ben1oma Grout 

E:J Gravel ~ Bentonite ~ Cement 

~ Cobbles D Sand 

COMMENTS 

Stict-up length 1.03m. 

1- 3 t·:·:·.::·:··:, ;.·.·. ·. ·.-.1 
2.14 I 

:_:_:_:. :_:_:. . t :': ·: :: 
I cia>,ey. '"" gra,., & Aod 

. . . . . . . l ::::: 

- 4 ~~I 

1082.86 

I ~ silyclay 

I I 
1082.25 I <27 I EJ<D OF BOREHOLE 

- 5 

--i ----. 
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..,, 1SRK~~ 

BOREHOLE LOG 
GENERAL COIIIIENTS: 

S-wells SIS Monlborlng Well. 0...elburden hole. No ~ tas6ng rompleted. 

WELL 
DETAILS E 
&WATER E . - :c 
LEVEL•m ..J' = Ii: E ~ Ew . 
~ 

'Q 
:c a: >c 
I- W• ww 
~ ·!ii:. 

.J .J 
w w .J 

Q 3: i: 
Q 

1086.51 
0.00 I sil .y clay 

- 1 

1084.99 ... 1.52 gravel & sand 

2 1084.38 
2.13 dayay, sand,ysill 

1083.77 
2.74 silty, clayey graYel 

- 3 

1082.85 
3.66 silly, clal(8Y til 

- 4 

1081.94 
4.57 END OF BOREHOLE 

- 5 

PROJECT: 

LOCATION: 

RLENo: 

BORIN.G D.ATE: 

DIP: 90 .. 00 

COORDINATES: 

2009 Groundwater ln.,.esligation 

S-wells 

1CY001.034 

TO 

0 

2009-08-16 2009-06-:16 

AZIMUTH: 

6912934.75 N 584621.64 E 

SOIL LEGEND 
G Topsoil/Organics 

~ Tailings 

- Road matenals 

I -:-P] Overl:uden 

STRATIGRAPHY 

DESCRIPTION 
SYMBOL 

BOREHOLE: SlS5 

PAGE: 

DRILL TYPE: 

DRILL; 

OF 

AirRotaiy 

Fras.1:e MDXL 

CASIN:G: None 

DATUM: UTM NAO 27, oav 
CZ2J Clay WELL PLUG MATERIAL .LEGEND 
OJ] Silt 

D Sand ~ Baokfill CJ Bentonite Grout 

G Gravel ~ Bentonile !P/d Cemenl 

~ Cobbles D Sand 

COMMENTS 

Sficll-i!P length 0 .98m. 

:• .· .. :--; : .. _ ~ ~ ·.-:·.: ·.•. · .. .. ' . ..... ... " ,, 
1. · _ .. _ ._.,,_~ . '. 114 . ".\""';•, •• '! :. 

- 1 ~ 
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! : 
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...,, ... SRK f:..."',!"~ 
BOREHOLE LOG 

GENERAL COUME1',1TS: 
S-wells SIS Manlloring Well. Overt>urden hoie. No slug tasting oompl&led, 

WELL 
DETAILS 

E &WATER 

E 
I.EVE1.·m iii 

~ 
% 

.... 
a: >- n i ll. 

ill 
Q 

- 1 

I 
~ 2 

I 

I- 3 

- 4 

1- s 

I- 6 

E . 
-:z: 
= li: Ew 
', O 

;; 
I.LI -1, 

ii: 
C 

1086.<la 
~ I-dayey sill 

1085.26 
1.22 

1084.04 
2.44 

1083.'13 
3.05 

10!t1.EiQ 
4.88 

1080.99 
5.49 

1080.38 
6.10 

I 
gra\llllty, silly day 

silly, sandy clay 

silly day 

sandy gravel 

dayeyslll 

ENO OF BOREJ-IOLE 

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

PROJECT: 2009 Groundwater Investigation 

LOCATION: 5-wells 

FILE No: 1CY001.034 

BORING DATE: 

DIP: 90.00 

COORDINATES: 

STRATIGRAPHY 

DESCRIPTION 

TO 2009-08-16 

0 

2009-08-16 

AZIMUTH: 

6912933.75 N 584624.55 E 

SOIL LEGEND 
G Topsoil/Organics 

ffl Tailings 

- Road malerials 

Hol Overburden 

SYMBOL 

- - , . 

BOREHOLE.: SIS6 

PAGE: 1. OF 

DRILL TYPE; 

DRILi.: 

Air Rota,y 

Frast& MDXL 

CASING: None 

DATUM: UTM NAD 27, OBV 

[Z.2J Clay WELL PWG IIATERIAL LEGEND 

Ill Sit 
~ Baddill D Sand D Bentom& Grout 

L·.~!, Gravel ~ Bentonite rn eemant 
~ Cobbles D Sand . 

COMMENTS 

Sfictl.-up l&llgth 0 .90m. 

~ 
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mll\t,,-SRK~ 
PROJECT: 

L.OC.ATION: 

FILE No: 

BORING D.ATE: 

DIP: 90 .. 00 

COORDINATES:. 
BOREHOLE LOG 

GENERAL COMMENTS: 

WELi. 
E DETAJL.S 

E . 
I .WATER . :c 
LEVEL - 111 .... Eb'. E ~ •w . ·o 

:c .... i:io D( 
I- i!! .Jw 
a. w .J 
w I .J 
Q ii: 

Q 

STRAll'GRAPHY 

DES.CRIPTION 

1229.14 
0.001 OverbcJrden 

T 

1r1 - 5 ! ~ 

I §~ ~ J~ 
1220.34 

_
10 

V J'/'.F.i'///1 1, 'f.. rf.l"//. r ,S:SO I Bedrock - p11y1r.1e 

15 

- 20 

- 25 

1199.57 
- 30 29..57 I EiND OF BOREJ·Kll..E 

2009 Groundwa1er fnvasUgalion 

Grum Slot Cut 

1CY001.034 

TO 

0 

,..___, 

2009-07-15 

r--

BOREHOLE: P09-GS1A 

PA.GE: 1 OF 

DRILL TYPE; OdexA"/Diamond 

DRILL: Fraste MDXL 

CASING: None 

2009-07'-13 

AZJMIITH: 

6904657.96 N 592593.02 E DATUM: UTM NAO 27, 08V 

SOIL LEGEND 
G Topsoil/Organics 

ffl TaiLings 

- Road materials 
~ Overburden 

Joints/m c::::J 

[Z2j Clay 
[D] Sill 

CJ . Sand 

B Gra.vel 

li:il Cobbles 

1 

Foliation!m ~ I Hydraulfc 
10 20 30 conductivity 

' ' 

SYMBOL 

. . (l~ .'.?b~,i ,:;:· 6 
Mr-:-r,::1 , q.._.,;s._.c,, ·· ""1:t-" 

-~~"::-~~'!/ 
i:,. ,o, _..,, 9 . Q,.o.t, 

iP'.,.;.;..:i;.;.. ~'.;.~ ~-
1::.'..t~~.;,}i ·:~~-. 

;, , o . -~ .o 'O,. :ti •01 
, •• : • ......a.., • c....· • L..- • 

:: 9--:'~:._fJ..:-: &J 
,'?J; ,C· ·o'°•G . Q, ,0."-:-;, 

-·.:;;,-....if'~·f;l'<><, 

TCR + 
RQD• 

(%) 

2.5 50 75 

K 
(mis) 

6~bbt> .... -._.,_._ 
,c')(X)( )C 

.... ,.- 11..-1..- r- , 

WELL PLUG MATERIAL LEGEND 

~ Backfill [C]ll Benlonile Groot 

~ Bentooite ~ Cement 

D Sand 

COMMENTS 

' 5 foln fracs, qlz vein 1.5an 
16 fuln fracs, broken I.IP and aumbly iruedions, 
sulphides 
20 foln fracs, 2 qtz veins 2 cm, mineralization sul'phides 

20-foln fracs, CJ present along fain 

10 foln fracs, litholOgy changes to a light grey and craamy 
rolorecl rock 
21 foln rracs, lithology changes bactt 

24 fain rracs, qtz bleb5 In 1he phytlfle· 

21 foln fracs, wggy, sulphides, light colored mica al end 
of fU[I 

26 fofn rracs, lithology changes again to light 

17 foln fracs, large qlz vein 3..5 cm at botlom 

19 fain rracs, Slllphid1!$, qtz vein, wggy 

14 rain fi'acs, qtz vein, .SUiphides. awnbty 

21 rolr. fi'acs., qlz veins, Vety inteltedded/layered 

16 roln fiacs , tayeced.lbedded,, wggy in places 

----i 
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...,f,a•e_.~ PROJECT: 

LOCATION: 

FILE No: 

2009 G.roundwater Fnwsllgalion 

Grum Slot Cut 

1CYD01.034 

BORIN.G D.ATE: TO 2009-07-14 

DIP: 90.00 

OOORDIHA.TES: BOREHOLE LOG 

2009,-07014 

AZIMU:TH: 

6904657.22 N 

0 

S92600.77E 

GENJ:iRAL COMMENTS: 
0...erluden hole. 

E . 
t 
w 
0 

- 1: 

2 

:- 3 

:- 4 

- s 

- 6 

WELL 
DETAILS 
&WA~ 
LEVEL-m 

•• ~ ., ., .I 

E 

~ _, 
er 
Ill 

~ 
3: 

.... 

E 

el~ •w 
~ ... 
w 

..I .~ 
1229.06 

0.00 

1225.98 
3.10 

1225 .. 36 

STRATIGRAPHY 

DESCRIPTION 

Oay, with sand and silt, 1mc& grave,, Poorly sorted. Wel Brown. 

SM- OJY. Grey. 

3.70 Pyrite ore material.. Wat. Black. 

SOIL LEGEND 

G Topsoil/Olganlcs 

~ Tailings 

- Road ma1Blials 
~ Overourtfen 

SYMBOL 

1 1'=:Foo05
' Sand, medium grained with clay and Sil, lraca grawil (2 - 20mm clasts). I,, ~ •. '• ~ .-,: t, f ~ . !\ f ,I 

Pewer v.hita, grey, black. 
_1224.43 

4.60 I Gravel wilh sand, some clay, trace sill Dari< grey. 

1223 .. 62 
5.24 I Bedrock, phy,lile. grayel siz.et piE!C85. 

1222.46 
6.00 I END OF BOREl-tOLE 

·~ -, 

BOREHOLE: P09-GS1B 

PAGE: 1. OF 

DRJLL TYPE: Odax 4"/Diamond 

CRILL: Fraste MDXL 

CASING: Nona 

DATUII: UTM NAO 27, oav 
[Z2I Oay 

0:::0 Sill 
D Sand 

m Grawil 

I:'.;) Collbles 

Hydraulic 
conductivity 

K 
(mis) 

b 
~ 

>< 
~ 

b 
~ 

>< 
~ 

b 
>< 
~ 

WELL PLUG MATERIAL LEGEND 

~ Badt:611 

~ Bentonite 

1:::.) Sand 

~ Bentonile Grool. 

l;,}Q· J Cement 

COMMENTS 

-i 



,) 
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1r 
PROJECT: 2009 Groundwater lnvesligalion BOREHOLE: P09-LCD1 

. SRK Coll,uffjng· LOCATION: Little Creek Dam PAGE: 1 OF 2 

~ · and Scirl~ FILE No: 1CY001 .034 DRILL TI'PE: Odex 4" 

BORING DATE: 2'009-06-16 TO 2009-06-16 DRILL; Fraste MDXL 

DIP: 90.00 AZIMUTH: 0 CASING: None 

B,OR.EHOLE LOG COORDINATES: 6903138.17 N 593467.61E DATUM,: UTMNAD27, 0BV 

I GENERAL COUMEINTS: SOIL LEGEND IZ2I era~ WEll PLUG MATERIAL LEGEN:D 
811 ot mud in wel water G Topsoi/Organic:s OJ] Silt 

ffi Taiiqgs CJ Sand ~ Backfill D] Bentonite Groul 

- Road materials ~ Gravel ~ Belllonita I~-:~ ~ Cement 

E:] Overourden ~ Cobbles D Sand 

WEll S1'RA TIGRAPHY 
s DETAILS E , 

&WATER , ;;; j!: 
E LEVEi:. • 111 id E ~ COMMENTS 
• ~ • Q 

:c ~ > Q 
~ w Ww 
o. ~ irl -' SYMBOL 
~ I ~ DESCRIPTION 

Q 

1096.62 
c : / ~:t 1 

; ,;;."";:/ \ 0 .. 00 I'\. Thin layer ot black TOPSOJL . i,;,."' ~ . {. ; ; . 
1,, , ~- " ~ ~ • ~ • · • ~ P, r 1096.52 J Medium btcwn clayey silty SANO some gravel; meditum pfaslicity 1.-; .. ·. )l. · [· · I?~--· ·, 

~ 1 1-~ ~ \ ,,:;:',. J l<gM~m.,.......,..,,..,_.,;i,SANO.-g~l""m :_ ·':·' 'J-! .. ; J 

I~""-._"' ~""~ 0.76 to trace clay r.- ~. ·. ~ ... ~ · · ~-.•. 
It 1095.10 Bruwn silty cla)'8Y SANO some gravel; med to low plaslicity .' IT". • • f) .· .. · 

~ 2 1.s2 I:! . 1r ~ •• , • . •• 

h 1 ~ 349 Medium brown lo grey brown cla)'8y SANO, some silt and gravel I;,: ·. ~ }t. " : · • L/. • 

w 1 1094.03 1 t.l'ediumbrowngreysiiltySANOsomegravelandclay ·: [;I ·." ·:I;: ·: ·.·il'. i 
- 3 1' 2.59 I.'- ._.·. (7.' •• ·.•10 -:i 

1
~

27 
~um orang~h brown SAND and GRAVEL some lo trace sill · • : . · .• ' ••· : . : · ·•• · • 

. 1 1092.96 Wei brown SANO and GRAVEL some silt • · • · • • • • · : •. : • : 
,.... 4 3.66 ·., ·. ": ;_ ·.• '. ·, : •. i 

~ 
~ -~ 11 1~:,35 Bruwnish grey slltySAND and GRAVEL ·. •. ~ ·: ·:· ·_. •:· t 

'- 5 ~ i-.} ~ 1091 .74 Grey GRAVEL some sand, lrace 1D no sill : • . . ,; . • :.: : . • : : ~ : 

:: :. : :~ ~i~ 1~~ /:) :--\ -::\ ";"//) 
~ 6 : : : .' .'; : ,i-: ::: : 5.79 Grey cla~y SAND and GRAVEL some sill ·.17 '. '", I./. •

1
j L-: 

: :.- :: :: ·i: ::: : 1000.01 I? _:'':: :t;,:: :r·: ·: · .. : , 
'-

7 
I~.--. . . . . . . . . 6.55 Grey silly SAND some' gravel, some to lrace clay; row piastiCl1y !·· ·:•. -:. :··. r _;._ ·'. ~ :-. 
~ 1089..30 • •• ,. • . , . • . • • 

~~ 7 .32 Grey SANO and GRAVB.., some sill 1race cla.y • : _... - .'. : . ~- ·~ ·] 

~ 108854 : Jo •• i . . :, L =~ I 
'- 8 • • • a 

~ 8.08 GreysiilySANO wilhgravel :.f .. ~f. :. ·: •_. :! 
I"~ :::,..,_---...:_ 1001.1a • · · ~· • . · • 1 

- 9 .~ 8.84 Gr&y Sill T some sand, some to trace gravel and clay; low plasticity • · _: 1, : . .' . ." .. · .. ·. 

ll ~ SPi done al. 8.99m depth. Sam. pie: Dense grey SILT some clay, gravel and . -F . . .. 

~ 
::--._---...:_ 1086.71 sand, medium plas1lcity{fi'ozan?) • J, : . '. ~ 

"-10 ~ 9 .. 91 Blows: 1st 6"-27, 2nd 6" -53. 3rd 6'. 70 / · • •. 1 

~ Grey sandy SILT some gra'o'eL ancl trace clay ·. · t ·. ( ::~ .. . . ~; .-~j 
: ~" 1085.80 ~ ~ ~ _ ~ .... . - .. ~ ~,:: ."' .; 



PROJECT: 2009 Groundwater ln"'8s1iga1ion BOREHOLE: P09-LCD1 . SRIC Consulting LOCATION: Little Creek Dam PA.GE: 2 OF 2 T fillimSlmSaai/i,t, Fl LENo: 1CY001.034 DRU TIPE: Odex4. 

BORING D.AJE: 2009-06-16 TO 2009-06-16 DRIU: Flaste MDXL 

DIP: 90.00 AZIMUTH: 0 CASING: None 

BOREHOLE LOG COORDINATES: 6903138.17 N 593467.61 E DATUII: UTM NAD 27, 08 V 

GENERAL COMMENTS: SOIL LEGEND (Z2l Clily WELL .PLUG MATERIAL LEGEND 
Bil of mud in wel water G Topsoil/Organics [IIl Sill 

~ Ta ilings EJ Sand ~ Backfill []I] Benlonile Grool. - Road materials ~ Gravel ~ Bentonite le·."~ d Cement 
' 

~ Ov.erburden ~ Cobbfes D Sand 

WELL STRAT.IGRAPHY 
DETAILS E 

E . 
&WATER . ii= I 
LEVEL-m ... 

COMMENTS E ! E fh . ... ,11 .. C 
:I: 15 [lj 0 
I-

Lil ~ IL I- SYMBOL w i a: DESCRIPTION Q C 

• 
1085 .. 19 Grey sandy SILT some gravel and l raoe clay . . . . ·f ... .: -~i 

11.43 Grey graYely SlLT, some sand, lrace clay; low to no plasticity . • . . . . .. . . . ...... . .. . ... . ' " . . 
- 12 1084.43 ·~ .. ·I-- .... .. , , . . . .,, .. .. . . 
- 12.19 Grey sandy SILT, some gra."'8t . •, .. . .. 
: 

It 
: ... ·. ::;: .... ·: .: 

1083.67 ~ / 
_:...13 12.95 Grey sandy SlLT, some, gra ... et .. 

l . . ... . . -l- . . ... .. 
1082.75 

. . 
:- 14 13.S7 Grey ciayey SILT, lra.ce sand and traoe lo no gravel; medium 1D high / vv / 

plasticity 

V V / 
/ 

- 15 

~ 
/ V / 

1081.23 / 
15.39 Grey clayey SILT, trace sand and trace ID no gravel; medium 1D high / vv / 

.... 16 1000.47 plas1icity / / 
: m 16.15 Grey clayey S ILT , 1rac:e sand and lrace ID no gravel; medium to high / / / 

plastii::ily / I/ / 
:-17 1079.55 , Odl cultings sampled clogged Ylflh silt / 

17.07 / 1 / 
1078..94 Grey silly CLAY, lra.ce gra"'81; high. plasticily / / 

- 18 17.68 Grey silly CLAY, lrace gravel; medium 1D high plasticity V 1,1 / 

• 
1078.33 / 

18.29 Cullings: Grey to brownish black SANO ancl GRAVEL some ID 1race rock 

:.19 mes 
f077 .27 

Hit BEDROCK al -19 .. 2m depth fi'om ground surface. Appears ID bathe 19.35, /, 616oB- carbonaceous phytl~e unit 
:-211 19..81 \ Cutti~ Grey to brownish black GRAVEL. some sand 

1076.76 Note:: 
19.81 While drilling SRKO!l-LCD-02 the ground was pressunzed al. one point to :-21 

help pull the rods and the j-plug off Iha lnp of 1he piezo on LCD-O'I was 

blown off. II appeais as lhe pressurfzed air 1rave/ed lhrough ttle gravel layer 

:--22 previously targeted. 

- ENO OF BOREHOLE 

r---· ,r- ~ r- ~ ·' f ~ I -.;;.._----

...,. 
-~ .-------, r~~ --~ ,...--=,-\ CJ 



r- ,--- -~~ r- -
~.-SBIC Consulting 

I W ~soo Sdsntist9 

PROJJ:CT: 

LOCATION: 

FILE N'.o: 

BORING DATE: 

DIP; 90.00 

,,r---. 

2009 Ground.water ln...asligation 

little Creek Dam 

1CY001.034 

2009-06-17 TO 

AZIMUTH: 0 

2009-06-17 

--1 

BOREHOLE: 

PAGE: 1 

DRI.L TYPE: 

DRILL: 

P09-LCD2 

OF 1 

Odex4" 

FrasleMDXL 

CASING: None 

BOREHOLE LOG COORDINATES: 6903136.47 N 593464.98 E DATUM: UTM NAD 27, 08V 

GENERAL COMMENTS.: 

E . 
:c: .... 
CL 
,W 
Q 

- 1 

2 

::.- 3 

:- 4 

::- 5 

- 6 

=-- 1 

WELL 
DETAIL.:$. 
&WATER 
LE\IB.-m. 

E 

i 
..,j 

a: w 

i 

... 

SOIL LEGEND IZ2l 
£ ---3 Topsoil/Organics 

~ Taiqs 

[IIJ] 
D 

- Road maler:iab 
1:!... ~ O,.,emurden 

1:.;~ 
~ 

E . 
-:J: 

= la: Ew 
' Cl 

~@ 
wj 

a:• 
C 

1095;79 
0.00 

1095-86 
0:91 

1094.66 
2.13 

1093.44 
3.35 

1092.52 

STRATIGRAPHY 

DESCRIPTION 

Medium brown moist/wet silly SAND some ~. some 1o traoe clay 

Medium grey moisL!'wel brown si[fy SAND some gravel and clay 

Grey brown SAND and GRAVB. lo sandy GRAVEL some sit 

Brown to grey sandy GRAVEL, some silt, trace cla~; nole that some of the 
sill. may ha"'8 bean from the d'rill rods 

4.27 B.rown logreysalura1ad sand)'·GRAVEL some silt 

1091.91 Water observed in aittings around 4. 72m depth 
4·88 light grey sawrated lo moist gravely SILT some sand and some lo 1raca 

cla)' 

1091.00 
5 .. 79 Grey saw-rated sill.y GRAVEL some sand lo sUly GRAVB. and SAND; trace 

1090.39 clay 
6.40 Grey sity SAND, some gravel 

Soil appears to be getting progressively sifflBf after-6.71 m 

Grey sandy SILT, soma to lrace graver, lrace to no clay 

SYMBOL 

~-;-i 't;~: t·:j ;t 1 = ·:· ;:·ll·~· ·=- · :· ·:· ··~· 
. ..... - . 
, · • " • ill - . ... 

%~
. 

j ' ... ' ... ;/·: " . . . .. (. ' . . ..... , , 
.. ·•· -- . · ... 
. . . .. . ·-·' . 

;,. : : 1f/. 

'_'~·. ·.~:.t ... t. ~. ,+ •• I• · 

.'-f ·-r~··t.· "t "j· ·. ft'. I • . -. - ... . - • ~- .r .. . . -· -. .. ..... ... . . . . .... . 

f.. f: ·11 ·t ··t.vi ~I· [ ~- :..: .··~-~ .: ,= ~ -': . . .. .. . .. . . I-.-. " . . · ...... ·~ ,Ii .• • • 

'··{· f ·t ·t. i .. -i ··1 · l • .... . .. ..... . . 
.. - . . . - ... . . . .. . . .. .. . ... 

'' l• • ~{ t.-.t: ~.:j~· 1.• 
•; t•: l;• t ."'!'. ; ]' ; fw ~ · ~ 

•. 1. ~ - · ·1··11 
>.-r • f ' ,[ : ~: ht:• 

i, . ... ... . .. - · - .. . ,... , .. • "J• ·1· . r, "f" }. · t- ·1 · .. .. . .. .. . ·· - .. . 
: 1,,: 1 i j :~; P'. I .!:_ 
••I• · ~ ~1.~ I• . 1, -~, • • . . 

l-'---'--"---"--'"-"---'--'--'--''->--1---1--+.'l'l--cJ~ Grey sandy SILT, some to trace gravel 
.1 

I- II 
t089.1? 

7.62 
END OF BOREHOLE 

Cfay WELL PLUG MATERIAL LEGEND 
Silt 

Sand ~ Backfill [ ] ] Bentonite Groul 

Gravel ~ Benlonile 1~:d Cemenl 

Cobbles D Sand 

COMMENTS, 

.::---
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-tr·~~ PROJE.CT; 2009 Ground.waler IJWes~ation ,BOREHOLE: P09-LCD3 

LOCATION: Little Creek Dam PAGE: 1 OF 1 

Fl.LE No: 1CY001.034 DRILL TYPE: Odex.4· 

BORJtiG O·ATE: 2009-06-17 TO 2009-06-17 DRILi!.:: Fraste MDXL 

DIP: 90.00 AZIMUTH: 0 CASING: None 

BOREHOLE LOG COORDINATES: 6903103.88 N S93443.03E DATUM : UTM NAD 27, OBV 

GENERAL COMMENTS: SOIL LEGEND !ZZI Ctay WELL PLUG MATERIAL LEGEND 
r.bky waler in well observed G Topsoi/Organics OIJJ Silt 

ffi liaiings D Sand ~ BackfiU II]!] Bentonlle Groul . - Road matalials B G.ra'llll ~ Bentooite 1.,:~.J Cement 

~ Overburd~ @ CoUlles D Sand . 

WELL STRATIGRAPHY 
DETAILS E 

E ·• 
&WATER .:. = ;!: 

E 
LEVEL•m 

~ e~ COMMENTS w. 
I • Q ... 

~~! % a: ... w 
A. ~ W I SYMBOL w 
C . :I: ~ DESCRIPTION 

Q 

1092.85 
P./r· ; ·,.~ ~ ; /F~ ) ~ ·?, 0.00 Brown SAND and GRAVEL some silt : , : . . . 

: .... 11: .. ' . • . I • 

~ :Ii 
1092.24 •• ..:. II 

: ... 0.61 Grey brown silty SAND and GRAVEL . ~ . .... :, . · ... . , I 

- 1 Water level obselved near surface. PVC orlgfo:nall~ wanted to be buoyant 
. . ·' . ... . .. 

I 
~· .. . .. "··-· .• .:: ·. ~ .: .. : ' ... 

1091.33 but altef B Slabiliz.ed the head was sligM y below lhe ground surlace. .. . .. . . . •'• .. 

1..52 \ Rods. flushed wilh wats lo dear I ,: . . . . . 

I~ ,i- ... 
i:. . . 

. 2 1oso.n Giey sand~ SJL T 1raca cla~ alld {J'avel; law plastialy • ,. • .. . 
. 2.13 Grey sand.y SILT some grayel and day; low to medium plasticily r·: r(. ·.: 

l?. "'::. ;, .. ·ti 1090.1 1 V- ·. ' ·. .. . " 

:;"' 3 2.74 Grey coarse .sandy SILT, some gravel trace clay. low plas1icily J.!. '! ·'. • "!. . . . . . ... : ! . ~ . ','!" . . 
1069.34 

.. . 
: . .. . . 
. 

J~ 
3 . .51 Grey saturated sandy SILT some gravel and clay; l'aw to medalm ~s1icity ... v.'. ! . .... / ·: .• :1 ... . 

:;"' 4 

~ 
.;.-~ .. " I · . · . .;( 

. t)' . . :;: .: ~ ·.I "' 1008.28 . . •....• . '/ , . ... 
4..57 Grey gravely SAND some sill ... . . ·r ... 

~"'" ~r": . . 
- 5 1087.67 

. .. .. .. . . . .. .. . ... .. .. . . . 
.... .. . .. 6.18 Grey gravely SAND some sill,. less sill 1han at 5.180m . .. ' . . . .. . .. . . .. ... =: ·. : :: ·. ·. :• ·.: : ~: ., ... . .. . ... .. .. .. 

1087.0S ... .. . . .. . ,, .. . .. .. .. 
··· ··- ··- .. .. . ... . 

5.79 Grey silly SAND some grayel l --·r· 
- 6 .. ..... . . . 'l ... 

SPT done at6.10m depth. Sample: Grey silty SAND some gravel trace day 
. . . . · .. · • .. y ·. ·: o:· 

1086.14 (sample was not as sand rich as eicpeded). .. . ,· 
6.71 Blows: 1st 6"' • 26 2nd6" -38 3rd 6" • 36 / :l ... t - 1' . . . . 

1085.53 Grey silty SAND some gra.vel· .... . ·• . 

~~ 
7.32 Green grey to brown SAND and GRAVEL, trace to no silt, also saw some ' • .. .. .. .. ... . .... , .. 

·.: :•.:: ~ ·.: ~:-. -~: ·. :• 1004.93 pyrite rn cuttings .. .. .. . .. .. ... 
- a 7.92 1 Aller-7.6·2m lols or waler was observed. - 112 Us Bow throogh cuttings 

. .. ... ·- ....... ... . 
,ti :. ;_ ." 

·~ ~ 1084. 32 ' spout . . . .. • , ·- -·· ... 
8.53 I, Drill progreS13ed much slower in gravel unll ·r :: ·!': ... •. ·. : ~ :.·· .. ~: . 

. ·· --·-·-· ··· ... 
:' 9 1083.7'1 Grey to greenish black SAND and GRAVB., some sit; wea1hered bedrock? • .. ~ ' • • • • • :.. , , I ._ • • • 

9.14 Sity ice obser11ed lrl cu~ings al -a..S3m depth 

; 
Grey to g,eenlsh black SAND and GRAVEL, IO gravely SANO, some to 
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P09-LCD4 

. , SRK~ 
PROJECT: 2009 Grouni:maler liwasfjgation BOREHOI.£: 

LOCATION: Liltle ere~ Dam PAGE: 1 OF 2 

FILE No: 1CY001.034 DRILL TYPE; Odex 4" 

BORING DATE: 2009-06>17 TO 2009-06-17 DRILL: Fras1BMDX1.. 

DfP: 90.00 AZIMUTH: 0 CASJNG,: None 

BOREHOLE LOG COORDINATES: 6903096 .. 67 N 593435.75E DATUM: UTM NAD 27, 08 V 

GENERAL COIIIIENTS: SOIL LEGEND (Z2) Clay WELL PLUG MATERIAL LEGEND 
G Topsoil/Organics [ill Sit 

ffl TaiLings D Sand f2:2] Back.ftl CJ Bantonite. Grout - Roacl malerlals t:::J Gravel ~ Benlonile 1~<,:~ J Cemenl 

Q 0...erburden r:!1 Cobbles CJ Sancl 

WELL STRATIGRAPHY 
DET'AILS E 

E I ' 
&WATER "ioj!: 

E 
I.EVEL. in i • A. 

COM.MENTS Ew . 'Q 
::c: ... >c II: 

t: s 111w 
w iii :I SYMBOL 
C ~ ii2 DESCRlPllON 

Q 

1092.84 

' 
. ~ u .• • V . lo.J,/ .Q ; , 0.00 Deep brow.n sit)" SAND some gravel 1race cla~· and organi:cs; not. quite a ... ·. •: .• .. · : • : J 

. ,, Ii I 
II 1opsoil :, : · . ... ·.:'.'J . .., . . . 

: ' :) ·Tl I' I :• . ... . :, .: . .. -. i-, p • •• .. .. ,, 
·, ,I, 

i 
1091.93 ., . . ~·."" . ~ . . .. 

"- 1 :' I f I 
I 

0.91 Grey sandy SILT some· gra.vel, and some to trace clay; I.ow p lasticily : !It " ••• • ·-1 : ~-. .· .... 
·. f : • 111 •• ;, ... · .... . ·. !! ·)1 I 

• ' .. •, ... 
! 'II 1091.32. . ~ ~ ~ 

! I, ' 1.52 Gre;, sandy SILT some, gravel and clay; low to medium plasticity i. . • : It :: ··~ :, . ;. 

, ~. : I ,· A~ ~; : :1;,., , . . t 10 ·: c.. 2 
I 

,·. 1:..-:· . : ::V. ;~V: . ~ 
-l ~-· 

I 
,, .:.v ,1 .... J/ ' · ; ·1;;. 

I [)"" 
1090.10 IA : : .'!'. .... . . f . 

2.74 Gray sUJy SAND some gra...el to silty SAND and GRAVEL trace clay 
.. . . . .. 

I .. .. . ... . 
~ 3 ,, 1: L ·. ·,,,,· -~ .. . · .. •,.· .. :.· 

I . . . . . . . . .. 
I 

l 
"! · • . · .. "'. ! ·.,' 

I 
. I 

II . . .. ,. . 
I i: ... ' . ... ~: •• i,-: :• . : : . i ~ 

. I, :1 
1088.86 . .. .. .. 

- 4 I 3.96 Grey sandy SILT, s,ome gra...el and day; law to medium plasticity .. ··Vt ~ . I<'; :ij 
· I ,. ~ IJ.' : : 

' 'If 
I ii ~,.. .. . : V. : r;.. : 

1086.27 .. ·; .. 
i ' 111 

4.57 Reamed out rod's/cleared with water at -4.57m I .. ..•. . • .. .T 
. ,i 111 

I, Grey silty GRAVEL some sand, lrace IX> no cia~ ~: .. ~. · . . ·.~ ·. "' .. ·. ·. - s 
I 

. ' .... ... ~.-. . ~ . . _~ 
I I , . ;.. : : . '\ . ), . : ' .. 
I : lJ 

1067.35 

. ; I li, 5.49 Grey silty GRAVEL some sand '• . .. .. ... .... . , .. . . .. . . . 
I . I :I . . . .. 

IL I ... • . ·.' :,. ' : •·. t. : 
- 6 I,. I . . i[I 

1086.74 , Drill was progressing at a very qui:ck. rate un1il ~ .10m deplh.. / . . .. . . . . . 

. ' f 6.10 , ... . .. ·1 .. r Grey sandy GRAVEL. sC>JM sill; !his cultiqgs sample was washed with water f . .... : : :. :. ~. . . . ~ . .. 

i--i 



PROJ.ECT: 2009 Gmundwater lnves1iga1ion BOREHOLE: P09-LOD4 

• SRK Consulting LOCATION: lit11e Creek Dam PAGE: 2 OF 2 

..,.. B1Qi11m...i&:misrs FILE No.: 1CY001.034 DRILL TYPE: Odex4" 

BORING DATE: 2009-06-17 TO 2009-06-17 DRILL: Frastet.1DXL 

DIP: 00.00 AZIMUTH: 0 CASING: None 
BOREHOLE LOG COORDINAT ES: 6903096.67 N 593435.75 E DATUM: UTM NAD 27, OB V 

GENERAL C011M9,l1S,: SOIL LEGE1'1D rZ2l Clay WELL PLUG MATERLt.1. LEGEND 

G Topsoil/Orgallics [II] Sill 

m Tailings D Sand ~ Backfill om Bentonile Groul - Road ,materials E!l Gravel ~ Bentonite ,~;~ ~ Cement 

1.~.o.~ Overburden ru Cobbles D Sand . 

WELL STRATIGRAPHY 
DETAJLS E 

E . 
&WATER . .. j!: 
LEVEL -m .... 

E ! 
.. 0.. COMMENTS Ew . • '.O 

:z: .... Iii C II: I- ... ..I w a. ... w :I SYMBOL w ~ ii! DESCRlPTION Q 
C 

' <)·" 
6.55 Grey GRAVa some silt ancl saFld . . ~ . .. ~ ·. : •. . ., 

,1 I 10B5.a3 . .., . ,;, . ., 
~ 7 r I I~ 7.01 Grey sandy GRAVEL some sil l . ._.. ... . .. ... ·, . . :_ . .:_i, I 1085.37 ·, ·. . .. ",j ·.,, . • . 

. I I 7.47 Grey coarse sandy GRAVB some silt ·.<t 
I 1:1 

I I 1085.07 
·., ·: ... ... ·. 

: 7.77 
"°'· Hard drilling at -7.62m / . . 

T 
, ~ : I 

... ... 
Grey sltly SANO some gravel 

. . . . , 
- 11 i ~ I 

I' -;.- : : ~. f : : .. ~ 
' 1 1! 'l Hil boulder al -7 .62 to S.OBm 

•• '! ', 
•. • . . . ,. ~- .. ~ 

~ fi I I I 
1064.31 

I 8.53 Grey sity SAND some gravel.; more sand lhan al 8.53m deplh below ground '!-· ··. · "f :f .. ,_._ .. 
I surface .. .. 

- 9 • •· . , . ... . .. ... 
·r •. . . . ... . • h . 

I. .. · .. t ·. . 

I 
. ~. . .. .. 

I ·::.·. . . 
1083.39 . .. . ... 

I 9.45 \ Just alter 9.45m water was obsei:ved to be d~ pin9 from lhe cuttings. spout. / . . ·r· ·.1-: • 1•. 

I 1083.09 , Grey silty GRAVEL somG sand 
.. . 

9.75 ·t- ! .. .. ': 'l . .. •. 
Grey to 91eenish black salurated sandy GRAVEL some· sill; slarfing to gel .. . 

1- 10 

~ I~ ·;, .·. ·t · ~-:·. into frozen ground. Wea1hered bedrock? ·l-. 1082.48 , Hil a hard possible frozen gray 1o green-black sandy GRAVB. some sill ,, 
• '' . ..... .. . . ........ 

.. .. ... .... . .. ... .. 10 .. 36 I!: ·~ ·: .: q: t · ...... .. '• • h•· • Grey to 91ee11ish blaci< saturated sandy GRAVEL some silt: into rrozen .. 
·· ··· ... 1082.17 ·: : .. ·: ::: "h···· •, 10.67 \ ground. I · .. ·. ·,; :, ..... .. :-l ~ ... . .. 1···· · Sm\ched to open hole driling at 10.67m depth. ~ 11 .... . .. - , ' • ... . y it .· ~· 

. .. . • '!. :-r .. .. ... · . .. ... 
. ··· · ·. 1081.56 Grey to greenish black saturated sandy GRAVEL some slit; froz.en ground. •' .. . ... .. ... . .. .. . .. . . "• .. .. . 11.28 \ This unit appeared to be rai rl'y pellffljabl.e based on cut1i1'!Q and waler / . . . ·.; . . •·:1-. .. •, • ... 

: t :'":: ·_.· .. · . . ···· ... .. observed during driling,. . . . . • . , , ...... . . .. • L • ~{ ~;~ 
Grey to greenish bl'ack saturated sandy GRAVEL some silt; frozen gJOund. . . . . .. 

~ • :• :i - 12 
1080.65 

.. ... ... . ~, 
I 

12 .. 19 'END OF BOREHOLE . 
1 
.I! 
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I ...,=i SRK a.~ PROJECT: 2009 Grolllldwater lnvesligaJlon BOREHOLE: P09-LC05 

LOCATION: Lillie Creek Dam PAGE; 1 Of 2 

FILE No: 1CY001.034 DRlLL TYPE: Odex4" 

BORJNG ,DATE: 2009-06-17 TO 2009-06-18 DRlLL: Fraste MDXL 

DIP: 90.00 AZIMUTH: 0 CASING; None 

BOREHOLE LOG COORDINATES: 6903052.00 N 593430.00 E DATUM : UTM NAD 27, 08 V 

I GENERAL COMMENTS: SOIL LEGEND [22] Clay WELL PWG IIATEiRIM. LEGEND· 
' No piem installed al lhis location. Nole 1Jle remarks about Iha, fi'az:efl 9f0Und conditioos ln 1he ·oesajption' G Topsoil/Organics [[I] S'"llt I 
· column. ~ Tailings D Sand ~ Backfil CI] Bentonite Grout . 
Handhekl GPS OD-<lrdinals$ only. - Road maleriafs. 8 Gravel ~ Benlonile 1~-:~ d Cement 

II 1 Gf}• d Ovelburden ~ Cobbles D Sand . 

' WELL STRATJGRAPHY I E 
I DETAILS 

E . 
I .WATER. .:. jjjX 
.LEVEL• in • Ii: E ! Ew COMMENTS . '. Q I .., 

:c ! i:jC I ... _.w 
0.. w::I SYMBOL w I ii2 DESCRIPTION 

I Q 
Q 

11'06,.00 
0 .00 Grey brown silty SAND some g,avel, trace clay and organics ,.._ 1?: . . .... .. - ~ . . . 

_: ~.=1 . . .. .·-... · : Hard drilling al 1he start Qf this hole. . .. J • 

1105.09 111 • •,1 ~· .,._. .. 
~ 1 0.91 Deep grey brown silty sand, some organics and gravel, 1race clay .. . . · , 

1104.<la .. -. .:. . ·, : . ~ · ... · . :, .·• . 
: 1.52 Dark brownish black TOPSOIL, organic rich, some sand, sit and gravel J,,· ......_, ,,......_ ,...._,,.,...,_,,. ,.. 

2 1103.87 --:....::~ -------,-,_.; ----- - . 
2 .. 13 Medium black IO dark brownisih blaek TOPSOIL, organic rich, some sib. and 

_,......_.,....._, ,--....,,....._, 
.... ,..._. ..-- ,..._, ,...._, ,., 

day, some to lrace sand and gravel t-,-r-....;--~---., ,...._,_,_..,....._,..,__ 
............. --~~--

~ 3 ......_. ......._ _..._., -- ,..., __,_.....,.,...._,. _....., __ 
. I,.. .-..- - -- ,..,_ r, ""'- __ _.....,......__. 

. 1102.34 ~---- ----::. ~ r:- r:-
3.66 Deep/dark reddish brown slity SAND alld GIRAVEL .. . ... .. 

:. 4 . ~. .. · : :. . : ·; : 
. . . ., 

UUlized water to assist with drilling al -4.27m : .;_ . . : ;. ·. . . ... '·1 : 
~ :. ·.; . 

1101 .12 .. .., "::" , 
:. 5 4.BB Med grey 1D grey brown silty SAND to sandy SILT some· gravel !race clay· . . . . ... . . . ·:: _; . :~: ·; . ; ·: .. . . : i 
. :· ·.· ":.. ~-·.• ._. .. ., 
- 6 1099.90 .,.· 

6.10 Grey sanely Sil T SIOme graYel, bw plasticity .. . . 
'; :· . ~. • ~ . : ~ 1099.29 Appear IO be In groundwatel" now aftel' 6.40m depUI . . .. 

' ... . .. •. • 1 . 6.71 Grey sandy Sil T SIOme gravel, .~. ~ . , . . . -'! 
~ 1 ... .. . . ~ . . ..... 

1098.68 . . : ·_t~: .• .. · . -.~-.... . . 7.32 Grey gravelly coarse SAND, S10me to Ira.ca sill. (fairly dean) "· :· . ...:·.: ;i,:·. -~: -. :"'~:··. 
1098.08 ··· ·· ··· · . ....... . . ,, . .. 

- 8 7.92 Oean coarse SAND and GRAVEL unit. I : :· ~::;:L . ·.:.· 
~ 1097.n I \ Grey gravelly coarse SAND some sill / :.! : .• -;· ,. . ... J" ' . ... 

8.23 ... . Grey to green ~ saturated gravely SA.NO, some silt .. ", . ~-~-J . ~ 9 I 1096 .. 00 .. ,.; · . 
9.14 \ Water being produced through cuttings spo1:11 just after 9.14m I .. . . . ..... 41 . ·~:,~: ... .. ... : d: . . 

1096.25 Grey lo green-black sandy GRAVEL, some silt •: 3 :• : . . \ l -~ · -· . .. ..... •CJ, • ··' 



=; n SRK ~"'!'!!:'J 
PROJECT': 2009 Grotmdwa1ar Investigation :eoREH'OLE: P09-LCD5 

LOCATiON: Liltle Creek Dam PAGE: 2 OF 2 

ALE No: 1CY001 .034 DRILL TYPE: Odex 4" 

BORlNG DA TE: 200S.Q6.17 TO 2009-06-18 DRILL: Fraste MDXL 

OIP: 90.00 AZIMUTH: 0 CASING: None 

BOREHOLE LOG COORDINATES: 690305.2.00 N 593430.00 E DATUM: UTM NAO 27, 08 V 

GEN:ERAL COMMENTS: SOJLLEGEND fZ2l Clay WELL PLUG MATERIAL LEGEND 
No piezo ins1aled at this tocalion. Note the remarks about 1he rrozen. ground con:litions in the 1)escripllon' G Topsoi/Organics DJ] S11t 
column. ~ Taiings D Sand ~ Backfill D Bentonite Grout 

Hendheld. GPS co-otdinal es only. - Road malerials ~ Gravel ~ Benlonile 10-:~·d Cemenl 

0 Overburden @ Cobb les D Sand . 

' STRATIGRAPHY W.ELL 
' 

DETAILS, E 
E 

&WATER . -z 
LEVEL•m ..j = ... 

E Ill E :l; COMMENTS 
~ . ..j '. C 

:c Ill: ~Q 

t: Ill ..Jw 

w ~ w::t 
DESCRIPTIO.N 

SYMBOL 
0 3: ii: 

Q 

Grey silly GRAVEL some sancl .. .. .. 1. .... .. . . . : \ 
1095.33 

. .. . . . ... . .. ... ... . . . . 
10.67 Stopped drilling on Jw,e 17th at 10.67m deplh I 

. . .. . . , . . .. ... .. . . .... 
- 11 1094.87 "'. Grey gravelly SANO some silt 

.. . , ,. . . . ,._._ , .. 
11.13 

/ .. ~ ,, . . . . : ~: . : 
1094.1 1 

Gray silty GRAVEL some sand : . .- -.. :, · .. · ...... 'f 
- 12 11.89 

In.IC FROZEN GROUND al - 11.2&11 depth. Icy Gra'llel. 

I 
, . . ... .. .. .. ... .. .. . 

less liquid waler ol>seNed and mOfe silty frozen ice chunks obseC\'Bd in :4! .. •· .. -~ . ' 

artlings. 1:.. 
.. . .. . . . 

>-13 Grey silly GRAVEL some sand t ·. .. : ..: . ; :, ... 
r-: . .. . 

1092.59 
. . .. .. 

13 .. 41 Grey silly SAND some gravel r~ . ,• .... ,, 

: ' : . ,. .. .... : . ; ·~: 
~ 14 \.'· 

. , . 
1091 .67 ·•· .. .. . ... :. "· -- · · 

14..33 Grey sll.ly GRAVEL some sand •,; .. .. .... ·•· ·Ir . 
1091 .37 Grey sandy GRAVEL some sill I ," . . "':' ...... ··. . '• 

- 1S 14.63 Grey sandy GRAVEL some sill 
.. . .. . . . . . 

: 1091.06 I >, • ' ~ .. · .. ·. 
14.94 ... . . ~. . ·:··: .· ·:,· . ' >- 16 

1089.69 
.... . .... .. . . . . . 

16..31 Grey si[1)1 GRAVEL soma sand • ¥ :' : .. ~ .. ~. ::i 
~ 1:1 :.. ~ ·.,:. .: · •.1: 

:- : ·. ·: · :• : ' : • .. ;~ 
: . . . . . .. --~ - Extremely hard drilling 

. . ,. . . . 1 

:-18 
. .. 

: ·1 , ' :-~:: . . ... : : .• ·-
1087.41 

. . 
~ : .. ,. . 

- 18.59 Grey sity GRAVEL somet sand ~: ,· . . ! . ·. ·r -~. ·. 
- 19 . .. . .. 
- .. :.. • 4 ~ ~ 

-··- .-.l-· .. 1086.19 Drill rods flushetd with water. Hard to get sample of cutting al-t9.51m ·.i ·. 
,- .::.; .. - ,:a. 

~ 20 19.81 END OF BOREtiOlE 

.-- ,.---- - ·, ~ ·~ ---i r--•--,.. .-~ ~ .-:----::::.·., 
~ 
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+ SRK~"! 
PROJECT: 

LOCAT10N : 

ALEN.a: 

BORING DA TE: 

DIP: 90.00 

2009 Groundwats lnves~galion 

Litlle Qeek Dam 

1CY001 .034 

2009-06-17 TO 

AZIMUTH: 0 

2009-06-16 

-- --1 -----
BOREHOLE: 

PAGE: 1 

DRIU TYPE: 

DRILL: 

P09-LCD6 

OF t 

Odex4" 

FrasleMOXL 

CASING: None 

I 

BOREHOLE LOG COORDINATES: 6903073.14 N S93421.04E DATUII: UTM NAO 27, 08 V 

GEKERAL CO.MMENTS: 

WELL 
DETAILS 
&WATER ~: 

E L-,-· ~ . ~ 

% a: 

Ii: ~ ! n :t: 

: : I''''''' 
- 3 

~""~~ 
:- 4 ts.,,,'-J I 
c- 5 "'""'~ ,. ~ ·~-- 6 

i ::::.·. 
I { :·:·.:_: -· ,, . . ~. 

r ::: :. 
- 1 

I i~ 
! 

- 6 I I . 

:- 9 
: 
. . 

E . 
- :c = t:: Ew 
'0 

~fil 
w ::l a: 

Q 

1095.:37 
0.00 

1094.15 

STRATIGRAP:HY 

DESCRIPTION 

medium b«Mn sandy SILT some gravel. Very wet 

SOIL LEGEND [Z2] 
G Topsoll/Orgar»CS [IJ] 
ffi Tailings D . - Road materials ~ 
W Overburden rn 

SYMBOL 

·rr·. ··:.t l :-. ·. · . .--1~-:J:-'1 : -. ~·~. ... . . . . ~.1 . 
. ·,r:.r.: l•T•l ·.i,: r.,;. 

1.22 
10~54 

datk brown sandy SILT with traoe of gravel and organics .. Very wel 
Brown mud 

1.83 
1092.93 

Dan: brown sand~ Sll T 1race or gravel and organics. Wet : =1 .. w·· =: 11: :1-·I· -·-... .. . i . . . -I· .. 

-2:« Med brown sUly SAND sub rotUnded gravel c: 1.f2" trace of organics. Moist ·.; · : •. ~ -- ~ •. 
1092.32 . ~ -:, ._ ·. • ·, 

3.05 \ Oril case sluck with mud / i :. : • • •• • • • 
1091. 71 Ughl. tirownrgr~ sandy silty GRAVEt.. Angular <: 114"; moist r: : : : ·. : ·. ·. 

3 .. 66 \ Sandy / ; •. :. : ·t·. ~ .-.. : 
1091. 10 Medium brown silly SAND ..wth Gravel; small subrounded with 1rac& or moisl .' ~ : :. · : ~ : ·. : : ~ ·: : 

427 1 Medium brown SIiiy SAND with small angu1ar gravel; lraoe moist 11 :J: .r J .'~ .", t; .i ~ ·1 ."~ 
1000.49 t -·~: ,: tf t:•H: ~-

4 .88 Medium brown, sandy Sil T with some gravel; smaU and ~ular wi1h lraoe 
1089·.88 moist (silt forms when hand pressed> 

5.49 Rock/boulder 
1089.27 lighl brown sify GRAVEL with sand; Small angular.wet 

6.10 \ water 
-ligh_ t_b_ro_wn_. -sify--GRA--V- E_L_w-ith-som_e_sa_n_d;_S_m_all_ang __ u_la_r_a_ncl_ su_b_rouri __ d_ed_, - ' 

1088.36 
7.01 

1086.84 
8.53 

1086 .. 23 
9.14 

wet 
light grey silty GRAVEL with some sand;Small angular and wet 

Askecl for SPT 

Flushed casing 

EOH 

: j;: .t ihl:- :1':J ~ 
• ·1 • 1 · ·1· i." 1· • 
•1--.t ,

4 r~~-rrr ::-
·.;J.:f: .1. :1 ... , ..... 

• L • ..... . 1.~:1.- ~-· ,r.· .1.•. 
·. ~l:_J:J.,:t ~t :r, :L,. 
~ -"a·. :i( ":-·:,,r..'"t>;:-d 
~~

4

::" :,:.;:-A ·_::;D•~. 

Clay WEU.. PLUG M'A liERIAL !LEGEND 

Sill 

Sand f2'.'Z1 BacMlll [J!] Benl.ooilB Grout 

Gravel ~ Bentonile ls>-/i,·~ Cemenl 

Cobbles CJ Sand . 

COMMENTS 

-i - - i 
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• PROJECT: 2009 Groundwater kwesligallon BOREHOLE; P09-LCD7 

T 
SRK Con1ult1ng LOCATION: Liltle Creek Dam PA.GE~ 1 OF 1 

Blgi'lellsand&irilm FILE No: 1CY001.034 DRIU. TYPE: Octex4'' 

BORING DATE: 2009-06-18 TO 2009-06-18 DRILL: Fraste MDXL 

DIP: 90..00 AZIMUTH: 0 CASING, None 

BOREHOLE LOG COORDINATES: 6903008.74 N 593423.04E DATUM.: IJTMNAD 27, 08V 

GENERAL COMMENTS: SOIL LEGEND . !Z2] Clay I WELL PLUG .MATERJAL LEGEND 
Welldr:yonAug 5, .2009 G Topsoil/Organics [I] Sit 

~ Tailings Q Sand ~ Baoldia CJ Bentooite Grout 

- Road materials ~ Gravet ~ Bentonile 1~·,'t ,j Cemenl. 

WELL STRATIGRAPHY 
DETAILS E 

~ Overburden ~ Cobbles D Sand 

&WATER ~ - :J: 

E LEVB.- m Gl I S COMMENTS 
• ~ • Q 

...J. • 

~ lli i:i@ 
frj ~ iii j SYMBOL 
c ~ ~ iii: DESCRIPTION. 

Q 

1113.00 
~ ,P ~/p·, 1>;9· p·,i, 0.00 Oarkgr&)'silJyCiAYwithsomesandancltraceoforganics;~hlyplaslic l;,( · ·;; ·: ·:V.·: 
""""" ~~"" 1112.39 ! • ., ,. • 

~~ 0.61 Dark grey cla)'By SILT wilh som.e sand; medium pfasticity v· · v_. J _: ) , : : l,r ; 
- 1 1111.76 · · ·~ .,, • • ~~ ~~ 1.22 Dark brown sandy SILT wilh coarse sand and gravel;1ow plasllcity i-· • • l·._; • · : · ,_. • ~ . ~ :"- 1111.17 ·.: •. • 
- 2. ~ '0 , \ t.83 Medium brown silty SAND with grevel;mois,t ~ -. •. • . . • . • . 

"'""' " :"- 1110.56 ' . · • • • .. 

.-------, 

· · • · • · • : :: ; : : : . 2.44 Brownlgrey silty SAND wlth some gravet subrounded. small ; ~ . :~ _. : • , '. J.' 
3 ' · • ' • . ' . · • · . · · 1109;95 ~ • r • I • ' I,,,. • , } • 

~ . ·· · , • · • . ;.: : : : ·. •. l.05 Brown sandy GRAVB. Wilh some sill; subroonded 112·, mo.isl •. · · • • • . • .. • . 

:_ .::: :. :·-:- ~ ::. :r:· :-:-' _:. ... 1
~~

34 
BIO'Wn/greysandy SR.~ wilh clay(ve,yplastic} and trace of gravel ~-::- .: ·3 / :: \ 1). · , 

4 1106. 73 Water not flaM1g. making mud, Jammed up dril · · · · · · ·• · ·· [ 
4 27 Dark nd SILT ··"'• la · I """' • ' . • • . . ~,, • • · grey sa y ... u, c y; w.iy p a,,..., 1 • .< l;i· . .. • 1r •.. . 

1106.12 v · · · · · · · · ·~ · ' ' 
- S. 4.88 Grey sandy SILT with day; very plasllc Ii. v. ,' V. . . V. :· 

1107.51 · • • · •. ~ • • .-. . :.. . ' 
5.49 Grey sandy SILT with clay; very p/asllc 1.; , • -. :-!). . . . I/. ·.:_ 

:- 6 1106.90 1,: • • • • • f-... 
6.10 Grey sandy SILT with day(VBf)'plastic:)and !race of gravel 11 .. c.,· : : : 'LI :· 

[

~ 1106.29 Clayey SILT. Difficult ID drill ttvough. Added waler to Hush tz. .. · · · · ·,: .· · 
,_ 1. · .!!~~ an o..,,_,u..,..,,...,.,..,,.,,-o1,-=• vY· · ;- : :V. -, 

I~~ ~ 11os.e6 .... .. . , .. . I~.~ 
11
~;~

8 
Grey sandy SILT; very plastic . . . .. . · · . · · 

,_ a 7.9·2 Dari< grey sandy SILT; ct,y in s~u. YBfY plas,1ic · · · 1· . · · . . . 
~ .... .·.·.·. 

'- 9 ~ 1103.86 . . . . . . · · · · 

· -~ 9.14 Grey silly GRAVEL; 1/4' gra . ...el an~r/subrounded , , • • • 

~ ~ 
1103.25 

- 10 9.75 Dark grey silty GRAVB.; small grave~ plastic. 'T • • 
~ ,. 1102.64 ' • • • 

10.36 EOH 

--=, 
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~f. ~ : , SRK Consulting 

. ~ · I ' Blgi7eets BOO Scsl!fsts 

PROJECT: 

LOCATIO.N: 

FILE.No: 

BORING DATE: 

DIP: 60.00 

BOREHOLE LOG 
COORDINATES: 

1 GENERAL COMMENTS: 
Original borehole diamerer: 4" 

Azimuth approximam. 

WELL 
DETAILS 
&WATER 

E ' L.EVEL ,• m 

• 
::c 
I-
0.. 
w 
C 

----l-,, 'I, I 
~ 

I 'i 
i 

I 1l1 :ii I r s 11 'l ! I I :f 

~ i t ! 
I ; 

~ 
l 

1-10 11 ,t11 Hi 
:1llt ·~ 

1 
•. 

• I I 

Ir 'I ' • l ! i 
1-15 I l · 

.f i: ~ "' I 
I I 

j,1 :,, 
•'I I 

1-20 II 

I 
I 

1rn.:ll l ::.: ii 

E . 
...I 

! 
...I 

a: w 

i 

I:' 

::c 
E~ 
• lilJ 
· c 

~c 
id ~ 

...J 
ii: 
,c 

1112.39 
0 .. 00 

STRATIGRAPHY 

DESCRIPTION 

T 1 11os.1s I Soil (bltlWII) 
3.05 

110B.69 
Sands arxi clays 

Silty sane! and graYel - probably tilt 

6.71 Overburden 

1101.83 
12.19 Clays, sandy b1t:1wn sill 

1099.19 
15.24 Overburden 

1096 .. 55 
18.29 Med-course sand, angular to sul:>-rounded, dark gre.y 

1096.02/ Sul:>-anguar 10, angular course sand and gravel. Asserted 
18.90 litho, many urrweallhered chips 

1094.18 
21 .03 

1093.12 
22.25 

1092.06 

Sut>sangutar lo sul:>-roullded couse sand wJ gravel:
Assorted l'i1ho - '9neous + phyllile 
Phy11ile chips, all angular 

2008 Grouncmaler Jnves.tlga.tion 

VangOll'da Creel< 

1CY001.0J4 

ZOOS..07-10 TO 

AZJllltJTH: 340 

2009-07-13 

BOREHOLE: 

PAGE: 1 

CRILL TYPE: 

CRILL:. 

C.ASING: 

P09-VC1 

OF 3 

Odex 4"/Diamoncl 

Frasle MDXL 

Nooo 

6903244.43 N 593626.92 E DATUM: UTM NAO 27, 08V 

SOIL LEGEND [Z2] ()lay 
G TopsollOrganics [[I] Silt 
~ Taiings D Sand - Road materials ~ Gravel 

.~ d Ovelbu~en m Cobbles 

#Joints =:J 
# Foliations c::::::J Hydraulic 

10 2
·
0 30 conductivity 

SYMBOL 

?:, ... . . e-;:;c ,;.c)I,,: 

."'?.--~.:~--~~~ 
$1' ~ -~:'f'::5,!('" I!)::,; 
r . ..;.\~;-~-..:..t~ 

· ""-'-·-~~ 
ii:,....:..,...._..,...._,,. --- ,....._, ,......__. ........ 

-- ~~ 
~:~:(Q,:~ :'i 
~ ·_o"'J • .'o~:. e=-P: 
~ ..,-~ ... ~ _r;;,:.,; 
~. ~·;~J:."':~ '. ,"tJo,' • • .. •. • . .;,,.,.o"""'r.-6--..,?, .. ~ 

·~ ~ ii.:G'-~<i:,i, 

I
' ;,.;~:-,.,~,;:.;.;:.;· ;i 
.~ ~"' ' ~. --,, 

• ' 

I . -

~-~~~f}·~~· 
P"'.~. -·-"='R":ffe.· 
~~·- ·t:,-~:O ·f....:~ 
.,,__~ - 'y,,_..,=£1 •. _..,, 
o3' ~ . • _.oq C> 

: ·: ~: ·. ~:: ~:: :~1 
:;-,:,:...,.,;_ : · _ ... ... 1 

r ... : ~· .... e :: ; : .- i;: · .. 

L~ ,§'/e_:~~ 
- - - ~ 

1 •• • 

25 
L.LJ..0..1 

TCR + K 
RQD• (mis) 

(%) 

50 75 
l.!_ !J 

~ $! ~ ~I 
X)(X:)( 

7°1 7°1 ,-, ..-

W,ELL PLUG MA TER~L LEGEND 

~ Backfill D Bernonite Grout 

~ Benlonite rn Cement 

D Sand 

COMMENTS 



~ .,; , SRK ~5!'!!::! PROJECT: 

LOCATlON: 

FILE Ho: 

2009 Groundwater Investigation 

Vangorda Creek 

1CY001 .. 034 

BOREHOLE: 

PAGE: 2 

CRJLL TYPE: 

P09-VC1 

O.F 3 

Odex 4"/Diamond 

Fraste MDXI. BORING DA TE: 2009-07-13 CRJLL: 

DIP: 60.00 

BOREHOLE LOG COORDINATES: 

2009-07-10 

AZIMUTH: 

6903244.43 N 

TO 

340 

5.93626.92 E 

CASl NG: Nooe 

DATUM: UTM NAO 27, 08V 

1 GENERAL COMIIENTS: 
Original borehole diame1er: 4" 

I Azimuth approxima1e. 

I 

E 

II~ 
1-25 

1-30 

1-36 

1-40 

1-46 

r-

ii 

WELL 
DETAILS 
&WATER 
LEV,El •m 

II 

11 I~ 

i-

,, 
! 

E . _, 
:w 

~ 
II: 
w ... 
~ 

E 
:I: 

E Ii: 
' W 

~~ 
...Jw 
w :j 

ii:' 
0 

1000.75 

1087.56 

1083.35 
33.53 

STRATIGRAPHY 

SOIL LEGEND 

G Topsoil/Organics 

ffi Tailings 

- Road materials 
B Overburden 

#Joints ~ 

CZ2J Clay WELL PLUG MATERIAL LEGEND 
DJ] Sitt 
D Sancl ~ Backfill [D Benfonite Grout 

~ Gravel ~ Benlon~e !! /" ·J Cement 

I O o j Cobble-s D Sand 

# Foliations t=i Hydraulic 
1 O 20 30 conductivity 

DESCRIPTION 
SYMBOL 

Bowders poo a oQ 
Course sa11d + gra"'81 • Varied @ho. Large fl or angular grey :;.· :.:::: • • • P • 

ph)llte chips : : :.·.; : .• :: : :; : 
BrownJGrey Medium/course sand + fine gravel. Angular to •. •• ·~-- ~ ·.•. : ·• ~ : : ·~·., 
sul>-angu!ar. LJnweathered mica chips present · ,'. ~ •. ·: ;. ·: .; ·: .;,. 

Brown fline to course salld, wa.lerbearing 
Brown medium to course· sand w/ fine gravel,, waterbeali119 
Black course sand - fine gravel. Black phyilil.e dominates 
other rrthos. present. 
Same as above, w/ sorne qlz or olhel· veining 

Bedrock - ph)lite 

I ••••• o•• · • • • •• 
• • • • • • • • • • • • •'I 

• • • • • • • • h • 

~i{fj(-~ ~ 
' ~ • • • 'fl' • .... • • II ......... ... .. 

/ ~ .. : :_;_:_._.._ ... _-,;_:,. 
p.: :· :(-:- :~ ~· .:.;,: ·:. :-

II 

TCR + K 
RQD• (mJs) 

{%) 
b 'b b b 

75 x· >C )( X 
T"~ -.:- , ~ 

25 50 

I 
~ l 

COMM.ENTS 

w/ quartz. All broken. Breaking parallel to foliation, weak 
folia.lions, can't distinguish joints 

w/quartz. Breaiin9 parallel lo foliation, weak roliallons, 
can't distinguisb joints. Washing out? Open hloe 

w/ quaitz. " • reoovery increasing. stronger, 
difficvtt ID dis1fngi:r.ish joinls 

w/ quartz. All broken. Breaking; parallel to fo liation, weak 
foliations, can't distinguish joints 

w/ quartz. Breaking parallel to foliation, weak foliations. 
can't distinguish joints. Washing out? Open hloe 

w/ quartz. " • reco\lei:y in.creasing, s~r. 
cflfficl:Jll ID dis1fngJJ:ish joints 

1,0 foln breaks, jo.ims possibly break on folialion -
I weathered 

, lost core. All redrill.ed. 

' fft>46.5m . 46.5 - 46.am small ftt (healed), no lithe 

---, 

~ --, 
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c::-;j ~::::, SRK Consulting 
\ J" Blgileets and Scsntists 

BOREHOLE LOG 
GENERAL COMMENITS: 

on·ginal borehole diameter. 4 " 

Azimuth approximate. 

WELL 
DETAILS 

E 
&WATER 

E LEVEl. - m ~ 
> 
"' :c 
...I 

a:: I- ~ 11. 

E 

::c 
E: I-

0.. 
• Ill 

:,;c 
We 
..I Ill 
W..J 

-
PROJECT: 

LOCATION.: 

FlLEN.o: 

BORING DA TE: 

DIP: 60.00 

COORDINATES: 

S1RA TIGRAPHY 

w ~ 
..J 

0 ii: DESCRIPTION 

1-50 

1-56 

1-60 

1-66 

I 
ii 
,!, 
I 
I 
I 

I 

I' 

0 ··· ···i""••• • • , I o, • • • • a I 

•' • •• ' .. .. . .. . . .. .. .. ... .. . . . .. . . . . .. . . . 
..... . .. . .... .. ...... .-

.. . ... 
·· ··· . ... . .. .. 

' .·:· : ·:: I 

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

C 

1054.31 
67.06 END Of .BOREHOLE 

2009 Gro1:1ndwater lnvesligation 

Vangorda Creelc 

1CY001 .034 

2009-07-10 TO 

AZIMUTH: 340 

2009-07-13 

BOREHOLE: 

PAGE: 3 

OR(U TYPE: 

OREU: 

CASING:. 

--, 

P09-VC1 

OF 3 

Odex 4"/Diamoncl 

FraS<te MDXL 

None 

6903244.43 N 593626.92 E DATUM: UTM NAD27, 08V 

SOIL LEGEND· IZ2J Clay 

UI] Sat 

D Sand 

m•.j Gravel 

~ Coollles 

G Topsoil/Organics 

~ Tailings 

- Road materials 

t:~ ~i O\lerburden 

# Joints c:::::::J 
# Foliations C:=J Hydra:ulic 

10 20 30 conductivity 

SYMBOL 

TCR + K 
RQD• (mis) 

(%) 

50 75 
25 I• I I' . ~ I_!_ I ii II I 

I l 

I 

Il 
ID 

~ 14 
n 

IT 
I 
I 

I 

Jr 
I 

i I i i 
X X K ~ 

D D ~ ~ 

I _I I 

-I J 

WELL PLUG MATERIAL LEGEND 

~ Backfill D Bentonite Groot 

~ Bentonite [p:;,'ol 4 Cement 

D Saoo 

COMMENTS 

change, more vng between flt 

fftzn . 3 fcln breaks, rock defomled vn'd & s111lphid~. 
mulliple shear.. 

fltzn <49.8m. 7 fob1 breaks, saine as aboYe, deformed lo 
163.4. vn'd & sulphides 

11 foln breaks, olllt of llt. same lito as above 

t6 foln breaks, rock becoma)Jl more comperem, rawer 
rain breaks 

change in.1he last 2.5 feet. 14 fo4n breaks, marble 
intenieddir,g !ast 2.5 feet 

t 7 fo1n breaks. no marble beddi"9 

9 fcln breaks, rosing water in upper 2.3 feet 

2.0 foln breaks. inlelbedded with mamle, s.ulphides in ru r:1 

18 fan breaks, sulprude mineraization in rolr:1 breaks 

16 foln breaks. sulpl\ides. 10p is piece from l ast run 

ts fa n breaks 

13 foln breaks. sulphldes 

17 foln breaks .• rubbly zooe al las.I. 2.5 feet 

~ 
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9 t~ SRK Consulting 
PROJECT: 2009 Groonctwater Investigation 

LOCATlON: Vi1119CrdaCreelt 

L.I ~ .' ~ Brd&::mtists FILE No: 1 CY001 .034 

BORIN.G DA TE: 

BOREHOLE LOG 
DIP: 90.00 

COORDINATES: 

GENERAL COMMENTS: 
O.,eroorden hole. 

Hole unsurveyed; handhelcl GPS co-oronates and elevation only. 

E 

J:: 
I
D. 
W. 
C . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

- 14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

WELL 
OETAJLS 
&WATER 
LEVEL-m 

n 

"' !; ~ ~ lg! ... , ... 
,1, 
lj 
t ~. 
I: 

,, 

II 
... .. . .. . ... 
····· · . .. , . 

r .• ... . • ~· ••• 

.. . .. 

. ···· · ... .. ... 

E 
' ... 
i ... 
a: w 

i 

... 

E 
::c 

E Ii: 
•w 
>Q 
WQ 
..Jw 

I W..J 
..J 
ii: 
Q 
' 

1110 .00 
0.00 

1103.90 
6.10 

1099 .. 30 
10.70 

1096.30 
13.70 

1091.70 
18.30 

1090.20 
19.BO 

\ 1~~~~0 I 
1088,.70 

21 .59 

STRATIGRAPHY 

DESCRIPTION 

Sandy sit and day, trace gravel. llroim • 

Sandy silt and day. Wel Brown. 

Clay with silt, some sand and grave!. Grey. 

Clay with silt, ·11ace fine to medium sand. Grey. 

Gravel, cobbles, and sand. 

Sand fine IO medium grained, trace silt and clay. Well sorted 

Phytnte 

END OF BOREHOLE 

2009-07-16 TO 2009'-07-16 

AZIMUTH: 0 

6903254 .. 00 N 593636 .. 00 E 

SOIL LEGEND 

G , Topsoil/Organics 
ffl Taili ngs 

1111 Road materials 

L .:-:A 01/elburden 

SYMBOL 

~ti
· ... ·; 
.
-.f.::. 
~~~ ~ :~ 

. 

•

.. :·:r:::.::=~1:;- -:1 
:.: ·-: ·.: :· ·-: ·: : ::. 
-~ .. _:. \ :-_: \ :._:· ::: ·.:: 
. . . . . . 

1-.Q ~~-t):·a-:~:-~.: 
. . . ... .. . ~ .. . .. . . . .. .... ... ..... •' . 

BOREHOLE: :P09-VC.2 

PAGE: 1 OF 1 

DRILL TYPE: 

DRILL: Fraste MDXL 

CASIN:G: Nooe 

DATUM: UTM NAO .27, OBV 

[Z2l Clay 

III] Sill 

D Sand 

r:~·:J Gravel 

w Cobbles 

Hydraulic 
conductivity 

K 
(mis) 

b b 
>C X 
;-1 .... 

b 
)( 
·~ , 

WELL PLUG MA.TERJAL LEGEND 

~ Backfill D Bentonite Grout 

~ Bentonite 1~:~A Cement 

D Sand 

COMMENTS 

,-------, 
J 





~ r--- ,---

='~ SRK eon. sutting 
k ~ Blglneets 8IX1 Scal6sts 

BOREHOLE LOG 
GENERAL COMMENTS: 

Dty well on Zl Aug 2009 

Height to lop of casinglpvc. = 0. 804m 

E 
::c 

WEl1. 
DETAILS 
&.WATER 
LEVEL-m 

E 
.... 
w 
> w .... 
a: 
w 

E 

~i= 
ii iii • c 
>c 
Ww 

PROJECT: 

LOCATION: 

F.ILENo: 

BORING DATE: 

DIP: 90.00 

COORDINATES: 

2009 Groundwater lnve:sfigalion 

Grum Dump West (GD13) 

1CY001.034 

2009--06-15 TO 

~MlJTll: 0 

2009-06-15 

69042:t 4.01 N 591106.56 IE 

SOJLLEGEND 

G Topscil/Oiganics 

~ Tailin~ - Road matefials 

D 0...er1:Jun:!en 

STRATIGRAPHY 

BOREHOLE: P09-GW1 

PAGE: 1 OF 1 

CRILL n'PE: Odex 4" 

DRILL: 

C.ASLNG: 

Fro5'e, Track Mounted 

None 

-. 

DATUM: UTM NAD 27, 8 V 

[Z2J Cla~ WELL PLUG MATERIAL LEGEND 

DJ] Sit 

Q Sand ~ Backfill D Bentonile Graul . 

~ Gravet ~ Ben1ooite ldd Cernent 

~ Cobo/es. El Sand 

COMMENTS 

Ii: w 
0 

l-
< 

~ .... 
W...1 

DESCRIPTION 
SYMBOL 

:t i:i: 
C 

12.79.27 
0.00 

12.76.61 
0,46 

127!t36 
0,91 

12.77.75 
1.52 

2 
1277.29 
~ 
1276.98 
229 
12.76.83 
~ 

3 1276.22 
3.05 
1275.92 
3.35 
1275.61 

3.66 

4 

5 
1274.09· 

5.t8 

Topsoil above rrom 0-0.46.m 

Can obse!Ve some ground deflection as the dril piogresses 

Mediurn brown silty SAND som.e gravel and day. Mainly low plasticily. 

Medi.um 1X> lfght blll'WII SILT arnf SANO some gral/el and trace to someday. 

Low to medium plas1icity. 

Medi.um brown SILT and SAN.D sane gravel and clay. Medium to high 
~ sJicity. 

Grey brown GRAVEL and SAN D some silt trace clay. 
Smal bcoder, lols of dust from drill 

Grey .brown GRAVEL and SANO some silt trace c:tay. 

Cu~ Grey GRAVEL sorne to trace sand and sill Observed water In 
cullingslwa1ertable? after - 3.05m. 

Cullings~rey GRAVEL some to trace sand and silt 
S\liitched 10 3.5' button open hole bit at 3.05m to confirm bedrock. 
Weathered Bedrock 

Com~ent Bedrock 

ENO OF BOREliOl.E 

=----i 
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=if-, SRK Consulting 
• ~ Btgineei's and Scsiusts 

PROJECT: 

LOCATION: 

FILE No: 

BORING DATE: 

DIP: 90.00 

2009 Groundwater lnve:stigalion 

Grum Dump West (GD1 3) 

1CYOD1.034 

TO 

0 

2009-06-15 

BOREHOLE: P09-GW2 

PAGE: 1 OF 

DRILL TYPE: Ocf.ex 4" 

DRILL: 

CASING: 

Frosle, Track Mounted 

None 

--, 

BOREHOLE LOG OOORDINA TES: 

2009-06-15 

AZIMUTH: 

6904213.00 N 591099.00 E DA TtJM: UTM NAD 27, 8 V 

GENERAL COMMENTS: 
No pie210 installed al lhis rocation. 

1 

E 
~ 
la.. 
I.LI 
C 

WEll. 
DETAILS 
I.WATER 
LEVEL· m 

E 
... 
w 
> w 
..r 
0: w 
t-
ct ;,: 

s 

iii~ ., c.. 
Ew 
' C 

ili 0 
_,j w 
w:1 

ii! 
C 

1278,97 
0.00 
1278.92 
o.os 

1278.51 
---«f46 

1278.36 
0.61 

12.77.75 
1.22 

SOIL LEGEND !Z.2l Clay WELL PLUG MATERIAL LEGEND 

G Topsoil/Organics OTI Sit m Tailing$ D Sand ~ Backfil D Bentcrita Gruut .. Road materials ffru Gravel ~ Bemooite ,.,:,,.i Cement 

B Owrtiurden ~ Cobbl.es D Sand 

STRATIGRAPHY 

CONIMEN!S 

DESCRIPTION 
SYMBOL 

Very 1MI layer elf TOPSOIL 
Deep brown silly SAND, some gravel, some to trace day 

'"f ·r.··1 "}·~ . r.·i · - . ,. ... .. -..... 
I • • • • • •.• .,,, 

Possible weathered bedrock zone 
BEDROCK encountered after 0.46m, doser to 0.61 m depth (diorite} 

Bedrock becoming competentaf!er 0.61m 

ENO OF BOREl-tOLE 

J 





l r-- .--
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PROJECT: 2009 Gr'OOlldtrater lnw,stigafion BOREHOLE: P09-GW3 

LOCATlON: Grum Dump West (G013) PAG.E: 1 OF 

FILE No: 1CY001 .034 DRILL. TYPE: Odex4. 
~ , , ~ SRK f:!'!~ 

BORING DA TE: 2009-06-15 TO 2009-06-15 DRILL: Froste, Track Mounted 

DIP: 90.00 AZIMUTH: 0 CASING.: None 

COORDINATES: 6904213. 70 N 591114.26 E DATUM: UTM NAO 27, OB V BOREHO·LE LOG 
GENERAL COMMENTS: SOIL LEGEND fZ2I Clay WELL PLUG MATERIAL LEGEND 

Ory well on 27 Au9 2009 

-Heigh.I to top or ca.sing/p'IC= O.B84m 
G Topsoil/Organics [II] Silt 

ffi Tail ings D Sand ~ Bac.tfill D Bentonite Grout . 
- Road materials B Graw,I ~ Bentonite rn Cement 

b .; ·J Overtlurden fool Cobbles Q Sand ' 

WELL 
DETAILS 
&WATER 

E 

E 
LEVEL - m ...J 

w 
> 

::c 
w ... 

.... a: 
w 

-:i: 
: t: 
Ew 
• c 

E 
STRATIGRAPHY 

COMMENTS 

a. 
w n i 

>c 
WW 
..J ..J 
W..,1 

DESCRIPTION 
SYMBOL 

0 

2. ... 
3 

• 
s 

s 

7· 

e 

9 

« c. 
1291.00 

0 .. 00 Wet. black grey TOPSOJL, ocgamcs, silty sand, some gravel ancl clay 

Water wa.s obsenied shortl.y alter clril6ng started. Brown lo orangy brown in 
1 
~;

4 
colour comin9 up around ode·x bit 

• Grey brown wet sil'1 SAND. some day and gravel 

128'3.48 
1.52 

1238.87 
2.1 3 

1238.41 
2.59 

1287.95 
3.05 

1287.65 
~ 

Medium orange brown. d.<\YBY SAND, some silt and gravel: me<fwm plasticity 

Moist, medium bl'O'WII silty SAND with gravel, some to trace clay 

Standpipe pie-rometer instated dose to the weathered and oveiburtlen 
interface 
Light browl'I. sit)' SAND some gra.vel 
Orangy coloor typical of seeps observed around this area; pH eslimated to 
be doser to 5 based on colOtJr 
Orangy brown Siity SAND and GRAVEL 
Weathered Bed/ode. 

Orangy brown 

Red-brown 

Orangy brown to medium brown 

Wal er ~owing from cu11ings lube estimated lo be -0 .. 33Us at 6 .. B6m ctep1h 
Orangy browt1 to medium brown 

Orat10 brown to medium brown 

1282
. 
77 

Grey to orange brown 

823 Grey to orange brown 
Solidl'sound BEDROCK (appeared to be diorite) hit at -8.7.lm, weathered 

1282.01 bedrock above. 
B.99 I END OF BOREHOLE 
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~ ,. 8- ErrgitJeers 8l'id SCtM/isls 

BOREHOLE LOG 

PROJECT; 

LOCATION: 

ALE No: 

BORING OATE: 

DIP: 90.00 

COORDINATES: 

r--

2009 Groundwater lll'tlestigation 

North Foc1< Rose Creek 

1CY001.0·34 

2009-08-18 TO 

AZIMUTH: O 

2009-06-1!1 

6"914228-29 N 586409.49 E 

GENERAL COMMENTS: SOIL LEGEND 

E 

J: 
t
o. 
w 
Q 

- 1 

- 2 

- 3 

- 4 

- 6 

-6 

- T 

- a 

I- 9 

WEll 
DETAIL.S 
1.INAT:ER 
LE.VEL -.m 

··· ··· .. . .. . . . ~ . . .. 
. . . . .. 
. . . . . . . . .. .. .. .. . .. . .. . . ... ... . 

u 
~; 
~i: 
i! .. . 
~ 

! 
! ;-;--;. 
~--· -.. . . . . .. . .. 
...... ... . .... ..... ... . ~ . . .. .. .. .. . •. , . .. . ~ .. . 

• 

E 
' _, 
.~ _, 
ix: 

~ 

~ 

E 

;1~ 6:l w 

ii: 
0 

1113-20 

STRATIGRAPHY 

DESCRIPTION 

G Topsoil/Otganics m Tailings 

- Road ma1erials 
~ Overburden 

SYN.SOL 

0.00 
111 2.90 
0,3() 

Gravel - and sand-{fine to coarse-:Sub angulaJ to sub rounded:), with sil t and - - • - • • - - • - • - • • - • 

11 11-98 

'\ day,. brown, moist 
SIil - Claysy, with san:I {fine). osganics (roots) gra.ylbrown,. moist- hard lD roll 
Into a thread (breaks) 

1.22 ,~ .. ·--·= ·"""''"""""'·"" ___ , -
1= :.:-:: :- } : ::· . .. 

1110 .. 76 
2 .. 44 

t 109.54 

Sand - (fine 10 coarse grained), wijt, g ravel, trace sit. sand, aBd cobbl'es, (30 
mm), brown, wet 

3.66 I Gravel - sand (fine 1D coarse - Stlba~ular to subroun.ded), 1race sit and 
1: 108.93 Clay, brownishfgray, wel 

4 .Zl Sancl - (fine lo coarae ,grained - sub angular to subcolnled), with sit and 
t 108.32 sand, lrace g.ravel orange/brown, wet - in SS finer at the top with depth it . 

4 .. 88 gets coarser, first 1 foot medium to fine sand 
\ 108.02 Gravel -with sand (fine· to medium - sub a~ular to subround'ed), trace sift 

1 1
5
0;~7 1 

and clay, orangelbrmw1, wet 

5_49 \ Sand - fine to medium grained (subangular}. trace gravel, .b!O'IWI, wet 
1107.41 Gravel-with sand (fine· 1D ooarse - subangular), lrace sil l aocl clay, 

5-79 brownish/grey, wet, blaek boot'der Ille material 

. .. . . . .. .. ...... . . . . 
~ :·~ .· ~ ~: : :v: .· =~ ·. ·. ·~·: . ... . .... . . .... .. . . 
:?: ::a·: :~4 :: ?:· ... -: 

~--: :··.; :·: -:•: -: . :~ -: -:· ~ :-: ~-
.. .... . ... . 

1106.49 Gravel-some coarse sand. little fine to medium san:I, iron staining, black. : : ~ : : :;- ,' --~ : : ~: : ~ 
6-71 wet - possillly a boulder? -· -· - - - - · - · - - - · , 

1105.53 
7Ji2 

1104.10 
9_10 

Gravet & Sand - coarse sand, little silt a.nd sand, iron stama,g, blaek. wet -
bedrock???? 
beclrodt core - black/puple grey, frac:tures .• iron staining 

ENO OF BORE>iOLE 

- --, ----, 

BOREHOLE: 

PA:GE: 1 

DRILL TYPE: 

DRILL: 

CASING: 

P09-UN1 

OF 1 

Ode>r 4"/0iamond 

FrasteMDXL 

Nooe 

.----, 

DA TUM: UTM NAD 27. 08V 

rz.2l Clay 
[II] Sit 

E:J Sand 

r .:: :;i Gravel 

Q Cobbles 

HydrauHc 
cond.uctl.vlty 

K 
(mls) 

~ 
';. 
~ 

1:, t, 
1< X 
:J. 

";: 

n 

WELL PLUG MATERIAL LEGEND 

~ Backfill D 81m100i.le Grout 

~ BentJmte ~ Cement 

D San:I 

COMMEN TS 

Split. spoon blow count at 6 inch interval's airer 2 feet 2, 
1, 2, 3 = 8 Cota1 

Split spoon blow count at 6 inch intervals, over 2 feet 26, 
12, 1 o. 6 = 54 total 

Split spoon blow count at 6 inch. intervals over 2 feet 48, 
54, refusal, refilsal 

Slug test BEJ. 

Splft spoon blow coun.ts: 50• . refus al 
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=-J• ~SRK ~!!:'J 
BOREHOLE LOG 

PROJECT: 

LOCATION: 

FILE. N.o: 

BORING DA TE: 

DIP: 90.00 

2009 Ground:water lnves6gation 

North. Fork Rose Creek 

1CY001 .034 

2009-08-19 TO 

AZIMUTH: 0 

2009-08-19 

COORDINATES: 6914225.67 N 58643S.98 E 

GENERAL CO.MMENTS: SOIL LEGEND 

WELL 
DETAILS 
&WATER 

E 
LEVEL - m 

:c 
I-
0.. 
w 
C n 

E 
E :c 
.J, e~ ~: •w 
IU ;:;.c .... 
ci: we 
~ 

~w w .J 

~ 
.J 
ii:' 
C 

1113 .. 82 
0.00 

~ I 1 112.s 1 
0.91 

1111.69 
2.13 

11 10 .. n 
3,05 

1109.55 
4.27 

1108.03 
S.79 

1107.72 
----s:w 
1107._11 

6.71 
1106..81 
----=r.o:;-
1106 .50 
7.32 

11oui 
9.40 

6 TopsoilfOrganii:s 

ffl Tailings 

- Road materials 

!:'i':3 Overburden 

STRATIGRAPHY 

DESCRJPTION 

Sand - (fine to medium -&ub a~uler), l reoe silt am! day. brown. moist. 

Gravel - with sa11d (fine ID coarse - sub arvjl'.uar II> sullrournded). little sill. and 
cla~. brown, we.I, little reoove~ 

Sand - (fine to coarse - suba1'1Qular to subrounded} silty, c:layey, 1race gravel 
{10.mm). brown, wet, la.yered in picture with layers or finer and coarser 

material. 
Sand - (line to ooarse} with gravel. iJtile slit. and clay, brown (light and clai:k 
materials}. wet 

Mainly silt, with a l.esser degree of clay 

Send - {medium to coarse - subangular to subrounded) wi.lh gravel, little sit 
and clay, orengeJbl"Dllln, wet 
SAA- sand a bit ooarse, more gravel, brown, wet 

Sand & Gravel - (fiRB ID coarse grained), rusty day ma!erial. waler is dir:ty in 
1his run, gre.Yel pieoes are daril lllack as In POWN1 -weathered 
bedrock???, rusty, wet 
Colillles-wilh gravel, little sar:id, sit and day, gray, rusty areas, moist-, 
bedrock, - dlilers noted it was a strange run 
Core - Bedrock - blackiSih/puqlOe, s'\Aphides, join!s lnfllled wi1h l ight clay 
materials 

END OF BOREHOLE 

SYM.BOL 

.. .. , ... . . ... ···· · .. .... . ...... .. . ..... .. . 
~ ....... ..... . .... .. 

.· .·e·.·.·f .· : ~: ; .~: .· :f . . ....... . .. .. ..... ' • 

,: •• ~a~ .• : ; : : A.~ .. • .·c:: .. · . . .. ........ ~ ... ~ .. 

~-. r---i 

BOREHOLE: 

PAGE: 

DRILL TYPE;: 

DR[LL: 

CASING: 

P09-UN2 

OF 

Odex 4"/0iamond 

Fras.le MDXL 

None 

,--, 

DATUM: UTM NAD 27, 08V 

[Z.21 Clay 

[I]] Sill 

Q Sand 

~ Gravel 

~ CoWes 

Hydraulic 
conductivity 

K 

(mis> 

b 
E 
! 

b 'b 
X X 
~ I 7"°1 

WELL PLUG MATERIAL LEGEND 

~ Backfill D '8,entonite Grout 

l?%1;l Bentornite 1~:.:r 4 Cement 

D . Sand 

COMMENTS 

Spli t spoon blow- coun.t 2. 1. 1 

Split spoon-: 8 b1oHS 

Split spoon blow coont at 6 inch inlervals over 2 feet 
3,4,4.8 = 19 To&al 

Split spoon blow cocait at 6 inch inlervals ewer 2 feet 1, 
8, 6. 7 = 24 total 

Split spoon blow COUl\t at 6 inch inler,,als ewer 2 feel: 5, 
7 , 11, 11 =34!otal 

Slug test BEJ. 

Split spooo bl'ow COIMlt 50+, refusal 

---, 
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~t .J SRK f:_~'! 
BOREHOLE LOG 

~ -~ .---

PROJECT: 

LOCATION: 

RLENo: 

BORING DATE: 

DIP: 90.00 

COOROJNA TES: 

2009 Groundwatef lnvestiga1ion 

North Fork. RO<Se· Creek 

1CY001.034 

TO 

0 

2009-08-2.0 2009--08-19 

AZIMUTH: 

69142.43.2.6 N 586400.40 E 

GENERAL COMMENTS: SOILLEGEND 

E 

::c 
I
Q. 
w 
Q 

WELL 
DETAILS 
&WATER 
LEV.El..--m 

E 

i 
.J, 

Ir 
~ 
~ 

E . 
e~ 
•w rt Q 

..ic 
w~ 

...J 
~ 
,c 

11.14.36 
0 .. 00 

1113.75 
0.61 

1113.45 
T I D.9'1 

1112.23 
2.13 

1111 .92 
2.44 

1111 .6.2 
2.74 
1111.31 
31i5 

1110.09 
4 .27 

1103.72 
5.64 

11Cll8.41 
5.95 

STRATIGRAPHY 

DESCRJPTION 

Organic SoU - peat, roots., spongy ma1eiial, btad, moist-water 

Sit . with clay, trace sand {line 1D medium),. organics, daik brown, wet. 
frozen 
Sit - clayey, trace sand (fine lo medium), organics {wood), dark brD'Nn, 
frozen 

SAA - lraoe coarse sand and gravel 

Gravel and sand -(angular to subangular) wil h sil l arid clay, dark brown, 
moist 

G Topsoil/Organics 

~ Tailings 

B Road materials 

a Owi:l:lw'den 

SYMBOL 

(Splitspoon) sn- clayey, little fine sand , grayistu'brown, frozen, ice crystals 
Drilled in 30 seoorids, sand and gravel and wood chips 

Gravel - with sand (coarse angular), trace fine grained sand, rusty, lllack 
rock (bedrock?} 

Silt - clayey, cobbles {subangular) at end of run. (10 1D 20 mm). grey, wet 

Sand - (medium to coarse), sity., dayey;Toice gravel .• gray,. wet 

... .... .. ... . ,, .. .. 
• •GI . • ,.0,. • • Cl • . O , , 4 • ...... ... .... ... ... . . .... .. .. . .. . 
: ::•.:: .'"'!:.· ~/: -~ :: . . ... . .. . . . ... . .. 

.... . . : ' · ... ·. ~. ·.··, ?' ... • ... ,.~ • .'. ... .. . ... ............ . .. .. ... .. , .. . .... . 
·, ! .·.~/ .. _ ... ·. · .. ~· .. . .. .. ..... .. .. .. .. ..... .... 
:. -~·. ·:;. : ·. , . .' ,'J: ·. ·;. . . . . ... .. .. . .. '••' 

• ·•· · • · • o • • ,o,, , ,111> .. .... .. . . .. . ... .. ..... ........ .. ... . 
o· • W' • ,,c.•,. ·• · • , .•• .... ······ . ..... . . 
•' , • .... . .... ..... .. 

-----, ---i ·-, 
BOREHOLE: 

PAGE: 

DRlLLIYPE: 

DRILL: 

CASING: 

P09-UN3 

OF 2 

Odex 4"/0iamcmd 

Fraste MDXL 

None 

---; 

DA TUM: UTM NAD 27, 08V 

IZ.2I Clay 

[]] Si1t 
D Sand 

~ Gravel 

~ Collllles 

.Hydraulic 
conductivity 

K 
Cmls) 

t, 
~ 

X 
~ 

t, 'b 
>< X ~. ~ 

WELL PLUG MATERIAL LEGEND 

~ Backfill D Bentonite Groot 

~ Bentonite I~ .''7 -~ Cement. 

B Sand 

COMMENTS 

Spl[t spoon blow coont at 6 inch inlervals OYer 2 feet 10, 
11 , 10. 12 = 43 lotal 

Split spoon b'ow count at 6 inch inteMlls O'ller 2 feet 6, 
1, 0,0=7total 

Spl~ spoon blow count al 6 in.ch intervals over 2 feet Z. 
24, 31, 11 = 68 total 

Split spoon blow count at 6 rnch intervals over 2 feet 6, 
33, 21, 6 = 66 total 

----, 



~ SRK Consulting ~ rt - Blgrleets andScsltm 

BO·REHOLE LOG 

I 

I 

PROJECT: 

LOCATION: 

A LE: No: 

BORING ;DATE: 

DIP: 90.00 

COOROINA TES: 

2009 Groundwatef Investigation 

North fork Rose Creek 

1CY001.034 

2.009-08-1 9 TO 2.009-08-20 

AZIMUTH: 0 

6914243.28 N 586400.40 E 

GENERAL COMMENTS: SOIL LEGEND 

E 
I 

:r. 
I-
Q.. 
w 
C. 

I- 8 

I- 9 

1-10 

1-11 

1-12 

1-13 

~14 

WELL 
DETAILS 
&WATER 
LEVB.-m 

.. . " .. 
.... .... .. 
... .. , 

... . ... 
.... •,. • 

.. ... .. 
••' ... . , . .... . . . . , .• 

. ·:. ·:.:f=I. ·.·:. ·:. 

·~ 

E 
' __, 

w 
ii'.; __, 
a:: 
~ 
~ 

E 

:c: 
e !i: 
• UJ. 

ii'.;~· 
id~ 

J 

ii' 
C 

1107.04 
7.32 

1105.52 
6.84 

110 5.22 
9.14 

1103.84 
10.52 

1103.53 
10.83 

1102.17 
12.19 

1100.66 
1'3.70 

G Topsol/Org:anics 

ffl Taaings .. Road mall!rials 

~ Overburden 

STRA TlGRAPHY 

DESCRIPTION 

Sand - ge!s ccarserwith dep.th, llffle slit and-day. lrace gravel. orange/gray, 
wet 

Cobble/rock - 1 foot piece, wnite with biotite, rost al end 

Cooiltes (20 to 50 mm), with sand (fine to medium gramed}, trace Slllt and 

clay 

(Split spoon) -· Gravd & sand - with silt and day, 1 cooble (tO mm), orang~. 
we{ 

Cobb&es (30 ,nm), a piece cf white granite looking matena.l Ula! is 

SYMBOL 

i,;,r·.- l:/l " l:VJ 
l".i: i :JI. i"°·M_:l: · 
.. . .......... . .... . ....... ... . . ... . ... ····· ..... ....... . . 
~ ... ... ... .. .. ...... . .. .. . ..... .. ...... .. . .... ······· , .. .. ,,. 
• • 0- t •t t I o, • I • • • t • • ~ ······ .... .. ... . . .... .. . . .... .... .... . ·· ···· •, ... . .... . . .. .. .. .... . . •, ... . .. . .. .. .. .. ... .. .. . 

<.>· 0 VO --0-U 

~: '9;'. :·~·: ':f( ·~··.~."9. 
·.?i : ti .<J: tr :c,:.~: 
-:?: :~'.-:v: .. ff_·-~-·-: ,;i-:. 
.; :c, : 6:·<i,: :d, : t,,: ~ 
... .. . ·· ···· ·· ··· o:. :·~: n ; tc<J ~ n · 

fracturedipimed, 1ben what looks lo be llfack bedrock material 
O O 0 . I) 

0 0 

Bedrock 

END OF BOREHOLE 

poo oo oa 
OOOQDO< 

• 

BOR.e10lE: 

PAGE: 2 

DRILL TYPE: 

P09-UN3 

OF 2 

Oclex 4•/Diamooo 

DRILL: Fraste MDXL 

CASING: None 

DATUM: UTM NAD 27, 08V 

[Z2] C1ay 

[ill Silt 

D Sand 

~ Gravel 

~ Cobbles 

Hydraulic 
conductivity 

K 
(mis) 

b 
>< 
;--! 

'b b 
X )< 
~ L...:} 

~l l 

I WiELL PLUG MATERIAL LEGEND 

~ Backfill D Bentonite Grout 

rfZda Bentonite ~ Cement 

EJ Sand 

COMM.ENTS 

Split spoon blow co1m.t at 6 inct1 intervals over 2 feet 6, 
14. 9, 11 = 40 total 

Slug test BEJ. 

Split spoon lllow count 12. 20, rerus:al 
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BEJ 

fh 

rh 

ms 

ss 

hi 

hp 

tr 

Appendix 8 

Glossary of Abbreviations 

best engineering judgment 

falling head 

rising head 

medium slug (PVC: 33.5mm outer diameter x 1.60m length) 

small slug (PVC: 33.5mm outer diameter x 1.0Sm length) 

pumped using Hydrolift 

pumped by hand 

tubing removed, acting as "slug removal" 

Page2 Hydraulic Test Sheets 
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AppendixB 

P09-C1 Hydra u Uc Tes.ting Summary 

1.00E-08 1.00E-07 

K(m/s) 

l.OOE-06 1.00E-05 1.00E-04 1.00E-03 
I 

I ii 
I I I ~ ! I I! I . I 

! l i 1; 1 I· 1! I I I l I 11 
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I I' i : I . 11 I l 11 I 
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I i i l 11 I l I I I ; 
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Page3 

- Bedrock Contact 

- • - line for lxl0-8 m/s 

• PackerTests 

• BEJ Slug Test K 

Error bars represent test 
z.one 

Hydraulic Test Sheets 
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PACKER INJECTION TEST 

Prolect: Faro 2009 

Northlm1: 
Eastlna: 
GS Elev1;1tlon: 

Retum 
Valve 

Flow 
Valvo 

lost lntorval lml: 
D1;1te; 24-J ul-09 

I !rwt~·---'. -j:g1 T 

1; II hola Is dry enter Ow • Boring DepUl, 
2: Enter values from packer man~f~c!urar, 
3 : Pgmax (paO • 1.5 x vertlc.il <loplh (m) 

IN ROCK lo lop of las! sadio11. 

Eauatjons; 

Pint"*' " (1 .42'Dp'+Ps+Pgmax)"1 .1 
Plnr...., • P,... •• +1.42'(0p'-Ow') 
Hf= 8.85X10'16 (Q2'[.p/rp') 
H,.;, = (Dw'+Hg•Hf)+Pg/1.42 
K = (Q'Ln(R/rb)) / 2'n'H,i!'L) 

Mec1surement 
P0 (psi) 
Step 1 

10 

1 0.0010 

2 0.0010 

3 0.0012 

4 0.0013 

5 0 0009 

Qavg (m3/30s) 0.0011 

Q•vv (m)/day) 3.110 

Hf (m) 0.08 

Hnit(m) 8.0 

K (m/day) 7.2E-02 

K (m/soc) 8.35E-07 

Lut1eons 0.033 

2,50E-{13 

Meler 1-tg 

l 

Q (m3/ 30 seconds) 

P0 (psi) P1 (psi) P0 (psi) 

Step 2 Step 3 Step4 

20 30 40 

0.0013 0.0015 0.0020 

0.001 2 0.0015 0 .0019 

0.001 2 0.0015 0.0020 

0.0010 0.0015 0.0019 

0.0016 0.0020 

0.0012 0.0015 0.0020 

3.384 4.378 5.645 

0.09 0.15 0.25 

15.0 22.0 28.9 

4.2E-02 3.7E-02 3.6E-02 

4.83E-07 4.26E-07 4.17E-07 

0.019 0.017 0.016 

27.7 

Start Tlmo: 

End Time: 
91 

ow 
Dp 
Dt 
B 

DW 
Dp' 
Dt' 

PS 
PwffllK 
Pgma>t 

Plnfmln 
Plnfmax 

Hg 
Lp 
rp 
R 
rb 
L 
Hr 

Hnlt 
K 

P0 (psi) 
Step 5 

w 

0.0012 

0.001 0 

0.0009 

0.0010 

0,0010 

2.952 

0.07 

15.0 

3.6E-02 

4.20E-07 

0.016 

I • -• ~ f~-

---1--1--1~~ -

_,_ ____ _,_ __ -
2.00E-G3 

! UOE.03 

- ~--1--t-- -l 1,00E.03 - / -

S,001;-04 / 

O.OOE•OO ff-- -!------ -+--..;..---!-- -'---+---+--~ 
0.0 5.0 10.0 15.0 20,0 2S.O 30.0 35.0 40.0 45.0 

Pre-.~ure(pi.;I) 

Appendix B Page4 

to 32.3 Borln" N': P09-C1 

7:40 Te&tN°: 1 
Borlnn Denth 1ml: 32.3 

106 sunarvlsor: 

Measured ~plh of $!;atlo w.,tor laval (1) 

Measured depUl to padler 

Measured depth to midpoint of leil 

lndlm1Uon from horizontal (degrees) 

Verlie.ii d9Plh lo J!lltio w.,tar level 

Vettical depUl to pac:ker 

Vertical dep!ll to midpoint or teil 

Packer etretcl1 prenure (2) 

Maximum pac:kerworidng prossura (2) 

M&)(lmum lnJe<!lO!l g•ug• pressure (3) 

Minimum paokar Inflation pre11ure 
Mulmum packer lnnalion prenure 
Gauge heiQhl 

Langlh of disthatge pipe 

R~dluJ ol discharge pipe (1"• 0.0127m) 

Radius of lnnui!K:9 (10 m Is slandard value) 

Borehole radius (H0=0.048m, N0=0.038m) 

Lena!ll or lest iocllon 
FrlcUon LO$$ 
Nal fnjoction haad al midpoint or IHI 

1-tydroullo oonductivity 

Conversion factors: 

I o.olm 
27.7 m ----ro:om 

I 10]0 
0.0 m 

~m 
28.2 m 

MP 

~~:: 
~psi 

278.0 psi 
740.0 psi 

1.0 m 
3.00 m 

o.oos1 m 
10 m 

0.048 m 
-4,!_m 

1 O m of waler " 0.9807 bar - 1 kgtcm2 = 14.2 psi 
1 cm/sec " 864 m/day 
1 Lugeon - 1 liVmin par meter at 1 O bars 
which is approximately 1.4 x 10-s cm/sec 
1 US gpm "3.785 IIUmin - 5.45 m3/day 

1 -1 
2 

3 

4 

~ 

- ~ 

Q 1 ID 100 

Field Observations 

1QQO 

1; o p1I thtre wu ,ome now -U'M, ci;t\lld b• chi• to uyln; 1i, stick tho p.icker Into 
fr11c;tllf41~ ,ad(. wt w,1 d(lll somo fflOfe 1nd then t,y to do• p1~!r t•!t &Qw!, down 
Less thin ;oo mt.no ""· 

Interpretation of Results 

Hydraulic Test Sheets 



v= SRK Cr1nr;11Uittg 
• fi,,}o'¥'G"'l#'C ~ .M,Vt. PACKER INJECTION TEST 

ProJact: Faro 2009 Te,;t lnterv11l l ml: 32.3 to 36.9 Boring N°: P09-C2 
Northina: Dato: 23-JUl-09 Startnme: 12:00 Test N•: 2 

-- -
Eastlna: EndTlmo: 1:40 B0rtn11 Dooth !ml: 36.9 
GS l;leV11tlon: 106 121 Sunervisor; MP 

R•turn Flow ow Mo.nurod doplh of rlotic w,:,lor level (1) I o_olm 
Valvo Vat,e Dp M,H~ dvpth to pl!':ker 32.3 m 

I J~ -•~- Ot Mea&urid deplll to midpoint or te&l ~m - 6 Inclination rrom hontonlel (degre<!s) I 101• li@p_'~~ OW' Vertical depth to s~lic water levat _.9.:.Q_m 
Dp' Verti<:o1I deplh lo pockar ~m 

T Ot' Vaf11Q!ll dop!!l lo mldpo!rit er l9il ~m 
L-..t::t)---1 Meler Hg PS P,o1ckor stfliltch pn;t.Hl.111;1 (2) 

~psi l Pwmax Maximum pllckor worl<ing P'"'"""' (2) psi 
PgmaK Ma.imum Injection gauge preeeuro (3) psi 

Wlrellno t~l ~ Casing Plnfmln Minimum packu lnn1t1on Pl'9HUrG 292.1 psi 
11 If hole is dry enter Dw: Boring Depth. L_ Plnrmax M••lmu111 p1ckor lnrtatlon pntSsuro 746.2 psi 
2; Enlervaluvs rrom packer manuracturer. Hg Goull"helghl 1.0 m 
3; PgmllX (Pill • 1.~X Vertic81 deplll (m) 

u 
Lp l,anglh cf dlJQ/i~rg11 plP9 3.00 m IN ROCK to top or IO$l &11<:Uon. 

Redlu& or ai&chil!ge pipe (1"=0.0127m) 0.0051 - rp m 
Wlrellne 01' R Radius or innuence (10 m Is stsndard va lue) jQ m 
P11cl\qr 

··~-1 
rt, Borehole radius (HQ• 0.04Btn, N0•0.038m) 0.048 m 

~ E9!.!i1!!iQO:tf L Length or test section ____!&,m 
FQrm~tlQn HI Friction Lon 

Pinfr,;0 = (1 .42'Dp'+Ps+Pgmax)'1 .1 pa,cker Hnlt Nat l!l]ec;tion ~q~d ~I midpoint or 111$1 
Pint.,.,= P""'.,+1 .42'(Dp'-Dw') ~.1 ~ K Hydr~ullo oonducUvtl)' Hf = 8.6Sx10-1, (Q2'Lp/rp~) 
Hn11 • (Dw'+Hg-HO+Pg/1 .42 - \;;Q[!V§![l!jQ[! Eii!!.lQ[l!: I< • (O'Ln(Rfr~)) / 2'n'H,,11'L) lnt~rvnl - oftest 

lnte111a1 10 m of water= 0.9807 bar= 1kg/cm2 = 14.2 psi 

--- ---- Boring 011plh 
1 cm/sec = 864 m/day 
1 Lugeon " 1 lit/min per meter at 1 O bars 
which is appro>1imately 1.4 x 10·5 cm/sec 

Q (m3/ 30 ,;econds) 1 US gpm = 3.785 lit/min= 5.45 m3/day 

Pu (psi) Pg(psl) Pg(psl) Pg (psi) Pg (psi) 
Measurement Stop 1 Step2 Stap3 Step4 Step 5 

20 30 40 55 30 -- - ~ 

1 0.0130 0.0150 0.0200 0.0290 0,0230 1 [I 

2 0.0130 0.01 50 0.0200 0.0310 0.0220 

3 0 0110 0.0150 0.0200 0.0300 0.0250 2 

4 0,0130 0.0150 0.0230 0.0310 0.0230 I 

3 

5 0.01 20 0.0160 0.0170 0.0330 0.0240 

I Qavg (m3/30s) 0.0124 0.0152 0.0200 0.0308 0.0234 ~ 

Q•vu (m,/day) 35.71 2 43.776 57.600 88.704 67.392 

I Hf (rn) 9.98 14.99 25.96 61.66 35.53 5 
- - I 

Hnit(m) 5.1 7.1 3.2 -.!1 .8 -13.4 0 1 10 100 I IM)O 

K (m/day) 1.3E+OO 1.1E+OO 3.3E+OO -7.5E-01 -9.3E-01 

K (m/soc) 1.50E-05 1.31E-05 3.83E-05 ·8.69E-06 -1.07E-05 

Lugeons 0.587 0.516 1.504 -0.341 -0.422 Field Observations 

MOE-Q2 
Tii•d 1,tt. rlaw DUI 91 ca.aJng and tii;h flow1il 'JVT1h r)D puntu!l!I ~fn,gv• p11?.111r ind 
r.rformed a rod test no_~.ik. '.""ldrlll enothtr 6_rcet e~d PDC_ker tos_l P1ck11 iut 

1 • Ytry h~h now, ..... ft with no ptututt That • b no now from lh• e111ln9, J{~ 

3.00IM2 ·- ·- ... ti-!~ VYS~ I!~ gp!Mli! Afr hfl IHL 

---:::: V 
2.501;!.02 

__.. 
.-- l/ ! 2.00E,02 

~ ! 1,5QE-02 -
~ - Interpretation of Results 

1,00E,02 / 
_,./ 

a.ooE,oJ 

/ 
O,DDE;•DQ 

0.0 10.0 20.0 30.0 40.0 SO,Q eo.o 
PrM5Ufe(ps.lJ 

-
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r 
r 
L . 

L 
L 
L 

Prolect: Faro 2009 

Northing: 
Ea&tlng: 

C3S Elevatlon: 

Return 
Valve 

I 

1: If holo Is dry enter Ow= Boring Depth. 
2: Enter valuea rrom packer manufacturer. 
3: Pgmax (pai) • 1.5 it v8!1Jcal dep\11 (m) 

IN ROCK lo top or 1e, 11vctlon, 

Eguatjons: 

Plnfm1. • (1.42'Dp'+Ps•Pgmax)"1 .1 
Plnfm., • Pwm~+1.42"(Dp'-Dv1) 
Hf= 8.65X1 O-ls (Q2'Lp/rp5) 

H.11 = (Dvl+Hg-Hf)+Pg/1.42 
K = (Q'l..n(R/rb)) I 2'11'Hn11'L) 

Measurement 
Pg (psi) 
Step 1 

20 

1 0.0070 

2 0.0070 

3 0.0070 

4 0.0070 

5 0.0070 

Qavg (m3/30s) 0.0070 

a.vg (m3/day) ;20.160 

Hf(m) 3.18 

Hnit(m) 11 .9 

K (m/day) 3.1E-01 

Wireline 
C8slng 

L_ 

Test Interval Im): 

Data: 24-Jul-09 

T 
Hg 

1 

Q (mJ/ 30 &econds) 

Pg (psi) Pg (psi) Pg(psl) 
Step 2 Step3 Step4 

30 40 55 

0.0100 0.0105 0.0105 

0.0080 0.0105 0.0115 

0.0080 0.0105 0.0100 

0.0090 0.0100 0.0110 

0.0085 0.0100 0.0100 

0.0087 0 .0103 0,0106 

25.056 29.664 30.528 

4.91 6.88 7 .29 

17.2 22.3 32.4 

2.7E•01 2.5E-01 1.7E-01 

K (m/sec) 3.62E·06 3.11E-06 2.85E-0S 2.01E-0S 

Lm1oons 0.142 0.122 0.112 0.079 

1.20E-02 

PACKER INJECTION TEST 

36.9 

Start Ttma: 
End Time: 

121 

ow 
Op 
Dt 
ll 

Ow" 
Op' 
Dt' 

PS 
Pwm•x 
Pgmax 

Plnfmln 
Plnfmax 

Hg 
Lp 
rp 
f{ 

rb 
L 
Hf 

1-t!lll 
K 

Pg (psi) 
Stop 6 

30 

0 .0065 

0.0065 

0.0065 

0.0065 

0.0070 

0.0066 

19.008 

2.83 

19.3 

1.SE-01 

2.11E-06 

0.083 

-

to 41 .5 8or1ng N": P09-C1 

6:15 Test N": 3 

7:30 Borina Depth (ml: 41 .5 

136 Suoerv!f;or. MP 

Measured dep\11 o1,taue w;it11r lev~ (1) 

Measured depth to packer 

Mao.sured depth to midpoint or test 

1111:llniUon rrom hQ!iiP:>fl!;II (dcgrom) 

verueat depth to italic Wiler tevvt 

Vertical dtipth to packer 
Vertical depth to midJ)Oint or teat 

Packer altetch preaaure (2) 

Ma.lmum packer WOfking preiiure (2) 

Maximum Injection geuge prv~ura (8) 

Mlnlml!rn pack.ar Inflation pn,ssum 

Mu.lmum packar lnrlaUon pressure 

Gauge height 

l.,mgt~ ol discllorgc plpa 

R9d!~i ol d1$~rga plpa (1 ' =0.01i1m) 

Radiua or lnnuence (10 m Ii i~d;rd valuo) 

Botehole radiua (HQ•O.O<l6m, NO•O.O:l!lm) 

Length or teat section 

FrlctJon bon 
Net ln)ll"Uon h•~d at midpoint ol tost 

Hyw.iullQ OO!lduoUv!ty 

Conversion Factors: 

[ o.olm 
36.9 m 

~m 
I 101• 
_..!!:Q.m 
____M,.I_m 
___l!!.m 

~~:: 
t:::jfilpsl 

---ror.I psi 
~psi 

1.0 m 
3.00 m 

0.0051 m 
10 m 

0.048 m 
-------1&.m 

10 m of water " 0.9807 bar "' 1kg/cm2 c 14.2 psi 
1 cm/sec "' 864 m/day 
1 Lugeon "' 1 Iii/min per meter at 1 o bars 
which is approximately 1.4 x 10.s cm/sec 
1 US gpm = 3.785111/mln "' 5.45 ml/day 

( ] a 
a ' 

1 I 
a I 
3 

4 

s 
-

0 1 10 100 

Fleld Observations 

\ 

1DDO 

Rock wu moro broken up In the seGond nm of U'!I, Hl p1f1,.iT ft WH wnh,d •w•'J 
T'h~r,ii;ir, ltigi,~r fk:rwi •i• e:sps~•d. Rock hH 1lot of quartz Yt:ining 1nd vugs In n. 

1.00E-02 -"" 

./ .----- ----8.00E-03 

V ~ I ,) 

I 
6 .00E-03 

/ 
4.00E.03 1/v 2.00E,03 

o.ooe+oo 

Interpretation of Results 

0,0 !D.O 20.0 30.0 40.0 50.0 60.0 

PT, .... , (pol) 

-
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v= SRK Con~umng 
iny-,iro:J~ilft PACKER INJECTION TEST 

ProJect: F~ro 2009 Test Interval 1ml: 41.S to 46.0 Borlna N°: P09·C1 

Northina: Date: 25•JUl-09 Startnme: 10:30 Test N°: 4 

Eastlna: End Time: 11:30 Borlna Denth 1ml: 46.0 

GS E!evi1tlo11: 136 151 SuDervlsor: MP 

RotUffl Flow Dw Measured dapth of static Willer level (1) I o.olm 
Velva Valve Dp Maasurad dapth to packar 41 ,5 m 

I Ct Mllil$U!!ld doplh lo mldpol111 of to$! ~m 
~ 

G I 1w !~ M•= -
lnc!inalion from hOl1zonlal (degree&) 

·-~ Ow' Vertical depth to atalic water level 0.0 m Ii@~ ~ 
Op' Vertical dapth to pocl<ar ~m 

T DI' Vortic,J depth to midpoint of lost 41 .1 m 

p 
~ Hg PS Pacl<or stratch prassura (2) 

Elpsl 

1 Pwmax Maximum packer working pressure (2) psi 
Pgmax Maximum 111Jection gauge praa&u.-e (3) psi 

v.Jlrclina 

!, ""'1 tlaw. Casing Plnfmln Minimum paokor lnn•Uon pnis•uro 318.4 psi 

11 If hole is dl')I onler Ow a Boring Daplh. L_ Plnfmax M11xlmum pzackar lnflatlon prassura 758.4 psi 
2; Enter value& from patker manufacturer. 1-~ Hg Gau(le haight 1. 0 m 
3; Pgmax (P51) = 1.S X Vert!CIII depth (m) Lp Langth of dlsch•'l!• plpo 3.00 m IN ROCK to top of IO$I ~on, 

u 
RPdlus of 1;hcl!.argo p!pg (1' =Q,Q127m) 0.0051 m ,__ rp 

Wlrollno R Radius or lnnuence (10 m is standard va lU9) 10 m 
Pa~ar 

~ 
rt> BOfehole radius (H0•0.0'18m, N0•0.03amJ 0.048 m 

Equations: L Length 01 teat secllon ~m 

Dr 

FQr111DliQl1 Hf FrlcUon Lon 
Plnlmn = (1 .42'Dp'+Ps+Pimax)"1 .1 Packar Hnlt Not lnJootion ha•d ul midpoint of tost 
Pini,_ = P wmu+1 .42'(Dp'-Dw') '"Er 

K Mydniullc co~duotivity 
Hf= 8.6Sx10·" (Q2'Lplrp') 
Ho11 • (Ow'+Hg•HO+Pgl l .42 ·-~ .,~,l 

J;;oav!i!r§iQD Feeto[ll: K • (Q'Ln(R/r~)) / 2'n'H0/L) lntervol - ofU,st 
Interval 10 m or water " 0.9807 bar " 1kg/cm2 " 14.2 psi 

-------- --- 8orlng D!!Pl~ 
1 cm/sec - 864 m/day 
1 LugeQn - 1 liVmin per meter at 1 O bars 
which is approximately 1.4 l\ 10-& cm/sec 

Q (m3/ 30 &econds) 1 US gpm " 3.785 IIVmln " 5.45 m3/day 

Pg (psi) Pg (psi) Pg (psi) P0 (psi) Pu (psi) 
Measurement Step 1 Stop 2 Stop3 Step 4 Step 5 

15 30 45 60 30 ·-I 1 0.0005 0.0009 0.0015 0.0008 , 
2 0.0005 0.0009 0.0013 0.0015 0.0007 

3 0.0004 0 0010 0.0012 0.0016 0.0007 2 

4 0.0006 0.0009 0.0012 0.0016 0.0008 
3 

5 0.0010 0.0013 0.0016 

Qavg (m3/30s) 0.0005 0.0009 0.0013 0.0016 0.0008 4 

Qavg (m'lday) 1.440 2.707 3.600 4.493 2.160 

Hf(m) 0.02 0.06 0.10 0.16 0.04 s 
- -··-·-

Hnit(m) 11.5 22.1 32.6 43.1 22.1 0 , 10 100 1000 

K (m/day) 2.4E,02 2.3E-02 2.1 E-02 2.0E-02 1.8E-02 

K (m/sec) 2.735-07 2.685:-07 2.41E-07 2.28E-07 2.14E-07 

!.ugeons 0.011 0.011 0.009 0.009 0.008 Field Observations 
. -

1,eOE.Q3 
11 bl cl new wtth O p111uurt , htid ta Ht p~ll.tt il'I • co~eten1 fDn• tint•..,,.. h•vl!I 
not hR 900 Ytl o.~ to O.OOOJ mJIJO tK fl9WI wlUl no pt"enure No le;,k through 
lho cas10$J, Rock Is ph~le. very crubly end Woaih11ed 

1.60E·03 c- - - 7 
r---

1.40E,OJ 

~ 
'/ 

qo~.o~ -- - --- --
! 1,00E-03 .5 -----

• 8.0<ll!,04 - / ---d! / Interpretation of Results 
B,00~-04 

V 
= 

4.00E-04 ·- --- -
2.00E,04 / 

0,001,:,00 / 
0.0 10.0 20.0 30.0 40.0 i!D.O 60,0 70,Q 

Pre-"ure (p,lJ 
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\ =,= BRIC Consultln11 
f.q;ltnn~~ .. n:a::,; PACKER INJECTION TEST 

Prolect: Faro 2009 Te11t l11terval 1ml: 48.0 to 50.6 Borlna N•: P09-C1 

Northln": Date: 25,Jul,09 Start Time: 1:00 TastN"; 5 

Eastlna: End Time: 2:00 B0rln11 Depth (ml: 50.6 

GS Elevation: 151 1GG Suoervisor: MP 

Rclum Flow Ow Mea.surad depth of static wa1ar !cYCtl (1) c:::=]]]m 
Valvo VO!V!I Op Measured depth lo packer ~m 

' J 
DI Meaeun1d depth lo midpoint of te.t 48.J m 

~ 

B lnclittaijon from horizontal (degrees) i::::::::rID 0 '.~ ~--I Gouga Ow' Vtrticel dtplh to staijc water levtl 0.0 m 

li@*~a ~ Op' Vartlc.ol d•pl!l lo pacl<.r 43.2 m 

T 01' Vartiool daplh to mldpolnl of I••! ~m 

Hg PS Poci<er stral<h pros,uro (i) 
~ psi l !>wmal( Ma..imum padier wort.ina p1euura (2) psi 

Pgmu Maximum lnJetzt lon gauge prouuro (3) psi 
Wlreilna +yr l':!2lU.:. casino Plnrm1n Mlnl,num p,tcl(ar !nn,uon p rtJ.N,U,t 331.4 psi 

1: If hola Is dry anler Ow= Bonng Caplh, L_ Plnfmax Mo.lmum packer lnfiatlon pn,Uunt 764.4 ptl 
2: E:nt,r var .. a from padier manUfadurer. l -Dp' 

Hg Gougo ho!ghl 1.0 m 
3: Pgmox (psi) = 1,5 ~ v•rt!(SII Ooplh (m) Lp Langlh of dlsoh•rga plpa 3.00 m IN ROCK to lop of tesl soollon. 

rp Radius of disr.horga plpa (1'=D.0127m) 0.0051 m t"!": LI wi,-.ina ·, DI' R Radius of inffuonea {10 m Is stondon:t valua) 10 m 
Packer 

-~-:1 
rb B01ehole radius {HC• 0.048m, NC• 0.038m) 0.048 m p:r E1;u.!!i!li9n5; L Length of last sactlon ~m 

Form•tfon ' HI F~clion LOH 
Plnr..., • (1 .42'Dp'+Ps+Pgmax)61 .1 Packer Hnlt Na! lnJeoUon ho•d • ! midpoint of t••l 
P!nr.,., • P...., • 1.42'(DP'-Dw') r=- K HY<Sra~llc conductivity 
111 " 8.6~X10'1\ (Q2'lp/rp5) 

Hn!I = (Dw'+Hg..Hf)+Pg/1.42 

,,.~ - Conversion Feqjors; K = (Q'Ln(R/r0))/ 2'n' Ho11'L) lntarval ,_ oftest 
ln\QN~j 10 m of water"' 0.9807 bar ., 1kg/cm2 = 14.2 p~i --- - -- eorino Depth 

1 c:mtsec: = 864 m/day 
1 Lugeon " 1 Ill/min per meter at 1 o bars 
which ia ,;ippro>Cimately 1.4 x 10.s cm/sec 

Q (m3/ JO seconds) 1 US gpm "'3.785 111/mln" 5.45 m3/day 

Pa (psi) Pg (psi) Pg (1>$i) P9 (psi) P9 (psl) 
Moasuromont -Stop 1 Step2 StepJ Swp4 Step 5 

, l 20 30 52 70 30 

1 0.0016 0.0022 0.0030 0.0035 0.001 2 I 

2 0.0015 0.0020 0.0032 0,0035 0.001 3 

3 0.0017 0.0020 0,0028 0.0035 0.0014 2 

4 0,0018 0.0020 0.0028 0.0035 0.0014 

' 5 0.0020 0.0032 0.0015 

Qavg (m3/30s) 0.0017 0.0020 0.0030 0.0034 0.0014 4 

QIVO (mi/d/ol)') 4.752 5.875 8,496 9.907 3.917 

Hf(m) 0.18 0.27 0.58 0.77 0.12 ~ 

Hnll(m) 14.9 21.9 37.1 49.5 n .o 0 , 10 100 1000 

K (m/day) 5.9E·02 5.0E-02 4.2E·02 3.7E·02 3.3E-02 
- -· 

K (m/sec:) 6.82E-07 5.75E-07 4.90E·07 4.28E-07 3.81E-07 

Lu11e,on1;1 0.027 0.023 0.019 0.017 0.015 Field Observations 

UO&OB 
r,aw b hint to 11t 1lncewe do not h...,. , ccmplHnt !Orwt ~a lit tt ~ J'k!w tlt f9ftll\t 
tdtWH1).00}' to D.00, m,{Hc. RIKl 1,&.,vkln on thll fot,Uon , nd ha t11·11qt:J vain.I. 
Pf~!nt ~fief ~ "'~ ¥1,ift'f ll lM ll«19f!I, 

l 
3.SOl;-08 · 

~ 
8.00E-03 --

§ 
2.SOE-03 

i 
2 .00E-0 8 ~ -

ii: 
UOE-03 V Interpretation of Results 

1.00E-0 8 

/ 
5,001,-04 

/ 
D,ODE;:+00 

0.0 10.0 20.0 JO.O 40.0 50,0 eo.o 70.0 eo.o 
P.r•liiur• (p11; 
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PACKER INJECTION TEST 

Fa ro 2009 fest ~,ntorval (m): 50.6 to 55.2 BorlnA N°: P09-C1 

Northlna: Date: 25-J ul-09 Stllrt Time: 3:30 Tee,tt,1•; 6 

Eastlna: End Tlma: 4:30 Borlna DaDth !ml: 55.2 

GS Elevation: 

Relutn 
Valve 

\ 

ow 
Op 
DI 

6 
OW' 
Op' 

T Dt' 

1; II llof 9 11 dry enter Dw • eoong Depth. 
2: Enlar wluas from p;Jtkar m;inufactunJr. 
3: Pgmax (psi)= 1.6 x vertical doplh (m) 

IN ROCK lo lop of h!ll section. 

Eaualions: 

Plnlrn1. • (1.42'0p'+Ps+Pgm11x)'1 .1 
Plnr.,..,. P..., +1 .42' (Dli'·DW') 
Hf= 8.65x1 o-1! (a2' Lp/rpS) 
H .. c (Dw'+Hg-Hf)+F'g/1.42 
K = (Q'Ln(R/rb)) I 2°ff'H.a'L) 

Measurement 
P0 (psi) 
Step 1 

10 

1 0.0040 

2 0.0040 

3 0.0035 

4 0.0035 

5 

Qavg (m3130s) 0.0038 

Q ,YG (m3fday) 10.800 

Hf(m) 0.91 

Hnlt(m) 7.1 

K (mlday) 2.8E-01 

Wireline 
C~•lng 
L_ 

Hg 

l 

Q (m3f 30 soconds) 

Pg (psi) Pg (psi) 
Step 2 Step3 

25 50 

0 .0060 0.0060 

0.0050 0.0060 

0.0055 0.0065 

0.0050 0.0055 

0.0060 

0.0054 0.0060 

15.480 17.280 

1.87 2.34 

16.7 33.9 

1.7E-01 9.4E-02 

K (mlsec) 3,24E-06 1.9BE-06 1.09E-06 

Lugaons 0.127 0.078 0.043 

B.OOE.OJ 

7.00E-Ol 

P0 (psi) 
Step4 

75 

0.0075 

0.0070 

O.OOG5 

0.0065 

0.0065 

0.0068 

19.584 

3.00 

60.8 

7.1 E-02 

8.24E-07 

0.032 

P& 
Pwmax 
f>gmax 

Plnlmln 
Plnlmax 

Hg 
Lp 
rp 
R 
rb 
L 
Hf 

Hnlt 
K 

P0 (psi) 
Step 5 

25 

0.0022 

0.0023 

0.0020 

0 .0020 

0.0021 

6.120 

0.29 

18.3 

6.2E-02 

7.15E-07 

0.028 

-- ---
G.OOE,03 __..--=:::::::: ---_/v ·--r- -r-_.,,.-=--. -=c::::::==::i==~ --./.,...,... 

;; 5.00E-Ol _/ ~ 

~ ,i.OOE,03 --~ - - •- .,,,,r- - -----1---+---1 

! V _.,, l .OOE-03 - ~ -

2.00E,03 _ .,.,,,.- --------1----1----1 

1,00E-Ol -

OOOE'-00 _ __ ....._ __ --+-------+-----+------+----'-----l 
o.o 10.0 20.0 30.0 40.0 50,0 eo.o 70.0 60.0 

P rHIUt'O (psi) 
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166 181 Superv!&or: MP 

Maa•urad dapt.h ol s~tlo w;itar lava! (1) I o.olm 
Mii11ure<1 depth lo packer 50.6 m 
Measured depth lo midpoint or lest ~m 
Inclination !ram horizonh!I (degrees) I 101• 
Verllcal depth lo sl.oHo w,itor level o.o m 
Wr!J,;;,1 d11Plh lo p.ocker _____jlim 
Ver!JCIII deplh lo midpoint or le1l ~m 

P.,c;kar , tre lch pren ur(> (2) 
~ p$i Maoomum pnckor worl<lng pn1SSura (2) psi 

Maximum injection gauge pressure (3) psi 

---. 
Minimum picker 1nn1uon pr1111ure 343.5 psi 
Mll~lmum picker lnn1t1on Prl>HU!lt 110.s psi 
Gauga halght 1.0 m 
Longth or dlicllaroe pipe s.bo m 
Radius or dl6dla roe pipe (1"•0.0127m) 0.0051 m 
Radius or Influence (10 m is sh!ndard value) 10 m 
Boillhole radius (HQ=0.048m, NQ=0.038m) 0.048 m 
Length of test ,oction ____!:!.m 
FrlcUon Loss 
N11l inJietlon head a l midpoint or le1l 
Hydr.oulic conducUVilY 

Conversion Factors: 
10 m of water= 0.9807 bar= 1kg/cmi .= 14.2 psi 
1 cm/sec "' 864 m/day 
1 Lugeon "' 1 IIVmin per meter at 10 bars 
which is approximately 1.4 x 10·5 cm/sec 
1 us gpm = 3.785 lit/min= 5,45 m1tday 

·--- - ,_ - ~~, 

I 
- __ ...,... -

1 .. 

10 !DO 

Field Ob11ervations 

Ii O"" hl4 O.OOlS mJ/ 30 Ht. PuOt ~ bl(!( 5 fttl lftd WITI UV iht mt tCl in. 

Interpretation of Results 

1000 
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r =r SRK f:.!s.!~ PACKER INJECTION TEST 

Pro]oct: Faro 2009 Test lnterv11I fml: 49.1 to 5S.2 B0rfr1a N": P09,C1 

r 
l I 

Nortl1ina: Date: 26.Jul-09 Start Tlmo: 5:00 Test N°: 7 

Eastlna: End Time: 6:20 8orlna Deoth 1ml: 55.2 
GS Elevation; 161 181 SuDel'Vlsor: MP 

l 
f 

flatum Flow Ow Meaaured depth or atatie water level (1) I O.Oim 
Volvo Valve Dp Measured dt!pth to packet 49.1 m 

Dt Moo1surod daplt, lo mldpolnt of last ~m - fl ln<;1lnaUOfl from horlzontlll (lklgree1) I 101· /~ ~"~ -Ii@~ Tank Gauge Pw' Vertlcal deplll to atauc water level 0.0 m 

-~ 

Dp' Vertie11l deplll to packer ---.ITm 
l 

T Dt' V0!1ical doplh to midpoint ol last ~m 

Hg Pl Packer stretch pmssum (2) 
Elpsl 

1 Pwma>< Ma.imum pecker worklng pressure (2) psi 
Pgmax Maximum lnJecuon gauge pressure (3) psi 

V., rgllno +I] tlll1u; Casing Plnfmln Minimum paokor lnnallon prou uro 339.5 psi 
1: lf hola ls dry antar Ow= Bcxing C,,pth. l_ Plnfmax r,!a~tmum pao~ar lntl•tlon P!l!'"~"' 769.6 psi 
2: Enter value, from l)llcker manuractuN!r. l - Dp' 

Hg Gauge height 1 .0. m 
3: Pgm8)( (pal) • 1,5 x vertical depth Cm) Lp l.ilnglh of dl$<;/!ilr119 plpo 3,00 m IN ROCK to top or 11111 1ect1ori. 

Radlu$ or di1erntrea P11X' (1"=Q,0127m) 0.0051 - rp m 

Wlrenne R Radius ol influence (10 m Is standard va lue) 10 m 

\ 
Pecker rb Borehole tadius (HQ•0.046m, NQ•0.036m) 0.04B m ;n:: ~Ql!l!!iQn~; L Lenglll of test aecuon _____u_m 

FonnatJon Ht FrlcUon LOBS 
Pint .... = (1 .42'Dp'+Ps+Pgmax)'1 .1 Hnlt N11t ln]ll<!llon hvad at midpoint or 1951 
Plnf.,,a " P""'a+1.42·(Dp'.Dw') K Hydcllul!c oon<lucUvlty 
Hf " 6.B5x1(1'15 (Q2'Lp/rp5) 
Hnr, = (Dw'+Hg-Hf)+Pg/1.42 

Q11011!lr:1i110 E!!I.IQ[l!: K = (Q'Ln(R/rb)) / 2·~·H111t'L) 
ln~arvi11 10 m of water = 0.9807 bar= 1kg/cmh 14.2 psi 

- --- Boling Depth 
1 cm/sec "' 864 m/day 
1 Lugeon :: 1 Iii/min per meter at 1 O bars 
which is approximately 1.4 x 10-s cm/sec 

Q (m3/ 30 seconds) 1 US gpm = 3.785 liVmin = 5.45 m~/d'.iy 

Pg(P&i) Pg (p&i) Pg (psi) P11 (psl) P9 (psl) 
Measurement Step 1 Step2 Step3 Step4 Step 5 

f I 

I 
10 27 50 75 25 ~ .--

1 0.0030 0.0040 0.0070 0.0080 0.0035 ~ 

......- -
1 

2 0.0030 0.0050 0.0065 0 .0080 0.0025 
I 

3 0.0030 0.0050 0.0070 0.0070 0 0030 2 

4 0.0025 0.0045 0.0060 0 .0080 0.0025 
3 

5 0.0030 0.0040 0.0075 

Qavg (m3/30s) 0.0029 0.0045 0.0066 0.0077 0.0029 4 

a •• 9 (m'tday) 8.35;2 1:2.960 19.080 22.176 8.280 

Hf(m) 0.55 1.31 ;2.85 3.85 0.54 & 

-
Hnit(m) 7.5 18.7 33.4 50.0 18.1 0 1 10 100 1000 

K (m/day) 1.61:-01 9.71:-02 8.0E-02 6.2E·02 6.4E-02 

K (m/sec) 1.80E-06 1.12E·06 9.22E-07 7.16E-07 7.39E-07 

L.ugeons O.o71 0.044 0.036 0.028 0.029 Field Observations 

, .ooE~ ll1tryaf l11I G. 

L 
l 
l 

8.00E-03 - -~ 7.00E,03 

V/ ~ 6,00E-Oa -! S.OOE-03 ~ 
__.L l.----"'" 

& 4.00E,03 --- --- ---___...,,... 
~ 
...- Interpretation of Results 

MOE-03 . ·- - ~ 

2.00E,03 / , .ooE,oJ V ,_ 

O,OOt;.00 . 
0.0 10.0 20.0 30.0 40.0 50.0 60,Q 70.0 SQ.Q 

Pre1,ure (psi) 
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~ SRK !:,.°.!s.!:~~'!Jf PACKER INJECTION TEST 

Proiect: Fc1ro 2009 Test Interval ml : S5.2 to 59.7 B0rln11 N•: P09,C1 

Northlna: Date: 26-Jul.09 Start Time: 8:00 Test N°: 8 

Eastina: End Time: 9:40 Borlno Deot'1 1ml: 59.7 
GS ElovaUon: 181 196 Supervisor: MP 

Relurn Flow Ow Mei!iured cleplh ol &laljc waler level (11 I O.Olm 
Vllve Valvo Op Measured cleplh lo paclce< 55.2 m 

Dt Measuted deplh lo midpoint of iest ~ m - lncllnollD11 from ~llmQflt•I (dogr0'1;) I 701• J~ ~-~- B 

li@t l M~ 

Ow' VO!rtlcal d11PI~ to &title w;oter lv,ql 0.0 m 
Op' VertJcal deplh lo pecker ~m 

T DI' Vertlc81 deplh lo mldpOinl o/ lesl 54.0 m 
- Flow 

..__.. Meler Hg Ps Packer 1t1elch preuure (2) 
~psi 

1 Pwmex Mlll<Jmum packer wollllng pressure (Zl psi 
Pgmax Maximum lnjoction gougo prussuro (3) psi , I Wirellne 

353.7 psi N2lil: Cuing Cw' Plritrnll'I Minimum packer Inflation pressure 

1; If hQI~ Is dry ~nter Dw = Soring DiJM, L. l y Plntrnax. Maximum packer Inflation presaure 776.7 psi l - 1.0 2: Enter values from packer manufacturar. Hg Ga~helght m 
3: Pgma. (psi)• 1.5 x v"'1ieal deplh (m) Op' Lp Lenoih of dlactiaroe pipe 3.00 m 

IN ROCK Lo lop of Lest section. - rp Radius of discharge pipe (1'•0.0127m) 0.0051 rn 
Wirelin 1:1 R l\odius of !nNuoflCII (10 IT! Is •lond•rd vot~q) 10 m 
Packer rb 8oro~IR n1dlus (H0=0,04~, N0=0.031lm) ~ 0.048 m 

PI 1i1;1u11liga:r L ~onglh of tq•t •ixcllon ~m 
Formation Hr Friction Loss 

Plnln10 '" (1.42·Dp'+Ps+Pgmax)·1 . 1 Hnlt Nel injection head at midpoint or ta,1 
Plnr..,. • P..,. +1.42'(DP'·DW') K Hy(f(alJlic conductivity Hr= e;e5xfo-l's (a2•L.p1rps) 
H.., = (Dw'+Hg-Hf)+Pg/1 .42 

~gai11:1[lilga Eil'-tllcli: K = (Q'Ln(R/rb)) I 2'n'H0/L) 
10 m of water - 0.9807 bar - 1kg/cm2i:, 14.2 psi 

- - - Boring Deplh 
1 cm1sec = 864 m/dey 
1 Lugeon = 1 lit/min per meter at 1 O bars 
which Is approximately 1.4 x 10" cm/sec 

Q (m3/ 30 soconds) 1 US 9pm - 3.786 lit/min - 6.46 m3/day 

P9 (psi) P9 (p$i) P0 (psi) P0 (psi) Pu (psi) 
Measurement Step 1 Step 2 Step 3 Step4 Stop 6 

20 40 60 80 <10 1. 1 0.0080 O.o100 0.01 20 0.0140 0.0080 

~ 2 0.0070 0.0090 O.o1W 0.0140 0.0075 

3 0.0070 0.0110 0.0120 0.0130 0.0075 2 

4 0.0070 0.0100 0.0120 0.0140 0.0070 
3 

5 0.0070 0,0090 0,01 20 0.0130 0.0080 

Qavg (m3/30$) 0.0072 0.0098 0.0120 0.01 36 0.0076 4 

a •• 0 (m
5/dc1y) 20.736 28.224 34.560 39.168 21.888 

Hf(m) 3.36 6.23 9.34 12.00 3.75 6 

Hnlt(m) 11.7 22.9 33.9 45.3 25.4 0 1 10 100 1000 

K (m/day) 3.3E-01 2.3E,01 1.9E·01 1.6E·01 1.6E·01 

K (m/sec) 3.87E-0B 2.69E-06 2.231;;-06 1.89E-06 1.88E·06 

Luneons 0.152 0.106 0.087 0.074 0.074 Fleld Observations 

t .OOE,02 
ll:1tt;Of l1it6. 

MOE-!>2 -- -
~ 

.- -
1.20!!,02 

_____. 

~ 
i--- ~ 

1,ooe.o:1. 

L--' l_..;./ ---
s ~ 

----6.00E,03 -I ,It-- ..-
.: f- - -- Interpretation of Results e.we-w 

V 4.00!!,03 - -
:1,00E.03 !~ -- - --

O.OOE•OO 
0,0 10,0 20.0 ~o.o 40,0 50.0 eo.o 70.0 eo.o 90.0 L 

Ptcuuto (ps i) 
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PACKER INJECTION TEST 

Prolect: Faro 2009 

Northlna: 
Eastlna: 

GS Elevauon: 

1: u hole Is di')' enter Ow • BOiing Depth. 
2: Enter valuei rrOfTl p;icker manut@ct\!fer. 
3: Pom~.x (pil) ~ 1.S x vllfflc.!! depth (m) 

IN ROCK to top of tost soctlon, 

Equations; 

Pinr,,... = (1.42'Dp'+Ps+Pgmax)'1 .1 
Plnr_ = P_.,+1.42'(Dp'-Dw') 
Hf • 8,85x10·" (Q2'Lplrp1) 
H,;i = (DW'+Hg•Hf)+Pg/1,42 
K = (Q'l.n(R/rb)) / 2'n'H,;i' L) 

Wir-eline 
Casino 

[__ 

Test Interval !ml: 
Data: 26-Jul-09 

t .. , l -Op' ,_.... LI DI' 
Wlrallno 

Pockar l'.JI 1 
F'onnalion 

Packer 

Interval - - of test 
Interval 

59.7 
Start Time: 

End Time: 

ow 
Dp 
Ot 
B 

OW' 
Dp' 
or 

PS 
Pwmax 
Pgmai< 

Plnfmln 
Plnfmax 

Hg 
Lp 
rp 
R 
rb 
L 
Hf 

Hnit 
K 

Tes~ rc:r Midpoint 

-- - --- lloring Oapth 

Q (m3/ 30 seconds) 

Measurement 
Pg(psl) Pg (psi) Pg (psi) Pg (psi) Pa(psl) 
Step 1 Step 2 Stop3 Step4 Stop 5 

20 30 60 90 30 

1 0.0040 0 .0055 0.0070 0.0100 0.0040 

2 0.0040 0.0047 0.0070 0.0090 0.0040 

3 0.0040 0.0048 0.0070 0.0090 0.0045 

4 0.0040 0.0050 0.0070 0.0100 0.0045 

5 0.0040 0.0048 0.0070 0.0090 

Qavg (m3/30s) 0.0040 0.0050 0.0070 0.0094 0.0043 

Q0v11 (m
3
/day) 11.520 14.285 20.160 27.072 12.240 

Hl(m) 1.04 1.60 3.18 6.73 1.17 

Hnlt(m) 14.0 20.5 40.1 58.6 21.0 

K (m/day) 1.5E-01 1.3E-01 9.3E-02 8.5E-04 1.1E-01 

K (m/sec) 1.75E-06 1.49E-06 1.0SE-06 9.87E-07 1.25E-06 

LuQeonr. 0.069 0.058 0.042 0.039 0.049 

1.00E,02 ~ -~-~--~-~--~-~-~--~-~-~ 

9.00E-03 

7.001!,03 

! 6.00E-03 

5,00E-03 • if 4.001..03 .~ -
~.001;-03 

2.00E,OJ 

1.00E-03 

/ / - ----
0,00EtOO 11---'---+---+----.--+---'---'----'-----'---4 

0.0 10.0 20.0 30.0 40,0 50.0 flO.O 70,0 60.0 90.0 100.0 

Plntl#•(P"II 
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to 64.3 BorinQ N•: P09-C1 

12:00 Test N°: 9 

1:20 13orir111 Death (ml: 64.3 

196 211 Suoervlsor: MP 

Measuted depth of atauc water level (1) I o.olm 
Measured dapth lo packer 59.7 m 
Mo••urad daptli to midpoint of tasl 62.0 m 
lnc!lnaUon rrom ho!1zon!.il (degre9&) I 101· 
Vertical depih to stauc water level 0.0 m 
Varticot dapth to packer ~m 
VartJ..,I dcpi/i ta midpoint al last ~m ---
Packar sln>lch prassura (2) 

Elps~ Maximum packer working pr-esaure (2) pst 
Maximum ln)eCUon gauoe prenure (3) psi 

Minimum p1ckl!r lnn•llon pn,ssyn, 3!!9,7 psi 
MaJ(lm~rn packar !r1ffatlon p1'1'ssura 782.7 psi 
Gouge, height 1.0 m 
Lenglti ol di;<;h;o'll(I plpq 3.00. m 
RadiUi or dl&eh.!rge plpo (1"=0.0127m) O.OOS1 m .. 
Radius of innuenca (10 m 11 standard value) 10 m 
Ban,hale radius (HQ•0.04Bm, NO•O.O:lllm) 0.048 m 
Langth of t&st section ~ m 
FricUon Losa 
Net lnJectlon heaa Al midpoint ol te~t 
Hydraulic com!Ycllvtty 

~Qn~rsioo Factors; 
10 m of water= 0.9807 bar= 1kg/cm2 = 14.2 psi 
1 cm/sec "' 864 m/day 
1 Lug eon : 1 liUmin per meter at 1 O bars 
whicn is approximately 1.4 x 10·5 cm/sec 
1 US gpm = 3.785 IIVmln = 5.45 m3/day 

~ - ,~ ·...r::-
1 

2 

3 I 

4 

5 

- - f 

0 1 10 100 i OOO 

Field Observations 

Interpretation of Results 
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• Packer Tests 

- • - Line for lxl0-8 m/s 

11 BEJ Pump-Recovery Test K 

- Bedrock Contact 

Error bars represent 
testz.one 
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Prolact: Faro 2009 Test lnte,val (ml: 

Northing: Date: 18·JUl·09 
Easting: 

GS Elev11tlon; 

Return Flow 

C{-I~ T 
Ho 

1: If hole ls dry •nlor Cw= 8or!ng Daplh, 
2: Enter vallH!s r,orn packer manuraclurer. 
3: Pgma,c (psi) • 1.5 x vertical depth (m) 

IN ROCK lo lop or tesl aectlon. 

Eguatjons: 
Plnfmn " (1 .42'Dp'+Ps+Pgmex)°1 .1 
Plnfm., • P...,,.,+1.42'(Dp',Dw') 
Hr= 8.65x10-f& (a2•Lp1rps) 
H011 = (Dw'+Hg,Hf)+Pg/1 .42 
K = (Q'Ln(R/rb)) / 2'n'H.,;i'L) 

W\rerlno 
Cuing 

L 

l 
J_ I l j - ~ ~uDI' Wireline 

Packer ~ 1 
Forma~on 

Packer 
-i.:r 

!ntarvat 

PACKER INJECTION TEST 

46.0 to 49.2 Bol'lna N": P09,C2 

Start Time: 16:30 Test N": 
End Time; B1n1ng Depth (ml: 49.2 

SuDervlsor: MP 

Ow Measured deplh or &l&Uc water level (1 > I o.olm 
Op Measured !leptl1 to packer 48.0 m 
Ct Measured depth lo midpoint of test ~m 
R lndln@tlon frQm horfi<int!!I (~grlill!$) I rol• 

Ow' Vertie.ii deplh to 11auc watw level 0.0 m 
Dp' Vertical deptl1 lo pedier 43.2 m 
Ct' Vertical deplh to midpoint or tesl ~m 
Ps Packer e~tch pressure (2) EIPS! Pwma11 Mll)(Jmum paci<er wotking pressure (2) ps1 

Pgmex Maximum lnJealon gauge pressure (3) . _psi 

Plnfmln Minimum pacl\ar lnna~on p!l1$SUJII 330.4 psi 
Plnfmax Mulmum packer Inflation prt,s5un, 783.5 psi 

Hg G&UQfl tieighl 1.0 m 
Lp l.ongl/i of di,choljjO pipe 3_.00 m 
rp R@dlu• Q/ discharge plP9 (1'=0.0127m) 0.0051 m 
R Ra<fius or lnnuence (10 m Is standard value) 10 m 
rl> Bofehole radius (H0• 0.04Bm, N0• 0.038m) 0.046 m 
L Lenglh or letl section ~m 
Hf F~cuon Lo" 

Hnll No! lnJ~Jon ho•d Al m!dPQint of tosl 
K Hydruul!c oon'*'ctlvll}' 

Conversion Factors: 1ni:~1~, . - - Mo1t':t 

'-- --- BOiing Depth 

10 m of water= 0.9807 bar= 1kg/cm2 = 14.2 psi 
1 cm/sec " 864 mfday 
1 Lugeon " 1 liVmin per meter at 1 O bars 
which is appro)(imately 1.4 x 10-$ cm/sec 
1 US gpm = 3.785 llt/mln = 5.45 m3/day 

Measurement 
Po (pi;!) 
Step 1 

10 

1 0.0002 

2 0.0000 

3 0.0001 

4 0.0002 

5 0.0001 

Qavg (m3/30s) 0.0001 

c.yg (m,fday) 0.346 

Hf(m) 0.00 

Hnit(m) 8.0 

K (mfday) 1.1E-02 

K (mfsoc) 1.32E-07 

Lugeons 0.005 

9,00E-0<4 

8.00E,04 

7.00E-04 

e.OOE-04 

! 5.00E,04 

• ~ 4.00E,04 

3.00E-Q'1 

2.001!,04 

1.00E-04 

Q.006+00 
0.0 IO.O 

Appendix B 

20.0 

Q (m3/ 30 seconds) 

P9 (psi) 
Step2 

25 

0.0002 

0.0002 

0.0003 

0.0003 

0.0003 

0.720 

0.00 

18.6 

1.0E-02 

1.19E-07 

0.005 

30.0 

P9 (psi) 
Step 3 

52 

0.0006 

0.0005 

0 .0006 

0.0004 

0.0005 

0.0005 

1.498 

0.02 

37.6 

1.1E-02 

1.22E-07 

0.005 

40.0 

Pres,ure (P""..11 

50,0 

P9 (psl) P9 (psl) 
Step4 Step 5 

68 25 

0.0008 0 .0001 

0 .0000 

0.0008 0 .0000 

0.0008 0 .0000 

0 .0000 

0.0008 0.0000 

2.304 0.058 

0.04 0.00 

48.8 18.6 

1.3E-02 8.2E-04 

1.45E-07 9.51E-09 

0.006 0.000 

60,0 70.0 PO,Q 
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Field Observations 
10 foet ortestfng. Vff'f lituo now, YMY hard to tul Old not perform a f1 1Ing ho11d 
l•JI 4u• !a tr(~J~l'I cqh~1tions. wi(l 11}' la campk,~ • rati ng t.., 4 1•Jt Iha nt~~ tl_rna 
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=flF SRK Consulllng 
~ ln11vwnr.l~ll:UJ 

ProJect: Fa ro 2009 

Nonhlna: 

Easllna: 
GS Elevation: 

Ratum 
Yaiva 

Flow 
Valve 

Date: 19-Jul-09 

I . I~ Prassuru .
Gtwge 

I' 

-

T Wala!" 
Pump 

1: If hole is dry entor Ow= Boring Oap!h, 
2: E;ntar valuea from l)llciier manuraetufl!r. 
3; Pgmax (paij • 1.5 x vertical depth (m) 

IN ROCK to top orteil &action. 

Equ~liQn:1: 

Pinf..,, = (1 .42'Dp'+Ps+Pgmax)"1 .1 
Pini_= P-a+1.42'(0p'•Dw') 
Ht • 6.65x10·•5 C02'Lptrps) 
Hn1t = (DW'+Hg•Hf)+Pg/1.42 
K = (Q'Ln(R/rb)) / 2'n'H.,/L) 

Measurement 

3 

4 

5 

Qavg (m3/30s) 

Hf (m) 

Hnlt(m) 

K (m/day) 

P0 (psi) 
Step 1 

20 

0.0002 

00002 

0.0003 

0.0002 

0.0002 

0.648 

0.00 

15.1 

7.91:-03 

Plow 
Meler 

Wlralina 
Ca5lng 

L 

Hg 

1 

Q (m3/ 30 seconds} 

P0 (psi) Pg (psi) Pg (psi) 
Step 2 Step 3 Step 4 

40 60 80 

0.0002 0.0003 0.000/S 

0.0002 0.0003 0.0003 

0.0003 0.0003 0.0005 

0.0003 0.0003 0.0004 

0.0003 0.0004 

0.0003 0.0003 0.0004 

0.720 0.864 1.210 

0.00 0,01 0.01 

29.2 43.2 57.3 

4.6E-03 3.7E-03 3.9E-03 

K (m/sec) 9.19E-OB 6.281:-08 4.27E-08 4.51E-08 

0.004 0.002 0.002 0.002 

4 ,5DE-{M 

PACKER INJECTION TEST 

53.8 to 58.4 Boring N"; P09-C2 

Start Time: 12:00 Test N°: 3 

End Time: 13: 15 B0r!n11 Pe11th {ml: 58.4 

Dw 
Op 
Dt 
ll 

Ow' 
Op' 
Ot' 

Ps 
Pwmax 
Pgma,c 

Plnfmln 
Plnfm11x 

Ho 
Lp 
rp 
R 
rb 
L 
Hf 

Hnlt 
K 

P0 (psl) 
Step 5 

40 

0 .0001 

0,0001 

0.0000 

0.0000 

0.0000 

0.0000 

0.115 

0.00 

29.2 

7 .3E-04 

8 .44E-09 

0.000 

Su11ervlsor: MP 

M1!i!51Ked ~Pih ol 5taUc water level (1) I O.Oim 
Meaaured depth to packer 53.8 m 
Measured depth to midpoint of ta,t ~m 
lncllnallan Imm hori~nt~I (c:k>gr!Kl5) I 70i0 

V<!III~ dgplh to ill!t!c watlif level 0.0 m 
Vertical depth to packer 50.6 m 
Vertical depth lo midpoint or !Ml ____gz_m 

Packer atreteh prenur., (2) 
Elpsi Maximum packer working pressure (2) psi 

Mllldmum lnJecllon gavgg pre.iUre (3) psi 

Mln(mum p11c:.~ar Inflation prm.su!lJ 351.8 psi 
Maximum packar lnllallan pressure 774.9 psi 
Gauge height 1.0 m 
Let191h of dlscnarge plpa 3.00 m 
Radiu, al di""'1orga plpo (1 '=0.0127m) 0.0051 m 
R@!!lus of ln11"'1= {10 m Ii &tandard value) 10 m 
Borehole radlue (HC-O.O<t8m, NC• 0.038m) 0.048 m 
Length or te5t &action ____!&.m 
FrkUon Lt;1~5 
Nat lnjactlan ~ood al midpoint of {q;t 

Hydraulic conducllvlty 

Conversion Factors; 
10 m of water = 0.9807 bar = 1kg/cmi"" 14.2 psi 
1 cm/sec c 864 mlday 
1 Lugeon - 1 liVmin per meter at 1 O bars 
wl'!ictl is approximately 1.4 x 10-s cm/sec 
1 US gpm = 3.785 IIVmln = 5.45 m3tday 

------------------, 

,_ ·-
= 

I 
10 100 1000 

Field Observations 
R~ wH ff'Ol't lnoktinwp lntheH<i0ndrun or thl1 Ht, p1rtol itwasw61h1i d aw.iiy 
Th61efort higher ncr.n ••• •.iip•et•d. 

4.00E·o.l - - ,~ 
3.80E0 04 

3 ,DDE-11<4 ,_ 
~~-

_ ._ __ _..., 
---1------1---1--- , _ 

---

! 2.50E-0<4 

r I 2.00E,04 

/ 
1,SOE-Q4 ·- V 
1.00E,04 - - / 

a.ooE,o! V 
D,QOE•QO . 

__.-L---" ~ 

·- ----t-t---1 / 
_ , .L----l---~· -

~·-
Interpretation of Results 

--+---l--/-/-l---+---l----1~~ 

1---7'-I-- - V 
0.0 10.0 20.D :io.o 40.Q 50.0 80.0 70.0 80.0 90.D 

Pr ... ure tpol) 
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PACKER INJECTION TEST 

Proiect: Faro 2009 
Nonhlno: 

Eastinq: 

GS Elavauon: 

Relurn Flow 

~ ~ 

1; Ir hole Ii dry enler ow• Bor1ng Depth, 
2: Enter values from p:.ckcr m.anufactunJr. 
3: Pgmox (psQ = 1.6 x vor1JClll dcplh (m) 

IN ROCK 10 tap or te,l Section. 

Eauauoos: 
Plnr...,, • (1.42"0p'+Ps+Pgm11~)'1. l 
Plnr..., • p""" +1.42' (DP'•DW) 
Hf= 8.65X10-,S (Q2'Lp/rpS) 
Hn11 = (Ow'.+Hg-Hf)+Pg/1.42 
K = (Q'Ln(R/rb)) I 2'ff'Hn1,'L) 

Win!li~e 
Casino 

L__ 

Wirolina 
Pocker 

Formation 

lest Interval ml: 

Date: 20-Jul-09 

-

T 
Hg 

! 
T r~,, 

..- Ho' 

lnieNl!l 

53.8 

Start limo: 
EndT!me: 

Ow 
Op 
ot 
B 

Ow' 
Dp' 
DI' 

Ps 
Pwmax 
Pgmax 

Plnfmln 
Plnfml!l( 

Hg 

Lp 
rp 
R 
rb 
L 
Hf 

Hnit 
I( 

---- -· -- Boring Dopth 

Measurement 

2 

3 

4 

5 

Qavg (m3/30s) 

Hr(m) 

Hnlt(m) 

K (mfday) 

K (m/sec) 

Luaeons 

Pg (psi) 
Step 1 

20 

0.0004 

0.0004 

0.0004 

0.0004 

1.152 

0.01 

16.1 

7.1E-03 

8.26E-08 

0.003 

Q (m3f 30 seconds) 

P0 (psi) P9 (psi) P9 (psi) 
Step 2 Step 3 Stop 4 

42 62 80 

0.0015 0.0015 0.0022 

0.0018 0.0020 0.0018 

0.0010 0.0015 0.0028 

0.0013 0.0020 0.0021 

0.0015 0.0021 

0.0014 0.0017 0.0022 

4.032 4.896 6.336 

0.13 0.19 0.31 

30.5 44.5 57.0 

1.2E·02 1.0E-02 1.0E-02 

1.43E-07 1.19E-07 1.20E·07 

0.006 0.005 0.005 

P9 (psl) 
Step 6 

40 

0.0008 

0.0010 

0.0008 

0.0010 

0.0010 

0.0009 

2.650 

0.05 

29.1 

8.5E-03 

9.84E-08 

0.004 

UCE,OJ "r---r-------r--.---.---,---.---,---, 

2.00E,OJ l---1------1----1---il- V 
~ 1,5()1;-Q~ ·---1-----1---·p---- ~v 
! 1,0QE~3 ·- vv _J ___ / 

0.00!!•00 .,::;..__4-_ ___ 4 __ ....!..... __ +-- ~1-- --+---+---l 

·-

S.OQE-o4 

o.o 10,0 20,0 30.0 40.0 50.0 80.0 70.0 80.0 90.0 
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to 62.9 B0rlm1 N°: P09-C2 
10:00 TostN°: 4 

11:30 Borfnq DeDth 1ml: 62.9 
Suporvlsor: MP 

Measured <h!pth or stauc water level (1) I o.olm 
MeasLt"~ depth kl pecker 53.8 m 
Moosl.n!d depth lo midpoint of last ~m 
lndJl!illlon from horlllQnlill (dllereee) I 7ol° 
VeitlC!!I depth to 1,taUc water level O.Om 
Vertical depth to packer 50.8 m 
Vertieel deplh to midpolnl Ol tesl ~m 

Packer 11tetcn preuure (2) 
E3!1psl Mt!Xlmum packer working preS&ure (2) psi 

M;axlmum ln)e~Uon g~uge preH\Ke (31 psi 

Minimum paakar lnffatlon pn,ssun, .....l§i!.psl 
Mo:imum packer lnflaUon pressure 777.9 psi 
Gauge height 1.0 m 
U.nglh or discharge pipe 3.00 m 
Radius of discharge pipe (1 ' =0.0127m) 0.0051 m 
RPdiU$ ot lnnuQr1Ci4 (10 m I, ,~d;,rd v~lueJ 10 m 
8orehole radlu; (HQ=Q.048m, NOZO.O:lemJ 0.048 m 
LQnglh QI teit ,ix,Uon ____M_m 
Fricilonloss 

Net i'leetion head al midpolnl of tost 

Hydraulic c:onduc1ivily 

coovocsJoo factors: 
1 O m of water "' 0.9807 bar" 1 kglcm2 = 14.2 psi 
1 cm/sec - 864 m!day 
1 Lugeon = 1 lit/min per meter at 1 o bers 
which Is approximately 1.4 x 10.a cm/sec 
1 US gpm - 3. 786 lit/min " 5.45 m3/day 

==== r=-=r==,.....,=r==:-c=, 
1 1cr=i i::::::::': ~ I '::=::J = === 

,o 100 1000 

Field Observations 
Fk>W llomlng up tho 4• cuing, look 8 hours. to p11cko, tos.t !fHltHf11y aM 1nolhar s 
today, but f\GW h~~ ;t;1~i,~i, 2 t,111, Cqrnp"1~, 1 1,1rtl;1 tt1t Pl~" M'l n.oted 
fine. no ~lnk1 kl the Illes~ 
20 psJ = 1L= a.1& minutes= .15LnO 11e 
,co pal• 1L,• 1.50 t'f\lriut•,. :ti.• s.~4 JTU!ii.rt• , • 'Zfw?O ,~ 
GO pM • 1L !! 1,20 minutes. 2L • 2.~7 mlnu1H • .JG.L/JO HG 
80 pM = 1L = 1,00 minutt1, 21. = 2..20 mitlutu 11 .0WCuc 

Interpretation of Results 
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L 

PACKER INJECTION TEST 

Prolect: Faro 2009 Te1;1t lnterv11I {ml: 

Nonhlna: D11te: 20,Jul,09 

Easttna: 
GS 1:111vatJon: 

Ra!um Flow 
Valve Valve 

~~ !~ ·~-
~ Oi~ 

T 
T 

1: If hole ls dry enter Pw = llorlng Doplll , 
2: Enter values: from pi!Ckar manufZ1cturar. 
a: Pgmax (PIO a 1.5 x vertical deplh (m) 

IN ROCK lo top al test scoUon, 

Pinfnw," (1.42'Dp'+Ps .. Pgmax)"1.1 
Pinr.,., = P""",+1 .42'(Dp'-Dw') 
Hr= 6.tl5x10·1• (Q,'Lp/rp~) 
H"" = (Dw'+H~Hf)+Pg/1.42 
K • (O'Lll(~/rt,)) I z ·~·H.,.'L) 

Wlrallna T I 
casing ow 

L__ ! .Y ,__ l -Dp' 

Wlrellne u or 

Paoker :0:: 1 
Fornu1uon 

Peckar 

58.4 

Su.rt Time: 
End Time: 

ow 
Op 
Dt 
a 

Ow' 
Dp' 
Dt' 

Pt 
Pwmex 
Pgm1K 

Plnfmln 
Plnfmex 

Hg 
Lp 
rp 
R 
rb 
L 
Hf 

Hnlt 
K 

-~T-c" -=' 
------- - -- 8ol!ng Doplh 

Moasuromont 
Pg (psi) 
Stop 1 

20 

1 0.0010 

2 0.0009 

3 0 .0010 

4 0,0006 

6 0.0007 

Qavg (m3/30s) 0 .0008 

Q..,9 (m'tday) 2.419 

Hf(m) 0,05 

Hnlt(m) 16.0 

K (m/day) 3.0E-02 

K (m/&ec) 3.52E-07 

Lugeom, 0.014 

2,$01;-03 

2 ,001,-03 

i 
, .soe.oJ 

~ 

~ 1.00!!,03 ·-
$ ,001;-04 

Q (mJ/ 30 second11) 

P0 (pi,;i) P9 (psi) 
Step2 Step 3 

40 62 

0.0015 0.0020 

0.0010 0.0015 

0.0015 0.0020 

0,0010 0.001'7 

0.0010 0.0020 

0.0012 0 .0018 

3.456 5.299 

0.09 0.22 

29.1 44.4 

2.2E·02 2.JE-02 

2.SOE-07 2.61E-07 

0.010 0.010 

-
• 

P9 (psl) 
Step4 

65 

0.0027 

0.0022 

0.0020 

0.0020 

0.0020 

0,0022 

6.278 

0.31 

60.6 

2.0E-02 

2.27E-07 

0.009 

P9 (psi) 
Steps 

'10 

0.0008 

0,0007 

0.0010 

0.0010 

0,0007 

0 ,0008 

2.419 

0.06 

29.1 

1.6E-02 

1.82E-07 

0.007 

I/ 
O.OOEtOO IF----'-- - ----------- -------'--~ 

o.o 10.0 20.0 30.0 ~0.0 SD.O OD.D 70.0 8D.O DO,O 

PIIHWifptl) 
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to 62.9 Borfna N°: P09·C2 

11:JO Tost N°: 5 

13:00 Borlna DoDlh 1ml: 62.9 

Suoervlsor: MP 

Mea:sun,d depth of static waler level (1) c:::IIDm 
Measured depth lo pad<er ----ll:!.m 
Meuured dtplh lo mldl)Olnl of teal 80.7 m 
lnolln10tton frQl!l horuonlal (dtarou) c::J]]• 
Vartlcal depth io s,atic walar l1;1v1;1! 0.0 m 
Vertical deplh to pod<er 54.9 m 
Vertical deplh lo midpoint of lesl ~m 

Packer sln!toh pn,ssurc (2) 
~psi Maximum packer working preuu,e (2) psi 

Maximum Injection gauga pn,ssure (3) psi 

---
MJn(mum paokar lnf1atlofl pntuun, ~psi 
Mulmum ptcktr 1nn1t1on pr.11ur. 780.9 psi 
Gouga heigh! 1.0 m 
Langlh o! dlsoho,vo pipe 3.00 !11 
Radius or discharge plpa (1"•0.0127m) 0.0051 m 
Radiu1 or innuence (10 m Is standard value) 10 m 
S<>rotK>lo r11dlY1 (H0=0.04Um, N0=0.03em) 0.048 m 
Lan!jlth ot tast sactJon ~ m 
flfcUQ!"I Lt;tn 
Net injection ha.:1d at midpoint ot last 
H)'<!l'!!UIIC ~nduc1Ml)I 

Conv.ecsion Factors: 
10 m of water• 0.9807 bar • 1kglcm2 = 14.2 psi 
1 cm/sec = 864 m/day 
1 Lugeon ., 1 lit/min per meter at 1 O bars 
which Is approximately 1.4 x 10·6 cm/sec 
1 US gpm - 3.785 liVmin - 5 .45 m,/day 

to IOD 

Field Observations 

--= 

IDDD 

flp~ wm!"I, VP th, .. ~ ~Jin,. WQi; J hv1,1A ll1 p.K4cr 1Ht Vtf.lHdty Ind 1nother S. 
today, btn now have complt:ttd 2 1L~1u. 
2.0pal • 1~ I! f.4? mlnut••, 1L I! J.H mlf'l,JlH 1! ,Ut/lDMi; 
40psl • U • l. U mloote:s. 2l • ;uo mlnuiet, 3L • 3,46 minutes • .40l/30 Ht 
80pal"" iL• l .OOmlnul•1, iL!!l.OS mlnuln, ,~ !9 J ,Dt IT!ln\!'le1•.~ll/JO~, 
UpM • Jli:49R<9nd,, Zl • L44 m1nvt6, ~l • 2,JtmlnvtH • ,S7l/30 ~ c 

Interpretation of Results 
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=,= SRK £.°.!s.!:!!f.':J! PACKER INJECTION TEST n 
Pro]oct: Faro 2009 lest Interval (ml: 62.9 to 67.5 Boring N°: P09-C2 

Northlna: Pate: 20.J ul.09 Start Time: 2:45 TestW: 6 

Eastlna: End Time: 3:30 Boring Deoth 1ml: 62.9 

GS Elevation: Supervisor: MP 

I o.o lm Return Flow Dw Moasunid daplh of slDllow.:itor loval (1) 
Valve V~.lv!! Op Mea1ured depth to pa<;l<.w 62.9 m 

\ Ot Meesuied deplh to midpoint or test ~m !~ ,. __ ~ B llidinatioo rrom honzontal (degrees) I 101· 

Ii@ ',~~ 
Dw' Vartlcal depth lo static water level 0.0 m 
Op' Wf11c;,;il dopth to pad\or 59.1 m 

T Dt' Verli~ w plh to mll!J>o!nt qt to$! __.fild.m 
Flow 

_ M,tor Hg P& Pad<or •lrotQ!i prossuro (2) 
Ellpsl 

p 

l Pwmax Mi1Xlmum pl>d<or wor1<ing pro»uro (2) psi 
Pgmax Maximum lnjecLion gauge ptessute (3) psi 

+~] Witeline 
377.9 psi ~ C81lng Plnfmln Minimum packer 1nn111on preuure 

1: Jr hole la dry enter ow• Boong Depth. L_ Plnfmax Mulmum p,ckw ln!!•Uon pronura 787.0 psi 
2; Enll;tr v,luq; from p.:1akor m,imutacrurar. l -Dp' 

Hg G•ugo holght 1.o m 
3; Pgmax (psi)= 1,5 x vartlGJI doplh (m) Lp Lenglh or d!1clli!rg9 pipe 3.00 m 

IN ROCK to lop of tasl secliOf\. 
~ rp Radlu1 or dischl!rge pipe (1"• 0,0127m) ().0051 m 

Wlrollna R Radius or innuence (10 m Is standard value) 10 m l 
Packer rb Borehole ntdius (HO•O.D48m, N0•0.038m) 0.048 m m Egui!llons: L Length or te,t oeciion ~m 

Formation HI Fricuon Loss 
Pini.;,,= (1.42'Dp'+P$+Pgmax)'1.1 Hnlt Nvt JnJe<:!lon h911d at ml~po!nt or 1v11 
Pinf,,,.. = P +1 .42'(0P'·CW') K Hydr!!Ul lc con~uctlvlty 
HI= 8.65x~ (Q2'Lplrp') 
H"" '" (Dw'+Hg-Hf)+Pg/1 .42 

~QDl1!:rl!il1D El.l!.l!Wi!: K ~ (Q'Ln(Rlr.,)) / 2"n'H,;, 'L) 
10 m of water= 0.9807 bar= 1 kg/cm2 = 14.2 psi 

- -- Boring Depth 
1 cm/sec = 864 m/day 
1 Lugeon " 1 liVmin per meter at 1 O bars 
which is. approximately 1.4 x 10.s crnisec 

Q (m3/ 30 seconds) 1 US gpm = 3. 785 Ill/min " 5.45 m3/day 
-· 

Me11surement 
P9 (psi) P0 (pi.i) P0 (pi.l) P9 (psi) P9 (pi.I) 
Step 1 Step l Step3 Step4 Step 5 

20 30 60 90 60 
-- -=~ -

1 0.0000 0.0000 0.0002 0.0004 0 .0001 1 l f 
2 0.0000 0.0000 0.0001 0.0005 0.0000 

3 0.0000 0.0000 0.0003 0.0003 0 .0000 2 

4 0.0000 0.0000 0.0003 0.0005 0.0001 I 
3 

6 0.0000 0,0000 0.0001 0.0004 0.0001 

Qavg (m3/30i.) 0.0000 0.0000 0.0002 0.0004 0.0001 4 I 
a .. 9 (m'lday) 0.000 0.000 0.576 1,210 0.173 

Hr(m) 0.00 0 .00 0.00 0.01 0.00 5 
-

Hnit(m) 15.1 22.1 43.3 64.4 43.3 D 1 10 100 1000 

K (m/day) O.OE+OO O.OE+OO 2.5E·03 3.5E,03 7.4E,04 

K(m/i.ec) O.OOE+OO O.OOE+OO 2.85E-08 4.02E-08 8 .54E-09 

Lugeons 0.000 0.000 0,001 Q.002 0.000 Field Observations 

• .SDE-04 
20pil !!' 1l• 1.40minuln • .JOl/lOHt 
40 ptl • ll : l ,Za mknrtH: ,lil/aO SK 

~.OOE-o-4 
. .J- ISO pd • 1L•l-1d mlnu1,1 l!' .!tl/l01.c 

~ 
90psl • ll • L09 mloute-s • .•3l/30s« 

3.501!.04 ,- ~ - ~ --·-7 -
3.DOE-04 

/ / ! 2,SOE-04 --c--- T / " ~ 2.00E,04 - . - / 
,_ - Interpretation of Results .. 

!'-
/ 

1.60E-D4 } 
1,QOE-o-4 

/ 
V ( 

5.00E,05 / -- - -- ._ 

D.OoE,00 

L 

j 
... 

0.0 10.0 20.0 ~0.0 ~o.o 50.0 80.0 70.0 80.0 IIO.O 100.0 

PiHl ute (psi) 
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r I 

n 

J I 

I 
I 

l 

G 

~SRK Consulting V !P,?'t"-ninl~~ 

Prolect: Faro 2009 Test Interval !ml: 

Northlna: 
Eastlna: 

GS Elevation: 

1: If hole Is doy enter Dw = Boring Depth. 
2: Enler values !tom padier manufacturer. 
~; Pgm•x (pil) = 1,$ x vo~lc!II ~qpth (m) 

IN ROCK to top of last saoUon. 

j:qu11tions: 

Plnl..-, • (1 ,42'Dp'+Ps•PgmaJ,:)'1.1 
Pini..., • P..,..,.:+1.42'(Dj)'•DW') 
HI " 13.f3SX10'16 (Q2'Lplrp5) 

H,.. " (Ow'+Hg-Hl)+Pg/1.42 
K " (Q'Ln(R/r~)) / 2' n' Ho11' L) 

Measurement 

1 

2 

3 

4 

s 
Qavg (m3/30s) 

0 •• 0 (m
3tday) 

1-!f (m) 

Hnlt(m) 

K(m/d11y) 

Pg (psi) 
Step 1 

25 

0.0001 

0.0002 

0.0001 

0.0003 

0.0002 

0.504 

0.00 

18.6 

5.0E-03 

Date: 20-Jul-09 

T 

Wlllllina 
ca11no 
L_ 

T 

Q (m3/ 30 soconds) 

Pg (psi) P0 (psi) 
Step 2 Step 3 

50 75 

0.0005 0.0005 

0.0003 0.0004 

0.0003 0.0005 

0.0004 0.0006 

0.0004 0.0005 

1.080 1.440 

0.01 0.02 

36.2 53.8 

5.SE-03 4.9E-03 

P0 (psi) 
Step4 

100 

0.0009 

0.0006 

0.0006 

0,0007 

0.0007 

0.0007 

2.016 

0,03 

71.4 

5.2E-03 

K (m/sec) 5.79E·08 B.38E·08 5.72E-08 6.04E-08 

l.ugeons 0.002 0.003 0,002 0.002 

U QE;-04 

7.00!.04 

ij,QOE-04 

PACKER INJECTION TEST 

67.5 

Start Time: 

EndTime: 

Ow 
Dp 
DI 
II 

OW' 
Op' 
Of 

Pa 
Pwmax 
Pgmax 

Plnlmln 
Plnfmax 

Hg 
Lp 
rp 
R 
rt, 
L 
Hr 

Hnlt 
K 

P0 (psi) 
Step 6 

50 

0.0003 

0.0003 

0.0003 

0.0003 

0.0003 

0.864 

0.01 

38.2 

4.4E·03 

5.10E-08 

0.002 

to 72.1 8orlna N°: P09-C2 

6:30 Tost N•: 7 

7:30 Boring Depth (ml: 72.1 

SUDOl'Vlsor: MP 

Maasu11Jd dcp1h ot slatla walaf lava I (1) [:=[film 
Measu~d depth to packer _!!!:.!m 
Maasull!d depth lo midpoint of test 69.B m 
Inclination ! tom hof1tonta1 (degrees) r:::=:mo 
v,~iea! depth to 111Uc waler level ____Q,Q_m 
VoJ11oat doplh to p•d\•r ~m 
Vel1J011I depth ID midpoint of test ~m 

Paol!or llfotch PfOi$UfO (2) 
~ psi Maximum pecl<etwori<ing pt"essura (2) psi 

Maximum lnjctcllon gauge pras.suro (3) p5i 
---

Minimum p.acktr tnnauon pros.Jijra 391.1 psi 
Ma1dmum packe r Jnnatlon p,.Hure 793.1 psi 
Gauge heigh! 1"°.o m 
Lqngth o! dlsohargo ptpo 3.llo m 
Radius of dlsohargo pipe (t '=0.0121m) 0.0051 m 
Radius of lnfluanoc (10 m is slandaod voluo) 10 m 
Borehole redius (HQ•O.O'l8m, NQ• 0.038m) 0.048 m 
Ll!llgth of to•! $0C~on ~ m 
Friction Lou 
No1 lnjqctlon tio•d at midpoint ot lost 
Hydraulic C4nductivily 

Conversion Factors: 
1 O m of waler"' 0.9807 bar " 1 kg/cm2 ,. 14.2 psi 
1 cm/sec = 864 m/day 
1 Lugeon ,. 1 IIUmin per meter at 1 O bars 
which i~ 1;1ppro1<imataly 1.4 i;; 10·5 cm/sec 
1 US gpm .,· 3. 785 liUmin • 5.45 m3/day 

10 

Field Observations 
Aod t .-i" don1, ~don01 l11 L C.bia. b rol:• 1 b1t belor1 t Mi . 
JO p~ • J\.• l.QA mlnut, ,, '2l.1!' 4,I4 minutu • ,2..-4\hOM~ 
'JS pa,• 1l • 1.27 minutes, ll • 2.04 minutes • .•ll/30sec 
JCIJpd • )L • J.1t mlnuln, 2l•2.St mlnu,n• .U4'50 au 

100 1000 

... 5.0 0!!.04 

_,,v 
--11-- ='ll'- ---------1 

~~ [ 4,0 DE-04 

! 
) .OOE-04 Interpretation of Results 

2.00E•D4 

1.00E-04 

O.ODE+OO 

o.o 20.0 40.0 eo.o eo.o 100.0 120.0 

PIOISUI C (plSI) 
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~SRK ,e!.8,!';!!:,! PACKER INJECTION TEST 

Project Faro 2009 Test Interval (ml: 70.4 to 76.7 Borin11 N•: P09-C2 

Northlna: Date: 21-Jul-09 Start Time: 2:45 Test N•: 8 

Ea&tina: !':ndTlme: 4:23 Borino Deoth 1ml: 76.7 

GS Elevation: Supervisor: MP 

~etlum Fiow ow Mu sured depth or 111~c Wl\ltr level (1) l:=[Q]m 
Velve V~!ye Op M•~~ur,o <!llplh !<> p~c;1c,r _ 70.4 m 

1 / .~ - -

Cl Ma..asurad daplh lo mldpolnl of test 73.6 m 
~ a lnclinalion from horizontal (degraas) i:=rID· 

Ii@* - -· Ow' Ver1ieal depth to atalic waler level 0.0 m 

J -- Plow ,. 

Op' Vetlleal depth to packer 66.2 m 

r 1± 1 ~ T Dt' Vor1!Cl!l d•pl!> !O mldpolnl of lost ___fil!J_m 

Hg Pa Packer 11tetc1t pre11ure (2) Eipsi 
l PwmaK Moxlmum packer wori<lng P"'"""' (2) psi 

Pgmax Ma.lmum lnJ~lon g@ygo prenur, (3) psi 
Wircllna ~Ir ---

~ Callina Plnfmln Minimum p1ektr rnnA~on pr.uur. 398.9 psi 
1: If holo i, dry enter Ow = Boring Ceplh. L_ Pinrm•~ Mulmum packar lnflatlon pressun, 798.1 psi 
2: Enter values f/Otil ~aeker manureeluN!t. j - Op' 

Hg Ga~h•lohl 1 o m 
~: Pg~.x (pJI) = 1.~ ~ W~I depth (m) lp L@ng!h or dlScl!!lfg• P!Pl! J .oo m 

IN ROCK to lop of te,t 5ectlon. 
~ u~ rp Rodlu• of dl,chorge pipe (1 '=0.0i27m) o.0051 m 

Wlrallna R Radius of lnfluenca (10 mis standard value) 10 m 
Packer rb Borehole radius (HO•O.oit6m, N0• 0.036m) 0.048 m 

~ fQUl!liQnl,i: L Ltngtll Qf 1,i! s.ccUon ____§dm 
Fonnation HI Frtction LOH 

Plnl': • (1 ,42' Pp'• Pa• Pgmsl()' 1.1 P@cktr Hnlt Net Injection hood ot midpoint of le,t 
Pin,....• P"""',+1.42' (0p',OW') -- l K Hydraulic COl\du~•ilt 
Hr " 6.651(10'15 (02'Lp/rpS) 
Hn11 = (Ow'+Hg-HrJ+Pg/1.42 "l __ ..... Conversion Factors: K • (Q'ln(R/r0 )) I 2'x'H,,;l) Interval or lost 

1 o m of water ,. 0.9607 bar " 1 kg/cml • 14.2 psi lnler"Yal 

- --- Boring Depth 
1 cm/sec = 864 m/day 
1 Lugeon • 1 lit/min per meter at 1 O bars 
which Is approximately 1.4 x 10,r; cm/sec 

Q (m3/ 30 seconds) 1 US gpm "' 3.785 lit/min - 5.45 m' lday 

Pg (psi) Pg (psi) P0 (psl) P0 (psl) P0 (psl) 
Measurement Step 1 Step2 Step3 Step4 Step 5 

30 50 75 105 50 

1 0.0001 0.0003 0.0005 0.0007 0.0000 I 

2 0.0002 0,0003 0.0005 0.0007 0.0000 

3 0.0003 0.0002 0.0004 0.0006 0.0001 2 

4 0.0003 0.0002 0.0004 0.0005 0.0000 
a 

5 0.0002 0.0002 0.0005 0.0005 0.000 1 
··-

Qavg (mJ/JOs) 0.0002 0,0002 0.0005 0,0006 0.0000 4 

Q••v (m'lday) 0.634 0.691 1.325 1.728 0.115 

Hf(m) 0.00 0.00 0.01 0.02 0.00 s 

Hnit(m) 22.1 36.2 53.8 74.9 36.2 0 1 10 100 1000 

K(m/day) 3.9E-OJ 2.6E-OJ 3.3E-03 3.1E-03 4.3E-04 

K(rn/sec) 4.471;;-08 2.98E, 08 3.84E·08 3.60E,08 4.97E·09 

Lui:ioons 0.002 0.001 0.002 0.001 0.000 Field Observations -
7.00! -04 

Pll'tll iA fiU'4 • Wtttr tmYWtlt!t , dl4 JJ JH U:! 1 LS 19 2 V~ 11w,1, flVl!ti! f04i t l\4 U j'lid 
th1m, r.dld nidtai: no lfow. Set pack,r 5 fHt 1bov1 led zone. Tut l,n.d wh,n pacler 
bkw • tooli, p1d.1r out , nd ,.pl,c•d loil 1.S hown . 

O.OO E,04 

~ S.OOE-04 

s 4,DO E-0. 

V V ~ 
I , .DO E·04 _/ -

Interpretation of Results 
2.00! ·04 

/ 
-

I.OOE,04 / 
O.OOEtOO 

o.o 2Q,O 40.0 eo.o eo.o 100.0 120.0 

Prenure (PII) 

-
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=rsRK con-.,ttinp 
r~.:to/f."•u,,.H PACKER INJECTION TEST 

Ptoiect: Faro 2009 Test Interval 1ml: 76.7 to 79.7 Borlna N°: P09·C2 
Northing; Date: 22.Jul-09 Start Time: 7:45 Test N°: 9 

Eastini:i: End Time: 9:00 Borlna Oonth 1ml: 79.7 { 
GS Elevation: SuDOrvlsor: MP 

Rtllim flow Dw Measurod depth of st11da w.atar Javel (1) c::::Ifil rn 
Valvo Vetve Op Meo,ured deplh lo pocl<er 76.7 m 

\ j~ ·-- Dt Measured deplh to midpoint or test ~ m - B lncllnaUon rtom holllontal (dtgr .. 1) l:=m· 
I ~ Gauge Ow' V•rtlcal dop!ll to ,totlc Wll!or lovot ~m 1i@}~:: M ~ 

Dp' Vertloal depth to poclter ~rn 

T DI' Vertical depth lo midpoint or Int ___!ll m 

Hg Ps Packer strclcli prossuro GO 
Elpsi 

1 Pwmax Maximum padier worl<lno preaaure (2) psi 
Pgmu Maximum lnjeotlon gouge prcssurc (3) psi 

T Wireline ---!:la.Lu; Cosing Dvl Plnfmln Minimum p•c~ar lrirtatlor, pr.Huna 41_7.3 psi 

11 If holo 1, ~IY entor Dw = Borlno Depth. L_ !y Plnrmax Mulm11m pecker Inflation preuure 804.3 psi 
2; ~n!ar valuos from pa<lkqr ,narwfilct\.Jrt r, l - Dp' 

Hg Gougo holght 1.0 m 
3: Pgmax (p•ij • 1.5 x vertical depth (m) Lp Length of discharge pipe 3.00 rn IN ROCK to top or tut section. 

rp Radiu• or discharge pipe (1'a0.012Tm) 0.0051 m - Hd 
Wireline I Dt' R Radius of innue- (10 m 1, olandatd value) 10 m 
Packer rb Borehole l'tl~iut (H0• 0.048m, N0• 0.038m) D.040 m 

Egua1ions: L Langlh ot !asl scctJon ~ m 
Fomtalion Hf fr!¢!1on LOH 

Pint.., = (1.42•Dp'+Ps+Pgmax)"1 .1 Hnlt Not lnjoctlon hood al midpoint or 10,t 
Pini~, = P _, +1 .42.(0p'-Ow') K H)'dra .. 11e coMuctiVlty 
Hf= 8.6!lx10·t; (Qi'Lp/rp') 
H,., i= (Ow'+Hg,Hf)•Pg/1,42 

Conversion Factors: K = (Q•Ln(R/r0)) / 2'ft •H,,;'l) 
lntt rval 1 O m of water "' 0.9807 bar " 1 kglcm2 = 14.2 psi 

· '-- --- Bonno Depth 
1 cm/sec = 864 mldey 
1 Lugeon m 1 liVmin per meter at 1 O bars 
which is eppr-oximately 1.4 x 10·5 cm/sec 

Q (m3130 seconds) 1 US gpm • 3.785 liUmin • 5.45 mlfday 

P8 (psi) Pg (psi) Pg (psi) Pg(psl) Pg (psi) 
Me11!)urement Step 1 Step2 Step 3 Step4 steps 

30 60 80 110 60 

1 0.0000 0.0002 0.0002 0,0003 0 0001 I ~ -·· 

2 0,0000 0.0002 0.0001 0.0002 0.0000 

3 0.0000 0.0002 0.0002 0.0003 0.0000 2 

4 0.0000 0.0001 0.0001 0.0003 0.0001 
3 

5 0.0000 0.0000 0.0002 0.0003 0 0000 

Qavg (m3/30i;) 0,0000 0.0001 0.0002 0.0003 0.0000 4 II 
Q•va (m1fday) 0.000 0.403 0.461 0.806 0.115 

Hf(m) 0.00 0.00 0.00 0.01 0.00 5 
~ ~ 

1-inlt(m) 22.1 43,3 57.3 78.5 43.3 0 I 10 100 1000 

K(mlday) O.OE+OO 2.6E-03 2.3E·03 2.9E·03 7.SE-04 

K (mlsec) O.OOE+OO 3.065-08 2.635-08 3.37E· OB 8.73E· 09 
--· 

Lugeons 0.000 0.001 0.001 0.001 0,000 Field Observations 
- --

3.00E,04 
nm l • t f.q.d • w.t,r avwywh,u. did I rud i•t J.S to ~ L/mlMH. Pulll d rod.a 11"4 upd 
1fitfft.,rtdiil ,H1dl,;o ntw. Mi r,iC-'tr 5 rm1lm',1n 1 ttM. fa,f•lltld W~•np,cl,r 
~l!w • lt!\' J,llf»t'91,!11 l!'/4 rtp,11'4!1 IM, 1,5 MYH, 

2.60E,04 · -- - --
2.00E•04 

! ! .50E;-04 

/ 
-~ 

/ 
;l: 

Interpretation of Results 
1,0QE-04 

5,00E-05 

O.OOE+ OO 
0.0 20,0 40.0 60.0 80,0 100,0 1:1(),0 

P1• a.1Y1 1!! (p!i) 

-
L 

-
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-0.9 ----~..___.__...__.___.__.--'--'-",___~..___.__...__._._. ........ .___~.___ ....... ..__._._._._.._. 
1. 10. 100. 1000. 

Time, tit' 

C2-HL-RH 

Data Set: Y:\ ... \C2-hl-rh-T.agt 
Date: 10/30/09 Time: 10:01:22 

PROJECT INFORMATION 

Company: SRK Consulting 
Location: Faro Mine 
Test Well: C2 
Test Date: 8 August 2009 

AQUIFER DATA 

Saturated Thickness: 5.826 m Anisotropy Ratio (Kz/Kr): 1. --
I I 

l 
WELL DATA 

Pumeing Wells Observation Wells 
J Well Name I Xbm) 

I 
Y {m) 

I 
I Well Name 

I 
X (ml 

I 
Y(mj 

I C2-hl-rh 0 : o C2-hl-rh 0 0 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recovery)_ 

T = 6.241E-7 m2/sec SIS'= 1.101 --

L Appendix B Page.25 Hydraulic Test Sheets 



~ 
' 

f 



r-- Ii- - ,,...__ I - c--- - - ---- -- .--;....--- - --· ---- ~-. ,..---, -~ -·---i _ 1 ~ ----, 
l I _ ~ . _ ) J 

P09-C3 Hydraulic Testing Summary 

K(m/s) 

1.00E~09 1.00E-08 1.00E-07 1.00E-06 l.OOE-05 1.00E-04 1.00E-03 
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r =v= SRK Con•ulllng 
lro.ll»-i &'1 ~.>ur> PACKER INJECTION TEST 

Proiect: Fa ro 2009 lost lntorva1 ml: 63.0 to 71.6 B0rin11 N9: P09,C3 
Northlna: Date: 26-Jun-09 St.irt Tlrne: 9:45 Test N°: 1 
Eastina: End Time: 12:00 !3orfng Depth (ml: 71.6 
GS Elevation: Supervisor: OM 

RelU!n Flow Ow Mllil5Yr9d deplh or ilallc waler level (1) I o.o lm 
Valve Vatve Op Measured deplh lo packer 83.0 m 

Dt Meullff!d deplh lo midpoint of lcsl ~m 

/~ MH~--

ll lndlnotiD11 IJt>m hD<!ion"'I (~vgrev;) [ ··-101• 

~ 
... :~ 

Dw' VcrtlOlll dvplh ID $\@Uc Wi\Qf level O.Om 
;.. Op' Vertical deplh to padier 59.2 m 
'-I 

T Pt" Vertical deplh lo midpoint of test ___!llm ., 
Meter Hg Pe Packer alfelch pressure (2) 

E3mpsl 
. 

l Pwmax M1tiamum pl!Cl<er working presaure (2) psi 
Pgma1t M••hnum lnJ•cUon gal!IJe pre$SUl1! (3) . .. psi 

\Nlrellne T 
til!1il: casing D# Plnfmln Minimum packer lnflatJon prussul'll 3'3-1 psi 

1; Ir hole II dry enler Dw • B0<lno Deplh. L_ 

1 ~~ Plnfml!X Maximum packer Inflation pressun, 789.8 psi 
2' Enler valuD5 from J>'lckar m@fl!llacium. Hg Gauge height 1.0 m 
3: Pgmcx (psi)= 1.5 ~ v"'11!"'1 dqp!h (m) Lp L.er,glh of discharge pipe 3.00 m IN ROCK lo top of test section. 

rp Rndius of dl,ch;,rga p!pa (1 '=0,0127m) o.liOS1 m r,-r' He' 
R Fl,dlYi ot lnnYQnce (10 m 11 &lendard value) 10 m \NlrQline 

P;iol<or rb B0<etlole radius (HC•0.04Bm, NC• 0.038m) 0.048 m 
f.gu11tloos: L LQnglh o/ IQ&I &ecUon _llm 

FormaUon II Hf Friotion i.Q$5 
Pini"'"• (1 .42'Dp'+Ps+Pgmax)"1 .1 Hnlt Nol Injection hcod at midpoint of ID$\ 
Pinlm.,. = Pwm +1 .42' (Dp'-Dw') K Hychulic CD11duotivlty Hf= 8.65x10·~ (QJ'Lplrp') 
Hn11 11 (Dw'+Hg-H!)+Pg/1.42 

~!2Cll!i!C!:!iQn F!1!ctorn: K " (Q'Ln(R/r0 )) / 2'n'H11;i'L) 
Interval 10 m of water"' 0.9807 bar= 1kg/cm2 = 14,2 psi 

--- - -- - · Borlng Dep!h 
1 cm/sec " 864 m/day 
1 Lugeon - 1 liVmin per meter at 1 O bars 
wttlch is approximately 1.4 x 1 o-s cm/sec 

Q (m3/ 30 seconds) 1 US gpm "'3.785 llt/mln = 5.45 m3/day 

P0 (psl) P0 (psi) Pg(P&I) Pg (p&I) Pg(PSI) 
Measurement Stop 1 Step 2 Step3 Step4 Step 5 

10 15 25 40 25 
~~ .-,-=-~ 

1 0.0010 0.0010 0.0010 0.0015 0.0005 1 

2 0.0005 0.0010 0.0005 0 .0010 0.0005 

3 0.0005 0.0010 0.0005 0 .0010 0.0010 2 

4 0.0000 0,0000 0.0010 0.0010 0.0000 
3 

5 0.0005 0.0010 0.0005 0.0010 0.0010 

Qavg (m3/30s) 0.0005 0.0008 0.0007 0.0011 0.0006 4 

Q••a (m3/day) 1.440 2.304 2.016 3,168 1.729 

Hf (m) 0.02 0.04 0.03 0.08 0.02 $ 

I 
Hnlt(m) 8.0 11 .6 18.6 29.1 18.6 D 1 10 100 1000 

K (m/day) 1.SE-02 2.0E·02 1.1E-02 1.1 E-02 9.2E,03 

K (m/sec) 2.05E-07 2.29E-07 1.24E·07 1.25E-07 1.06E-07 

Lu11eon11 0.008 0.009 0.005 0.005 0.004 Field Observations 

1.2oe.03 Or~rt11 rtGGrd lost 

l. 

l 
l 

1.ooe,03 ~ - -
~ 8.00!,04 ~? ·-

/ ----~ ;? 
~ c.ooe.04 ·- 7 

-
! Interpretation of Results 

4.00E•04 .,v Marginal. Low K 

2.00E•04 I/ , __ - -,- -
0.00!;,00 

o.o 5.0 10.0 16.0 20.0 2S.O JO.O 3&.0 40.0 45.0 

Pree.sure, (psi) 
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PACKER INJECTION TEST 

Prolact: Faro 2009 Test Interval lml: 
Northina: 

Eastlna: 

GS Elevetlon: 

Relvrn Flaw 
Valv, Valve 

PrcssurD -
Gauge 

Date: 27-Jun-os 

,----h·, ) I 'l':: 
Watar _ Flaw 
Pump ~~-.. J - - -, Mat&r 

T 

1: If hole Is dry entet Ow~ Boring Depth. 
2; Enter valuei rrom pacl<er manurect<Ker. 
3; Pgm!l~ (PIO• 1,S x vertical depth (m) 

IN ROCK to tDp al tl!~t HcUon. 

Equations; 

Pinf,,,. = (1.42'Dp'+Ps+Pgmax)"1 .1 
Pini., .. = P..,. .. +1.42'(Dp'-Dw') 
Hh= 8.65x10·li (QZ'Lp/rp~) 
H1111 • (Dw'+Hg•HO+Pg/1.42 
I< • (Q'Ln(R/r~» I 2'n'Hn11'L) 

Moasuromont 
Pg(psl) 
Step 1 

12 

1 0.0015 

2 0.0010 

3 0.0020 

4 0.0015 

5 0.0015 

Qavg (m3130s) 0.0015 

Q••a (m,/day) 4.320 

Hf(m) 0.04 

Hnit(m) 9.4 

K (m/day) 8.5E-02 

Wlrellne 
Casing 

L 

Hg 

1 

Q (m3130 seconds) 

Pa (psi) Pg(psl) 
Step2 Step3 

20 31 

0.0020 0.0025 

0.0020 0.0018 

0.0015 0.0020 

0.0015 0.0020 

0.0015 0.0020 

0.0017 0.0021 

4.896 5.933 

0.05 0.08 

15.0 22.8 

6.0E-02 4.BE-02 

K (m/soc) 9.82E-07 6.96E-07 5.5BE-07 

Lugeons 0.039 0.027 0.022 

3,00E-03 

Pg (psi) 
Step4 

40 

0.0025 

0.0030 

0.0025 

0.0025 

0.0020 

0.0025 

7.200 

0.12 

29.1 

4.6E-02 

5.30E-07 

0.021 

71.6 

Start Time: 
End Time: 

Ow 
Op 
Dt 
B 

Ow' 
Op' 
DI' 

Ps 
Pwmal! 
Pgmex 

Plnrmln 
Plnrm•K 

Hg 
Lp 
rp 
R 
rb 
I.. 
Hf 

Hnlt 
K 

Pg (psi) 
Step5 

30 

0.007.0 

0.0020 

0.001 5 

0.0015 

0.007.0 

0.0018 

5.184 

0.06 

22.1 

4.3E-02 

5.02E-07 

0.020 

- --- -- P' ---~ 2,501;-03 

..---- ;V 

=v ~--
2,00E-Qij 

! 1.~E-tr.l 

! 
1,001;-03 

--

i----

7 
Q,OOE•OO ff---r-------1---...---..----------1----1 
5,00E·O<! - - ---1----1---

0.0 6.0 10.0 15,o 20,0 ~s.o 30,0 35,D 4Q,O 45,0 

Pres:.urc{psll 
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to 76.2 Borlna N°: f>09-C3 
14:30 TestN": 2 

16:00 Borlna Denth Im): 76.2 

Suoervlsor: DM 

Meaauted depth or static willer level (1) I o.olm 
Measured depth ID pacl<er 71.6 m 
Ma•surod dapth ID midpoint DI tg;t ----rum 
lnc!lllitlon from hoozontat (degrees) I 101· 
Vertical depth to 1tauc water level O.Om 
Vertical depth to packer 67.3m 
Vartic;,I depth ta midpoint of last ~m 

Pacl<er slleteh P"'"'"'' (2) 
~PS! MBl<imum pacl<er worlilng pressure (2) pst 

Mllldmum Injection gauge pressure (3) psi 

---
M!11lrnum p1ckar tnflallon p,vnulll 369.S psi 
MaJtlmum paakor lnflat:l~n pn,.ssun:, 798.6 psi 
Gaug& helaht 1.0 m 
Langth of dlsctiarva pipe 3.00 m 
Radius of dlscliarga plpa (1'=0.D127m) 0.006S m 
Ra~u1 or lnnue- (10 m 11 &lendar<I value) 10 m 
Borehole rad ius (HO•O.O<l8m, N0•0.038m) 0.048 m 
Length or te&t &eetton ____!,!m 
Frlc;,tlont,m 
Not lrjeciion head al midpoint of last 
Hydn!ulic conductivity 

conyersJon Factors: 
10 m of water: 0.9807 bar " 1kg/cm2 "' 14.2 psi 
1 cm/sec "' 864 mlday 
1 !.ugeon - 1 lit/min per meter at 1 O bars 
which is appro)(imately 1.4 x 10·5 cm/sec 
1 US gpm "'3.785 lit/min " 5.45 m3/day 

re-

l 
- :::.:::== ,-.-'.:::=::'..-- I=== 

I 

2 

J 

4 

5 
[ l 

0 t ID 100 lDOO 

Field Observations 

Interpretation of Results 

Reasonable test. Reasonable flow. 
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1 

( 

G 

L 
u 
L 

Proluct: Test Interval !ml: 

Northing: Date: 28-Jun-09 

Eastlna: 
GS Elevation: 

Return FloW 
Valve Valve 

]~ ~,.m_ -

~ T 

1: If hale is dry anlar Dw = Boring Depth. 
2: Enter value& from packer manufacturer. 
3: PgmllX (p1I) • 1.5 x ver1ical depth (ml 

IN ROCK lo lop or te1t ,ecuori, 

Equations; 

Pinfm = (1.42'Dp'+P&+Pgmex)'1 .1 
Pini== P_a+1.42'(Dp'-Dw') 
Hf • s.esx10·1G (Q2•Lptrp~J 
Hn1t = (OW'+Hg•Hl)+Pg/1.42 
K = (Q'Ln(R/rb)) / 2'n'HM'L) 

Measurement 
P8 (psi) 
Step 1 

10 

1 0.0010 

2 0.0005 

3 0.0000 

4 0.0005 

s 0.0000 

Qavg (U30s) 0.0004 

Q0vv (ms/day) 0.001 

Hf(m) 0.00 

Hnit(m) 8.0 

K (m/day) 1.9E-05 

Wlrallna 
ca,lng 

L. 

Hg 

l 

Q (LJ 30 seconds) 

Pu (psi) P9 (psi) 
Step 2 Step 3 

20 40 

0.0005 0.0005 

0.0000 00005 

0.0005 0.0000 

0.0000 0.0005 

0.0000 0.0005 

0.0002 0.0004 

0.001 0.001 

0.00 0.00 

15.1 29.2 

5.1E-06 5.2E-06 

K (cm/sec) 2.20E·08 5.87E-09 6.07E-09 

Lugeons 0.009 0.002 0.002 

70 

eo --- -- -

50 

P0 (psi) 
Step4 

60 

0.0005 

0 0010 

0.0008 

0.002 

0.00 

43.3 

6.6E-06 

7.67E-09 

0.003 
··-· 

---

PACKER INJECTION TEST 

79.2 85.6 B0rin11N•1 P09-C3 

Start Time: 11: 15 Test N°: 3 

End Time: 12:00 Borln!I DeptlJ (rn): 8S.6 

Ow 
Op 
Dt 
~ 

Dw' 
Op' 
Dt' 

Pa 
Pwmsx 
Pgmax 

Plnfmln 
Plnrmax 

Hg 
Lp 
rp 
R 
rt> 
L 
Hf 

Hnlt 
K 

P0 (psi) 
Step 5 

40 

#DIV/01 
- - -

#DIV/01 

#DIV/DI 

#DIV/0! 

#DIV/01 

#DIV/01 

#DIV/01 

---

Sucervlsor: RC 

M~&ured cl<ilplh or &laUc water level (1) I o.olm 
Measured deplh lo packer 79.2 m 
Measured depth lo midpoint of lest ~m 
lncll~tlan Imm hQri~ntal (d<,g,119$) I 1 0 10 
v~r11e111 gepth to 1taUc waler level 0.0 m 
Veltic81 depth to packer · 74:4m 
Vertical depth to midpoint or test __JHm 

Packer attelcll pressure (2) EillPS! Mll)(lmum packer wofl(lng pressure (2) psi 
M!lldmum lnJ~c;I/QO g~ugq pre11ure (3) psi 

Minimum paGk.cr Inflation pn,ss.u111 447.7 psi 
Ml)tlmum packer lnfl11Uon p~ssull! 810.0 psi 
Gauoe height 1.0 m 
U.nglh al di,~ pipe 3.00 m 
fladJu, of di,d.arga plpa (1'=0,0127m) 0,0051 m 
Radlui or ln!IU9nce (10 m 15 standard value) 10 m 
Borehole radius (HQ• O.O<l6m, N0• 0.038m) 0.048 m 
Lenglh or le&t Hctlon ~m 
Fr1c11on Lim 
Net ln)actlon haad al midpoint of to.st 

Hydnu.dlo condu01lvlty 

Com:ersion Facto[$; 
10 m of water " 0.9807 bar " 1kg/cm2 " 14.2 psi 
1 cm/sec "' 864 m/day 
1 Lugeon - 1 liVmin per meter at 1 O bars 
wtliclJ is approximately 1.4 x 10-5 cm/sec 
1 US gpm " 3.785 llt/mln = 5.45 m3/day 

2 
II 

• I 

10 100 

Fleld Observations 

1000 

TWo 11t!tmpl1 were made 1t this tosl The rot attempt rolled ¥/hen tiUng <ionnocOlng 
th• N Vl'lil 10 th• pack• t wH dit \Ddg•d (ifl4!! d,li • t aupg•j,?ad t~•\ h• burf1P1g: ti 
mti1ty wn~ ilwn tH tl4 ,t 10m d, pu, wtltr• lht Pl~ " ~ 1on1tt: likely f~ led 
wtien ~ he, p1enure-s. were oblllned}. Thero w11111maJl leak 11t the t~p e.r iht 
• nllj HHl'hbly whieh may t;...,.. ctui ltd tam• minof WWl•t loia - atar!ad du,ing lh• 
1$$p1l lnlt!"f1!. 

40 
----~ ---- V 

---~ ..--==---t----t---+---,.e,=-- -ti---l - ---

ao ----
20 

/ 
--,- ------... ,-- Interpretation of Results 

-----r---. 
10 ------ ~ Q 

0.0 0.0 0.0 0.0 0.0 0 ,0 0 .0 0,0 o,g 
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=:!iF SRK Consulllng 
y C~ttl'\1~ PACKER INJECTION TEST 

Prolect: Fa ro 2009 Test Interval ml: 85.3 to 92.6 Boring N°: P09-C3 
Northing: Date: 29-Jun-09 Start Tlme: 8:00 Test N°: 4 

Eastlna: End Tlmo: 11 :oo Boring Depth (ml: 92.6 

GS Elevatlon: 

Flaw 
Valvo 

Tarj\ 

PAJSSU1'11 -
Gauga 

~ 

J 
6!!ru• 

Flow 
- "= ,-~ Meler 

T 
T 

1: If hola is dry anlor Dw = Boring l)qpth, 
2: Enler values from packer manuraclutet. 
3: Poma,c (psi) ~ 1.5 x verllc81 deplh (ml 

IN ROCK to top or t,111eetlon. 

Pinrlfffl = (1.42'Dp'+Ps+Pgmax)*1.1 
Plnfmu = Pwm.,+1.42'(Dp'-Dw') 
HI • 8,6Sx1o·1G (Q2·Lp/rp5) 
H.., = (Ow'+Hg•Hf)+Pg/1.42 
t< = (Q'Ln(Rlrb)) / 2'n'H,..,'L) 

Measuroment 
Pu (psi) 
Step 1 

12 

1 0.0230 

2 0.0230 

3 0.0220 

4 0.0200 

5 0.0220 

Qavg (m3/30s) 0.0220 

Q•vu (m3/day) 63.360 

Hf(m) 8.98 

Hnit(m) 0.5 

Wlrellne c~t_ 

Q (m3/ 30 seconds) 

P8 (psi) P0 (psi) 
Step 2 Step3 

20 30 

0.0285 0.0450 

0.0290 0,0330 

0.0330 

0.0280 0.0320 

0.0280 0.0300 

0.0284 0.0346 

81 .720 99.648 

14.94 22.21 

0.1 •0.1 

K (mlday) 1.6E+01 6.4E+01 -1.4E+02 

K (m/sec) 1.81E·04 7.40E-04 -1 .65E-03 

Luaoons 7.095 29.055 -64.940 

4.00E-02 

P9 (psi) 
Step4 

40 

0.0300 

0 .0260 

0.0370 

0.0350 

0.0360 

0.0328 

94.464 

19.96 

9.2 

1.2E+OO 

1.38E-05 

0.542 

DW 
Op 
Pt 
11 

OW' 
Dp' 
or 

Ps 
Pwmax 
PgmaK 

Plnfmln 
Plnfmax 

Hg 
Lp 
rp 
R 
rb 
L 
HI 

Hnlt 
K 

P9 (psi) 

Steps 

#DIV/01 

#DIV/01 

#DIV/0! 

#DIV/01 

#DIV/01 

#DIV/01 

#DIV/01 

J.SOE-02 

3,00E-02 

1- -:::::~ ==:.:i=:== ,
~ ,---1---J.~-::::;, i...-------1---1-- -1-- - -1'--1 

2.&oE,02 / ----Ir = '-

! VX)E-02 --- /l?/ ---t---t---·f---1----1 

! 1,50£.02 ·------- -

1,00E-02 /v -
5.00E-03 V ---

0.00E•OO 
0.0 5.0 !D,D 1$.0 20,0 2$.0 30.0 35.0 40.0 45.0 

PfestUfO (psi} 

Appendix B Page 30 

Su11ervlsor: OM 

Ma.Jsurcd dapth of s!.ll!q w;itar IQVl!I (1) [ o.o]m 
Me,m•red deplh to packer 85.3 m 
M11111ured deplh to midpoint of teat ~m 
Inclination from horizontal (itev,-aas) I 701~ 
VeruC81 daplh ta slatfc Wllll!f lava! _____Q,_Q_m 
V9!1i""I <lapth to p~dm 80.2 m 
V~I depth to midpoint of teal 83.8 m 

P""1\or ;trat,;Ji P"'UUfl! (2) EIPS! MllXimum pockar ...,!i\lng P1"JSUfO (2) psi 
Mllldmum injattian gauga pn,ssun, (3) psi 

Minimum picker 1nn1uon prenure ~psi 
M•~tmum p1ck,r lnnauon prenuN '"""T1'i[f psi 
Gaugalialgh! 1.0 m 
I.Qnglh or dl1cll@rge pipe 3.00 m 
Rediu1 or cllscll.!lrge pipe (1""0.0127m) 0.0065 m 
Radius or l~fluenee (10 m Is slllndon:t valua) 10 m 
Barahalo nidius (HQ=0.048m, N0=0.038m) 0.048 m 
Lenglh or lost section ____ld_m 
Friction Losa 
Net lnJecUon head al midpoint or teal 
Hyllrl!Yllc conductivity 

Conversion Factors: 
10 m of water ·,;;·cu1ao7 ber " 1kg/cm2 - 14.2 psi 
1 cm/sec "' 864 m/day 
1 Lugeon = 1 lit/min per meter at 1 O bars 
which is approximately 1.4 x 10-s cm/sec 
1 US gpm = 3.785 llt/mln = 5.45 m ' ldey 

= 
I- -

1-;;;. 

:~ -I =--- =-= 
10 100 

Field Observations 

[ 

1000 

RD1j:k ""' "K>l't W911tn vp hi 1~ Hwnd rvn or 1h11 ,et,. p~.rt or It wu w.>shod ~wily. 
There lore higher flOWS 11,e Hptcted. 

Interpretation of Results 

Hydraulic Test Sheets 



I 
f 
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c 
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~ 10. 
«:I 
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i5 

1. ---~.__.~_..._....__._. ............. ~~ ............... ........_----'-~~~~.L..L...U........_----'-....__.._............, 

0.001 0.01 0.1 1. 10. 100. 1000. 

Time (min) 

WELL TEST ANALYSIS 

Data Set: Y:\ ... \P09-C3 Airlift Recovery.agt 
Date: 10/30/09 

Company: SRK 
Client: YG 
Project: 1 CY001 .034 
Location: C3 85.3-92.6 
Test Well: C3 
Test Date: June 29. 2009 

I ~:II Name 

Aquifer Model: Confined 

T = 1.505E-5 m2/sec 
Kz/Kr ;:; 1. 

Appendix B 

Time: 10:51 :39 

PROJECT INFORMATION 

WELL DATA 

Observation Wells 

SOLUTION 

Solution Method: Theis 

S = 0.01254 
b =8. m 
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P09-C3 Slug Tests 
1 . - . . . . ' - ' . 

0.8 I 
I I I I i':~ "X.\ I I l I ; 11 I I l I I I I I I I I I ! I 

- ms-fh-a 

- ms-rh-a 

- ms-fh-b 
I I - I I I I I I I I I I I I I I I I ' I 

- ms-rh-b 
0 0.6 

I I 
J 

:c 

I 1 

I 

I 
:::::. 

j t I - ms-fh-c 
!::. 

I 
:c . 

I I -- I I - ms-rh-c 
.. 

: ! C 

I 
Cl 

I I E I i I I 
r - ms-fh-d Cl I u 0.4 I 

I r 

I 
ftl 

I , , - ms-rh-d a.. I 
I I 

.,, 
I I 0 l I I, ' I - ss-fh-a 'C I I 

I 
Cl I 

I - ss-rh-a 
.!::! I 

11 I iii 
l r E I 

~ [ 
- ss-fh-b 

... 
I I I 11 1 

0 0.2 
I I I I I I I I I I I i 11 I I z I 

- ss-rh-b 

ss-fh-c 

- ss-rh-c ':\\\\! I I I -~ "-C:....-=.:...::_; : I I I I - -- I i I I I I ! I 
0 ' 

I I I I I I I \ I : - , - ,- ,,,,.,/ I • , --r--,-- I • I 

ss-fh-d I ' I I I I ' 

ss-rh-d 

-0.2 ' · · ' · ' ' ' ' ' 

0.1 1 

Appendix B 
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Time (s) 
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100 1000 
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s 0.6 :c: 
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-0.2 
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P09-ETA2 Slug Tests 

10 

nme (s) 

Page 33 

I I 

I 
I 

I 
I 
I 

I 
1 

I I . 
100 

I 
I I 

i I 

1000 

- ms-fh-a 

- mHh-a 

- ms-fh-h 

- mHh-b 

- ss4h-a 

- ss-rh-a 

55-fh-b 

- ss-rh-b 
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P09-GS1A Hydraulic Testing Summary 

1.00E-08 . 
I ' I I I 

I ri 
' n ., 

Ii I l 
11 
11 

I I 11 1, 
r, 
1, 

I ii 
! I I 

I : I 
I 

111 ' 
I 1 . :I 
I 
I 

11 I I 

I I 
I 11 

' 11 

I I I 
1, 

I i 
I 

I II 
I 
I 

I I 
I l 
I r 

I I 
; I 

K. (m/s) 

1.00E-07 

I I I 111 

11 

I I 

I I 1 

11 

I 111 

I 

I .1 11 , 

I 
I 

I • 
' 

I 
I 
I 

I 

1.00E-06 1.00E-05 

' 
I I 

! I 
I 

I 
I 

I 

I I I 

' I 
I ; 

• I 
I , I 
I , I I 
I 1111 ' I I. I I I I 

I 1. J T r I I 
I 

" I i I 
I 

! I 
I· 

J I ! I 
I t r I! 

I 1· 

I I • 

It ' I I -n I 

l l I 111· II 
' I 1 I I I 11 1•1 

I I 

I 
I I 

' I I .1 

Page34 

! ' 

11 

I I 
I 

I I 
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I 
I 

I 
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1.00E-04 

I 

I 
111 

- Bedrock Contact 

• Packer Tests 

FHTest 

- Line for lxl0-8 m/s 

• BEJ Slug Test K 

Error bars represent 
test zo ne 
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<11 

~ 1. 
«I 
a. 
Ill 

i5 

\ 

0. 1 L.......1.--'------'--'-..._..___._.__.____.__--'---'-----'-'--'-----'----'--..L.....J'----L----'--'--'--'--' 

0. 8. 16. 24. 32. 40. 

Time (min) 

WELL TEST ANALYSIS 

Data Set: Y:\ ... \GS1 FH 11~14m.agt 
Date: 10/30/09 Time: 10:52:17 

PROJECT INFORMATION 

Company: SRK 
Client: VG 
Project: 1CY001.034 
Location: P09-GS1 - 11to14m 
Test Well: GS1 
Test Date: Jult 141 2009 

AQUIFER DATA 

Saturated Thickness: 12.75 m 

WELL DATA {GS1l 

Initial Displacement: 3. 75 m Static Water Column Height: 12. 75 m 
Total Well Penetration Depth: 12.75 m Screen Length: 3. m 
Casing Radius: 0.048 m Well Radius: 0.048 m --

SOLUTION 

Aquifer Model: Unconfined Solution Method: KGS Model 

Kr = 3.176E-6 m/sec Ss ~ 0.007843 m-1 
Kz/Kr == 1. -





=,:= SRK £_o!,~f!!':Jf PACKER INJECTION TEST 

Prolect: Faro 2009 Test Interval fm): 14.3 to 18.9 Boring N•: P09-GS1A 
Northln11: Date: 14-Jul-09 startnme: 12:30 Test N°: 2 
Eastina: End Tlmo: Borin11 OePth (ml: 18.9 
GS Elevation: Suoervlsor: MP 

-

RetUfn Flow Dw M!>i1$vrw depth or &taUc water level (11 I -2.5jm 
Valve V•Ive Op M98sured depth to packer 14.3 m 

I Pl Measured depu, to mldpolnl of test ---rs:'iim - B Inclination from hQrli!Qnt.11 (d9greu5) I . sol• /~ ,., .. _ Ii@~ "-~ Ow' VartlOilJ dup!h to i;ll!Uc water l9Vil -2.S m 
Op' Vertical depth to packer ~m 

T Pt' Vertical depth to midpoint of te.i 18.8 m 

:f±l 1 Milar Hg Ps Packer &tretch PNIISUNI (2) 
Elpsl 

1 Pwmax M~~Jmum paeker woI1\lng pre14ure (21 psi 
Pgmax Mo,dmum lnJ@ct!on g~uge pr@55ure (3) psi 

J. 1 
Wiraline 

273.8 psi Nl!IU; Casino Plnfmln Minimum packer !nnatlDn pra.uurv 

1; Ir hole I; dry enter Dw • BOiing Depth. L_ !_~ Plnfmall Mllllmum packet Inflation pressura 727.1 psi 
2: Enlor vah.,cs from p~~qr milnvf.ai;.turqr, l -Dp' 

Hg Gauge height 1.0 m 
3: Pgmax (psi) = 1,11 x vuf1Jc;,I d9p!h (m) LP Lengu, of discharge pipe 3.00 m 

IN ROCK to top of lesl soction, 
I-' 

LI 
rp Radius of disohargo pipe (i"=D.D127m) {10051 m 

Wirllllne R ~udlu$ ot lnnue= (10 m I& t landard value) 10 m 
Pocl<or 

!:rr 
rll Borehole radius (H0• 0.0'4Bm, N0• 0.038m) 0.048 m 

Eg11aUons: 

or 

L Llllllllh ol le5t 1eclion _____A,!m 
Forrna!lon Hf Friction 1.o•• 

Plnfm" (1 .42'Dp'+Ps+Pgmax)'1 . 1 Paokor Hnlt Net injeotlon head DI mldpolnl of IQ;! 
Pinr.,.. = P..,, +1 .42'(Dp'·Dw') ~ 

K Hydmulio condudMiy Hr= 8.65x1 o-~ (Q1'Lpirp' ) 
Hn, " (Ow'+Hg-Hf)+Pg/1.42 ···~ -~-1 QQQV~[{!iQQ F~Q!Q[§'. K = (Q"Ln(R/r~)) / 2"n"Hn11"L) Interval - orte!t 

Interval 1 O m of water "' 0.9807 bar= 1 kglcm2 = 14.2 psi 

------ --- BQ!ing Deplll 
1 cm/sec c 864 mlday 
1 Lugeon = 1 liVmin per meter at 10 bars 
which is approximetely 1.4 x 1 o-s cm/5ec 

Q (m3/ 30 seconds) 1 US gpm"' 3.785 IIVmln = 5.45 mg/day 

Pg (psi) P0 (psi) P0 (psl) P8 (psi) P8 (psfi 
Measurement Stop 1 Stop 2 Stop3 Stop4 Steps 

10 20 42 52 
r< 

1 
:=--;-;l':::1 

- ,- -
1 0.0000 0.0000 0.0000 0.0009 0.0000 1 

2 0.0000 0.0000 0.0000 o.oooa 0.0000 

3 0.0000 0.0000 0.0008 0.0005 0.0000 2 

4 0.0000 0.0000 0.0005 0.0007 0.0000 
3 

5 0.0000 0.0000 0.0006 0.0000 

Qavg (m3/30s) 0.0000 0.0000 0.0004 0.0006 0.0000 4 

Qavv (m3/day) 0.000 0.000 1.094 1.800 0.000 11 

Hf(ml 0.00 0.00 0.01 0.03 0.00 5 ,,._ 
- -

Hnlt(m) 5.6 12.6 28.1 35.1 •1.5 0 1 10 100 1000 

K (m/day) O.O!c+OO O.OE+OO 7.2E·03 9.5E-03 O.OE+OO 

K (m/sec) O.OOE+OO O.OO!c+OO 8.33E-08 1. 10E-07 O.OOE+OO 

Lu11oons 0.000 0.000 0.003 0.004 0.000 Field Observations 

7.00!!,0<I 

I 

l 
6.D0~-04 ~ ~ 

l 

5,DO!a-04 / g 4.00E-o.l s 
-

v9 
! 3.00E,04 V - ---- Interpretation of Results 

2 .001;-04 ·-
1,00E.Q.I ./ 

V O.OOE•OO 
o.o 10.0 20.0 30.0 40.0 60.0 60.0 L 

l'roNUIO(pol) 
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=,;= SRK f:::_s~!f!':!!! PACKER INJECTION TEST 

Project: Faro .!009 Test Interval 1ml: 18.9 to 23.5 Borlna N": P09-GS1A 

Northlne1: Date: 1S-Jul-09 Start Tlme: 9:00 Te11t N": 3 

Eastim1: End Time: 9:45 Boring Depth (m): 18.9 

OS Elevation: Su11erv!sor: MP 

I o,olm Return Flow ow Measured depth of static w.,tqr lovol (1) 
Valve Valve Op Mfflurvd d!!plh lo padler 18.9 m 

\ Dt Mea1ure<1 clepth lo mlclpolnl or teal ~m 
~ 

11 Inclination !tom honzontal (degrees) I 901° J~ ,., .. -Ii@\ J M~ 

OW' Ver1ital deplh to stotJc water lovol o.o m ---Dp' Vcrtio.,t doplh jo p•<;l\or ~m 

T Ot' Vortlc.il lk!pt~ to midpoint o/ toil ~m 
- Flow 

._.. Meter HD PS P;,cl\or strotcll pr1i1$SU"1 (2) 
Elpsl 1 Pwmax Moxlmum pockor wor1dng prcmun, (2) psi 

Pgmax MeAimum Injection oauge preuun, (3) psi 

+:ir: l VVlrellne ---I:l2liii Caslrig Plnfmln Minimum p1cktr lnn1t1on preuure 276.8 psi 
1: If hole Is dry ontor Dw = 8oring C>opl~. L Plnfmax Ma~!mum p•ckor lnn1l!on prouur!! 73[1.1 p&I 
2: Enter values ftom p11cker mlmufnct .... r. l - C>p' 

Hg Gauge height 1.0 rn 
3: Pgmax (psQ • 1.5x vet1Jeal deplh (m) Lp Lang!h or d!s<:11~ri19 pipe 3.00 m IN ROCK lo top or test section. 

LI 
Ri!dlUI of dl1chl!rge pipe (1"•0.0127m) 0.0051 m r---"T rp 

Wireline R Radius or lnnuence (10 m Is standard valu&) 10 m 
1, 

Packer 
µL 

rb Botehole radius (HQ•D.048m, NQ=0.038m) 0.048 m 
EQ.1!_1.!lis;iflll: L LenOlh or test seetion ____!&.m 

C>I' 

Formation Hf FrlcUon LOH 
Pinr.., = (1.42'Dp'+Ps+Pgmax)"1 .1 F'acker Hnlt Nvt lnJ~on hQi!d al mlclpoinl or te1t 
Plnlmu" Pwmu+1,4:i'(Dp',Ow') -~ l K Hy<hullo <'Ql!dYotlvlty Hr .. a.esx1 o ·t6 (Q2•Lplrps> 

,J::. [ - - ·=· H,.1 = (Dw'+Hg-Hf)+Pg/1.42 
!,;;Qn~r:iiQ[] El!!.!Q[l!: K = (Q'Ln(Rlrb)), 2·~·H.,,'L) 

lnterv,;,1 10 m of water = 0.9807 bar= 1kgtcm~ = 14.2 p&! 
........_ --- Boong Depth 

1 cm/sec " 864 m/day 
1 Lugeon " 1 liUmin per meter at 1 O bars 
which is 8pproximately 1.4 x 1 o-s cm/sec 

Q (m3/ 30 soconds) 1 US gpm = 3.785111/mln = 5.45 n,3/day 

P8 (psi) Pg (psi) Pg(P&i) Pg (psi) P0 (psi) 
Measurement Step 1 Step 2 Step3 Step4 Step 5 

10 20 40 60 

1 0.0000 0.0000 0.0000 0.0000 0.0000 1 l 
2 0.0000 0.0000 0.0000 0,0000 0.0000 

.. 

3 0.0000 0.0000 0.0000 0.0000 0.0000 2 

4 0.0000 0.0000 0.0000 0.0000 0.0000 
a 

5 0 0000 0.0000 0.0000 0.0000 0.0000 
.. 

Qavg (m3/30s) 0.0000 0.0000 0 .0000 0.0000 0.0000 4 

Q."11 (m3(day) 0.000 0.000 0.000 0.000 0.000 

Hf (m) 0.00 0.00 0.00 0.00 0.00 5 
-

Hnlt(m) 8.0 15.1 29.2 43.3 1.0 0 1 10 100 1000 

K (m/day) O,OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
... 

K (m/sec) O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Lu11aons 0.000 0.000 0.000 0.000 0.000 Field Observations 

1.00E•OO 

9,00E;-01 

8.001!.,0t 

7,001;-01 ·~ ·- ·- -
l 6.00E-01 

~ 5.00E-01 - ·- ---- ---
~ 4.00E-01 · ·- ~ , Interpretation of Results 

3.001!.,01 

2.ooe-01 

U)OE,Ot 

O.OOE•OO 
0.0 10,0 :w.o 30,Q 40.0 50.0 eo.o 70.0 

Prcs;.sura tpsl) 

... 
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l . 
L 

PACKER INJECTION TEST 

Proiect: Faro 2009 Test Interval (m): 

Northlna: D11te: 1 S,Jul.()9 

Eastlna: 

GS Elevation: 

Ralum Flow 
Vlilve Velve 

\ I -~~~ I~-;-

~\ ~ T 

1: II hole ii dry enter Dw • Boring Daplh. 
2; Enter val1191 rrom pat;l<er manufaclurer. 
i ; Pgm!!)! (P•» = 1.~ X Viiltleal depth (m) 

IN ROCK ta tap of 10111~lon. 

Equations: 

Plnfn;n = (1.42'Dp'+Ps+Pgmex)"1 .1 
Plnr., .. = P...,,,.+1.42'(Dp'-Dw') 
Hf • 8.6Sx10·t, (Q2-l_plip' ) 
H,.11 • (DW'+Hg•Ht)+Pg/1 .42 
K • (Cl·Ln(fVrb)), 2·~·H.a'L.) 

Moasurement 
Pg(psl) 
Step 1 

10 

1 0,0002 

2 0.0002 

3 0.0001 

4 0.0000 

5 0.0000 

Qavg (mJ/30&) 0.0001 

Q."9 (m3/day) 0.288 

Hf(m) 0.00 

Hnlt(m) 6.0 

K(m/day) 5.0E-03 

Win,lino 
casing 

L__ 

Hg 

1 

Q (m3/ 30 seconds) 

Pg (psi) P9 (psi) 
Step 2 Step3 

20 40 

0.0003 0.0005 

0,0003 0.000:Z 

0.0002 0.0003 

0.0002 0.0005 

0.0000 0.0002 

0.0002 0.0003 

0.576 0.979 

0.00 0.01 

15.1 29.2 

5.3E-03 4.7E-03 

K (m/sec) 5.77E,06 6.16E-08 5.41E-08 

Luaeons 0.002 0,002 0.002 

P9 (p&I) 
Step4 

60 

0.0004 

0.0004 

0.000<1 

0.0006 

0.0005 

1.296 

0.01 

43.2 

4.2E-03 

4.831:-06 

0.002 

23.5 

swrt Time: 
End Time; 

Ow 
Dp 
Dt 
B 

Dw' 
Dp' 
Dt' 

P11 
Pwmex 
Pgmex 

Plnrmln 
Plnfmu 

Hg 
Lp 
rp 
Ft 
rt> 
L 
Hf 

Hnlt 
K 

P9 (psi) 
Step 5 

20 

0.0001 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 
~~- ~ 

0.056 

0.00 

15.1 

5.3E·04 

6.16E-09 

0.000 

5.00E,04 -,----.---,-----,-----,---.----,-----, 

4.50E·O. 

4 ,DOl;c-0<4 ' -->----1--->--..1.,..-0.------ l--::?7 -
3.SOE,04 ,- V-

~ 3.00E·O. -- ·- _V ~ 
~ UDE•04 1----1----11--__,,,.~ .q----1-,,,::_--l 

~ 2.00~ 0. --- _..,.. / 

l .~DE·O. 1----1-- // V 
I.OOE,04 V V 
5.00E-05 

' O.OOl;i'OO !----------;,-----+--- ....... ----------

-

0.0 ,o.o 20.0 30.0 40.D 50.0 60,0 7Q,Q 

PreHuret~J 

-
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to 29.6 Poring N": P09,GS1A 

11 :45 TestN°: 4 

Boring Depth (ml: 18.9 
Supervisor: MP 

Measured depth of stsuc water level (1) I o.olm 
Measured depth to pack~ 23.5 m 
Measured depth ta midpoint of !0$1 26.6 m 
ln,;!lni!Uon rrom horlzontal (<ligr~•l I 90J• 
Vertteal depth to 1tallc water level 0.0 m 
Veflical depth to packet ---ra:"sm 
Vertical depth ta midpoint of tast 26,6 m 

Packet stnolch pre.sun, (2) 
Elpsl M8lilmum packer working pt,1uure (2) psi 

Ml!Ximum lnJectJon gauge pressure (3) psi 

Minimum p,okar lnn•Uon pronure 293.4 psi 
Mu:lmum paGkar lnflatlo!'l pn>$5U!"9 737.7 psi 
Gauge height 1.0 m 
Langlh of dischorgq pipe 3.00 m 
R•divs or d/1"'1.!rge pipe (1"•0.0127m) 0.0051 m 
Rediua or lnnuence (10 m 11 1tand8rd value) 10 m 
Bocehole radius (H0• 0.04Bm, NQ• 0.038m) 0.048 m 
Length of test seciion ____!.1.m 
Fr!Qlon Lim 

Nat lriJox:tlon hg;id at midpoint or lllil 
Hydr,,ul lQ oandvQUv!ty 

Conversion Factors: 
1 O m of water= 0.9807 bar= 1 kg/cmi = 14 . .! p~i 
1 cm/sec " 864 m/day 
1 Lugeon c 1 lit/min per meter at 10 bars 
which is approximately 1.4 x 10-s cm/sec 
1 us gpm = 3. 785 lit/min = 5.45 m'tday 

l lU.u-:::=:: I= --~ 
1 j- - ~ 

a 

3 

4 

a 

0 1 10 100 

Fleld Observations 

Interpretation of Results 

1000 
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P09-LCD1 Slug Tests 

I 
I 

I ~J IJ 
~~~ 

I 
I 

! I I I 

I 

I 1 

I 
l I I 

I 

I I I 
I 

' 
I 
I I 

I 

I I I 

I I 

I 

I I 
l I I 
I I I 

11 ! 
I I = 

11 . I 

1 

~ 
t 

"~~-~ I 

.... 

~ I 

I 

I I 
I 

~ ' I I 
II. 

1~ t I I 

i 

r 

~ ... 
' 

I 

I 1 \ \ 
I 

~ 
I 

I 
I 

I 

' .. I 

I 
I 

I I \ I 

I 

~ · \ i I 

: I I ~\I I I 1 

I 

I I I 
. ·.,. 

f I \ • 

I I \l 1 

j I 

I 
I I l 

I I • I , _ i 
' i 11 ~{I , I I I - ~- i 
! :-'- ~ I 

10 

Time (s.) 

100 

Page 41 

----. -- ---, ~ 

; I 

: I I . I 
I 
• l 

i . I 

I I 
! I 
I I 

; I 
I 
I 
I 

I 
' I , - ms-fh-a 
I 
I - ms-rh-a 
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!' 
n 

f 

l 
l 
L 

1.52 

....... 
E -C: 

1.04 ~ 
"C 
3: 
l'O ... 

/ Cl 
cu 

::::J 0.56 
~"""" " 0 

"C 1:1 D -~ tl 

0::: 

0.08 

-0.4 ~-~~~~~-~~~~~~-~~~~~ 
1. 

Data Set: Y:\ ... \LCD02-hp-rh-a-T.agt 
Date: 10/30/09 

Company: SRK Consulting 
Location: Faro Mine 
Test Well: LCD02 
Test Date: 7 August 2009 

Saturated Thickness: 1.2 m 

10. 100. 1000. 

Time, tit' 

LCD02-HP-RH-A 

Time: 10:20:53 

PROJECT INFORMATION 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): i_ 

WELL DATA 

Pumping Wells Observation Wells 

~
W'-'--'-'el-'-'I N--'-a=m-'-'-e"------1-'--'x ...... 

0
cm'-'-'-'-) - 1---'-Y_,.(-'-'-m"-) -----11 1 Well Nam~ I X (m) I 

._L_C_D_0_2_-h.....,p_-r_h_-a ___ _,_ ____ _,_ ___ o _ __,_ . 0 LCD02-hp-rh-a . 0 . 

Aquifer Model: Confined 

T :;;: 3.878E~6 m2/sec 

Appendix B 

SOLUTION 

Solution Method: Theis (Recovery) 

S/S' :; 1.255 
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1.5 

E .._.. 

~ 1. 
0 

"'O 

~ 
0 
ro :, 
"C 0.5 
'in 
Q) 

0:: 

0. 

a 

-0.5 '----~-'--_,__...__._._,,_._._.__~_.___.__~-1-1-L.L'---~-'----'--...1.......J.-'---'->...J....J 

1. 10. 100. 1000. 

Time, tit' 

LCD02-HP-RH-B 

Data Set: Y:\ ... \LCD02-he-rh-b-T.agt 
Date: 10/30/09 Time: 10:20:44 

PROJECT INFORMATION 

Company: SRK Consulting 
I 

Location: Faro Mine 
Test Well : LCD02 · ---
Test Date: 7 August 2009 

AQUIFER DATA 

Saturated Thickness: 1.2 m Anisotropy Ratio (Kz/Kr): 1..: 

WELL DATA 

Pumeing Wells Observation Wells 
I Well Name 

I 
X (m) 

I 
Y (m) 

I 
I Well Name 

I 
xJ~ 

I 
y (m) 

: LCD02-hQ-rh-b 0 0 : a LCD02-h(2-rh-b 0 0 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recovery) 

T = 6.348E-6 m2/sec SIS' = 1.039 
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P09-LCD3 Slug Tests 

. . I I : 
JI I I 

' 1 I 1 : l 1 I 1:i-H+:r~ 1 ' 

I j i lJ - ~ , 
11 I ! i 

I I ! ' r~ { I I l I 
:, I I • I l 

I I 
I I 

I , ~~. 
l 

I I I i I ' I I! I 

! j I 
1,1 ~ 

I 
I 

: I 11 ~ ~\ 

' 

I I 

,\ ~ 
I • 

I I ~ I I I 

' - ms-fh 

I 11 ! 
I I 

"' · 1 I ,I I l I I. I :\J I 

- ms-rh 

- ss-fh 

! 11 I' 1 

I 

I l\ ~I I I 

I I 
I I r 

I 
• I 

I 
I I ( \ 

- ss-rh 

l 
I 

\ ~ I I I I 
I 

I I I 

I I I 
I 

! I; ,1~ I I 

I . I I I I 1

1 
'. 

I \ I\ 
! l 

I! 1~1 
I I 

: I 
~ 

I . I 

I I ! I I I ! ~ --=-
10 100 1000 10000 

Time (s} 
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r-- r-- ,- r-- .--- --·-- ~ - - ., - --, ----i : --'"1 --i --=--1 --i 

0 
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';::::: 
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P09-LCD6 Slug Tests 
1 I I r - ~.....__I~ 1 1 1 1 j ~ I I 1 ,, ~ 1 ~ I 1 1 • • 1 1 1 1 , I 

0.9 ;1 A:. I • _ J ~ ""' ! '-o.! ' I • • I I I' ' I 

0.8 I ~ 1 1 1 ;'-~ >,.. ,, • ' .. : • , 1, I 1 1 1 : I 1 : • I 

0.7 I : : I "- ' 

=- 0.6 I I I I : I : ~ - I '\ i\ ; I 1"1l : I : : : I I I 
~ 
a, 
E 
a, 

~ 0.5 I : : : : ~ ~ : J : '\~ - ~ ~ ;\, "\ . : • 1 : ~ ~ ~ ~ 
~ 

"' c 
,:s 
CII 

,.!::! 0.4 I I I f I I I 1 

l 11 I ' ' ! 'i I I 
z 0.3 : r~ I .. , 

- • ' ' I 11 

02 I , 1 1 1 1 1 1 1 1 • 1 1 1 l ' "~ 1 1 · ~ 1 .,_, ; 1 I I I . 1 I 
• I I II I ' ' - - -... ' ~ . l' 

0 1 I I I I I I I I I I I I I I ~ , I ' • I I :!!Iii, --.--.... I I • I 
• • ' I ~ . , 1 --.......~ ~ II 
0 I I I '" ' I' ,. , , I I I 1 , I ~ I I 

0.l 1 10 

Time(s) 

100 1000 

- ms-fh-a 

- ms-rh-a 

- ms-fh-b 

- ms..:rh-b 

- ss-fh-a 

·- ss-rh-a 

- ss-fh-b 

- ss-rh-b 
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P'09-VC1 Hydraulic Testing Summary 

K{m/s) 

1.00E-09 1.00E-08 1.00E-07 1.00E-06 l.OOE-05 LOOE-04 1.00E-03 

0 
• I I 111 11 I ! I I ' I r ! I I I I I I ! I ! 

10 1 I I I 111 I : I I I I : I I : I : ! 11 I ! 11, I : I 1111 ; 11 I I ~ I 

I 11111 I! I I I I I j I I : 1 I i I I I I I I I 1 I, 111111 I I I I j I I - Approx. Vangorda Creek 
20 

I I I 111 11 I l 11 11 I : 11111 J I I 11 ! 11 ! 111111 I I I I - Bedrock Contact 

I 30 

i i i i i ; ii 
I 

i I i i i i ~I i iii i I i i i i 
I

i I i i i i I; i i I i I • Packe<Teru 

i 40 

I 11
11

1 I: I I I , I ti 111 1 I II I 11111111 I I ' I - - - Line for lxlO,S m/ 5 

i : I I I I I I I' I , 111 I 1 , I ~ I I I I !I I ' ~ 1111 I I • BEJ Slug Test K 
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I I I I I I; I 1 
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Prolect: F.iro 2009 

Northlna: 

Ea&tina: 

GS Elevatlon: 

1; If hole 11 dry enter ttw • Bo!lng Depth. 
2: Enlor YDluos frOfll pad<ar mafl!l(.cturer. 
3: Pgmax (psi) = 1,!I x vor11c;,;,I doplh (rn) 

IN ROCK to lop of lost ol!Cllon 

Equations: 

Pini..;,, " (1 .42'0p'+Ps+Pgmax)"1.1 
Ptnr..,.. = P""'a~+1.42'(0p'-Dw') 
Hr= 8.65x10-1, (Q1'Lplrp') 
H.., " (Dw'+Hg-Hf)+Pgt1 .42 
K ;, (Q'Ln(Rlr.)) / 2"n'H,.,t"L) 

Measurement 
Pu(psl) 
Stop 1 

12 

1 0.0020 

2 0.0020 

3 0.0020 

4 0.0020 

5 Q.0020 

Qavg (m3/30s) 0.0020 

Qavg (m1/day) 5.760 

I-If (m) 0.26 

Hnlt(m) 9.2 

K (m/day) 1.3E-01 

Wirallno 
casing 
L_ 

Test Interval 1m1: 

Date: 11-Jul-09 

T 
Hg 

! 

Q (m3/ 30 seconds) 
.. 

Pg (psi) P9 (p&I) Pa (psi) 
Step 2 Step3 Step4 

20 30 50 

0.0030 0.0040 0.0065 

0.0025 Q.0040 0.0065 

0.0030 0.0040 Q.0060 

0.0030 0.0040 0.0060 

0.0040 0.0060 

0.0029 0.0040 0.0062 

8.280 11.520 17.856 

0.54 1.04 ;1.49 
-~·-

14.5 21 .1 33.7 

1.2E-01 1.1E-01 1.1E-01 

K (m/sac) 1.47E-06 1.33E-06 1.28E-06 1.24E-06 

Lu11eons 0.058 0.052 0.050 0.049 

7.00E,03 

6.00~.0J __ , ____ _,_ ____ ____ ,-

PACKER INJECTION TEST 

36.9 

Start Time: 

E11dTlme: 

ow 
Op 
Ct 
B 

Ow' 
Op' 
Ct' 

PS 
Pwmax 
Pom•x 

Plnfmln 
Plnfmax 

Hg 
Lp 
rp 
R 
rb 
L 

HI 
Holt 

K 

Pu (psi) 
Stop6 

30 

0.0040 

0.0055 

0.0040 

0.0045 

0.0040 

0.0044 

12.6 72 

1.26 

20.9 

1.2E-01 

1.42E-0S 

0.056 

to 41.1 Borina N": P09-VC1 

9:00 TestN": 1 
12:40 Borlna Daoth 1ml: 41 .1 

Supervh,or: DM 

Moosurcd depth of •!•tlow.il!>rlavil (1) I o.6Jm 
M.-1ur!>d depth to pad(er 36.9 m 
Mii5Ufed depth lo midpoint or test ~m 
Inclination rmm horizontel (dagrocs) I sol~ 
Vertical doplh to slallo v,alor !avol _____Q,Q_m 
Va'*-11 dopl/1 to pacl<.er 32.0 m 
Von!c.iJ depth to mldJ)Olnl or teat 33.8 m 

Pad\ir ,trotch prenure (2) 
~ psi Maximum p.Jcl!arwo!1\lng primure (2) psi 

Maximum ln)octlon gouga pross~ (3) psi 

Minimum packer lnnauon prossuro 270.4 psi 
M1xlmum packer 1nn1tton preuure 748.0 psi 
Gauga holght 1.0 m 
Length or dlscllaroe p;pe 3.00 m 
Rallius or llischarge pipa (1"•0.0127m) 0.0051 m 
Radius or lnfluanca (10 m Is st.ndiird v~!ve) 10 m 
Bor,,t,ola radius (H0=0.04em, NQ=0.03!1mJ 0.048 m 
Length of last socUon _A,l_m 
Friction Loss 

Nel il1jecUon head al midpoint of lost 

Hydraulic conductivity 

convprsion Factors: 
10 m of water c 0.9807 bar "' 1kg/cm2 "' 14.2 psi 
1 cm/5ec - 864 m/day 
1 Lugeon = 1 liVmin per meter at 1 O bars 
which Is approximately 1.4 x 1 o.s cmt&ec 
1 US gpm "3.785 liUmin "' 5.45 m3/day 

1 

2 

J 

4 

~ I 
- -

D 1 10 100 

Field Observations 

1000 

Fit-at •llll!lmpl tii.w "1M!1IOO l!ne. Line pr@.il>fy 11Hadod ln1t11'in~ 1md blew 1t1bout 
JOOp1l PuJltd, blow out W1tt1 I nd ripllttd ~..fi'lilahd. 

t>Yrfns ~ ,t nii lH kJ, dt t,0nt 1teo1dy prenu1 e Fklwl linear. 

s,OOE-03 
J/" 

- ~ ~ --.-!--~ - ..,.- ..;;:- ;..r---j--

- - ---!-----::;;-='---·----

Rott< Ii hJQ hlf btekan ;.,p Or•!!ir:• an fQi1,1;!9n, Oltr;:k: phyJtrt, wID1 qlz end 1Vlphfde1. 
T9p 111r1e1t zone 1boul 101\ drilltd depth be low OS.BR eontact. 

K valun rn,lln n n H !n ,,,11rll tif'9ktn, MJ\tlered rKk. We~ er\ng ob,erved H 
"r;:Nddf' lookln!l foJl.aUons and high numbtf or foll1tlon breaks. Rocli Is ctumbly 

3.00E-03 I ./ 
~.OOE-DJ -- ~ 

1,00E-031/ l------l-----1-----1-----

0.00E+OO 
O,Q 10.0 

Appendix B 

20.0 30.D 

PreHure (1»1) 

40,0 w.o 

-
Page 48 

80.0 

A.11 ,nli,rn w11 no9d Conndenl or rosuKs. 

Interpretation of Results 

Good results. Laminar flow. lower flow on step 
down lil<e!y within pressure error(+/. 2psi). 
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PACKER INJECTION TEST 

Project: Faro 2009 Test Interval (rn); 

Northinc1: Date: 11-Jul-09 

Eastlna: 
GS Elevatlon: 

flo!um Plow 
Volvo Valva /s M•- --

>J ~~ r,.;"01 T 
c:£±~ Hg 

1: II hole is dry enter Dw ~ Boring Depth. 
2; Enter v~Juei from packer manufacturer. 
3; Pgml!X (piij ~ 1.5 x vertical depth (ml 

IN ROCK IQ tQp of ID$1 ~v,;tion, 

Equations; 

Pinfrr1n = (1 .42'Dp'+Ps+Pgmax)*1 .1 
Pini.,..= P_.,+1 .42'(Dp'-Dw') 
Hf= 8.65x10·1' (Ql"Lp/rp~) 
Hr,11 • (DW'+Hg-HrJ+Pg/l.42 
K • (Q' l.n(R/rb)) 12·~·H,,11'L) 

Wir?1lina 
casing 

L_ 

1 
T 

i'!'~ 
- Ho' 

Wlrollm, Dt' 
Pacl<or 

Formation 

f1/81 

44.5 

Start Time: 
End Time: 

Dw 
Op 
DI 
B 

OW' 
Dp' 
Ot' 

P, 
Pwmex 
Pgmax 

Plnfmln 
Plnfmax 

Hg 
Lp 
rp 
R 
rb 
L 
Hf 

Hnlt 
K 

--- --- Boring Oap!l! 

Measurement 

2 

3 

4 

5 

Qavg (m3/30s) 

Hf (m) 

Hnit(m) 

K (m/day) 

K (m/sec) 

Lugeons 

PG (psi) 
Stop 1 

10 

0.0015 

0.0020 

0.0010 

0.0010 

0.0010 

3.744 

0.11 

7.9 

5.5E·02 

6.36E-07 

0.025 

Q (m3/ 30 second!i) 

PG (psi) PG (psi) PG (psi) 
Step 2 Step 3 Step 4 

25 50 75 

0.0020 0.00110 0.0050 

0.0020 0.0045 0.0050 

0.0020 0.0035 0.0050 

0.0020 0.0030 0.0050 

0.0020 0.0035 0.0050 

0.0020 0.0037 0.0050 

5.760 10.656 14.400 

0.26 0.89 1.62 

16.3 35.3 52.2 

3.7E·02 3.5E-02 3.2E-02 

4.23E-07 4.06E-07 3.72E-07 

0.017 O.D16 O.D15 

Pg(psl) 
Step 5 

50 

0.0035 

0.0035 

0.0035 

0.0035 

0.0035 

0.0035 

10.080 

0.79 

35.4 

3.3E-02 

3.83E-07 

O.D15 

e.OOE-03 .----,----,----.----,-------..---..---. 

--- - -i- ---- ,A 

~ 

-~ 7 ~ 
/ 

2-0QE-OJ .---,__."'4r"---l----+------l---- -

1,D0E-OJ ·7l---l----- -

D,QOEtQO .----+----i----+----;------+-------< 

5,QOE-03 

4,0QE-0~ 

! 3,DOE.-OJ 1---l 

i 
-~ -

0.0 10.D 20.D JO.O 40.0 M .D 60.0 70.0 80.D 

Pronu,ojpoll 

-
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to 51.8 Boring N°: P09-VC1 
9:00 TestN": 2 

12:40 Borlnct DeDth 1ml: 51.8 
Supervisor: OM 

Measured ~plh ol staLic waler level (1) I o.ojm 
Musurod deplh lo packer 44.5 m 
MoolSurod dap!h to midpoint of toil ~m 

ln<:liMUon from hortzontlll (degrees) I sol• 
Vertical depth to atauc water level 0.0 m 
Veriical depth to packer ~ m 
Vortlcal depth lo midpoint ol 1c,t ~m 

Packer slnitch pro55uro (2) 
~psi 

Ma..imum packerwollllno pressure (2) psi 
Max!mum lnJecuon gauge pressure (3) _ psi 

Mlnlmpm p••~r lnnaUon p!U$SUf0 329_.7 psi 
Ma1elmum packer Inflation prassun1 759.2 psi 
Gauge height 1.0 m 
Length of dl,wrga pipe 3.00 m 
R,1djus of disch,1rga plpo (1"=D,0127rn) 0.0051 m 

·-
Raalui or tnnuen~ (10 m I& &tl!ndard value) 10 m 
Borehole radius (H0• 0.0,18,n, N0• 0.038mJ 0.048 m 
Length of lest s&etlon ____L!_m 
Frl~Uonum 
Not injection head •l rnldpoinl of ta,t 

Hydrou!lc condudlvily 

Conversion factors: 
10 m of water" 0.9607 bar " 1kg/cm2 " 14.2 psi 
1 cm/sec "' 664 m/day 
1 l.ugeon - 1 liVmin per meter at 1 O bilrs 
which Is approximately 1.4 x 10-& cml$ec 
1 US gpm = 3.785 llt/mln" 5.45 m 3/day 

10 100 

Field Observations 
Ourin{I tolt. no Nall,, doe.nt fillr1dy ptt1su1• . F!Mt httiiat. 

1000 

Multlplo she ;iu zones or small faults (don't th!nli: they are duetllt, but ihct• a,e offset 
v•int. Suiphidtt In f•ull v•U'li Rodi i• O•M•i•l f blaek phy• itll a, 1Pllil ~th 
""'~!'fllt(?J t!ld 1wlpf'!idH top Qf '"' ZQM 1liloul "Oft dnHed depth boloW oe~BR 
c.onl:11cl 

1'111Jl{em wu good. Conffdenl or resun,. 

Interpretation of Results 

Good results. Laminar now. lower flow on step 
down likely within pressure error(+/. 2psl). 
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PACKER INJECTION TEST 

Prolact: Faro 2009 

Northln11: 
Eastlna: 

GS Elevatlon: 

N21ii:--

1; If hole 11 dry enter Clw = Boring Depth. 
2! Enter wtues from p.1ck,er manufacturer. 
3; Pgmnx (psi) = 1.6 x vertical daplh (m) 

IN ROCK to IOI) or teal oeelion. 

J;qyaugns: 

Pini...., • (1.42'Dp'+Ps+Pgm!lX)' 1.1 
Pinr,,,.. = Pwm +1.42'(0p'•DW') 
Hr= 8.65x10·':'s (a 2•Lp/rps) 
H""" (Dw'+Hg-Hf)+Pg/1.42 
K ;, (Q'Ln(R/rb)) / 2'n'H,,1L) 

__ Wireline h 

Cailng 

L_ 

Test Interval 1ml: 
Data: 12-Jul-09 

T 
T 
+~1 r - Op' -W\rvilno 

Pllckar 

Formation 

. 

lnlerval 

63.6 

Startllma: 

End Time: 

ow 
Dp 
Dt 

ll 
DW' 
Dp' 
Dt' 

Ps 
Pwmax 
Pgmax 

Plnfmln 
Plnfmax 

Hg 
l.p 
rp 
R 
rb 
L 
Hf 

Hnit 
K 

--,__ --- lloring Depth 

Q (m3/ 30 seconds) 

Measurement 
Pg (psi) Pg(psl) Pg (psi) Pg (psi) Pg(psl) 
Step 1 Stop 2 Stop3 Step4 Step 5 

25 50 75 105 50 

1 0.0015 0.0025 0.0035 0.0045 0.0020 

2 0.0015 0.0025 0.0030 0.0045 0.0020 

3 0.0010 0.0025 0.0035 0.0040 0.0020 

4 0.0020 0.0025 0.0030 0.0040 0.0020 

5 0.0010 0.0020 0.0035 0.0050 0.0025 

Qavg (m3/30s) 0.0014 0.0024 0.0033 0.0044 0.0021 

Qavg (m3/day) 4.032 6.912 9.504 12.672 6.048 

Hf(m) 0.13 0.37 0.71 1.26 0.29 

Hnlt(m) 18.5 35.8 53.1 73.7 35.9 

K (m/day) 2.5E-02 2.2E-02 2.1E-02 2.oe-02 1.9E-02 

K (m/sac) 2.90E·07 2.56E-07 2.38E-07 2.29E-07 ;2.24E-07 

Lu11oons O.Q11 0.010 0.009 0.009 0.009 
-

5.00E-03 

4 ,S0!;-03 -
4.00E,03 

3,SQE-03 

! 3.00E-03 

2,SOE,03 

1----t----1----+=--5~r --1-----1---__,,,.. 7" 
- ----~- -..-== ...-------f-----1-----l 

i 
Ii: 2 ,QQE-Q3 

1.&0E,03 

1,00E-03 

5,00E-04 

o.ooe:.oo 

./,.......-; 
/ 

~ 1-1- --

0,0 20.0 ~O.Q eo.o 80.0 

f1ftt$Uif fpt,1) 

Appendix B 

100.0 120.0 

Page 50 

to 61 .0 Boring N": P09-VC1 

11 :25 Teut N": 3 
14:45 Borina Daolli (ml: 61 .0 

Suo11rvlsor: MP 

Monurod daplli ol s!i>Uo watar laV'll (1) I o.olm 
Mvu\Qd dvptti to pKker 63.6 m 
Meu!l'e<I depth to midpoint or teat ~m 
Inclination rtom horizontal (d•~•) I solo 
Vertical depth to static wator lava! o.o·m 
Vaf1l<!II daplh to p;idler 46.4 m 
Vertl~I depth to midpoint of test 49.6 m 

Plil<:kar $lretcll preuure (2) EIPS! Maximum pacl<arwcl!\lng pr@5liure (2) psi 
Maximum injac1ion gouga pr,murv (l) psi 

Minimum packer Inflation pr11uun, 385.9 psi 
Maximum pack•r Inflation preuure --r-io.i' psi 
G~11119ha!g~I 1.0 m 
Length of dlsch810e pipe 3.00 m 
Radius of discharge pipe (1"=0.0127m) o._oos1 m 
Radius of influanc.a (10 m Is stond!lrd volY!I) 10 m 
BO!llhola radius (HO=Q.0411m, N0=0.03l!rn) b.048 m 
l-cmgtt, of ta5\ sDC~Ofl __Mm 
Friction Lt>ss 
Net 1,-.ecuon head al midpoint or last 
H~draullc conduCUvilf 

coowcsloo factors: 
10 m of water "' 0.9807 bar"' 1kg/cm2 "' 14.2 psi 
1 cm/sec .. 864 m/day 
1 Lugeon = 1 liVmin per meter at 1 O bars 
which Is approximately 1.4 x 10,1; cm/sec 
1 US gpm" 3.785 liVmln "' 5.45 m3/day 

- - -
t 

2 
I 

3 I 
' 
I 

4 
' ' 

5 I - -
0 1 10 100 1000 

Field Observations 
'1ir11 •1t,1"1111101 ta~ fl!!,I ("2W$1rn)tlMJ)ftHll!t l~!llfA.ntrlQW upG..aslng 
100,eesed P,1oker p1essur•, no change. Pul packer, ehtcJt hn11, pul cHiftG back I& 
170, l'tt v• packer lfl baitlti 1ock, Ttaubla with H~ond ,ot 11n ,~rTM Mi!!, 
p1~,r d,9flpt4 turttt.r btf9ft p1,1tlng P~ of'°'' 1tuc.k In bll Poc;ker wasnl 1ct 
In bed1o~ilj fo, first.two ettemptl. 

fe1lzone 29~0m hor&tonta1 rrom collar. Aboul 48m veftk!1I bolow coll,1r or ;about 
40m be1Dw' CfHk. 

An syi.t,m w,s good. Contid1n1 of resultJ.6' aibo\zt 

Interpretation of Results 

Good results. Laminar flow. lower flow on step 
down liKely within pressure error (+/. 2psi). 
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~ S~K !f:!.s.!!!f.'!.~ PACKER INJECTION TEST 

ProJect: Faro 2009 Test Interval 1ml: 61 .3 to 67.1 Bonna N°: P09-VC1 

Northina: Date: 12-Jul-09 Start Time: 17:00 Te1tN': 4 

Eastlna: End Time: 14:45 Bortna Denlh 1ml: 67.1 

GS Elevat!on: Suuervlsor: MP 

I RolUTJ1 Flow Dw Measured cklpth or 51aUcwalw level (1) o,olm 
Valvo Valva Op Maa1ured depth lo packet 61 .3 m 

I Ot Measured depth lo midpoint of te,I ~ m - B lncllnollon from horizontal (dcgrcos) I sol• !~ ··--Ii@ ,.;~ 
Cw' Wrll~ doplh lo $t;i\k! w;,tQr lovtil ___M_m 
Op' Vertical depth lo packer 53.1 m 

i 

T Dt' Vertle81 depth lo midpoint or teal 66.6 m 

~ Hg Ps Packer ,treteh preasure (2) 
Eipsi 

p 

l PwmaK Mi!J<Jrnurn Pilcker WQrl<lng pronun;, (2) psi 
Pgmu Maximum lnjocUon gougo prossun, (3) psi 

Witeline +yj ~ caa1na Plnlmln Minimum packer lrtflatlon pn,stun, 376.4 psi 

1: If hole ta dry enter Dw • Bonno Depth. L_ Plnlmu Maximum packer 1nn111on pr.uur. · 779.0 psi 
2; En~r values from p;icker manufa~urer. l -Op' 

Hg Geyge h9111ht 1.0 m 
~; Pgmex (pi!): 1,$ x vertl<:al depth (ml l p Length of dlacllarge pipe 3.00 m 

IN ROCK to top of tosl saclion. 
~ Ura rp Radius or diacl\arge pipe (1"• 0.0127m) 0.0051 m 

\Mrollno ··.:' R Radius of lnffuonoo (10 m Is s"1ndord voluo) 10 m 
Packer n rb llorohol• r~lu$ (HQ=0.04arn. NQ=0,03am) o.o4e m 

EgU§!!iQn~; L length of tast suction ~m 
Fonnation Hf Friclian Lo .. 

Pini""" = (1.42'0p'+Ps+Pgmax)'1.1 PIICk~r Hnlt Nel Injection head at midpoint or teal 
Pini.,., = P...,,.,+1.42'(Dp'•Dw') I< Hydmilc conducfivily 
HI= 8.6Sx10·" (Q1-Lp/rp$) 
Ho11 • (Ow'+Hg,Hf)+Pg/1.42 

~!la:a:~illD Eil"11ltli: K • (Q'ln(!Vr~)) / 2'~'H,./ I.,} 
10 m of water .. 0.9807 bar - 1ksg/cma - 14.2 psi 

- - - Boring Doplh 
1 cm/sec= 864 m/day 
1 Lugeon " 1 Ill/min per meter at 1 O bars 
which is approximately 1.4 x 10-5 cm/sec 

Q (m3/ 30 seconds) 1 US gpm .. 3.785 liVrnin .. 5.45 m'lday 

MeHurement 
P9 (psl) P9 (psi) P9 (psl) P9 (psl) P9 (psi) 
Step 1 Step 2 Step3 Step4 Step 5 

27 50 75 100 50 -- -
1 0.0036 0.0045 0.0065 0.0070 0.0045 1 

2 0.0036 0.0055 0.0065 0.0080 0.0035 ' 
3 0.0038 0.0050 0.0065 0,0075 0.0042 a 

- . 

4 0.0030 0.0052 0.0075 0.0040 

' 6 0.0046 0.0048 0.0075 0.003B 

Qavg (m3/30s) 0.0037 0.0050 0.0065 0.0075 0.0040 4 

Q.,9 (m
3/day) 10.714 14,400 18.720 21.600 11.520 

Hf(m) 0.90 1.62 2.14 3.65 1.04 5 
-

Hnit(m) 19.1 34.6 51.1 67.8 35.2 0 1 10 100 1000 

K (m/day) 8.2E-02 6.1E·02 5.4E·02 4.7E-02 4.8E-02 

K (mlsec) 9.50E,07 7.06E·07 6.22E·07 5.40E•07 5.55E-07 

Lugeom, 0.037 0.028 0,024 0.021 0.0.!2 Field Observation& 

8.001;-DB 
Flflt , a unpl hid ~•k 1il 1h1fflng box. ~e~d 1H1mpl wenl ~ll 

V 
Tnl I an, ln~44i;l l!;N'lt wlVl 1~ Yl!ll!'1 •ml !TNR'I rnor! h!vhty' ""M!U1,,!!f' gr 

7.00@,03 Gfuddy Joo,t1ng rix;lt lmmedletc!Y' .it>ovo tl 

~ An llrl•l'n WH 90¢ Q'.cin~dllJln\ Qf r•,1,1n.,,O!' abQi,ll 
6,00!;-0B 

V I 
5.00E-03 ~ -_,.,.. 
4.00E-DJ 

T -
f 3.00E.03 ·- Interpretation of Result& 

2.00E;-03 
/ Reesonable results. Possible turbulent flow or more 

/ likely bloclling of fractures. Pressures were quite 
1.00E-03 steady. 

o,ooe-,.oo 
0.0 20.0 40.0 60.0 80,0 100.0 120.0 

f!jit.i1,1ilill (piil) 

.. ·-·- .. 
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0.9 

0.8 

0.7 • I I I 

I 0 
::c: 

I I ::::::: ... 
~ 0.6 

I ... 
C 
QI 

i I I E 
QI 

~ 0.5 
a. 
"' 0 I I 

"'O I 
QI 
~ 0.4 

I I IV 
E ... 

I I 
I I 

0 z 
0.3 I 

I . . I ' I 

0 . .2 I I I I ! I I I I 
' I I I I I 

0.1 

0 

0.1 1 

AppendixB 

P09-VC1 Slug Tests 

·1~ ' • ' I I 

I I 

' 

I 

I 
I 

I 
~ " ~ I j 
I ·· .. i 

1 · ~ \, I 

· ·\ ,I. ' 

~\~ I I I I 
~,. I\ i I 

I I I I 111,J 'I, ' l,, I • I , I t 

I I I I I ~ \.\J\ ! ! !fl I • I I 

10 

Time (s} 

100 

Page52 

.------, ----i 

.. 
' ' - ms-th-a I 

I 

I - ms-rh-a, 
I • - ms-fh-b 
I I 

- ms-rh-b 
' I 

- ms-fh-c 
I I 

I I I 
- ms-rh-c 

- ss-fh-a 
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·~~--.--~----.... !!"~~U':'11:,','\;:.~-- · • • ·----·· .. 

Slug Test .. Data Acquisition Sheet 

r 
I 7No.rr' J '>" 
~ .... 

l 

L 

Tl'llnsducer #1 
Transducer #2 

Data Logger Type ond Serial Number........,r~ .... t>..,.i, .... IN__,,,__ ...... ----------------
Logg!ng Program: t.(1/!:;l.~.t.E~ ~-'2..-/ AoqulslUonRale: d),S-,r 
Pressure or Pressure Head Units: M Time Unl\8: s; 

Yr- t--=:':":':"":'=:7'.':":""-t-~~;,;;---+~-fr-~-t--.:;.~~---f---+~~--f,----'~~~ ......... 
"r-c:::::::r.::r:;::;-;-~~,,..--t----;:~:::--+"""""='~11±'----t---~i*"'-+-~~r"--i 

M l:: o((AM 

S Mkt.-l. 

Prepared by the Ktinsa11 Geological Survey (dlslribuled wllh permission) 

J(..,U 4 '. ~/~ti y. I ·bOn., 

$LU£; ·, !>7r,11 )( (.{)5°'n, 

' .,.~ 



L. 

.......... ,--...... 

f oq - c. I 

Slug Test .. Data Acquisition Sheet ® 
- -. , ,, , . . ' . . ·. . ,· . . ,'' ·, . , . . . ·· ·.. · .. · · ... . '·.· . 

Reported won Depth rrom Lend &lrfl'lce ____ _ 
Measured Depth rrom TOC (top or c11slng). ___ -
Ca&lng Diameter end Sohedure. _ ____ _ 
Scrcon Le~lh and Slot Sl.ze. ______ _ 
Depth 10 Top of Screen from roe ____ ..,..._ 
FIiier Pad( Details 

T mll$duoer # 1 
Transducer 112 

Date of Lael Well Developmen,__ ______ _ 
1nma1 static Water Lovot rrom Toe. ______ _ 
Final Stello WaterLovel r,om Toe. __ ~---~ 
roe rrom lornl eurfaoe __ - -----
Bomhola Dlemeter _______ _ 

Annular Seal Delalla 

Data Lo99erTYl)Oond Serlal Numbor, _____________________ _ 

Logging P/Ogrem:.___________ AcqulslUon Rate: ...... ----
Pressure or Preasuro H8Jd Unile: nrne Units: 

Ptej,ared by the Kansas Geological Survey (dlslllbuted with permission) 
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r 

r 

L 
I 
'-. 

[ 

poq - C 2 

Slug Test - Data Acquisition Sheet 

Transducer #1 
Transducer #2 

Dala Logger Type and Set al Numbor_,,.=:.,oe:..-=t....:..:;,l~N.......;....:.r ________________ _ 
Logging Program; Lf\/ a OCt ?i eA '.3 , 2 , i AcqulslUon Rate: 0 ~ s.:; 
Pres.sure or Pressure Hoad Units: m Time Unit&: 

Prepare<.! by Iha Kanns Gaologlcel Survey (dls!ribuled with permission) 
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Slug Test .. Data Acquisition Sheet 

Web Number PO 'f - C.. J 
Well LocaUon C /lD >> VA U-~ f) A f"1 
ProJoct E7f¢.B t£\ IN€ 

--~-~~--~~~ 
• t ; • : • ' ' . ' •_, • '• 1 ' ' •, ' ' • ' 1 • ( ' • ' I , • • ,, '. , • • • / 1 °;.' \: ' • I •' • : 

Reported Well Depth from Lend Surface. ___ _ 
Measured Depth from TOC (!Qp or OHlng),_. ----
Casing Diameter end Schedule · 
Screen Length and Slot sr:i:o_~- - --
DepU'l to Top or Screen from TOC'"------
Fllter Paek Detolls 

Dole or Last Well oevetopmen . ._t --..,....."=',...,,..---
lnltlal Stalic Water levellrom TOC / • G""6 0 ,.,. 
Fine! Stello Waler Levol rrom roe. _ _____ _ 

. roe rrom lend surraoe. ______ _ 
Borehol& Dlameler _____ ~--
Annular Seal OetaDs 

Prepared tty the Kansas Geological Survey (dl$tnbuted with permission) 

e, ( C, .s l,._ L,l C. 

/v'l f {) ( U. M .S Cl.A C '. 

c;I"\ A' LL- 5GU.Ci J 

1rs- 1
' r- l -bOvi,, 

>/ s " 'f I r Go 1v, 

q-h~ 11 x l - D s-· l"Vl 
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Slug Test - Data Acquisition Sheet 

. 
l '• ' , ' 0 •' ' ' • • • • ', • , , .. I ' • • : ' 0 • • ' { ' : • • • , •• • ' • , • • ' ', I ' ._ > .' • ~ • ' ' • , : : 

Reported Wen Depth rmm Lend Surface:...... __ _ 
Measured Depth rrom TOO (top or oaslng)'----

Dato or Lest Well Developmen . .__ _ ______ _ 
lnlllel Staitlo Wator Level rrom Toe. _ _____ _ 

Caslng Diameter and Schedule. ______ _ Flnal Static Water Level from TOC, _____ ~-
Screen Lenglh and S1ol 5fze. ______ _ 
Doplh to lop of Screen from TOO-_ _ _ _ _ _ 
FIiter Paek oetalts 

TOC rrorn tend surtaoo. ______ _ 
Borehole DJamotor. ______ _ _ 
Annular Seal Delana 

Transducer #1 
Transducer H'l 

Data LoggerType and Serial Number ___ _ _ ________________ _ 

Logging Program•._--- ------- Acqulslllon Rate:. _ ___ _ 
P,e,&ure or Preesure Head Units: Time Units: 

Prepared by the l<en!Jas Geological Su,vey (dlslributed wllh parmiulon) 
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CSJ/t 

Slug Test .. Data Acquisition Sheet 

Transducar IH 
Tran&<luoer #2 

Deh'I Logger Type 11nd Serial Number...,...::..:oc..:L::,;la:-rv-'s,,."..,....-..;::l...;;;,l:.'V:,..;..c::..=c~;..::..;~--"~'-==--------
Loggi11g Program: lt--VG't.Ot...A£<L k • ,I 
Pressure or Pressure Head Unlls: ¥'\I\. Tlma Unit&: 
Commenta: ,: 1 urN A·M t::S; 1 o 7..- g ei 8' 2 

lfitf:;J~1mt71m1{mR-i1f:r,.,.-:r.;:wofli: 
11.L •. ~.W-·-~-.!Slli 

1, 

'l..C>6q - O'it- C> ~ _, IRN 'fffSfS I• !. 
1 , og _ o G _ '2 • le,..1 (;rrts r 4 

---· ...... -· ·- · ... ·-·. . . . . ,.. .. . ... ...... . ... ... ...... . .. ....... .. . - .. .. - . .. . . . , ....... - ... ~ ··- · .... .. . 

Test06 Test07 Test08 Te~IO Tosi 10 

Rlslngffallln head 
Pro-tO&t V.\IUG 

~.· 

Prepareo by tile Kansas Geologlcal Survoy (disltlbuteo wllh permission) 

7fC.. ..j/.fAo (,-.,,) figD/,r_ Pb~ L 'u t::; ~.ef-.=' . 
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\ , 
I, 

Slug Test - Data Acquisition Sheet 
~,,.;o-,:,1·wut11,v~-~r~"·-•~xJ'/.1'i'{~ 
~~~:r:.wi:VPJ11t1lli1M;llifililfJJ:10J.Aft;&i 

ZlmW • 

Transducer 111 
Transducer 112 

Data Logger Type and Serlal Number SOL ltJl')1"' (. e V ff!: 0&,(,., ,u~ at o&, 

Logging Program: LfrV8-,0&t6i FJ'/.l.. ~ • :2., I Acqulslllon Rate; 0 • 5" s 
P(8$$Uro or Pr&,;sure Head Unil$! Time Units: S 9. t 0,1 () j 

comment&: r: ,1,,fFNf\·M€S: 10~,.,g-2. _ t\SIB - 200"'1- b fl...-OS--, re.,v 
101,J"-1.!1.t -e:iS /B - 2oo.::t -08".-r.>S-.. ,/ 

I 
L 

1 

Prepared by the Kans11s Geological Survey (dlslrl!luled with permission) 

I ' 
\'_-:' 
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I ... .......... ._.. ..... 

L c D ·····o/ 
r ,~ 

Slug Test - Data Acquisition Sheet 

Ji 
l 

Ropo,te<I Well Depth from Llllld Surface l 
Measured Depth ftom lOC (top of cest~),-1,_..,~~ 
Casing Diameter end Sehedule ,:2.. 1 

. 'f?1./£fJ "{O 
scree11 leng1h and Slot Size o,Sm t 
Depth 10 Top or Screen from roe O, 'j'Q B 
FIiter Paci< Delolls 

Serial Number 

Trensducer 112 . _ 
Doto Logger Type end Serial Number,_-"":e""Oc.....,a;.L~l...:..A;;;.l...:S~'C"----------------
Logglng Program; L(V t;1..o4Ct t(l.. 3 '2. • I Acqu\slUon Rate! (? .. '::r f 
Pressure or Pressure Head Units: Vvt Time Unit.a: f 

Comments; { 0 z.. "2 c; ? L,,. a O v'" ...., _ I 
r-1c.tNAr-1f; _, < s <:.-. - 1.....D -o I - 7-o o- \.... l:> - o, ,... ,. e..v 

Prepared by Iha l<ell$as Geological Survey (distributed with parmiulon) 

s-/c, ,, 'l< r o ,, I · O.;; IN' 

~ f-f€JJD af I L./~"72- .dSo/'C:::. Lot: t;J!.e_. 
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i 
--·-.-..,,..------ - • ··,PC:lll;··,.~.--· ... ·----··-

[ 

L 
L 

LCD -D2 

Slug Test - Data Acquisition Sheet 

'1rJ1'~\ii)/1vi I F:"-'ifafJ.01ifiiif t=ijl'oJ0 ,,? J ~~~..._~~------..... ::~ .... ~.-.-.,•~.J 

:...m:ali~ 

Transducer #1 
Transducer #2 

Data Logger Type and Serial Number _ __._. ,.,o.._(..,,..,..l.!.CN::..a~~t~---~------------
Logglng Program: l!Na.~Ct/ffi.. '3· '2. ,l AcqulslUonRa!e: O ·S-5 
Presgure or Pressure ~ead Units: M Time Unll8: 

Prepared by Iha Kansas Geological Su1Vey (dlslrtbutcd wilh permission) 

~ >t. \4~0 A. "f90,/ W:.
(, .. , J 

Appendix B Page 65 Hydraulic Test Sheets 



l 
- -.__.,.-..-- ·----~~"\-:.1....---· .. ··- · .. - - -·-

LC.D ~ D3 

' Slug Test .. Data Acquisition Sheet 

f 

Transducer #2 
Data Logger rype end Serial Number,__,S;;;.. ~".::t,;.,.t,,_N~S'-',C1-._ _ _ ______ _______ _ 

Logglng Progtam: ( GWc..CJt:t~ (!)2.. 3 .. z_, I Acqulsltlon Rate: 'tJ "S"'.£ 
Pressure or Pressure Head Units: YY"I Tlma unlta: 5 

lIW.]I(;HffilC{fo~:f;ji)'.0.~~t:t: \';,:"i J 
~~-~~..!L...!~ ........... ~.J~ .. - ..... . ·-· -- .. ·-. . . ' . . . - ··- . .. ... . . .. ' . .... .. . . . .. . . ". . . - .... - . . .. .. . - - .. 

I T 04 st05 

Test06 Tesl07 Tast 08 . Test09 Tesl10 

Prepared by Iha Kansaa Geologtcat Survey (distributed wllh permlsslori) 

MtrD I lAM 5 LI.A~ :; )la X ,.,oM 
'af t " X l - OS-m 
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Slug Test .. Data Acquisition Sheet 

Transducer #1 
Transducer 1#2 

P~MP' 

De\a Logger Type end Serial Number_· .... ~'"<2 ... k=a..1.c::.....:.,....:.. _______ ---=~-....... ------
Logglog Pro9rem: Lt::-VE:°L(JC1C,f.'~ '3 · 2 - I AcqulslUon Rate: <,Z 5 ~ 

Tlme Units: S Prcssuro or Pressure Head Unllst 

Commenls: v 1 ~e' NPi Me' f 

Prepared by the Kansas Geological Sun,ey (dl$lributed wlth perml$elon) 

* NCY\f' . '?(Z£\J\~~)S e,_f.'c:_q ~~-G;.E. 

) -r A.-<:.- '€ Vf:-(2.-- r 
'Tf..l~'l' 

L c.i,_\~ -ro 
; 

t2-ff' C-i-lAJZ!t;;;{l·.,. ~ ~ 

. flt::.fe· '7 c '7 f p0 "2 --z.. "?..- t -io u1c_ r.-D,Jf?,2~ ?!-, 

~ ~end~./fT~C.- (..-f.;£L 'Teo Pf_gg0 :roe... ·(?''2-~.,2uu~~~~srs. 



Slug Test .. Data Acquisition Sheet 

~J~}'iJJ~Wt-ff~l~1!?.~r,wl~ 
~::,.d;,~~~~MJ~~\.~,,ci1!~ 

Tn1nsducer 112 

l C.b-o~ 

. ~ 

Dela Logger Type ond Sori!ll Numbar_-=c'"--:,.,_.,..~~---------=,....-,c=---------
Logglng Program: Lt;Va0:4ti.f,R.. Acquisition Rate: IJ,S°'S 
Pressure 01 Prossure Head Unill;: M Tlmo Units: 9 

~l~itlllfcl 
"--• • •• ••- • ' ' • • •-• • • • I • • • • • • '- "• • •••• -•• •• ,I • • • ,, ... - - • • - • ••• • • • •• • ••• • • • • • ' • • •• o > •• • •• o 

tnlli~tlon meltiod 

Test09 Test 1Q 

., 

PrBpared by the Kansas Gaological Survey (!llslribuled with pt!rmi$$ion) 

* Hf t::,o -or V\.J~-rtz/2 ( t,v") ) _,c,J!:,oV[ (..... 0 q c,£(2.... 
J,· 
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-· .......... . ......... ~~ . . ... ,..,__....... ......... , ............... "'N:"~\ ... l y v.-,1,""l,'.'i,• "1•·0,4 ... - ·, • • • • • .__, ... - - .•• ••• 

Slug Test .. Data Acquisition Sheet 

~~2J.filflimi~lliw&Ji11 

Reported Well Oeplh from Lend Surfece__. ......... ,,.,....,. ..... 
Measured Depth from TOC (top of oaslng),_~.:c.....D:.;.;i. 
Casing Diameter end Schedule Z 11 1!i?::#{>-!fe) 
Scroon l,ennth ones SIOt S!zo t4!fr.n 
Depth to Top of Screen from 'rOC-'1:..{._.•,"'y:1_.___ 
FIiter POCK Oel11II$ 

Transducer 111 
Tronsduaer t/2 

~ . 

· O rV\ 

Dale Logger Type and Serlel Number ...... ...._...._ _ ___ ...,.._=--~~ ........ ~~--'-,-.......,_~------
Lo119il'l9 Program: L~el...t'l?.~lf~ AcqulsiUon Rate~ & '·> .s 
Pressure or Pressure Head Units: M Time Uni\$; .e (..U"l-'\til· .S 

1·hrl,f"6' 
$1,..IA,t_ u 1°1\ 71 t 4L/ 
SU{" II Ir~ '24 : Lj 

St.IA&. ,, /'1": 3'2 ~,'s" 
St,.1,,H, II 19' : ">e -- v· 

Ii " I· OS'......_ 

Prepared by the Kansas GeolQQical Survey (Qi$1rll)uteo willl pormlsslon) 
l-~ ~ c.,£./2. (W'\'\ . . . 
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Slug Test .. Data Acquisition Sheet 

Well Number_-.-:-.......,..--,-.,...,,- -,,,-=.,,..,.. 
Well LocatlOl'I ./ I\N Ct o ri.o A c..tz-~ 
Project F f\--(l..D I'..\ 1 Klt:! 

Reported Well Depth from Lend Surface _ __ _ 
Measured Depth from TOC (top of ca:ilng} ____ _ 

ca~fng Df11meter end SchcduJG.~-~--
scr~n Longth ahd Slol Size _ ______ _ 
Depth 10 Top of S<:reen rrom roe _____ _ 
Filler Pack Deu11Js . 

Trol'l$duoer #11 
Transducer 112 

Date of 1.ae1 Wen Development__ . 
1nma1 static wator Lovel rrom roe: $ (citG,m 
Flnal Stolle Water Level from TOO 
roe from land surfaoo _ _ _ ___ _ 
Borehole Dlamotor _______ , 

Dela Lo(l(lerl\1pe anti Serial Number _______________________ _ 

Logging Program:.____________ Acquisition Rate:. ____ _ 
Pressure or Pressure Heed Unlts: Tlrne Unite; 

VCI 

(3) 

Prepared by il,e Kansas G!!ological Survey (tllslrlbuled wln, pormisslon} 
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..... .....----~- ....... - . .... ............... . ........ ..... ,JJ-':''t, 1,r,:.,-.t.,\,\.;,.,...-.... ,-.. . • • • . ...... . ·~----· 

\) C. 2-

Slug Test .. Data Acquisition Sheet 

ilR1llifat1~~£.~ 
• \JC. 2 

Transducer ·,11 

Data l.ogger Type and Serlal Number_ ... s __ o1 __ . 1_f>J __ ,;.._1 _ ....._-............... ....._, ...... _____ ,,,,... __ _,,. ____ _ 

Logging Program; L f;\/ f:, '/..,OCiC,,f:'/2. Acqulslllon Rate: Jl.un,,J; 
Pressure or Pressure Head Unite: i,<n Time Units: St <,.<>"Ir, d .J 

16 •. 'l '3 ·.O() 

fosl 09 Test 10 

L 
Prepared by the Kansas Geologic~ SuNey (dislributed with permlssi,;m) 

L.£ .. v!f::L. l- o c;.c,.t:e_ cf'Y)) 

J-
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Water Quality Laboratory Reports 
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l Crou V11lley D11m 
WelllD Units P09•Cl P09•Cll P09·C2 P09·C3 P09·C3·D P09·C3 

Maxxam ID Ql2005 P97629 Q21013 Q21014 Q21015 R66107 
Sampling Date 7/31/2009 7/24/2009 8/4/2009 8/7/2009 8/7/2009 11/4/2009 
COCNumber F130713 8302437 F130716 F130716 F130716 8305641 
Notes Oup!!r;ate 
Field EC us/cm 2070 2435 846 846 880 

I 
Fleld pH pH Units 7.06 6.36 6.98 6.98 7.55 
Misc. lnorganlcs 
Acidity (pH 4.5) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Acldltv (pH 8.3) mg/L 51.4 ;!4.S W3 41.2 33.8 16.8 
PrepnaUon 
FIiter and HN03 Preservation N/A FIELD FIELD FIELD FIELD FIELD FIELD 
Misc. lnorganics 
Alkalinity (Total as CaC03) mg/L 410 350 1500 390 390 450 

r Alkallnlty (PP as QIC03) mg/L <0.S <0.5 <0.5 <0.5 <0.5 <0.5 
Bicarbonate (HC03) mg/L 510 430 1900 470 470 550 
C~rbonate (C03) mg/L <0.5 <0.5 <0.5 <0.5 <0.S <O.S 
Hvdroxldo (OH) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Anions 
Dissolved Sulphate (S04) mg/L 1000 1300 28 100 100 94 

Dissolved Chloride (Cll mRIL 3.2 3.0 20 2.9 2.8 3.9 
Physical Properties 
Condur;tlvlty uS/tm 2400 2400 2520 868 867 934 

IPH pH Units 7.7 7.8 7.6 7.7 7.7 7.4 
Physlr;al Properties 
Total Suspended Solids mg/L 360 33 52 57 15 

TDS mp/L 5io 
M!sc, lnorgan!C$ 
Dissolved Hardness (CaC03) mg/L 1470 1390 877 389 380 460 
Dissolved Metals by ICPMS 
Dl$solved Aluminum (Al) ug/L 11 4 48 <3 <3 2.2 
Dissolved Antimony (Sb) ug/L 1.1 1.8 2.2 0.8 0.9 0.07 
Dim>!ved Arsenit (As) ug/L 7.5 10.1 0.6 2.7 2.8 2.51 
Dissolved Barium (Ba) ug/L 47.2 40.5 508 80 80 172 
DiBolved Beryllium (Be) ug/L 0.10 0.10 1.4 <0.1 <0.1 0.08 
Dissolved Bismuth (Bi) ug/L <0.03 <0.03 <1 <1 <1 <0.005 
Dissolv@d Boron (B) ug/L <300 <300 75 <SO <50 <50 
Dissolved cadmium (Cd) ug/L 0.07 0.04 0.02 <0.01 <0.01 0.011 
Dissolved Chromium (Cr) ug/l <O.S <0.5 <l <1 <1 0.2 
Dissolv@d Cobalt (Co) ug/L 0.23 0.19 <0.5 <0.5 <0.5 Q.078 

Dissolved Copper (Cu) ug/L 0.4 0.8 <0.2 0.1 0.8 <O.OS 
Dissolved Iron (Fe) ug/L 9720 10900 ;1120 2120 2140 2700 
Dissolved Lead (Pb) Ug/L 0.34 0.09 <0.2 <0.2 <0.2 0.015 
Dissolved Lithium (LI) ug/L 159 107 725 58 57 78.0 
Dissolv!!d Manganese (Mn) ug/L 12200 12200 167 567 558 324 
Dissolved Mercury (Hg) ug/L <0.02 0.03 <0.02 
Dlssolv@d Molybdenum (Mo) ug/L 10.9 12.7 2 2 2 0.98 
Dissolved Nickel (Ni) ug/L 2.5 2.2 5 4 4 0.34 
Dissolved Se!en!urn (Se) ug/L <0.2 <0.2 0.1 <0.1 <0.1 <0.04 
Dissolved Silicon (Si) ug/L 9360 10000 9020 6180 6230 7530 
Dissolved Sliver (Ag) ug/L <0.03 <0.03 0.19 0.011 0.03 0.072 
Dissolved Strontium (Sr) ug/L 2040 1890 3630 1010 1000 1600 
Dissolved Thallium (Tl) ug/L 0.01 <0.01 <0.05 <0.05 <0.05 <0.002 
Dissolved Tin (Sn) ug/L 0.09 <0.05 <5 <5 <5 <0.01 
Dlssolved T1tanlum (Tl) ug/L 3 <3 12 <5 9 0.6 
Dissolved Ur~nlum (U) ug/L 3.60 3.77 3.0 2.5 2.6 1.55 
Dissolved Vanadium (V) ug/L <l <1 <S <5 <5 <0.2 

l 
Dissolved Zinc (Zn) ug/L Z.4 29.1 8 <5 7 1.2 
Dissolved Zirconium (Zr) ug/L 1.2 1.0 59.7 2.1 2.6 19.3 
Dlssolv!!d calcium (ca) mg/L 433 416 207 96.9 94.S 116 
Dissolved M~gnes!um (Mg) mg/L 95.3 86.2 87.7 35.8 35.1 41.5 

L 
Dlssolved Potassium (K) mg/L 7.28 6.63 10.1 3.00 2.95 3.32 
Dissolved Sodium (Na) mg/L 76.8 52.3 305 42.3 41.9 45.7 
Dissolved Sulphur (Sl mg/L 443 437 13 41 39 34 
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l 
Cross Vallev Dam • Airlift 'rest samples 

Well ID Units P09·C33 P09-01 P09·C32 P09·C3·DRILL 
Maxxam ID 
S;imp!ing Date 6/30/2009 6/29/2009 6/29/2009 6/29/2009 
COCNumb@r 
Notes 165 ft 27S·280ft (bedrock) 275·280 duplicate Drlliw;iter source 
Field EC us/cm ' Flold DH pH Units 
Misc. lnorganlc;s 

Acidity (pH 4.S) mg/L 
Acldllv JpH 8.3) rng/L 
Preparation 
FIiter and HN03 Preservation N/A FIELD FIELD FIELD FIELD 
Misc. lnorganks 
Alkalinity (Total as CaC03) mg/L 330 2000 430 320 
Alkallnlty (PP as CaC03) mg/L <0.S <O.S <0.5 <0.5 
Bicarbonate (HC03) mg/L 400 2500 520 390 
Carbon;ite (C03) mg/L <0.5 <0.5 <O.S <O.S 
Hvdroxld@ (OHl mg/L <O.S <O.S <0.5 <0.5 
Anions 

Dissolved Sulphate (S04) mg/L 320 ll 9.6 800 
Dissolved Chloride (Cl) mg/L 2.9 33 33 1.9 r 
Physical Properties 

Conductivity us/cm 1200 3100 3200 1800 
loH pH Unll$ 8.1 7.9 7.9 7.9 
Physical Properties r 
Total Suspended Solids mg/L 1300 
TDS mg/L 830 2000 2100 1600 
Misc. lnorganlt$ 
Dissolved Hardness (CaC03l mg/L 579 1660 1570 1060 

-··· 
Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 1.2 8.0 18 2 
Plssolved Antimony (Sb) ug/L 2.86 0.26 0.2 <0.1 
Dissolved Arsenic (As) ug/L 2.30 0.47 0.5 1.0 
Dissolved Barium (l'la) ug/L 63.5 1240 1200 69.2 
Dissolved Beryllium (Be) ug/L <0-0:1. 1.02 1.12 <0.05 
Dissolved Bismuth (Bi) ug/L <0.005 <0.005 <0.03 <0.03 
Dlsso!ved Boron (BJ ug/L <50 54 <300 <300 
Dissolved Cadmium (Cd) ug/L 0.034 0.095 0.15 0.26 
Dissolved Chromium (Cr) ug/L <0.1 <0.1 <0.5 <0.5 
Dlm>lved Cobalt (Co) ug/L 1.37 0.314 0.35 S.66 
Dissolved Copper (Cu) ug/L 0.11 0.14 0.8 1.1 
Dissolved Iron (Fe) ug/L 18 8530 7330 1840 
Dissolved Lead (Pb) ug/L 0.288 0.120 0.20 0.07 
Dissolved Lithium (LI) ug/L 38.3 561 686 12 
Dissolved Manganese (Mn) Ue/L 1650 457 419 14100 
Dissolved Mercury (Hg) ug/L 
Dissolved Molybdenum (Mo) ug/L 8.55 3.94 3.7 i .l 
Dissolved Nickel (NI) ug/L 10.1 2.69 3.4 22.4 
Dissolved Selenium (Se) ug/L 0.48 <0.04 <0.2 <0.2 
Dissolved Silicon (SI) ug/L 6120 19100 16900 8190 
Dissolved Sliver (Ag) ug/L 0.016 0.975 0.81 <0.03 
Dissolved Strontium (Sr) ug/L 941 10700 10600 78S 
Dissolved Tha!llum (Tl) ug/L 0.013 0.002 <0.01 0.02 
Dissolved Tin (Sn) ug/L <0.01 <0.01 <0.05 <0.05 
Dissolved ntanium (Ti) ug/L <0.S 10.3 9 <3 
Dissolved Uranium (U) ug/L 11.1 1.36 1.25 9.47 l 
Dissolved vanadium (V) ug/L <O.i <0.2 <1 <1 
Dissolved Zin~ (Zn) ug/l 2.6 176 200 17.0 
Dissolved Zirconium (Zr) ug/L 7.2 381 331 2.5 
Dissolved Calcium (Ca) mg/L 153 1118 386 315 
Dissolved Magnesium (Mg) mg/L 47.9 149 146 65.8 
Dissolved Potassium (K) mg/L 4.34 9.24 8.54 5.12 
Dissolved Sodium (Na) mg/L 69.8 315 298 32.7 
Dissolved Sulohur IS) mg/L 127 7 8 287 L 
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l 
r Emergency T11ll!ng5 Area 

Well ID Units P09•ETA1 PO!HTAl P09•ETAZ P09•ETA2 

Maxxam ID Q45266 R6610!1 Q45267 R66109 

l 
sampling Date 8/23/2009 11/4/2009 8/23/2009 11/4/2009 
COCNumber F146381 8305641 F146381 8305641 
Notes 
Field EC us/cm 670 >4000 
Field 11H pH Units 7.67 6.40 
Misc. lnorganlcs 
Acidity (pH 4.5) mg/L <0.5 <0.5 <0.5 <0.5 
Aclaity (pH 8.3) mg/L 1.0 <O.S 569 511 
Preparation 

FIiter and HN03 Preservation N/A FIELD FIELD FIELD FIELD 
Misc. lnorga nics 
Alkalinity (Total as CaC03) mg/L 180 210 170 160 
Alkalinity (PP as CeC03) mg/L <0.5 <O.S <0.5 <0.5 
Bicarbonate (HC03) mg/L 220 260 210 190 
Carbonate (C03) mg/L <0.5 <0.5 <0.5 <0.5 
Hydroxide (OH) mg/l <O.S <0.5 <0.5 <0.5 
Anions 
Dissolved Sulphate (S04) mg/L 39 25 •1300 4500 
Dlssolved Chloride (Cl) mg/L 1,3 0.8 17 14 
Physical Properties 

Conductivity uS/cm 415 447 5200 5150 
IDH DH Units 8.1 8.0 6.7 6.6 
Physical Properties 

Total Suspended Solids mg/L 360 270 ;1300 420 
TDS mg/L 270 4900 
Misc. lnr;,rgimlcs 

Dissolved Hardness (CaC03) rng/L 164 l22 3530 3550 
Dissolved Metals by ICPMS 

Dissolved A!umlnum (A!) ug/L <3 1.6 12 16 
Dissolved Antimony (Sb) ug/L <0.5 0.07 l 0.7 
Dissolved Arsenic (As) ug/L 0.4 0.07 46.5 S3.9 
Dissolved Barium (8.i) ug/L 28 9.12 9 8.7 
Dissolved Beryllium (Be) ug/L <0.1 <0.01 0.4 0.3 
D!ssr;,lved Bismuth (Bi) ug/L .:1 <0.005 <2 <CJ.OS 
Dissolved Boron (B) ug/L <50 <50 <100 <500 
Dissolved cadmium (Cd) ug/L <0.01 <0.005 <0.02 <0.05 
Olssolved Chromium (Cr) ug/L <1 <0.1 <2 <1 
Dissolved Cobalt (Co) ug/L <0.5 0,078 212 181 
Dissolved Copper (Cu) ug/L <0.2 0.06 1.6 <0.5 
Dissolved Iron (Fe) ug/L <5 11 2511000 254000 
Dissolved Lead (Pb) Ug/L 1.9 0.102 2.4 1.16 
Dlssolved lithium (~I) ug/L <5 0.6 81 62 
Dissolvl!d Manganese (Mn) ug/L 22 15.8 39200 39500 
Dissolved Men;:ury (Hg) ug/L <0.02 0.08 
Dissolved Molybdenum (Mo) ug/L 4 0.36 <2 0.7 
Dissolvj!d Nickel (Ni) ug/L 1 0.24 252 184 
Dissolved Selenium (Se) ug/L 0.1 <0.04 0.2 <0.4 
Dissolved SIiicon (SI) ug/L 9200 9420 11100 11500 
Dissolved Silver (Ag) ug/L <0.02 <0.005 0.06 0.11 
Dissolved Strontium (Sr) ug/L 417 540 3150 3500 
Dissolved Thallium (Tl) Ug/L <0.05 o.oos <0.1 0.08 
Dissolved Tin (Sn) ug/L <5 0.02 <10 <0.1 
Dissolved Tltanlum (n) ug/L <5 <0.5 :l7 <5 
Dissolved Ur~nium (U) ug/L 0.5 0.145 11.0 7.93 
Dissolved Vanadium (V) ug/L <5 <0.2 <10 .;2 

Dissolved Zinc (Zn) ug/L <5 1.4 94500 70600 
Dissolved Zirconium (Zr) ug/L <0.5 0.1 <1 <1 

....... Dissolved Calcium (ca) mg/L 51.3 70.1 504 551 
Dissolved Magnesium (Mg) mg/L 8.69 11.4 551 529 
Dissolved Potassium (K) mg/L 0.68 0.31 8.51 8.46 
Dissolved Sodium (Na) mg/L 28.1 17.1 54.0 49.5 
Dissolved Sulphur (S) msA 17 12 1420 l;'l60 ( 1) 
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r 
S-Wells 

Well ID Units ENP of S!S Pipe P09·S!Sl P09•S!52 P09•SIS2 P09•S!S3 
Ma)()(am !D R66101 Q53021 R66102 Q53020 
S.imp!lng D;ite 8/16/2009 11/3/2009 8/25/2009 11/3/2009 8/26/2009 
COC Number 8305640 F116612 8305640 F116612 
Notes 
Field EC 1.1S/cm 7670 8660 
Flcld pH pH Units 6.64 6.28 
Misc. lnorganics 

Acidity (pH 4.5) mg/L 8 <0.5 <0.5 
AclditV (pH 8.3) mg/L 2380 337 l140 

l 
Prepar;itlon 

FIiter and HN03 Preservation N/A Lab FIELD FIELD FIELD FIELD 
Misc. lnorganics f 
Alkalinity (Tot;il ilS CaC03) rng/L <0.5 250 180 170 170 
Alk;illnlty (PP as CaC03) mg/L <0.S <O.S <0.5 <0.5 <0.5 
Bicarbonate (HC03) mg/L <0.5 310 220 210 210 
Carbonate (C03) mg/L <0.5 <0.5 <0.S <0.5 <0.5 
Hydroxide (OH) m1>JL <0.5 <0.5 <05 <05 <0.5 
Anions 

Dissolved Sulph.ite (S04) mg/L 7400 6800 6900 8700 6000 
Dissolved Chloride (Cl) mg/L 9.S 6.2 6.3 6.1 65 

Physical Properties 

Conductivity uS/cm 8060 7280 7650 8270 7080 
,pH pH Units 4.3 7.0 7.0 6.8 7.0 
Physical Properties 

Tot;il Suspended Solids mg/L 150 4000 970 3600 930 
TDS ml!/L 12000 8000 11000 
Misc. lnorganics 

Dissolved Hardness (C.iC03) mg/L 4610 6320 6260 7210 5470 
Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 381 12 33 48 40 
Dissolved Antimony (Sb) ug/L <0.4 <0.4 <5 <2 <5 
Dissolved Arsenic (As) ug/L 1.9 11.5 2 2 <l 
Dissolved Barium (Ba) ug/L 15.4 59.l 31 33 24 
Dissolved Beryllium (l!e) ug/L 0.9 <0.2 <1 <1 <1 
Dissolved Bismuth (Bi) Ug/L <0.1 <0.1 <10 <0.5 <10 
Dissolved Boron (Bl ug/L <1000 <1000 <500 <5000 <500 
Dissolved Cadmium (Cd) Us/L 140 9.7 89.2 121 89.5 
Dissolved Chromium (Cr) ug/L <2 <2 <10 <10 <10 
Dissolved Cobilit (Co) ug/L 1640 65.2 110 372 12 
Dlssolve.d Copper (Cu) ug/L 113 2 15 12 25 

r 
Dissolved Iron (Fe) ug/L 885000 50100 642 3090 <SO 
Dissolved Lead (Pb) ug/L 0.4 0.2 <2 4.1 <2 
Dissolved Lithium (Li) ug/L 179 170 184 222 180 
Dissolved Man!f<!nese (Mn) ug/L 106000 54400 85000 130000 69300 
Dissolved Mercury (Hg) ug/L <0.2 <0.2 
Dissolved Molybdimum (Mo) ug/L <1 <1 <10 <5 <10 
Dissolved Nltke! (NI) ug/L 1400 703 2310 3090 2230 
Dissolved Selenium (Se) u&,'L <0.8 <0.8 <1 <4 <1 

Dissolved Silicon (Si) ug/L 11100 11600 10000 13800 10900 
Dissolved Sliver (Ag) ug/L 0.4 0.1 0.3 0.8 0.2 
Dissolved Strontium (Sr) ug/L 3840 2280 2140 :mo WW 
Dissolved Thallium (Tl) ug/L 1,01 <0.04 <0.5 <0.2 <0.S 
Dissolved Tin (Sn) ug/L <0.2 <0.2 <50 <1 <50 
Dissolved Titanium (Ti) ug/L <10 <10 <50 <50 <SO 
Dissolved Ur;inlum (U) ug/L 2.7 1.50 4 3.3 6 L 
Dissolved vanadium (Y) ug/L <4 <4 <50 <20 <SO 
Dissolved Zinc (Zn) ug/L 662000 150000 396000 S86000 357000 
Dissolved Zirconium (Zr) ug/L <2 <2 <5 <10 <5 
Dlssolv@d calcium (ca) mg/L 467 642 509 560 454 
Dissolved Magnesium (Mg) mg/L 837 1140 1210 1410 1050 
Dissolved Potassium (K) mg/L 14.1 12.0 14.6 1S 14.0 
Dissolved Sodium (Na) mg/L 6S.9 si.o 58.3 53 45.2 
Dissolved Sulphur (S) mR/L 2500 2360 2420 2820 2210 
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r S-Wells 
Well1D Units P09•SIS3·D P09•SIS3 P09·S1S4 P09·S1S4 P09·S1SS P09-SIS6 
Maxxam ID 053019 R66103 Q53018 R66104 R66105 R66106 
Sampling Date 8/26/2009 11/3/2009 8/26/2009 11/3/ 2009 11/ 3/W09 11/3/2009 
COC!'Jumber F116612 8305640 F116612 8305640 8305640 8305640 
Notes Dupllt'ate 
Field EC us/cm 7910 7050 Sl90 
Fleld pH cH Units 6.29 6.28 7.35 
Misc. lnorganlcs 
Acidity (pl-! 4.5) mg/L <0.5 <0.5 <0.5 <O.S 
Acidity (pH 8.3) mg/L 780 607 28.7 42.8 
Preparation 
FIiter .ind H!'J03 Preserv;ition !'J/A FIELD FIELD FIELD FIELD FIELD ~IELO 
Misc. lnorganlcs 
Alkalinity (Total as CaC03) mg/L 180 180 180 280 300 SW 
Alkallnlty (PP as CaC03) mg/~ <0.5 <0.S <0.5 <0.5 <0.5 <0.5 
Bicarbonate {HC03) mg/L 210 220 no 340 360 640 
Carbonate (C03) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Hydroxide (OH) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Anions 
Dissolved Sulphate (S04) mg/L 6200 7600 6000 6000 4000 3700 
Dissolved Chloride (Cll mKIL 6.0 5.9 6.3 6.0 10 8.5 
Physical Properties 
Cond uctlvlty uS/cm 6930 7600 6600 6490 5150 4910 
loH DH Units 6.9 7.0 6.9 6.9 8.0 7.7 
Physical Properties 
Total Suspended Solids mg/L 930 330 3200 4900 57000 15000 
TDS Ml!/L 9500 8100 5000 4900 
Misc, lnorg;inlcs 
Dissolved Hardness (CaC03) mRIL 5550 6:UO 5150 5460 3820 11010 
Dissolved Metals by ICPMS 

l Dissolved Aluminum (A!) ug/l 42 26 55 28 11 5 
Dissolved Antimony (Sb) ug/L <5 <2 <S 2 0.7 0.5 
Dissolved Arsenic (As) ug/L 1 <2 <1 6 7.3 2.5 
Dissolved Barium (Be) ug/~ 23 20 26 17 23.3 19.3 
Dissolved Beryllium (Be) Ug/L <1 <l <l <O.S <0.05 <0.05 
Dissolved Bismuth ( Bi) ug/L <10 <0.5 <10 <0.3 <0.03 <0.03 
Dissolved Boron (B) ug/L <500 <5000 <500 <3000 <300 <300 
Dissolved c-admium {Cd) ug/L 89.8 109 72.2 61.2 0.47 4.83 

Dlssolved Chromium (Cr) ug/L <10 <10 <10 <5 <0.5 <0.5 
Dissolved Cobalt {Co) ug/L 13 39.5 8 9.S 98.9 32.3 
Dissolved Copper (Cu) ug/L 26 20 25 14 1.1 2.7 
Dissolved Iron (Fe) ug/L 82 ;137 244 56 1350 38 
Dissolved Lead (Pb) ug/L <2 1.9 2 1.0 0.28 1.24 

Dissolved Lithium (Li) ug/L 179 183 157 130 71 90 
Dissolved Manganese (Mn) Ug/L 70500 112000 58100 74100 43800 28000 
Dlsso!Ved Mercury (Hg) ug/L <0.2 <0.2 
Dlssolved Molybdenum (Mo) ug/L <10 <5 <10 <3 4.0 2.0 
Dissolved Nickel (NI) ug/L 2230 2910 2080 1870 162 279 

DIHo!ved Se!eniurn (Se) ug/L <1 <4 <1 <2 0.2 0.2 
Dissolved SIiicon {SI) ug/L 11100 12900 11900 14100 12500 11700 

L 
Dissolved Silver (Ag) ug/L 0.3 <0.5 0.3 <0.3 0.03 0.03 
Dissolved Strontium (Sr) ug/L 2000 2130 2130 2150 2290 1980 
Dissolved Thallium (Tl) ug/L <0.5 <0.2 <0.5 <0.1 0.05 0.02 

Dissolved Tin (Sn) ug/1. <50 <1 <50 <0.5 0.22 0.20 
Dissolved Tltanlum (Ti) ug/L <SO <SO <SO <30 <3 <3 
Dissolved Uraniurn (U) ug/L 6 6.4 4 7.2 21.6 12.9 
Dissolved Vanadium (V) ug/L <SO <20 <50 <10 2 1 

L 
Dissolved Zinc (Zn) ug/L 362000 530000 307000 285000 7390 14200 
Oissolved Zirconium (Zr) ug/L <5 <10 <5 <5 0.8 <0.5 
Dissolved Calcium (Ca) mg/L 457 485 462 sos 507 559 
Dissolved M;ignesium (Mg) mg/L 1070 1220 971 1020 621 635 

L 
Dissolved Potassium (K) mg/L 13.9 13 12.7 11.7 9.38 10.7 
Dissolved Sodium {Na) mg/L 116.4 43 63.2 37.9 135 44.3 

Dissolved Sulphur IS) mg/L 2120 2470 2020 2170 1420 1370 
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r 
Grum Slot 

Well!D Units P09·GS1A P09·GS1A P09·GS18 P09·GS18 P09·GS18 P09·GS•SW 
Maxxam ID Q12014 R66110 Q12015 Q53016 R66111 Q53017 
Sampling Date 8/2/2009 11/4/2009 8/1/2009 8/27/2009 11/4/2009 8/27/2009 
COCNumber Fl30715 8305641 F130715 F116612 8305641 F116612 
Notes 
Field EC us/cm U68 1661 1164 1263 
Field pH DH Units 7.20 7.72 6.89 7.24 
Misc. lnorganlcs 
Acidity (pH 4.5) mg/L <0.5 <0.5 <0.5 <;0.5 [ 
Acldltv (DH 8.3) mi!/L 13.9 5.6 22.1 7.4 
Preparation 
FIiter ;md HN03 Preservation N/A FIELD FIELD FIELD FIELD FIELD FIELD 
Misc. lnorganlcs 
Alkalinity (Total as CaC03) mg/L 190 230 230 230 180 79 
Alkalinity (PP ;is C.iC03) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Bicarbonate (HC03) mg/L 230 280 290 280 220 96 
carbonate (C03) mg/L <0.5 <0.5 <0.5 <0.5 <O.S <0.5 
Hydroxide (OH) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Anions 
Dissolved Sulphate (S04) mg/L 450 640 410 440 460 310 
Dissolved Chloride (Cl) mg/L 3.7 1.4 0.7 0.6 1.1 <0.5 

... 
Physical Properties 
conductivity uS/cm 1200 1500 1200 1140 1200 738 
pH DH Units 8.0 7.6 7.9 7.6 7.7 7.9 
Physical Properties 
Tot.ii Suspended Solids mg/L 240 190 110 13 27 5 
TDS mi!/L 1200 980 
Misc. lnorganics 
Dissolved H;irdness (CaC03) mg/L 584 980 621 660 701 391 
Dissolved Metals by ICPMS 
Dissolved Aluminum (Al) ug/L <3 4.8 <3 4 1.6 12 
Dissolved AnUmony (Sb) ug/L 2.7 0.66 21.3 19.2 14 .7 0.8 
Dissolved Arsenic (As) Ue/L 546 712 158 148 63.9 1.0 r 
Dissolved Barium (Ba) ug/L n 62.6 21 18 12.6 41 
Dissolved Beryllium (Be) ug/L <0.1 O.Dl <0.1 <0.1 <0.01 <0.1 
Dissolved Bismuth (Bl) Ue/L <1 <0.005 <1 <l <0.005 <1 
Dissolved Boron (B) ug/L <50 <SO <SO <50 <SO <SO 
Dissolved C<ldm!um (Cd) ug/L 0.05 0.029 0.26 0.35 1.24 0.02 
Dissolved Chromium (Cr) ug/L <1 <0.;1, <l <l 0.1 <l 
Dissolved Cobalt (Co) ug/L 1.7 4.52 40.1 53.1 50.8 <0.5 
Dlssolved Copper (Cu) ug/L 0.5 <0.05 0.4 0.3 0.29 1.4 
DlssolvC!d Iron (Fe) ug/L 996 l540 2230 1570 623 8 
Dissolved Le.id (Pb) ug/L 0.2 0.056 0.6 4.8 16.4 0.3 
Dissolved Lithium (LI) Ue/l 9 10.0 9 11 7.7 <5 
Dissolved Manganese (Mn) ug/L 265 814 1380 1480 1420 4 
Dissolved Mercury (Hg) ug/L <0.02 <0.02 <0.02 <0.02 
Dlssolv@d Molybdenum (Mo) ug/L 5 4.n 5 3 2.65 2 
Dissolved Nickel (Ni) ug/L 8 8.83 141 162 145 2 
Dissolved Selenium (Se) ug/L <0.1 0.07 <0.1 <0.1 <0.04 0.5 
DlssolvC!d Silicon (Si) ug/L 6030 7290 2000 1900 1990 324 
Dissolved Silver (Ag) ug/~ <0.02 <0.005 <0.02 <0.02 <0.005 <0.02 
Dissolved Strontium (Sr) ug/L 1430 2010 589 594 669 358 
Dissolved Thallium (Ti) ug/L <0.05 0.051 0.65 2.68 3.82 <0.05 
Dissolved Tin (Sn) ug/L <5 0.09 <5 <5 <0.01 <5 
Dissolved Titanium (Ti) ug/L 8 <0.S 6 <5 <0.5 <5 
Dissolved Uranlurn (U) ug/l 3.9 4.12 15.8 14.4 15.9 14.1 L 
Dissolved Vanadium (V) ug/L <5 <0.2 <5 <S <0.2 <5 
Dissolved Zinc (Zn) ug/L 56 52.5 4360 4710 4190 10 
Dissolved Zircon!urn (Zr) ug/l <0.S 0.2 <0.5 <0.5 <0.1 <0.5 
Dissolved Calcium (Ca) mg/L 149 250 155 163 176 90.0 
Dissolved Magnesium (Mg) mg/L 51.7 86.6 56.6 61.8 63.6 40.4 
Dissolved Potassium (K) me/L 2.15 2.69 3.77 4.11 3.57 2.59 
Dissolved Sodium (Na) rng/L 34.S n.9 11.6 11.4 15.1 9.78 
Dissolved Sulphur (S) mg/L 175 285 165 179 209 116 l 

.. 
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We!!ID Units 
Ma)()(am ID 
Sampling Date 
COCNumber 
Notes 
F!eld EC uS/cm 
Fleld pH pH Units 
Misc. lnorganics 
Acidity (pH 4.S) mg/L 
Acidity (pH 8,31 mg/L 
Preparation 
FIiter and HN03 Preservation N/A 
Misc. lnorganics 
Alkalinity (Total 11s C.iC03) mg/L 
Alkallnlty (PP as CaC03) mg/L 
Bicarbonate (HC03) mg/L 
Carbonate (C03) mg/L 
Hydroxide {OH) mg/L 
Anions 
Dissolved Sulphate (S04) mg/L 
Dissolved Chloride (Cl) mg/L 
Physlc11l Propert!e5 
Conductivity us/cm 
pH pH Units 
Piiy;1c11l .Properties 
Total suspendad Solids mg/L 
TDS mg/L 
Misc. lnorsanlcs 
Dissolved Hardness (caco3) mg/L 
Dlnolved Met11ls l>y ICPMS 
Dissolved Aluminum (Al) ug/L 
Dissolved Antimony (Sb) ug/L 
Dissolved Arsenic (As) ug/L 
Dlssolvt!d Barium (Ba) ug/L 
Dissolved Beryllium (Be) ug/L 
Dissolved Bismuth (81) ug/L 
Dissolved Boron (B) ug/L 
Dissolved Cadmium (Cd) ug/L 
Dlssolvt!d Chromium (Cr) ug/L 
Dissolved Cobalt (Co) ug/L 
Dlssolved Copper (Cu) ug/L 
Dissolved Iron (Fe) ug/L 
Dim>lved Lead (Pb) ug/L 
Dissolved Lithium (LI) ug/L 
Dissolved Manganese (Mn) ug/L 
Dissolved Mercury (Hsl ug/L 
Dissolved Molybdenum (Mo) ug/L 
Dissolved Nickel (NI) ug/l 
Dissolved Selenium (Se) ug/L 
Dissolved Silicon (Si) ug/L 
Dissolved Silver (Agl ug/L 
Dissolved strontium (Sr) ug/L 
Dissolved Th~llium (Ti) ug/l 
Dissolved Tin (Sn) ug/L 
Dissolved Titanium (Ti) ug/L 
Dissolved Uranium (Ul ug/L 
Dissolved Vanadium (V) ug/L 
Dissolved Zinc (Zn) ug/L 
Dissolved Zirconium (Zr) ug/l 
Dissolved Calcium (Ca) mg/L 
Dissolved Magnesium (Mg) ms/L 
Dissolved Potassium (K) mg/L 
Dissolved Sodium (N~) mg/l 
Dissolved Sulphur (SJ mg/l 

Appendix C 

Little Creek Dam 
P09·LCD1 P09·LCD1 P09·LCD2 P09·LCD2 P09·LCD3 
Q12.006 R66114 Q12007 R66115 QU008 

8/3/2009 11/4/2009 8/2/2009 11/4/2009 8/3/2009 
F130713 8305641 F130713 8305641 F130713 

775 850 857 840 790 
7.24 753 7.13 7.45 7.23 

... 

<0.5 <0.5 <0.5 <0.5 <0.5 
11.0 4.6 16.6 2.7 1S.5 

FIELD FIELD FIELD FIELD FIELD 

280 280 280 280 290 
<0.5 <0.5 <0.5 <0.5 <0.5 
340 340 340 340 360 
<0.5 <0.5 <O.S <0.5 <0.5 
<0.5 <0.5 <0.5 <0.5 <0.5 

160 170 190 160 140 
o.8 0.9 o.s 1.0 0.8 

800 825 870 826 790 
8.0 7.8 8.2 7.7 8.2 

1800 890 1800 13000 190 
520 540 

420 444 491 454 462 

2.0 0.8 3.2 4.1 5.1 
0.08 0.14 0.08 0.27 0.14 
70.1 61.1 94.9 63.9 50.6 
38.1 33.3 36.7 37.0 40.3 

<0.01 <0.01 <0.01 <0.01 <0.01 
<0.005 <0.005 <0.005 <0.005 0.006 

<50 <50 <50 <50 <SO 
0.034 0.059 0.062 0.084 0.123 

<0.1 <0.1 <0.1 <0.1 <0.1 
0.6;20 0.405 1.61 1.39 1.79 
0.07 <0.05 0.16 0.19 0.34 
2220 952 1780 62 1280 
5.56 0.349 11.3 7.38 6.43 

9.6 10.4 11.1 10.9 8.2 
478 513 416 426 554 

6.23 6,13 2.42 3.16 2.95 
0.99 0.75 2.95 2.58 3.48 

<0.04 <0.04 <0.04 <0,04 <0.04 
6480 7550 7020 7210 6450 

<O.OOS <0.005 <0.005 <0.005 <0.005 
677 712 808 749 736 

0.016 0.013 0.025 0.029 0.041 
0.01 <0.01 0.01 <0.01 0.01 
<0.5 <0.5 <0.5 <0.5 <0.5 
6.06 6.73 7.07 7.72 8.77 
<0.2 <0.2 <0.2 <0.2 <0.2 

3.8 3.9 11.5 8.8 5.0 
<0.1 <0.1 <0.1 <0.1 <0.1 
116 124 137 U7 127 

31.5 32.9 36.1 33.3 34.9 
2,75 2.96 3.09 3.10 i!.86 
21.6 19.3 10.1 11.4 8.72 

64 73 79 70 60 
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Little Creek Dam 
We!I ID Units P09-LC03 P09•LC04 P09-LCD6 P09-LC06 
Maxxam ID R66116 R66117 Q12009 R661:18 

I 
Sampling Date 11/4/2009 11/4/2009 8/2/2009 11/4/2009 
COCNumber 830S641 8305641 F130713 8305641 
Not@s 
Field EC us/cm 1020 1774 783 1010 
Fleld pH pH Units 7.36 7.37 7.16 7.60 
Misc. lnorganlcs 
Acidity (pH 4.5) mg/l <0.5 <0.5 <0.5 <0.5 
Acldltv (pH 8.3) mg/I. 10.4 u 15.6 4.g 

Preparation 
Filter ;md HN03 Preservation N/A FIELD FIELD FIELD FIELD 
Misc. lnorganlcs r 
Alkalinity (Total as CaC03) mg/L 280 330 300 280 
Alka!!n!ty (PP .is CaC03) mg/L <O.S <0.5 <0.5 <0.5 
Bicarbonate (HC03) mg/L 340 410 360 350 
Carbonate {C03) mg/L <0.5 <0.5 <0.5 <0.5 
Hydroxide (OH) mg/l <0.5 <0.5 <0.5 <0.5 
Anions 
Dissolved Sulphate {S04) mg/L 160 270 130 1SO 
Dissolved Chloride (Cl) mg/L 1.3 3.8 1.0 1.3 f 
Physical Properties 
Conductivity us/cm 788 1210 800 806 

IPH pH Units 7.7 7.8 8.1 7.7 

Physical Properties 
Tota! Suspemled Solids mg/L 8500 1100 220 3500 
TDS mg/l 530 820 510 
Misc. lnorganics 
Dissolved Hardness {CaC03) mg/L 462 450 458 '151 
Dissolved Metals by ICPMS 
Dissolved Aluminum (Al) ug/L 3.6 5.4 1.5 0.9 
Dissolved Antimony (Sb) ug/L 0.42 1.50 0.02 0.08 
Dissolved Arsenic (As) ug/L 48.9 6.32 102 45.2 
Dissolved Barium (Ba) ug/L 42.6 132 Sl .7 44.3 
Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 <0.01 
Dissolved Bismuth (Bl) ug/L <0.005 <0.005 0.009 <0.005 
Dissolved Boron (B) ug/L <50 <50 <50 <50 
Dissolved C.idmlum (Cd) ug/L 0.213 0.034 0.056 0.066 
Dissolved Chromium {Cr) ug/L <0.1 0.1 <0.1 <0.1 
Dissolved Cobalt {Co) ug/L 2.32 2.'17 3.'19 1.56 
Dissolved Copper (Cu) ug/L 0.12 0.34 0.15 0.39 
Dissolved Iron {Fe) ug/L 9 25 4830 43 
Dissolved Le;id {Pb) ug/L 7.90 1.61 1.03 0.320 
Dissolved Lithium (LI) ug/L 9.6 5.1 8.6 8.4 
Dissolved Manganese (Mn) ug/L 554 1240 868 591 
Dissolved Mercury {Hg) ug/L 
Dissolved Molybdenum (Mo) ug/L 5.33 12.4 1.55 2.04 
Dissolved Nickel (Ni) ug/L 8.97 9.13 1.50 1.46 
Dissolved Selenium (Se) ug/L 0.06 0.39 <0.04 <0.04 
Dissolved Silicon {Si) ug/L 7160 5070 7260 7810 
Dissolved Silver (Ag) ug/l <0.005 <0.005 <0.005 <0.005 
Dissolved Strontium (Sr) ug/L 789 630 633 646 l 
Dissolved Thallium (Tl) ug/L 0.061 0.014 0.014 0.010 
Dissolved Tin (Sn) ug/l 0.03 0.16 0.01 0.03 
Dissolved manlum (Tl) ug/L <0.5 <0.5 0.6 <O.S 
Dissolved Uranium (U) ug/L 11.8 8.52 2.21 2.34 l 
Dissolved Vanadium (VI ug/l <0.2 0.7 <0.2 <0.2 
Dissolved Zinc (Zn) ug/L 2.3 3.8 14.9 11,l 
Dissolved Zirconium (Zr) ug/L <0.1 0.6 <0.1 <0.1 
Dissolved Calcium {Ca) mg/L 129 127 129 125 L 
Dissolved Magnesium (Mg) mg/L 33.9 32.2 33.1 33.8 
Dissolved Potassium (Kl mg/L 2.80 l.79 2.14 2.79 
Dissolved sodium (Na) mg/L 8.53 114 6.07 6.61 
Dissolved Sulptiur (S) mg/l 66 132 57 64 

·---· 

Appendix C Page 8 Water Quality Laboratory Reports 



V1naord1 Creek 
Well ID Units P09.VC1 P09•VC1 P09•VC2 P09•VC2•Airlift P09•VCZ 
Maxx;im 10 012013 1166112 Q120l0 R66U.3 
Sampling Date 8/1/2009 11/4/2009 8/1/2009 7/16/2009 11/4/2009 
COCNumber Fl30715 8305641 F130713 8305641 
Notes 
Field EC us/cm 450 390 337 429 

r Field pH pH Units 7.85 7.90 7.18 7.67 
Misc. lnors1nlcs 
Acidity (pH 4.5) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 
Acidity (pH 8.3) mg/L 0.6 <0.5 3.8 0.7 2.9 
Preparation 
Filter .ind HN03 Preservation N/A FIELD FIELD FIELD FJELD FIHD 
Misc. lnorsanlcs 
Alkalinity (Total as cac03) mg/L 140 140 160 150 170 
All\;i!in!ty (PP .is C.iC03) mg/L <0.5 <0.5 <0.5 <0.5 <0.5 
Bicarbonate (HC03) mg/L 170 170 190 180 200 
Carbonate (C03) mg/L <0.5 <0.5 <0.5 <0.5 <.D.5 
Hydroxide (OH) mg/L <O.S <0.5 <0.5 <0.5 <O.S 
Anions 
Dissolved Suiph.ite (S04) mg/L 83 59 28 44 24 
Dissolved Chloride (Cl) mg/L <O.S 0.6 <O.S 0.7 <0.5 
Physical Properties 
Conductivity uS/cm 450 404 350 370 384 
IPH pH Units 8.2 8.0 8.2 8.2 7.8 
Physical Properties 

Total Suspended Solids mg/L 590 270 620 13 
TDS me/L 220 230 210 
Misc. lnorganics 
Dissolved Hardness (CaC03J mg/L 169 176 188 174 201 
Dissolved Metals by ICPMS 
Dissolved Aluminum (Al) ug/L 6 14.8 3.9 3.5 1.1 
Dissolved Antimony (Sb) ug/l <0.5 0.39 2.05 34.2 0.67 
Dissolved Arsenic (As) ug/L 6.8 6.45 95.3 6.19 103 
Dissolved ll;irlum (l;l;i) ug/L 18 17.7 61.4 84.2 48.4 
Dissolved Beryillum (Be) ug/L <0.1 <0.01 <0.01 <0.01 <0.01 
Dissolved Bismuth (Bl) ug/L <1 <0.005 <0.005 <0.005 <0.005 
Dissolved Boron (81 ug/l <SO <SO <50 <SO <SO 
Dissolved Cadmium (Cd) ug/L <0.01 0.007 0.006 0.023 0.008 
Dissolved Chromium (Cr) ug/L <l <0.1 <0.1 <0.1 <O.l 
Dissolved Cobalt (Col ug/L <0.5 0.047 0.857 0.110 0.481 
Dissolved Copper (Cu) ug/L 3.4 0.14 0.08 1.28 <0.05 
Dissolved Iron (Fe) ug/L 23 25 674 8 787 
Dissolved Lead (Pb) Ug/L <0 .l 0.282 0.378 22.9 0.264 
Dissolved Lithium (LI} ug/L 6 5.3 5.1 8.1 6.3 
Dissolved Manganese (Mn) ug/L 19 21.1 114 32.0 98.4 
Dissolved Mercury (Hg) ug/L <0.02 
Dissolved Molybdenum (Mo) ug/L 2 0.74 11.5 51.4 9.46 
Dissolved Nickel (NI) ug/L <1 0.26 0.94 0.34 0.44 
Dissolved Selenium (Se) ug/L <0.1 <0.04 <0.04 0.06 <0.04 
Dissolved SIiicon (SI) ug/L 6230 5720 6340 2370 7220 

L 
Dissolv~d Silver (Ag) ug/L <0.02 <0.005 <0.005 <0.005 <0.005 
Dissolved Strontium (Sri ug/L 675 687 674 1n 794 
Dissolved Thallium (Tl) ug/L <0.05 0,015 0.008 0.014 0.007 
Dissolved Tin (Sn) ug/L <5 O.OZ 0.03 <0.01 <0.01 

L Dissolved Titanium (Tl) ug/L <5 <0.5 <O.S <0.5 <0.5 
Dissolved Uranium (U) ug/L 7.5} 6.66 556 87.8 5.00 
Dissolved Vam1dlum (VI ug/L <5 <0.2 <0.2 0.2 <0.2 

t 
Dissolved Zinc (Zn) ug/L 9 3.1 31.5 15.9 55.1 
Dissolved Zirconium (Zr) ug/L <0.5 <0.1 <0.1 <0.1 <0.1 
Dissolved calcium (Ca) mg/L 51.5 53.2 58.1 52.0 62.4 
Dissolved Magnesium (Mg) mg/L 9.72 10.5 10.4 10.7 11.0 
Dissolved Potassium (K) mg/L 1.13 1.06 1.19 2.06 1 .16 
Dissolved Sodium (Na) mg/L 24.7 17.7 5.43 8.07 5.2~ 
Dissolved Sulphur (SI mg/ L 34 25 12 lS 13 
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UpperNFRC 
Well ID Unit$ P09-UN1 P09·UN2 P09·UN3 
Mexx.im ID Q4S268 Q45269 Q45270 
Sampllng Date 8/23/2009 8/23/2009 8/23/2009 
COCNumber F:146381 Fl46381 F146381 
Notes 
Field EC us/cm 
Field pH pH Units 
Misc. lnorg1nlcs 
Acidity (pH 4.5) mg/l <0.5 <0.5 <0.S ' Acidity (pH 8.3) mg/L 6.8 6.9 12.5 
Preparation 
Filter and HN03 Preservation N/A FIELD FIELD FIELD 
Misc. lnorganlcs 
Alkalinity (Total as cac03) mg/L 120 210 110 
Alkalinity (PP as CaC03) mg/L <0.5 <0.5 <0.5 
Bicarbonate (HC03) mg/L 140 250 130 
Carbonate (C03) mg/L <0.5 <0.5 <O.S 
Hydroxide (OH) mg/L <0.5 <0.S <0.5 
Anions 
Dissolved sulphate (S04) mg/l 8.7 16 8.2 
Dissolved Chloride (Cl) mg/l <0.5 <0.5 0.6 
Physlcal Properties 
Conductivity us/cm 233 415 215 
pH pH Units 7.8 7.8 7.5 
Physlcal Proportlos 
Total Suspended Solids mg/l 590 550 270 
TDS mg/L 
Misc. lnorganlcs 
Dissolved Hardness (CaC03) mg/l ll4 218 98.9 
O!ssolved Metals by ICPMS 
Dissolved Aluminum (Al) ug/L 16 8 22 
Dissolved Antimony (Sb) ug/l <0.5 <0.5 <0.5 
Dissolved Arsenic (As) ug/L 1.0 1.7 0.8 
Dissolved Barium (Ba) Ug/l 7<1 147 46 
Dissolved Bery!lh.Jm (Be) ug/L <O.l <0.1 <0.1 
Dissolved Bismuth (81) ug/L <1 <1 <1 
Dissolved Boron (B) ug/L <50 <50 <50 
Dissolved Cadmium (Cd) ug/L 0.02 0.11 0.15 
Dlssolved Chromium (Cr) ug/L <1 <1 <1 
Dissolved cobalt (co) ug/L <0.5 0.6 0.8 
Dissolved Copper (Cu) ug/L 3.2 3.2 2.6 
Dlssolved Iron (Fe) ug/L 19 102 57 
Dissolved Lead (Pb) ug/L <0.2 <0.2 1.1 
Dissolved Lithium (LI) ug/L 11 17 10 
Dissolved Manganese (Mn) ug/L 3 75 50 
Dissolved Mercury (Hg) ug/l <0.02 <0.02 <0.02 
Dissolved Molybdenum (Mo) ug/L 13 80 110 
Dissolved Nickel (Ni) ug/L 1 4 3 
Dissolved Seleni1,1m (Se) ug/L 1.3 2.5 1.0 
Dlssolved Silicon (Si) ug/L 6580 6050 5950 
Dissolved Silver (Ag) ug/L <0.02 <0.02 <0.02 
Dissolved Strontium (Sr) ug/L 165 313 13~ 
Dissolved Thallium (Tl) ug/L <0.05 <0.05 <0.05 
Dissolved Tin (Sn) ug/L <5 <5 <S 
D15solved Titanium (Tl) ug/L <5 <5 <5 

Dissolved Uranium (U) ug/L 2.7 14.3 2.3 
Dissolved Van~dlum (V) ug/L <S <5 <S 
Dissolved Zinc (Zn) ug/L <5 31 u 
Dissolved Zirconium (Zr) ug/L <0.5 <O.S <0.5 
Dissolved Calcium (Ca) mg/L 33.8 62.0 30.5 
Dissolved MagMsium (Mg) mg/L 7.27 15.3 5.55 
Dissolved Potassium (K) mg/L 1.40 2.66 1.72 
Dissolved Sodium (Na) mg/L 2.84 4.84 6.21 
Dissolved Sulp)lur (SI mg/L 4 8 s 

I ' 
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,v,-nv. mo :o..-x;1un ono lyttcs .co 111 

Your Project#: SRK WATER SAMPLES FOR DAN MACK 
YourC.0.C.#:08301959 

Attontlon: Rgy Morrell 
DENISON ENVIRONMENTAL SERVICES 
ONTARIO 
8 KIiborn Way 
ELLIOT LAKE, ON 
CANADA P6A 2T1 

Report Dato: 2009107/10 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A934274 
Rocolvod: 2009/07/06, 14:30 

Sample Matri,<: Water 
# Samples Received: 4 

Analyses 
Alkalinity • Water 
Chloride by Automated Colourlmetry 
Conductance - water 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 
Elements by ICPMS Low Level (dissolved) (t 
Filter and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourlmetry 
Total Dissolved Solids (FIil. Residue) 
Total Suspended Solids 

• Results relate only to the items tested. 

(1) SCCICAE.AL 

Encryption Key 

Quantity 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 

Date 
Extracted 
2009/07/07 
N/A 
N/A 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 
NIA 
NIA 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nlvison@maxxamanalytlcs.com 
PhOne# (604) 444-4808 

==================~~~~~~~=t==~~i=11:m:11m•=••• lil•m.1211s;i•••a11a11a&;1aa;;;;;.;;·•••••••• 

Date 
.Analyzed Laboratory Method 
2009/07/08 BRN SOP-00264 R4.0 
2009/07/08 BRN-SOP 00234 R3.0 
2009107/08 BRN SOP-00264 R2.0 
2009/07/10 
2009/07/09 BRN SOP-00206 R7.0 
2009/07/09 BRN SOP-00206 R7.0 
2009/07/07 BRN Wl-00006 R1.0 
2009/07/08 BRN SOP-00264 R4.0 
2009/07/08 BRN-SOP 00243 R1 .0 
2009/07109 BRN SOP 00276 R4.0 
2009/07/08 BRN SOP-00277 R6.0 

Analytical Method 
Based on SM2320B 
Based on EPA 325.2 
Based on SM·2510B 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
SM 2540C 
Based on SM-2540 D 

Maxxam has procedures In place to guard against improper use of the electronic signature and have the required "signatories", as per section 
5.10.2 of ISO/IEC 17025:2006(E), signing the reports. SCC and CALA have approved this reporting process and electronic report format. 

Total cover pages: 1 
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Maxxam Job #: A93427 4 
Report Date: 2009/07110 

Maxxam ID 
SamoliM Date 

PreDaratlon 
FIiter and HN03 Preservalioo 
Misc. tnoraanics 
AJkalinilv <Total as Ca003) 
Alkalinity (PP as CaC03) 
Bicarbonale (HC03) 
Carl:Jonate (C03) 
I Hvdroxide (OH) 
Anions 
i Dissolved Sulphate (S04) 

Disso.lved Chloride (Cll 
Phvsk:al Pl'onerties 

'Conductillitv 
,DH 
'Phvsk:al Prorv.rties 
Total Susl)ended sands 
Total DJssolved Solids 

NIA = Not Applicable 
RDL = Repo11able Detection Limit 

r-

I 

.Drn•e.r, l>.,- s en, fce · o.,,d ·"-'cience 
.,.,.,,.~.,.-.. nu, ;x_..,.n nu, :u n l ;:!,""t1.C5 , c:o 01 

DENISON ENVIRONMENTAL SERVICES 
c nent Project#.: SRKWATER SAMPLES FOR DAN MACK 

RESULTS OF CHEMICAL ANALYSES OF WATER 
Samplerlnilia.ls: OM 

P65143 ?65144 P65145 P65146 
2009/06/29 2009/06129 I 2000/06/30 2009/06129 

Unfts I P09-C31 I P09-C32 II RDL I P09-C33 I P09-C3-DRILL I RDL QC Batch 

NIA FIELD FIELD NIA FIELD FlElD NIA ONSITE 

mn/L 2000 430 0.5 330 3.20 0.5 3257830 
mQ/L <0.5 <0.5 0.5 <0.5 <0 .. 5 0.5 3257830 
mall 2500 520 0.5 400 390 0.5 3257830 
mcill <0.5 <0.5 0.5 <0.5 <0.5 0.5 3257830 
mall <0.5 <0.5, 0.5 <0.5 <0.5 0.5 3257830 

mall 11 9.6 0.5 320 800 5 3262442 
roolL 33 33 0.5 2.9 1.9 0.5 3262.357 

uSlcm 3100 3.200 1 1200 1800 1 3257828 
DH Units 7.9 7.9 8.1 7.9 3257650 

ITIQ/L 1300 I I 1 3255521 
mall. 2000 2100 1'.0 830 1600 I 10 32.60374 
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Maxxam Job #: A93427 4 
Report Date: 2009/07/10 

Maxxam ID 
Samp[inCJ Date 

Misc. itnornanlcs 
Dissolved Hardness (CaC03) 
Dissolved Metals bv IC.PMS 
Dlssolvect Al\Jm[num (All 
Dissolvect Antimonv (Sb} 
Dissolvect Arsenic (Asl 
Dissolvect Barium ffial 
Dissolvect Bervllium IRP\ 
Olssolvect Blsmu1h IR.,l 

Dissolved Boron cm 
Dissolved CadmilBTl ICdl 
Dissolved Chromium (Crl 
Dissolved Cobalt (Co) 

Dissolved Copper (Cul 
Dissolved Iron fFe} 
Dissolved Lead (Pbl 
Dissolved U!hlum (LI~ 
Dissolved Mani:ianese· (Mn} 
Dissolved Motvbdenum (Mol 
Dissolved Nickel CNi) 
Dlssolved Selenium (Se} 
Dissolved smcon (Sfl 
Dissolved Silver tAnl 

I Dissolved Stronlium ISrl 
Dissolved Thallium rm 
Dissolved Tin /Sn} 
Dissolvect Trtanium m} 
Dissolved Uranium CU} 
Dissolved Vanadium M 
Dissolvect Zinc (Zn} 
Dissolved Zirconium (Zr) 
Dissolved Cakfum (Ca) 
Dlssolvect Maanesium CMa) 
Dissolved Polassium CKl 
Dissolved Sodium CNa) 
Dissolved Su1ohur IS} 

RDL = Reportable Detection Limit 

.---

LOW LEVEL DISSOLVED METALS • WATER (WATER) 

.I P65143 P65144 P65145 
I 2009106/29 2009106/2.9 2009,06/30 
I Unfts I P09-C31 ROL P09-C32 I RDL I P09.C33 I RDL 

ITIQ/L 1000 0.5 1570 0.5 579 0.5 

ua/L 8.0 0.2 18 1 1.2 0.2 
ua/L 0.26 0.02 0.2 0.1 2.86 0.02 
UCJ/L 0.47 0.02 0.5 0.1 2.30 0.02 
ua/L 1240 0.02 1200 0.1 63.5 0.02 
ua/L 1.02 0.01 1.12 0.05 <0.01 0.01 
ua/L <0.005 0.005 <0.03 0.03 <0.005 0.005 
ua/L 54 50 <300 300 <50 50 
ua/L 0.095 0.005 0.15 0.03 0.034 0.005 
uQ/L <0.1 0.1 <0.5 0-5 <0.1 0.1 
ua/L 0.314 0.005 0.35 0.03 1.37 0.005 
ua/L 0.14 0.05 0.8 0.3 O.t t 0.05 
ua/L 8530 1 7330 5 18 1 
ua/L 0.120 0.005 0.20 0.03 0.288 0.005 
unn 561 0.5 686 3, 38.3 0.5 
ua/L 457 0.05 419 0.3 1650 0.05 
uClJ'L 3.94 0.05 3.7 0.3 8.55 0.05 
ua/L 2.69 0.02 3.4 0.1 10.1 0.02 
Ua/L <0.04 0.04 <0.2 0.2 0.48 0.04 
Ua/L 19100 100 16900 500 6120 100 
ua/L 0.975 0.005 0.81 0.03 0.016 0.005 
ua/L 10700 0.05 10600 0.3 941 0.05 
unn 0.002 0.002 <0.01 0.01 0.013 0.002 
ua/L <0.01 0.01 <0-.05 0.05 <0.01 0.01 
UQ/L 10.3 0.5 9 3 <0.5 0.5 
unn 1.36 0.002 1.25 0.01 11.1 0.002 
ua/L <0.2 0.2 <t 1 <0.2 0.2 
ua/L 176 0.1 200 0.5 2.6 0.1 
UQ/L 381 0.1 331 0.5 7.2 0.1 
mall 418 0.05 386 0.05 153 0.05 
mall 149 0.05 146 0.05 47.9 0,05 
ma/I.. 9.24 0.05 8.54 0.05 4.34 0.05 
mall 315 0.05 298 0.05 69.8 0.05 
ma/I.. 7 3 8 3 127 3 
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DENISON ENVIRONMENTAL SERVICES 
Client Project#: SRKWATER SAMPLES FOR DAN MACK 

Sample:r lnifia.ls: OM 

P65146 
2009/06129 

P09-C3-0RII..L RDL ICC Batch 

1060 0.5 3255445 

2 1 3260584 
<0.1 0.1 3260584 
1.0 0.1 32.60584 

69.2. 0.1 3260584 
<0.05 0.05 3260584 
<0.03 0.03 3260584 
<300 300 3260584 
0.2.6 0.03 32.60584 
<0.5 0.5 3260584 
5.66 0.03 32.60584 
1.1 0.3 3260584 

1840 5 3260584 
0.07 0.03 3260584 
12 3 3260584 

14100 0.3 3260584 
1.1 0.3 3260584 

22.4 0.1 3260584 
<0.2 0.2 32.60584 
8190 500 3260584 
<0.03 0.03 3260584 
785 0.3 3260584 
0 .. 02 0.01 3260584 

<0.05 0.05 3260584 
<3 3 3260584 

9 .. 47 0.01 3260584 
<1 1 3260584 

17.0 0.5 3260584 
2.5 0.5 3260584 
315 0.05 3262230 
65.8 0.05 3262230 
5 .12 0.05 3262230 
32.7 0.05 3262230 
287 3 32.62230 



IV1 a a ~·~'t~;~~ 
Maxxam Job #:: A93427 4 
Report Date: 2009/07/10 

LOW LEVEL DlSSOLVEO METALS -WAlER (WATER) Comments 

Sample P65144-02 Elements by ICPMS Low Lever (dissolved): RDL raised due to sample malrix interference. 

Sample P65146-02 8ements by ICPMS Low Level (dissolved): RDL raised due to sample matrix interference. 
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DENISON ENVIRONMENTAL SERVICES 
Client Project#: SRKWATER SAMPLES FOR DAN MACK 

Sampler Initials: DM 
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Maxxam Job #; A93427 4 
Report Date: 2009/07/10 

QC Balch 

3255521 

3257828 

3.257830 

3257830 

3257830 

3257830 

3257830 

3260374 

3260584 

3260584 

3260584 

3260584 

3260584 

3260584 

3260584 

3260584 

326-0584 
32.60584 
32.60584 
3260564 

32.60584 
3260584 
3260584 
3260584, 
3260584 
3260584 
3260584 
3260584 
326058-4 

3260584 

3260584 

3260584 

3260584 
3260584 

, 3260584 

3260584 

3262230 

3262230 

3262230 

3262230 

Paramat&r 
T otal Su..,..nded Solids 

Conducti:vil:Y 

Alkalinitv ITo1al as CaC0 3l 

Alkalinitv (PP as CaCOO) 

Bic:al'bonate IHC03l 

Carbona:te IC03i 

HYdroxide IOHl 

,TGlal Dissol111ed Solids 

Dissolved Arsenic: lAs\ 
Dissol111ed B= llium I Bel 

Dissolved Cadmi.um CCdl 
Dissolved Chromium (Cr\ 

Dissolved Cobalt (Co\ 

Disso1111ed Coooer/Cul 

Dissolved Lea d IPbl 

Dissolved Lithium (Lil 

Dissol111ed .Nic:kel INil 

mssol111ed Selenium lSel 

Diss0l111ed Uranium It n 

D;ssol...ed Vanacrium N l 

Dissol...ed Zinc: IZnl 

DissolYed Aluminum (All 

DissolYed Antimoov <Sb' 
DissolYed Barium l'Rlll 

DissolYed Bismuth (Bil 

Dissolved Boron (Bl 

Dissolved Iron (Fe\ 

Dlssolved Manaanese (Mnl 

Dissolved' Molvbdenum tMol 

Dlssol...ed Silican (Sil 

Dissolved s n111er rAn1 

Dissol\red Stro.nliu m 1Srl 

Dissolyed Thallium ml 
Dlssa!Yed: T111 1Sn\ 
Dissol\red' Tnallium mi 
Dlsso!:Yed' Zirconium (Zr\ 

Dis:sal...ed Calcium (Ca) 

Dissol:...ed Ma ........ sium ( M a) 

Dissa!Yed Polas-sfum. {Kl 

Dlssc!yed Sodium INa\ 

,__ 

QUALITY ASSURANCE REPORT 

lllatrix Snllce S nJke 

Data %Rec;o.,...,. QCUmlts %,Recoverv QC Llmilll. 

2009/07106 103 NIA 
2009/07/07 10.2 80 -1 20 

2009/07/07 NC 80 · 120 101 BO -120 

2009/07/07 

2009/07/07 

2009/07/07 

2.009/07/07 

2009/07/09 106 80- 120 108 BO· 12.0 

2009107/09 94 , 80· 120 101 BO - 120 

2009/07/09 100 I 80- 120 101 80 • 120 

2009/07/09 100 80-120 99 80 - 12.0 

2009/07/09 97 80 -1 20 100 BO -1 20 

2009/07/09 95 80 · 120 101 80·· 120 

2009107/09 97 80- 120 104 BO -·120 

2009/07/09 105 80- 120 106 1 80· 120 

2.009107/09 99 BO - 120 103 I 80 - 120 

2009/07/09 95 80 · 120 102 80 -·120 

2009/07/09 95 80- 120 101 80 -,120 

2009/07/09 106 80- 120 108 80-·120 

2009/07/09 94 60 - 120 9'8 BO- t20 

2009/07/09 102 80- 120 100 80 - 120 

2009/07/09 
2009/07/09 

2009/07/09 
2009/07/09 

2009J07/09 

2009/07/09 

2009/07/09 

20D9/07/09 

2009/07109 

2009/07/09 

2009/07/09 

2009/07/09 

2009/07/09 

2009/0 7109 

2009/07/09 

2009/07/09 

2009107109 

2009/07109 

2009/07/09 
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DENISON ENVIRONMENTAL SERVICES 
Client Project.# : SRK WATER SAMPLES FOR DAN MACK 

Sampler Initials: DM 

Blank RPD 

Value Units VaJue !%} QC U mlts 

<1 mall 

1 RDl=1 uSlc:m O· 20 

<0.5 mall 0.2 20 

<0.5 mnn NC 20 
<0.5 mol l 0.2 20 

<0.5 moll NC 20 

<0.5 mi:ill. NC 20 
<10 mi:i/L 0.9 20 

<0.02 ua/L NC 20 
<0(),01 1on/L NC 20 

<0.005 un/L NC 20 

<0.1 uo.ll NC 20 

<O·.OOS nn/L NC 20 

<0 .05 unll NC 20 

<O.OOS uall NC 20 

<0.5 ,.,,fl NC 20 

<0.02 uo/l NC 20 

<0.04 uo/l NC 20 

<0.002 ttnl l NC 20 

<0.2 uol l NC 20 

<0.1 uo/ l 17.6 20 

<0.2 UAl l NC 20 

<0.02 ua/L NC 20 

<0.0.2 ua/ l . NC 20 

<0.005 uc/L NC 20 

<50· ua/L NC 20 

<1 ua/L NC 20 

<0.05 uc/L NC 2.0 

<O•.OS ua/L NC 20 

<100 uclL NC 2.0 

<0.005 uo·/L NC 2.0 

<O.OS U!l'/L NC 20 

<0.002 ualL NC 2.0 

<O.Ot ua/L NC 2.0 

<0.5 UQ/L NC 20 

<0,.1 ua'IL NC 20 

<O.OS mnll NC 20 

<0.05 mn/1 NC 20 

<0. 05 mn/1 NC 2.0 

<0.05 mn.11 NC 20 



IVl a an~ V tr! 

Maxxam Job #: A934274 
Report Date: 2009107 /1'0 

NIA = Not Appli;cable 
NC =· NCKM:alcutable 

QC.Batch 

3262230 

32623S7 

3262.442 

ROt = R~rtable Oerection l.nlil. 
RPD = Retative Percent Differenc,e 

r---

Parameter 
Dissolved Sulnhn r tSl 
Dissolved Chloride ,en 
D.isscl.~ecl Sulohale l S04l 

Date 
2009/07/09 

2009/07 /08 

2009/07/08 

QUAUlY ASSURANCE REPORT 

Matrix SDEke SD[ke 
%Recoverv QC Limits % ReCOVIIIV QCLfmlts 

NC ao- i 20 103 BO -120 

NC 7S- 125 97 80 -120 
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DENISON ENVIRONMENTAL SERVICES 
Client Project#: SRK WATER SAMPLES FOR DAN MACK 

Sampler lnitial's: DM 

Blank: RPO 

Value Units Valu·e t'lo l Q.C:Um.its 

<3 mall NC 20 

<0.5 rnnll NC 20 

<0.5 - n 0.4 20 

,----, ,.----, 
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Attention: Roy Morrall 
DENISON ENVIRONMENTAL SERVICES 
ONTARIO 
8 Kilborn Way 
ELLIOT LAKE, ON 
CANADA P5A 2T1 

Your Project#: FARO - ICY001 .034 
YourC.O.C.#: 08302259 

Report Date: 2009107/27 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A937530 
Received: 2009/0'//20, 12:55 

Sample Matrix.: Water 
# Samples Received: 1 

Analyses 
Acidity pH 4.5 & pH 8.3 () 
Alkalinity - Water 
Chloride by Automated Colourimetry 
Conductance - water 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (di&&.) 
Elements by ICPMS Low Level (dissolved) () 
FIiter and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourimetry 
Total Dissolved Solids (Fill. Residue) 

• Result& relate only to the Items tested. 

(1) SCCICAEAL 

Encryption Key 

Quantity 
Date 
Extracted 
NIA 
2009/07/24 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
N/A 
NIA 
NIA 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nlvison@maxxamanalytics.com 
Phone#(604)444-4808 

••••m•••m••••amN&a-------------------------~-~-~--------------------

Date 
Analvzed Laboratory Method 
2009/07/25 BRN SOP-00281 R3.0 
2009107/24 BRN SOP-00264 R4.0 
2009107123 BRN-SOP 00234 R3.0 
2009107124 BRN SOP-00264 R2.0 
2009107124 
2009107124 BRN SOP-00206 R7.0 
2009/07/24 BRN SOP-00206 R7.0 
2009/07122 BRN Wl-00006 R1 .0 
2009/07124 BRN SOP-00264 R4.0 
2009107123 BRN-SOP 00243 R1 .0 
2009107124 BRN SOP 00276 R4.0 

Analytical Method 
Based on SM-2310 
Based on SM2320B 
Based on EPA 325.2 
Based on SM-25109 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
SM 2540C 

Maxxam has procedures In place lo guard against Improper use of the electronic signature and have the required "signatories", as per section 
5.10.2 of ISO/IEC 17025:2005(E) , signing the reports. SCC and CALA have approved this reporting process and electronic report form,1t. 

Total cover pages; 1 
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Maxxam Job #:. A937530 
Report Date: 2009/07/27 

Maxxam ID 
Samclinc Date 

Misc. lnoraanics 
Acidltv lcH 4.5) 
Aciditv lcH 8.3) 
Preruoration 
Filter and HN03 Preservation 
Misc. lnoraanics 
AJkal initv ITolal as CaC03) 
Alkalinitv CPP as CaC03l 
Bica:rtlonate tHC03} 
Carbonate IC03~ 
Hvdroxide lOHl 
Anions 
Dissolved Sufnhale IS04\ 
Dissolved Chloride (Cl} 
Phvsical Procerties 
Conduolivitv 

loH 
, Phvsical Proaerties 
To!al Dissolved So~ds 

NIA = Nol Applicable 
RDL = Reportable Det.eclion Limit 

,----

RESULTS OF CHEMICAL ANALYSES OF WATER 

P869a.5 I 

2009107/16 14:00 
Units FARO-ICY001.034, I RDL 

moll <0.5 0.5 
moll 0.7 0.5 

NIA FIEI.D NfA 

mnll . 150 0.5 
mnll <0.5 0.5 
mnll 180 0.5 
mnn: <0.5 0.5 
mnn· <0.5 0.5 

mnn 44 0.5 
ma/I 0.7 0.5 

uSJcm 370 1 
DH Unil s 8.2 

moll 230 10 
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DENISON ENVfRONMENTAL SERVICES 
Client Project#: FARO - ICY001 .034 

Sampler rni tials: MP 

i oc Batch 

I 3301463 
I 330·1463 

ONSITE 

3299515 
3299515 
3299515 
3299515 
3299515 

I 3299759 
I 3299649 

I 3299513 
i 3299450 

3295660 

---i ~ 



r- r--
1 

,---

IVI a 62n~v~ 
r--

Maxxam Job #:. A937530 
Report Date: 2009/07/27 

MaXlCam tD 
SamDlina Dale 

Misc. lnomanlcs 
DJssolved Hardness tGaC03\ 
Dissolved Metals bv .ICPMS 
Dissolved Alumim1m (An 

.Dissolved AntimonvtSb) 
Dissolved Arsenic (As) 
Dissolved Bari1Jm '8a) 
Dissolved l3elvllium (Be\ 
Dissolved Bismulh lBfl 
Dissot,.,ed Boron IB\ 
Dissolved Cadmium fCd\ 
Disso[ved Chromium (Cr) 

Dtssotved Cooalt (Co) 
Dfssotved Conner fCu) 
Dissolved Iron lFe\ 
Dfssolved Lead tPb\ 
Dissolved Lithium ill\ 
Dissolved Manr.ianese IMn\ 
Dissolved Mot\lbdenum tMo) 
Dissolved NickeftNi\ 
Dissolved ~eniumtse1 
Dissolved smoon lSi1 
Dissot,.,ed saver 'l!.n\ 

Dissolved Slrontium 7Sr\ 
Dissolved Thallium rm 
Dissat'ved Tin (Sn\ 
Dissolved Titanium fTil 
Dissotved Uranium lU\ 
Dissotved Vanadium M 
Dissolved Zinc fln\ 
Dissolved Zirconium f7r\ 
Dissolved Calcium ,ca, 
Dissolved Maanesium IMa\ 
Dissolved Potassiwn 00 
Dissolved &Jdium fNa) 
Dissolved Suloo.ur IS~ 

RDL = Reportable Detection Limit 

...---....., r----, 

LOW LEVEL DISSOLVED METALS-WATER (WATER) 

P86985 
2009!07116 14::00 

Units FARO-ICY001.034 I RDL 

moll. I 174 0.5 

ua/L 3.5 0.2 
ucr/L 34.2 0.02 
ua/L 6.19 0.0.2 
uo/L 84.2 0.02 
UQ/L <0.01 0.01 
uall. <0.005 0.005 
uoll. <50 50 
uoll.. 0.023 0.005 
ua/L <0.1 0.1 
ua/L 0.110 0 .. 005 
ua/L 1.28 0.05 
uo/L 8 1 
ua/L 22 .. 9 0.005 
ua/L 8.1 0.5 
ua/L 32.0 0.05 
ua/L 51 .4 0.05 
ooll. 0.34 0.02 
ooll. 0.06 0.04 
uo/L 2370 100 
uo/1. <0.005 0.005 
ua/L 723 0.05 
ua/L 0.014 0.002 
unll <0.01 0.01 
ua/l <0.5 0.5 
ua/l 87.8 0 .. 002 
ua/L 02 0.2 
uo/L 15.9 0.1 
uo/L <0.1 0.1 
mall 52.0 0.05 
mall 10.7 0.05 
malt 2.06 0.05 
mall 8.07 0.05 
mall 15 3 
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DENfSON ENVIRONMENTAL SERVICES 
Cfient Project #: FARO - ICY001.034 

Sampler Initials: MP 

I 
I 
I oc Batch 

I 329D746 

3.296647 
3296647 
3296647 
3296647 
3296647 
3296647 
32.96647 
3296647 
3296647 
3296647 
3296647 

I 3296647 
3.296647 
3.296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3296647 
3.296647 
3.297461 
3297461 
3297461 
3297461 
3297461 

=-i 
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Maxxam Job #: A937530 
Report Date: 2009/07127 

QC Batch 
3295600 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

32g55-47 

3296647 

3296647 

3296647 

I 3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

3296647 

32:97461 

3297461 

3297461 

3297461 

3297461 

3299513 

329951S 

3299515 

3299515 

3299515 

3299515 

.-

Parameblr 
' Total Olssolved Solids 

Oi$Sol\led Arsenic, 1As1 

Dissowed BeNllium tBe\ 

Dls:solved Cadmium tCdl 

; Dls:sol\ted Chromium tOrl 

Dis.~olved Cobalt (Col 

Dissolved' Ccmoer (Cu} 

Dis:sol.ved Lead l Pbl 

Dis.solved Lithium (LI} 

Dis.solved' Nickel (Nh) 

Dis.solved Selenium (Sel 

Dis.sol.ved Uranium (Ul 

Dis.solved' Vanacfmm M 
Dis.solved' Zinc /Znl 

Dis.solved Aluminum (AO 

Dissolved A111im""" CSbl 
Dis.solved Barium f'Bal 

Dissol's•ed Bis.mu1h (Bil 

Dissolved Boron, (Bl 

D1s$olved Iron ffe) 

ms.solved Manoanese (Mn\ 

Dissolved MolvbdenumlMol 

Dissolved Snlcon ISil 

Dissolved Silver /'An\ 

Dis.salved S1rontiw'n {Srl 

Dissolved Thall ium m1 

Dissolved Tin tSn\ 

Dissol11ed Tilaniwn {Tj) 

Dissol.,.ed Zirconium (Zr} 

Dissolved Calcium (Ca)" 

Dissol.,.ed Maanesimn(Ma} 

Dissolved Potassium 00 
Dissolved Sodium (Na.} 

Dissolved Sulohur (Sl 

Conductivilv 

Alkalinilv (Total as CaC03l 

Allcalinitv <PP as cacooi 
Bicarbonate tH C03l 

Carbonate tC031 

Hydroxide (OH} 

QUALITY ASSURANCE REPORT 

Matrix Snfke Snl'ke 

Date '%Recoverv QC Limits % ReCOlll!IV QC Limits 
2009/07/24 114 80 - 120 110 80-120 

2009/07/24 94 ao-120 101 BO -120 

2009./07124 103 ao-120 103 80 - 120 

2009/07/24 NC 80-120 9g 80 -120 

2009/07124 99 80 - 120 10.2 BO -120 

2009/07124 NC B0-120 99 80 -120 

2009/07/24 NC 80-120 10,2 BO· 120 

2009/07/24 103 B0-120 104 BO -120 

2009/07/24 NC B0-120 101 80 -120' 

2009/07124 NC B0-120 I 103 BO -120 

2009/07/24 100 B0-120 10,2 ,BO -120 

2009/07/24 111 B0 - 120 107 BO -120 

2009/07/24 100 BO -120 99 BO -120 

2,009/07/24 NC B0-120 115 BO -120 

2009/07124 I 

2009/07/24 

2009/0712:4 

2009/07/24 

2009/07/24 

2009/07/24 I 

2009/07/24 

2009/07/24 I 

2009/07/24 

2009/07/24 

2009/07/24 

2009/07/24 I 

2009/07/24 

2.009/07/24 

2009/07124 

2009/0712:4 

2009/07/24 

2009/07/24 

2009/07124 

2009/07124 

2009/07/2,4 101 80-120 

2009/0712.4 NC BO -120 99 80- 120 

2009/07124 

2009/07124 

2009/07124 

2009/07124 

Page 4 of5 
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DENISON ENVIRONMENTAL SERVICES 
Client Project#: FARO - fCY001 .034 

Sampler Initials: MP 

Bfa:nk RPO 
Value Units Valuet%1 QCLl'mits 

<10 ""'JI 1.7 20 

<0.02 ucr/L g_7 20 

<0.01 uo'/L 2.2 20 

<0.005 UQ/L 1.0 20 

<0.1 UQ/L NC 20 

<0.005 UQ/L 0:2 20 

<0.05 UQ/L 1.B 2,0 

<0.005 ua/L 7.B 20 

<0.5 ua/L O .. OS 2,0 

<0.02 ua/L 0.6 2,0 

<0.04 ua/L NC 20 

<0.002 uo/L 1.6 20 

<0.2 uo/L NC 20 

<0.1 uo/L 1.4 2.0 

<0.2 uo/L 4 .0 20 

<0,.02 ua/L NC 20 
<0.02 - ua/L 1.3 2,0 

<0.005 ua/L NC 2.0 

<SO uo/L NC 20 
<1 uo/L 9.8 20· 

<O.OS ua/L 0.2 20 

<O.OS uo/L NC 2.0 

<100 UAIL 3.8 20 

<0.005 uo/L NC 20 

<O.OS uo/L 0.6 2.0 

<D.002 UAI L 1..5 20 

<0.0·1 ua/L NC 20 

<0.5 ua/L NC 20 

<0.1 ua/L NC 20 

<0. 05 mall 0 .. 4 20 

<0.05, mall 0.6 20 

<0.05 mall 1.2 20 

<O.OS mall NC 20 

<3 ma'll 2.4 20 

<1 uS/cm 0. 1 20 

<0.5 mall 0.4 20 

<0.5 moll NC 20 

<0.5 moll 0.4 20 

<0.5 mall NC 20 

<D.5 mal l NC 20 

--, 
~ ~ 
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Maxxam Job fl: A937530 
Report Date: 2009/07127 

NIA = Not Applicable 

N:C = Non-calculable 

QC Batch 

32996'19 

32997S9 

3301463 

3301463 

RPO = Retalive Percent Difference 

Parameter 
' Dissolved CNoride (Cll 

Dis:soilled SulDhate lS04\ 

IAr:iditv (pH 8.3l 
IAr:idllV (pH 4.5) 

,~-· 

Date 
2009/07123 

2009107}23 

2009f07/25 

2009/07/25 

r--

QUALITY ASSURANCE 'REPORT 

Matrix SDik& So:llat 
: % ReCOYBIV QC Limits, % Recoveiv QCUmits 

107 80 -12.0 99 80-120 

NC 75-125 9.2 80-120 

98 80-120 

Page 5 of 5 
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DENISON ENVIRONMENTAL SERVICES 
Ctient Project#: FARO - ICY001.034 

Sampler Initials: MP 

Blank RPO 
Vatue Unlb Valu·et%l QCLlmlb 
<0.5 ma/L 2.1 20 

<0.5 m"'"' 2.6 20 

<0"5 me'/\.. 14.0 2.0 

<0.5 mc/L 
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Attention: Daniel Mackle 
SRK CONSUL TING 
SRKCONSU-VAN 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 

MAXXAM JOB#: A939161 
Received: 2009/07/27, 13:25 

Sample Matrix: Water 
# Samples Received: 1 

Analyses 
Acidity pH 4.6 & pH 8.3 (t 
Alkalinity - Water 
Chlorlde by Automated Colourimetry 
Conductance - water 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 
Elements by ICPMS Low Level (dlssolved) ct 
Filler and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourimetry 

Dri•·c11 bJ· sen•lcoJ mul Sclc!ll<'c! 

Your Project#: SRK JULY 26,2009 
YourC.O.C. #: 08302437 

Report Date: 2009/08/04 

CERTIFICATE OF ANALYSIS 

QuanUty 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Date 
El(!racted 
NIA 
2009107130 
N/A 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 

Date 
Analyzed Laboratory Method 
2009107129 BRN SOP-00281 R3.0 
2009107129 BRN SOP-00264 R4.0 
2009107129 BRN-SOP 00234 R3.0 
2009107129 BRN SOP-00264 R2.0 
2009/08/04 
2009/07/31 BRN SOP-00206 R7.0 
2009/07131 BRN SOP-00206 R7.0 
2009/07129 BRN Wl-00006 R1 .0 
2009107129 BRN SOP-00264 R4.0 
2009107129 BRN-SOP 00243 R1 .0 

Analytical Method 
Based on SM-231 O 
Based on SM2320B 
Based on EPA 325.2 
Based on SM-2510B 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4600H+B 
Based on EPA 375.4 

• RPDs calculated using raw data. The rounding of final results may result in the apparent difference. 

(1) SCC/CAEAL 

Encryption Key 

Please direct all questions regarding this Certlncate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nlvison@maxxamanalytics.com 
Phone#(604)444-4808 

----~•••••••a•e-----.---------------~=--------&~&a•••a••a•~=~--------
Maxxam has procedures In place to guard against improper use of the electronic signature and have the required "signatories", as per section 
5.10.2 of 150/IEC 17025:2005(E). signing the reports. SCC and CALA have approved this reporting process and electronic report format. 

Total cover pages: 1 
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Maxxam Job #: A939161 
Report Date: 2009/08/04 

SRK CONSULTING 

l 
Drit·cu t,y :1.-t:'n·ic.: ,z11d S'ciC!tl~~ f 
ww"·. urnxxan1analyt1cs.co111 

Client Project#: SRK JULY 26,2009 

Sampler Initials: MP 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID P97629 
Semolina Date 2009/07/24 
COC Number 08302437 

Units Poli.C11 RDL CIC Batch 

Misc. lnorganics 

V',cidity (pH 4.5) mg/L <0.5 0.5 3310967 

~cldlty (pH 8.3) mg/L 24.5 0.5 3310967 

Preparation 

FIiter and HN03 Preservation N/A FIELD N/A ONSITE 

Misc. lnorganlcs 

~lkallnlty (Total as CaC03) mg/L 350 0.5 3312727 

~lkelinity (PP as CaC03) mg/L <0.5 0.5 3312727 

Bicarbonate (HC03) mg/L 430 0.6 3312727 

Carbonate (C03) mg/L <0.5 0.5 3312727 

Hydroxide (OH) mg/L <0.5 0.5 3312727 

~nlons 

Dissolved Sulphate ($04) mg/L 1300 0.5 3310444 

Dissolved Chloride (Cl) mg/L 3.0 0.5 3310387 

Physical Proportlos 

Conductivity uS/cm 2400 1 3312726 

pH pH Units 7.8 3312722 

RDL "' Reportable Detection Limit 
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Maxxam Job #: A939161 
Report Date: 2009/08/04 

Drb·,m by s t!n•lc t! and Sclt!nee 
"'""~·.1unx !Jl':nlnnnnlytlc ... con1 . 

SRK CONSUL TING 
Client Project#: SRK JULY 26,2009 

Sampler Initials: MP 

LOW LEVEL DISSOLVED METALS-WATER (WATER) 

Ma)()(am ID P97629 
Sarl'lolina Date 2009/07/24 
cbc Number 08302437 

Units P09-C11 RDL CC Batch 

Misc. Inorganic& 

Dissolved Hardness (CaC03) mg/L 1390 0.5 3305805 

Dlssolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 4 1 3310759 

Dissolved Antimony (Sb) ug/L 1.8 0.1 3310759 

Dissolved Arsenic (As) ug/L 10.1 0.1 3310759 

Dissolved Barium (Ba) Ug/L 40.5 0.1 3310759 

Dissolved Beryllium (Be) ug/L 0.10 0.05 3310769 

Dissolved Bismuth (Bl) ug/L <0.03 0.03 3310759 

Dissolved Boron (B) ug/L <300 300 3310759 

Dissolved Cadmium (Cd) ug/L 0.04 0.03 3310769 

Dissolved Chromium (Cr) ug/L <0.6 0.5 3310759 

Dissolved Cobalt (Co) ug/L 0.19 0.03 3310759 

Dissolved Copper (Cu) ug/L 0.8 0.3 3310759 

Dissolved Iron (Fe) ug/L 10900 5 3310759 

Dissolved Lead (Pb) ug/L 0.09 0.03 3310759 

Dissolved Lithium (LI) ug/L 107 3 3310759 

Dissolved Manganese (Mn) ug/L 12200 0.3 3310759 
.. 

Dissolved Molybdenum (Mo) ug/L 12.7 0.3 3310759 

Dissolved Nickel (NI) ug/L 2.2 0.1 3310759 

Dissolved Selenium (Se) ug/L <0.2 0.2 3310759 

Dissolved Silicon (Si) ug/L 10000 500 3310759 

Dissolved Sliver (Ag) ug/L <0.03 0.03 3310759 

Dissolved Strontium (Sr) ug/L 1890 0.3 3310759 

Dissolved Thallium (Tl) ug/L <0.01 0.01 3310769 

Dissolved Tin (Sn) Ug/L <0.05 0.05 3310759 

Dissolved Titanium (Ti) ug/L <3 3 3310759 

Dissolved Uranium (U) ug/L 3.77 O.Q1 3310759 

Dii,solved Vanadium M ug/L <1 1 3310759 

Dissolved Zinc (Zn) uglL 29.1 0.5 3310759 
.. 

Dissolved Zirconium (Zr) ug/L 1.0 0.5 3310759 

Dissolved Calcium (Ca) mg/L 416 0.05 3315592 

Dissolved Magnesium (Mg) mg/L 86.2 0.05 3315592 

Dissolved Potassium (K) mg/L 6.63 0.05 3315592 

RDL = Reponable Detection Limit 

Page 3 of 10 



Maxxam Job #: A939161 
Report Date: 2009/08/04 

f 

SRK CONSULTING 

Drh't111 b.1• st•rl'lc.r 011d Sci .:11c<1 
1
-

\\'\\"W.n1n;,i:)Uln1nnnlyclcs.con:i I 
Client Project #: SRK JULY 26,2009 

Sampler Initials: MP 

LOW LEVEL DISSOLVED METALS - WATER (WATER) 
f 

Maxxam ID P97629 
Samolina Date 2009/07/24 
Coe Number 08302437 

Units P0.9-C11 

Dissolved Sodium (Na) lmg/L I 52.3 

Dissolved Sulphur (S) lmg/L I 437 

RDL - Reportable Detection Limit 

Page 4 or 10 

RDL QC Batch 

10.05 13315592 

I 3 13316592 
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Pril'c11 by .-rcn·ic c nrul Scl<!fl<' e 
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SRK CONSUL TING 
Maxxam Job #: A939161 
Report Date: 2009/08/04 

Client Project#: SRK JULY 26,2009 

Sampler Initials: MP 

LOW LEVEL DISSOLVED METALS. WATER (WATER) Comments 

Sample P97629·03 Elements by ICPMS Low Level (dissolved): ROL raised due to sample matrix Interference. 

Rosults rolate ontv to the Items tested. 

Page 5 of 10 



QA/QC 
Batch 
Num lnit 

3310387 IC4 

3310444 IC4 

3310759 AA1 

QC Tvoe 
MATRIX SPIKE 
SPIKE 
BLANK 
RPD [P97629·02) 
MATRIX SPIKE 
SPIKE 
BLANK 
RPD [P97629-02J 
MATRIX SPIKE 

SPIKE 

BLANK 

SRK CONSULTING 
Attention: Daniel Mackie 

Drfre11 bJ• s en •lce mu/ Science 
,,-,,~v.f\1nxx:r1n1nnnlytlc~.cnn1 

Client Project#: SRK JULY 26,2009 
P.O.#: 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number: VA939161 

Date 
Analyzed 

Parameter vvvv/mrn/dd Value Recoverv Units QC Limits 
Dissolved Chloride (Cl) 2009/07/29 87 % 80- 120 
Dissolved Chloride (Cl) 2009/07/29 105 % 80 • 120 
Dissolved Chloride (Cl) 2009/07/29 <0.5 mglL 
Dissolved Chloride (Cl) 2009107/29 0.5 % 20 
Dissolved Sulphate (S04) 2009107/29 117 % 75-125 
Dissolved Sulphate (504) 2009/07/29 100 % 80- 120 
Dissolved Sulphate (S04) 2009107129 <0.5 mgll 
Dissolved Sulphate (S04) 2009/07/29 2.0 % 20 
Dissolved Arsenic (As) 2009/07/31 104 % 80 • 120 
Dissolved Beryllium (Be) 2009107/31 104 % 80-120 
Dissolved Cadmium (Cd) 2009/07131 107 % 80-120 
Dissolved Chromium (Cr) 2009/07131 104 % 80 • 120 
Dissolved Cobalt (Co) 2009/07131 101 % 80 • 120 
Dissolved Copper (Cu) 2009/07/31 102 % 80 • 120 
Dissolved Lead (Pb) 2009/07/31 108 % 80 - 120 
Dissolved Lithium (LI) 2009107131 102 % 80- 120 
Dissolved Nickel (Ni) 2009/07131 NC % 80 - 120 
Dissolved Selenium (Se) 2009/07/31 107 % 80 • 120 
Dissolved Uranium (U) 2009/07131 114 % 80 • 120 
Dissolved Vanadium (V) 2009107/31 106 % 80 - 120 
Dissolved Zinc (Zn) 2009/07/31 NC % 80 - 120 
Dissolved Arsenic (As) 2009/07/31 95 % 80 - 120 
Dissolved Beryllium (Be) 2009/07131 94 % 80 • 120 
Dissolved Cadmium (Cd) 2009107131 94 % 80 • 120 
Dissolved Chromium (Cr) 2009/07/31 95 % 80- 120 
Dissolved Cobalt (Co) 2009107/31 94 % 80 • 120 
Dissolved Copper (Cu) 2009107/31 99 % 80- 120 
Dissolved Lead (Pb) 2009/07/31 100 % 80 - 120 
Dissolved Lithium (Li) 2009/07131 97 % 80 • 120 
Dissolved Nickel (NI) 2009/07131 93 % 80 • 120 
Dissolved Selenium (Se) 2009/07/31 98 % 80 • 120 
Dissolved Uranium (U) 2009/07/31 100 % 80 - 120 
Dissolved Vanadium (V) 2009/07/31 92 % 80 - 120 
Dissolved Zinc (Zn) 2009/07131 94 % 80 - 120 
Dissolved Aluminum (Al) 2009/07131 <0.2 ug/L 
Dissolved Antimony (Sb) 2009/07131 <0.02 ug/L 
Dissolved Arsenic (As) 2009/07/31 <0.02 UglL 
Dissolved Barium (Ba) 2009/07/31 <0.02 ug/L 
Dissolved Beryllium (Be) 2009/07131 <0.01 ug/L 
Dissolved Bismuth (Bi) 2009/07131 <0.005 ug/L 
Dissolved Boron (B) 2009107131 <50 ugll 
Dissolved Cadmium (Cd) 2009/07131 <0.005 ug/L 
Dissolved Chromium (Cr) 2009107/31 <0.1 ug/L 
Dissolved Cobalt (Co) 2009107/31 <0.005 ug/L 
Dissolved Copper (Cu) 2009/07131 <0.05 ug/L 
Dissolved Iron (Fe) 2009/07131 <1 ug/L 
Dissolved Lead (Pb) 2009/07/31 <0.005 ug/L 
Dissolved Lithium (Li) 2009/07/31 <0.5 ug/L 
Dissolved Manganese (Mn) 2009/07/31 <0.05 ug/L 
Dissolved Molybdenum (Mo) 2009/07/31 <0.05 ug/L 
Dissolved Nlckel (NI) 2009107131 <0.02 ug/L 
Dissolved Selenium (Se) 2009/07/31 <0.04 ug/L 
Dissolved Silicon (Si) 2009/07/31 <100 ug/L 
Dissolved Silver (Ag) 2009/07/31 <0.005 ug/L 
Dissolved Strontium (Sr) 2009/07/31 <0.05 ug/L 

Maxx.im An~lyUCi lntemaUonal CorporaUon o/a Maxxam Analytics Burnaby: esn Commerce Court VSA 4N5 Tetephone(604) 444"'1808 Fax(604) 444"'1511 
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QNQC 
Batch 
Num lnit 

3310759 AA1 

3310967 MM3 

3312726 MM3 

3312727 MM3 

3315592 AA1 

QC TVDf,I 

BLANK 

RPO 

SPIKE 
BLANK 

RPD [P97629-02] 

SPIKE 
BLANK 
RPD 
MATRIX SPIKE 
SPIKE 
BLANK 

RPO 
BLANK 

SRK CONSUL TING 
Attention: Daniel Mackie 
Client Project#: SRK JULY 26,2009 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA939161 

Date 
Analyzed 

Parameter vvw/mm/dd Value Recoverv Units 
Dissolved Thallium (Tl) 2009/07/31 <0.002 ug/L 
Dissolved Tin (Sn) 2009/07/31 <0.01 ug/L 
Dissolved Titanium (Tl) 2009/07/31 <0.5 ug/L 
Dissolved Uranium (U) 2009/07/31 <0.002 ug/L 
Dissolved Vanadium (V) 2009/07/31 <0.2 ug/L 
Dissolved Zinc (Zn) 2009/07/31 <0.1 ug/L 
Dissolved Zirconium (Zr) 2009/07/31 <0.1 ug/L 
Dissolved Aluminum (Al) 2009/07/31 1.8 % 
Dissolved Antimony (Sb) 2009/07/31 0.6 % 
Dissolved Arsenic (As) 2009/07/31 16.1 % 
Dissolved Barium (Ba) 2009/07/31 0.5 % 
Dissolved Beryllium (Be) 2009/07/31 NC % 
Dissolved Bismuth (Bi) 2009/07/31 NC % 
Dissolved Boron (B) 2009/07/31 NC % 
Dissolved Cadmium (Cd) 2009/07/31 2.9 % 
Dissolved Chromium (Cr) 2009/07/31 NC % 
Dissolved Cobalt (Co) 2009/07/31 1.3 % 
Dissolved Copper (Cu) 2009/07/31 5.1 % 
Dissolved Iron (Fe) 2009/07/31 NC % 
Dissolved Lead (Pb) 2009/07/31 0.4 % 
Dissolved Lithium (LI) 2009/07/31 NC % 
Dissolved Manganese (Mn) 2009/07/31 1.6 % 
Dissolved Molybdenum (Mo) 2009/07/31 2.7 % 
Dissolved Nickel (Ni) 2009/07/31 5.3 % 
Dissolved Selenium (Se) 2009/07/31 0.5 % 
Dissolved Silicon (Si) 2009/07/31 0.2 % 
Dissolved Sliver (Ag) 2009/07/31 NC % 
Dissolved Strontium (Sr) 2009/07/31 0.8 % 
Dissolved Thallium (Tl) 2009/07/31 5.1 % 
Dissolved Tin (Sn) 2009/07/31 NC % 
Dissolved Titanium (Ti) 2009/07/31 NC % 
Dissolved Uranium (U) 2009/07/31 0.5 % 
Dissolved Vanadium M 2009/07/31 NC % 
Dissolved Zinc (Zn) 2009/07/31 2.6 % 
Dissolved Zirconium (Zr) 2009/07/31 NC % 
Acidity (pH 8.3) 2009/07/29 96 % 
Acidity (pH 4.5) 2009/07/29 <0.5 mg/L 
Acidity (pH 8.3) 2009/07/29 0.8, RDL=0.5 mg/L 
Acidity (pH 4.5) 2009/07/29 NC % 
Acidity (pH 8.3) 2009/07/29 7.6 % 
Conductivity 2009/07/29 102 % 
Conductivity 2009/07/29 2, RDL• 1 uS/cm 
Conductivity 2009/07/29 NC % 
Alkalinity (Total as CaC03) 2009/07/29 NC % 
Alkalinity (Total as CaC03) 2009/07/29 100 % 
Alkalinity (Total as CaC03) 2009/07/29 <0.5 mg/L 
Alkalinity (PP as CaC03) 2009/07/29 <0.5 mg/L 
Bicarbonate (HC03) 2009/07/29 <0.6 mg/L 
Carbonate (C03) 2009/07/29 <0.5 mg/L 
Hydroxide (OH) 2009/07/29 <0.5 mg/L 
Alkalinity (Total as CaC03) 2009/07/29 NC % 
Dissolved Calcium (Ca) 2009/07/31 <0.05 mg/L 
Dissolved Magnesium (Mg) 2009/07/31 <0.05 mg/L 
Dissolved Potassium (K) 2009/07/31 <0.05 mg/L 
Dissolved Sodium (Na) 2009/07/31 <0.05 mg/L 

Maxi!3M /lli3lylic;,i; lnlom.ilional Corporatlon o/a Maxxam Analytle& Burnaby: 8577 Commerce Court V5A 4N5 Tel~phone{604) 444-4808 F~_x(G04) 444-4511 
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80 • 120 
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SRK CONSUL TING 
Attention: Daniel Mackie 

Drfre11 b.1• sen•ice a11cl Science I 

QA/QC 
Batch 

Client Project#: SRK JULY 26,2009 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA939161 

Date 
Analyzed 

Num lnit QC TvPe Parameter vvvv/mm/dd Value RecQverv Unlt.s QC Limits 
3315592 M1 BLANK Dissolved Sulphur (S) 2009/07/31 <3 mg/L 

RPD Dissolved Calcium (Ca) 2009/07/31 3.1 % 20 
Dissolved Magnesium (Mg) 2009/07/31 2.5 % 20 
Dissolved Potassium (K) 2009/07/31 0.4 % 20 
Dissolved Sodium (Na) 2009/07/31 NC % 20 
Dissolved Sulohur (S\ 2009/07/31 10.7 % 20 

Duplicate: Paired analysis Qf a separate portion of the same sample. Used to evaluate the variance in the measurement. 
Matrix Spike: A sample to which a known amount of the a.nalyte of Interest has been added. Used to evaluate sample mattix interference. 
Spiked Blank: A blank mattix to which a known amount of the analyte has been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination. 
NC (Matrix Spike): The recovery In the mattix spike was not calculated. The relative difference between the concentration In the parent sample and the 
spiked amount was not sumclently significant to permit a reliable recovery calculation. 
NC (RPD): The RPD was not calculated. The level of analyte detected In the parent sample and Its duplicate was not sufficiently significant to permit a 
reliable calculation. 
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Sample Integrity Form 

Invoice To: 
SRK CONSUL TING 
SRKCONSU-VAN 
ATIN: Daniel Mackie 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 
Client Contact: 
Daniel Mackie 

,- No discrepancies noted. 

L 
{ 

L 
r 
L 
L 
L 
u 

Report Comments 

Received Date: 2009/07/27 Time: 13:25 By: ;..;;..;;.;;;.;;... __ 
Inspected Date: Time: ____ By: 

SIF Created Date: Time: o:..co:....:.:.::....00:;__ __ By: 
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Maxxam Job #: 
Date Received: 
Your C.O.C. #: 
Your Project#: 
Maxxam Project Manager: 
Quote#: 
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A939161 
2009/07/27 
08302437 
SRK JULY 26,2009 
ASHLEY NIVISON 
A80211 



SRK CONSUL TING 

Drh·c11 by S'1rvic.: mid Scic11~;, r 
"'""''·•uaxxatt1attal}"tles.eou1 

Maxxam Job #:A941237 
Report Date: 2009/08/11 

Client Project#: KY001 .034 

Sampler lnlllals: MS 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam ID 012007 012008 012009 
!Sampling Date 2009/08/02 2009/08/03 2009/08/02 

18:30 12:15 17:00 
t:oc Number F130713 F130713 F130713 

Unlu. LCD.02 LCD_n~ , r.n-0s 

Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 3.2 5.1 1.5 

Dissolved Antimony (Sb) ug/L 0.08 0.14 0.02 

Dissolved Arsenic (As) ug/L 94.9 50.6 102 

Dissolved Barium (Ba) ug/L 36.7 40.3 51.7 

Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 

Dlssolved Bismuth (Bl) ug/L <0,005 0.006 0.009 

Dissolved Boron (B) ug/L <50 <50 <50 

Dissolved Cadmium (Cd) ug/L 0.062 0.123 0.056 

Dissolved Chromium (Cr) ug/L <0.1 <0.1 <0.1 

Dissolved Cobalt (Co) uglL 1.61 1.79 3.49 

Dissolved Copper (Cu) ug/L 0.16 0.34 0.15 

Dissolved Iron (Fe) ug/L 1780 1280 4830 

Dissolved Lead (Pb) ug/L 11.3 6.43 1.03 

Dissolved Lithium (Li) ug/L 11 .1 8.2 8.6 

Dissolved Manganese (Mn) ug/L 416 554 868 

Dissolved Molybdenum (Mo) ug/L 2.42 2.95 1.55 

Dissolved Nickel (Ni) ug/L 2.95 3.48 1.60 

Dissolved Selenium (Se) ug/L <0.04 <0.04 <0.04 

Dissolved SIiicon (SI) ug/L 7020 6450 7260 

Dissolved Silver (Ag) ug/L <0.005 <0.005 <0.005 

Dissolved Strontium (Sr) ug/L 808 736 633 

Dissolved Thallium (Tl) ug/L 0.025 0.041 0.014 

Dissolved Tin (Sn) ug/L O.D1 0.01 0.01 

Dissolved Titanium (Tl) ug/L <0.5 <0.5 0.6 

Dissolved Uranium (U) ug/L 7.07 8.77 2.21 

Dissolved Vanadium M ug/L <0.2 <0.2 <0.2 

Dissolved Zinc (Zn) ug/L 11 .5 5.0 H .9 

Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 

Dissolved Calcium (Ca) mg/L 137 127 129 

Dl&solved Magnesium (Mg) mg/L 36.1 34.9 33.1 

Dissolved Potassium (K) mg/L 3.09 2.86 2.14 

Dissolved Sodium (Na) mg/L 10.1 8.72 6.07 
.. 

RDL ., Reportable Detection Limit 
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Maxxam Job #: A941237 
Report Date: 2009/08/11 

DrJt,e11 b.t' a er1,Jcc! and ,S1. .. ie11ce 

SRK CONSUL TING 
Client Project#: KY001 .034 

Sampler Initials: MS 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam ID CJ12007 Ol2008 Q12009 
!Sampling Dale 2009/08!02 2009/08/03 2009/08/02 

18:30 12:15 17:00 
CCC Number F130713 F130713 F130713 

llnlts I !11.02 LCD-03 LCD-OB RDL CC Batch 

Dissolved Sulphur (S) lmg/L I 79 I 60 I 57 I a 1333a21a 

RDL = Reportable Detection Limit 
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Maxxam Job #: A941237 
Report Date: 2009/08/11 

Drh'c n by s .:r,•ic<: Qfld S cience 
"'"" ' '.h>a::i.:xan,attnly ncto.cottt 

SRK CONSUL TING 
Client Project#: KY001 .034 

Sampler Initials: MS 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam ID 012010 
Sampling Dale 2009/08/01 

22:45 
:::oc Number F130713 

Units VC2 RDL l(: BJltCh 

Dissolved Meta!& by ICPMS 

Dissolved Aluminum (Al) ug/L 3.9 0.2 3334703 

Dissolved Antimony (Sb) ug/L 2.05 0.02 3334703 
Dissolved Arsenic (As) ug/L 95.3 0.02 3334703 
Dissolved Barium (Ba) ug/L 61.4 0.02 3334703 

Dissolved Beryllium (Be) ug/L <0.01 0.01 3334703 

Dissolved Bismuth (Bl) ug/L <0.005 0.005 3334703 
Dissolved Boron (B) ug/L <50 50 3334703 

Dissolved Cadmium (Cd) ug/L 0.006 0.005 3334703 

Dissolved Chromium (Cr) ug/L <0.1 0.1 3334703 
Dlssolved Cobalt (Co) ug/L 0.857 0.005 3334703 

Dissolved Copper (Cu) ug/L 0.08 0,05 3334703 

Dissolved Iron (Fe) ug/L 674 1 3334703 

Dissolved Lead (Pb) ug/L 0.378 0.005 3334703 

Dissolved Lilhium (Li) ug/L 5.1 0.5 3334703 

Dissolved Manganese (Mn) ug/L 114 0.05 3334703 
Dissolved Molybdenum (Mo) ug/L 11 .5 0.05 3334703 

·--·· ·-· -·- .. -·- ... 

Dissolved Nickel (Ni) ug/L 0.94 0.02 3334703 

Dissolved Selenium (Se) ug/L <0.04 0.04 3334703 
Dissolved Silicon (SI) ug/L 6340 100 3334703 

Dissolved Silver (Ag) ug/L <0.005 0.005 3334703 

Dissolved Strontium (Sr) ug/L 674 0.05 3334703 
Dissolved Tha.lllum (Tl) ug/L 0.008 0.002 3334703 

Dissolved Tin (Sn) ug/L 0.03 0.01 3334703 

Dissolved Titanium (Tl) ug/L <0.5 0.5 3334703 
Dissolved Uranium (U) ug/L 5.56 0.002 3334703 

Dissolved Vanadium (V) ug/L <0.2 0.2 3334703 
Dissolved Zinc (Zn) ug/L 31.5 0.1 3334703 

Dissolved Zirconium (Zr) ug/L <0.1 0.1 3334703 

Dissolved Calcium (Ca) mg/L 58.1 0.05 3336276 

Dissolved Magnesium (Mg) mg/L 10.4 0.05 3336276 

Dissolved Potassium (K) mg/L 1.19 0.05 3336276 

Dissolved Sodium (Na) mg/L 5.43 0.05 3336276 

RDL "' Reportable Detection Limit 
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Maxxam Job #; A941237 
Report Date: 2009/08/11 

Drfrcu by .H:r·1·lc e mu/ Scll!ll <.'e 
\\' \V\\'ahliiX !!t:l\ tni\hll( )·rtc~.t;!Qlll 

SRK CONSUL TING 
Client Projet t #: KY001.034 

Sampler Initials: MS 

LOW LEVEL DISSOLVED METALS - WATER (WATER) 

Maxxam ID 012010 
Sampling Date 2009/08/01 

22:45 
Coe Numb~r F130713 

Units VC2 RO_L QC Batch --

Dissolved Sulphur (S) lmg/L I 12 I 3 l333s2, s 

RDL .. Reportable Detection Limit 

Page 11 of 17 
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Maxxam Job # : A941237 
Report Date: 2009/08/11 

SRK CONSULTING www. m~xi,;rm111nnJy 1·1c~.cnm I· 
Client Project#: KY001.034 

Drl1•e11 1>1• s en•lct! a11d SL·lotllL' t! 

sampler Initials: MS 

LOW LEVEL DISSOLVED METALS· WATER (WATER) Comments 

Sample Q12005-03 Elements by ICPMS Low Level (dissolved): RDL raised due to sample matrix interference. 

Results relate onlv to the Items tested. 
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aA/QC 
Batch 
Num In.II 

3332348 ALB 

3332351 ALB 

3332702 TW2 

3333320 ALB 

3334703 JCB 

I 
L 

r I 

LJ 

QC Tvoe 
Spiked Blank 
Method Blank 
RPD 
Matrix Spike 
Spiked Blank 
Method Blank 

RPO 

Matrix Spike 
Spiked Blank 
Method Blank 
RPD 
Spiked Blank 
Method Blank 

RPD 

Matrix Spike 

Spiked Blank 

Method Blank 

w,"nv,tnnxxn1ununlytlc!>.co1u 

SRK CONSUL TING 
Attention: DYLAN McGREGOR 
Client Project#; KY001.034 
P.O . #: 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number: VA941237 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv 
Conductivity 2009/08/07 101 
Conductivity 2009/08/07 <1 
Conductivity 2009108/07 0.1 
Alkalinity (Total as CaC03) 2009/08/08 NC 
Alkalinity (Total as CaC03) 2009/08/08 99 
Alkalinity (Total as CaC03) 2009/08/08 <0.6 
Alkalinity (PP as CaC03) 2009/08/08 <0.5 
Bicarbonate (HC03) 2009/08/08 <0.5 
Carbonate (C03) 2009/08/08 <0.5 
Hydroxide (OH) 2009/08/08 <0.5 
Alkalinity (Total as CaC03) 2009/08/08 0.7 
Alkalinity (PP as CaC03) 2009/08/08 15.8 
Bicarbona.le (HC03) 2009/08/08 0.1 
Carbonate (C03) 2009/08/08 15.8 
Hydroxide (OH) 2009108/08 NC 
Total Suspended Solids 2009/08/08 106 
Total Suspended Solids 2009/08/08 103 
Total Suspended Solids 2009/08/08 <4 
Total Suspended Solids 2009/08/08 10.8 
Acidity (pH 8.3) 2009/08/08 100 
Acidity (pH 4.5) 2009/08/08 <0.5 
Acidity (pH 8.3) 2009/08/08 <0.5 
Acidity (pH 4.5) 2009/08/08 NC 
Acidity (pH 8.3) 2009/08/08 NC 
Dissolved Arsenic (As) 2009/08/10 98 
Dissolved Beryllium (Be) 2009/08/10 100 
Dissolved Cadmium (Cd) 2009/08/10 103 
Dissolved Chromium (Cr) 2009/08110 98 
Dissolved Cobalt (Co) 2009/08/10 93 
Dissolved Copper (Cu) 2009/08/10 93 
Dissolved Lead (Pb) 2009/08/10 97 
Dissolved Lithium (LI) 2009/08/10 102 
Dissolved Nickel (NI) 2009/08/10 91 
Dissolved Selenium (Sa) 2009/08/10 102 
Dissolved Uranium (U) 2009108110 103 
Dissolved Vanadium M 2009/08/10 98 
Dissolved Zinc (Zn) 2009/08/10 100 
Dissolved Arsenic (As) 2009/08/10 97 
Dissolved Beryllium (Be) 2009/08/10 97 
Dissolved Cadmium (Cd) 2009/08/10 99 
Dissolved Chromium (Cr) 2009/08/10 99 
Dissolved Cobalt (Co) 2009/08110 96 
Dissolved Copper (Cu) 2009/08/10 100 
Dissolved Lead (Pb) 2009/08/10 100 
Dissolved Lithium (LI) 2009/08/10 99 
Dissolved Nickel (NI) 2009/08/10 97 
Dissolved Selenium (Se) 2009/08/10 97 
Dissolved Uranium (U) 2009/08/10 103 
Dissolved Vanadium M 2009/08110 96 
Dissolved Zinc (Zn) 2009/08/10 98 
Dissolved Aluminum (Al) 2009/08/10 <0.2 
Dissolved Antimony (Sb) 2009/08/10 <0.02 
Dissolved Arsenic (As) 2009/08/10 <0.02 
Dissolved Barium (Ba) 2009/08/10 <0.02 
Dissolved Beryllium (Be) 2009/08/10 <0.01 

Units QC Limits 
% 80 - 120 

uS/cm 
% 20 
% 80-120 
% 80- 120 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 20 
% 20 
% 20 
% 20 
% 20 
% NIA 
% N/A 

mg/L 
% 26 
o/o 80 - 120 

mg/L 
mg/L 

% 20 
% 20 
% 80 - 120 
% 80 • 120 
% 80-120 
% 80-120 
% 80-120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80- 120 
% 80-120 
% 80-120 
% 80- 120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80- 120 
% 80- 120 
% 80-120 
% 80-120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80-120 
% 80-120 
% 80-120 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

M~~ An~lyUG$ lntom;itiol1ill Col'J'Qr.1Uon o/i MiW<am An~lytjG$ Burnaby; 8577 Commerce Court V5A 4N5 Telepllone(60<I) 444-4808 Fax(604) 444-4511 
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QA/QC 
Batch 
Num lnit 

3334703 JCS 

3336276 JCS 

3336837 BB3 

QC Tvoe 
Method Blank 

RPO 

Method Blank 

RPO 
Matrix Spike 
Spiked Blank 

Drlt•e11 b,1• s en•lct! a n d Sclt:11<·e 

SRK CONSULTING 
Attention: DYLAN McGREGOR 
Client Project#: KY001 ,034 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number. VA941237 

Date 
Anal)'?ed 

Parameter vvvv/mm/dd Value Recoverv 
Dissolved Bismuth (Bl) 2009/08/10 <0.005 
Dissolved Boron (B) 2009/08/10 <50 
Dlssolved Cadmium (Cd) 2009/08/10 <0.005 
Dissolved Chromium (Cr) 2009/08/10 <0.1 
Dissolved Cobalt (Co) 2009/08/10 <0.005 
Dissolved Copper (Cu) 2009/08/10 <0.05 
Dissolved Iron (Fe) 2009/08/10 <1 
Dlssolved Lead (Pb) 2009/08/10 0.007, RDLa0.006 
Dlssolved Lithium (Li) 2009/08/10 <0.6 
Dissolved Manganese (Mn) 2009/08/10 <0.05 
Dissolved Molybdenum (Mo) 2009/08/10 <0.05 
Dissolved Nickel (NI) 2009/08/10 <0.02 
Dissolved Selenium (Se) 2009/08/10 <0.04 
Dlssolved Silicon (SI) 2009/08/10 <100 
Dissolved Silver (Ag) 2009/08/10 <0.005 
Dissolved Strontium (Sr) 2009/08/10 <0.05 
Dissolved Thallium (Tl) 2009/08/10 <0.002 
Dissolved Tin (Sn) 2009/08/10 <0.01 
Dlssolved Titanium (Tl) 2009/08/10 <0.6 
Dissolved Uranium (U) 2009/08/10 <0.002 
Dissolved Vanadium M 2009/08/10 <0.2 
Dissolved Zinc (Zn) 2009/08/1 0 <0.1 
Dissolved Zirconium (Zr) 2009/08/10 <0.1 
Dissolved Alumlnum (Al) 2009/08/10 6.0 
Dissolved Antimony (Sb) 2009/08/10 5.8 
Dissolved Arsenic (As) 2009/08/10 4.4 
Dissolved Barium (Ba) 2009/08/10 0.3 
Dissolved Beryllium (Be) 2009/08/10 NC 
Dissolved Bismuth (Bl) 2009/08/10 NC 
Dissolved Boron (B) 2009/08/10 NC 
Dissolved Cadmium (Cd) 2009/08/10 NC 
Dissolved Chromium (Cr) 2009/08/10 NC 
Dissolved Cobalt (Co) 2009/08/10 NC 
Dissolved Copper (Cu) 2009/08/10 NC 
Dissolved Lead (Pb) 2009/08/10 NC 
Dissolved Lithium (LI) 2009/08/10 0.2 
Dissolved Manganese (Mn) 2009/08/10 9.0 
Dissolved Molybdenum (Mo) 2009/08/10 0.7 
Dissolved Nickel (Ni) 2009/08/10 NC 
Dissolved Selenium (Se) 2009/08/10 NC 
Dissolved Sliver (Ag) 2009/08/10 NC 
Dissolved Strontium (Sr) 2009/08/10 0.9 
Dlssolved Thallium (Tl) 2009/08/10 NC 
Dissolved nn (Sn) 2009/08/10 NC 
Dissolved Uranium (U) 2009/08/10 0.6 
Dissolved Vanadium M 2009/08/10 NC 
Dissolved Zinc (Zn) 2009/08/10 NC 
Dissolved Calclum (Ca) 2009/08/10 <0.05 
Dlssolved Magnesium (Mg) 2009/08/10 <0.05 
Dissolved Potassium (K) 2009/08/10 <0.05 
Dissolved Sodium (Na) 2009/08/10 <0.05 
Dissolved Sulphur (S) 2009/08/10 <3 
Dissolved Magnesium (Mg) 2009/08/10 2.2 
Dissolved Chloride (Cl) 2009/08/10 NC 
Dissolved Chloride (Cl) 2009/08/10 98 

Units QC Limits 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
Ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 20 
o/o 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
% 20 
o/o 20 
o/o 20 
% 20 
% 20 
% 20 
% 20 
o/o 20 
o/o 20 
% 20 
% 20 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 20 
% 80 • 120 
% 80 • 120 

Maxxam Analytli;:i; lntematlonal Corporation o/a M;ixx;im An~lylios Bvrn~by: 8577 CQrnmorc.e Court V6A 4N5 Tl!laphon0(604) 4«.,1808 Fax(604) 444-4511 
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QA/QC 
Batch 
Num lnlt QC Tvoe 

3336837 883 Method Blank 
RPO 

3336845 BB3 Matrix Spike 
Spiked Blank 
Method Blank 
RPO 

SRK CONSUL TING 
Attention: DYLAN McGREGOR 
Client Project#; KY001.034 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA941237 

Date 
Analyzed 

Parameter ww/mmldd Value Recoverv 
Dfssolved Chloride (Cl) 2009108110 <0.5 
Dissolved Chloride (Cl) 2009/08/10 2.6 
Dissolved Sulphate (S04) 2009/08/10 NC 
Dissolved Sulphate (S04) 2009/08/10 91 
Dissolved Sulphate (S04) 2009/08/10 0.9. RDL110.6 
Dissolved Sulohate lS04) 2009/08110 21.5 {1) 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance In the measurement. 

Units 
mg/L 

% 
% 
% 

mg/L 
% 

Matrix Spike: A sample to which a known amount of the analyte of Interest has been added. Used to evaluate sample matrix Interference. 
Spiked Blank; A blank matrix to which a known amount of the analyle has been added. Used to evaluate analyte recovery. 
Method Blank; A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination. 

QC Umits 

20 
75 • 125 
80 • 120 

20 

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the 
spiked amount was not sufficiently significant to permit a reliable recovery calculation. 
NC (RPD): The RPO was not calculated. The level of analyte detected In the parent sample and Its duplicate was not sufficiently slgnlflcant to pennlt a 
reliable calculation. 
( 1 } Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria . 

Mll>OO!m Analylic, lntemational Corporation o/a Maxxam Analytics Burnaby: 8577 commerce Court V6A 4N5 Telepnone(604) 444-4808 Fax(604) 444-4511 
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Sample Integrity Form 

Invoice To: 
SRK CONSUL TING 
SRKCONSUNAN 
ATIN: DYLAN McGREGOR 
SUITE 2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 
Client Contact: 
DYLAN McGREGOR 

No discrepancies noted. 

Report Comments 

Received Date: 2009/08/0S Time: 1 .... 4""'":1-'-0 _____ By: 

Inspected Date: Time: ---- By: 

SIF Created Date: Time: 00:00 By: ---- -;..;;.;.;;;.;;... __ 

Page 16 of 17 

Maxxam Job #: 
Date Received: 
Your c.o.c. # : 
Your Project#: 
Maxxam Project Manager: 
Quote#: 

Dri•·c11 l>y :r,:n•ic,: mul S ci"11ce 
WW"'.U1flXXfllU flllflll"Tlcs.con, 

A941237 
2009/08/05 
F130713 
KY001 .034 
ASHLEY NIVISON 
A80211 
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ww·w .mnxxn1un110l)'t'lc~.com 

Attention; DYLAN McGREGOR 
SRK CONSUL TING 
SRKCONSU-VAN 
SUITE 2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 

Your Project#: 1CY001.034 
YourC.O.C. #: F130715 

Report Date: 2009/08/11 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A941238 
Received: 2009/08/05, 14:10 

Sample Matrix: Water 
# Samples Received: 3 

Analyses 
Acidity pH 4.5 & pH 8.3 ~ 
Alkalinity • Water 
Chloride by Automated Colourlmetry 
Conductance • water 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (dlss.) 
Elements by CRC ICPMS (dissolved) () 
Filler and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourlmetry 
Total Suspended Sollds 

Quanlltv 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Date 
Extracted 
NIA 
2009/08107 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Date 
Analyzed Laboratory Method 
2009108/08 BRN SOP-00281 R3.0 
2009/08/08 BRN SOP-00264 R4.0 
2009108/10 BRN-SOP 00234 R3.0 
2009108/08 BRN SOP-00264 R2.0 
2009108111 
2009108/10 BRN SOP-00206 R7.0 
2009108110 BRN SOP-00206 R7.0 
2009108107 BRN Wl-00006 R 1.0 
2009/08/08 BRN SOP-00264 R4.0 
2009/08/10 BRN-SOP 00243 R1 .0 
2009108108 BRN SOP-00277 R5.0 

• RPOs calculated using raw data. The rounding of final results may result in the apparent difference. 

(1) SCCICAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nivison@maxxamanalytics.com 
Phone# (604) 444-4808 

•-----a•--------••e------a•~--~----.. e.=------=•~--~ --=••e--~--=•a 

Analytical Method 
Based on SM-2310 
Based on SM2320B 
Based on EPA 325.2 
Based on SM-2510B 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
Based on SM - 2540 D 

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required ;;signatories", as per section 
5.10.2 of 1$0/IEC 17025:2005{E), signing the reports. SCC and CALA have approved this reporting process and electronic report format. 

Total cover pages: 1 

lol<gam AnolytlOI lotomo~onal C0<po111.., o/1 Muxam Anlli,i<o Oumaby: 8577 Coornnt(ce Court V5A 4N~ Tt lephone(604) •U+-4001 l'a,(604) 44+-4$11 
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SRK CONSUL TING 
Maxxam Job #; A941238 
Report Date: 2009/08/11 

Client Project#: 1CY001.034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxarn!D 012013 012014 
~ampllng Dale 2009/08/01 2009/08/02 

09:15 13:15 
COC Number F130715 F130715 

Units VC1 RDL GS1A RDL 
··- -

Misc. lnorganlcs 

!Acidity (pH 4.5) mg/L <0.5 0.5 <0.5 0.5 

IAcldlty (pH 8.3) mg/L 0.6 0.6 13.9 0.5 

Preparation 

Filler end HN03 Preservation NIA FIELD NIA FIELD NIA 

Misc. lnorganlcs 

Alkalinity (Total as CaC03) mg/L 140 0.5 190 0.5 

Alkalinity (PP as CaC03) mg/L <0.5 0.5 <0.5 0.5 

Bicarbonate (HC03) mg/L 170 0.5 230 0.5 

Carbonate (C03) mg/L <0.5 0.5 <0.5 0.6 

Hydroxide (OH) mg/L <0.5 0.5 <0.5 0.5 

Anions 

Dissolved Sulphate (S04) mg/L 83 0.5 450 5 

Dissolved Chloride (Cl) mg/L <0.5 0.5 3.7 0.5 

Physical Proportlos 

Conductivity uS/cm 450 1 1200 1 

pH pH Units 8.2 8.0 

Physical Properties 

Total Suspended Solids mg/L 590 4 240 4 

RDL = Reportable Detection Limit 
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Maxxam Job #: A941238 
Report Date: 2009/08/11 

wn•w .wnx:i.'.nht ,\n lllyttc~.,;,0111 

SRK CONSUL TING 
Client Project #: 1 CY001 .034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID Q12015 
!Sampling Dale 2009/08/01 

16:00 
~oc Number F130715 

Units GS1B RDL oc·R .. 1,-h 
.. ~~ 

Misc. Inorganic& 

lA.cidity (pH 4.5) mg/L <0.5 0.5 3333320 

lAcldlty (pH 8.3) mg/L 22.1 0.5 3333320 

Preparation 

Filler and HN03 Preservation NIA FIELD NIA ONSITE 

Misc. Inorganic& 

~lkalinity (Total as CaC03) mg/L 230 0.5 3332351 

lAlkalinlty (PP as CaC03) mg/L <0.5 0.5 3332361 

Bicarbonate (HC03) mg/L 290 0.5 3332351 

Carbonate (C03) mg/L <0.5 0.5 3332351 

Hydroxide (OH) mg/L <0.5 0.5 3332361 

!Anions 

Dissolved Sulphate (S04) mg/L 410 5 3336845 

Dissolved Chloride (Cl) mg/L 0.7 0.5 3336837 

Physical Properties 

Conductivity uS/cm 1200 1 3332348 

pH pH Units 7.9 3332333 

Physical Properties 

Total Suspended Solids mg/L 110 4 3332702 

RDL • Reportable Detection Limit 
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Maxxam Job #: A941238 
Report Date: 2009/08/11 

D r l1·e11 b)• l!ic!f"l'lcc! <111</ S c lc!llce 

SRK CONSUL TING 
Client Project#; 1 CY001 .034 

Sampler Initials: MS 

CSR DISSOLVED METALS-WATER (WATER) 

Maxxam ID 012013 Q120i4 012015 
Sampling Date 2009/08/01 2009/08/02 2009/08/01 

09:15 13:16 16:00 
coc Number F130715 F130715 F130715 

Units VC1 GS1A GS1B RDL ac Batch 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 169 584 621 0.5 3329959 

Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 6 <3 <3 3 3332853 

Dissolved Antimony (Sb) ug/L <0.5 2.7 21.3 0.5 3332853 

Dissolved Arsenic (As) ug/L 6.8 546 158 0.1 3332853 

Dissolved Barium (Ba) ug/L 18 72 21 1 3332853 

Dissolved Beryllium (Be) ug/L <0.1 <0.1 <0.1 0.1 3332853 

Dissolved Bismuth (Bi) ug/L <1 <1 <1 1 3332853 

Dissolved Boron (B) ug/L <50 <50 <50 50 3332853 

Dlssolved Cadmium (Cd) ug/L <0.01 0.05 0.26 0,01 3332853 

Dissolved Chromium (Cr) ug/L <1 <1 <1 1 3332853 

Dlssolved Cobalt (Co) ug/L <0.5 1.7 40.1 0.5 3332853 

Dissolved Copper (Cu) ug/L 3.4 0.5 0.4 0.2 3332853 
.. 

Dissolved Iron (Fe) ug/L 23 996 2230 5 3332853 

Dissolved Lead (Pb) ug/L <0.2 0.2 0.6 0.2 3332853 

Dissolved Lithium (LI) ug/L 6 9 9 5 3332853 

Dissolved Manganese (Mn) ug/L 19 265 1380 1 3332853 

Dissolved Mercury (Hg) ug/L <0.02 <0.02 <0.02 0.02 3332853 

Dissolved Molybdenum (Mo) ug/L 2 5 5 1 3332853 

Dissolved Nickel (Ni) ug/L <1 8 141 1 3332853 

Dissolved Selenium (Se) ug/L <0.1 <0.1 <0.1 0.1 3332853 

Dissolved Silicon (SI) ug/L 6230 6030 2000 100 3332863 

Dissolved Silver (Ag) ug/L <0.02 <0.02 <0.02 0.02 3332853 

Dissolved Strontium (Sr) ug/L 675 1430 589 1 3332853 

Dissolved Thallium (Tl) ug/L <0.05 <0.05 0.65 0.05 3332853 

Dissolved Tin (Sn) ug/L <5 <5 <5 5 3332853 
Dissolved Titanium (Ti) ug/L <5 8 6 5 3332853 

Dissolved Uranium (U) ug/L 7.9 3.9 15.8 0.1 3332853 

Dissolved Vanadium M ug/L <5 <5 <5 5 3332853 
Dissolved Zinc (Zn) ug/L 9 56 4360 5 3332853 

Dissolved Zirconium (Zt) ug/L <0.5 <0.5 <0.5 0.5 3332853 

Dissolved Calcium (Ca) mg/L 51 .5 149 155 0.05 3335899 

RDL - Reportable Detection Limit 
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Maxxam Job #; A941238 
Report Date: 2009/08/11 

D r ll'c!II b,)' sen•i ce a ,111 S ,:ie11t.·l! 

SRK CONSUL TING 
Client Project#: 1CY001.034 

Sampler Initials; MS 

CSR DISSOLVED METALS ~ WATER (WATER) 

Maxxam ID Q12013 Q12014 Q12016 
Sampling Dale 2009/08/01 2009/08/02 2009/08101 

09:15 13:15 16:00 
Coe Number F130715 F130715 F130715 

Units VC1 GS1A GS1B RDL CC Batch 

Dissolved Magnesium (Mg) mgll 9.72 51.7 56.6 0.05 3335899 

Dl&solved Potassium (K) mgtL 1.13 2.15 3.77 0.05 3335899 

Dissolved SOdium (Na) mgtL 24.7 34.6 11 .6 0.06 3336899 

Dissolved Sulphur (S) mgll 34 175 165 3 3335899 

RDL ., Reportable Deleclion Limit 
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Maxxam Job #: A941238 
Report Date: 2009/08/11 

Results rolato onlv to tho Items tested. 

General Comments 
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SRK CONSUL TING 

Drit·,:11 by -'f(.rr,•icc flflll $t;iCll (;C r 
"'""''.tuaxxon1nnnlytlcs.con1 I 

Client Project#: 1 CY001.034 

Sampler Initials: MS 
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QA/QC 
Balch 
Num lnit 

3332348 AL8 

3332351 ALB 

3332702 TW2 

3332853 JT3 

'''W"\v.u1nxxn1unnalytlcs.co1u 

QC Tvoe 
Spiked Blank 
Method Blank 
RPD 
Matrix Spike 
Spiked Blank 
Method Blank 

RPD 

Matrix Spike 
Spiked Blank 
Method Blank 
RPO 
Matrix Spike 

Spiked Blank 

Method Blank 

SRK CONSUL TING 
Attention: DYLAN McGREGOR 
Client Project#; 1CY001.034 
P.O. #: 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number: VA941238 

Dale 
Analyzed 

Parameter vvvv/mmldd Value Recoverv 
Conductivity 2009108107 101 
Conductivity 2009/08/07 <1 
Conductivity 2009/08(07 0.1 
Alkalinity (Total as CaC03) 2009108{08 NC 
Alkalinity (Total as CaC03) 2009108{08 99 
Alkalinity (Total as CaC03) 2009108{08 <0.6 
Alkalinlty (PP as CaC03) 2009108{08 <0.5 
Bicarbonate (HC03) 2009/08/08 <0.5 
Carbonate (C03) 2009/08/08 <0.5 
Hydroxide {OH) 2009/08108 <0.5 
Aikalinity (Total as CaC03) 2009108{08 0.7 
Alkalinity (PP as CaC03) 2009108{08 15.8 
Bicarbonate (HC03) 2009108{08 0.1 
Carbonate (C03) 2009/08/08 15.8 
Hydroxide {OH) 2009108108 NC 
Total Suspended Solids 2009108,08 106 
Total Suspended Solids 2009108{08 103 
Total Suspended Solids 2009108{08 <4 
Total Suspended Solids 2009/08108 10.8 
Dissolved Arsenic (As) 2009/08/10 99 
Dissolved Beryllium (Be) 2009/08/10 101 
Dissolved Cadmium (Cd) 2009108/10 102 
Dissolved Chromium {Cr) 2009108{10 96 
Dissolved Cobalt (Co) 2009,08{10 91 
Dissolved Copper (Cu) 2009108{10 90 
Dissolved Lead (Pb) 2009108/10 95 
Dissolved Lithium (LI) 2009/08/10 NC 
Dissolved Nickel (Ni) 2009108110 89 
Dissolved Selenium (Se) 2009108{10 100 
Dissolved Uranium (U) 2009108{10 103 
Dissolved Vanadium M 2009108{10 97 
Dissolved Zinc (Zn) 2009/08110 94 
Dissolved Arsenic (As) 2009/08/10 98 
Dissolved Beryllium (Be) 2009/08/10 104 
Dissolved Cadmium {Cd) 2009108110 102 
Dissolved Chromium {Cr) 2009108{10 99 
Dissolved Cobalt (Co) 2009108{10 97 
Dissolved Copper (Cu) 2009108{10 99 
Dissolved Lead (Pb) 2009108110 104 
Dissolved Lithium (LI) 2009/08/10 102 
Dissolved Nickel {NI) 2009108110 96 
Dissolved Selenium (Se) 2009108/10 100 
Dissolved Uranium (U) 2009108{10 106 
Dissolved Vanadium M 2009108{10 101 
Dissolved Zinc (zn) 2009108110 100 
Dissolved Aluminum (Al) 2009108{10 <3 
Dissolved Antimony (Sb) 2009/08/10 <0.5 
Dissolved Arsenic (As) 2009/08/10 <0.1 
Dissolved Barium (Ba) 2009/08/10 <1 
Dissolved Berylflum (Be) 2009108/10 <0.1 
Dissolved Bismuth (Bi) 2009,08{10 <1 
Dissolved Boron {B) 2009108{10 <50 
Dissolved Cadmium (Cd) 2009108{10 <0.01 
Dissolved Chromium (Cr) 2009108110 <1 
Dlssolved Caba.It (Co) 2009/08/10 <0.5 

Units 
% 

uS/cm 
% 
% 
% 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 
% 
% 
% 
% 
% 
% 

mg!L 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

ug!L 
ug/L 
ug/L 
ugfl 
ugfl 
ugfl 
ug/L 
ug!L 
ug!L 
ug/L 

Maxxam Analytlca lntematlonal Corporation o/a Maxxam Analytlca Burnaby: esn Commerce Court V5A 4N5 Telepllone(604) 444-<1808 Fax{604) 44<H511 
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QC Limits 
80 • 120 

20 
80 - 120 
80- 120 

20 
20 
20 
20 
20 

N/A 
NIA 

25 
80 - 120 
80 -120 
80 - 120 
80 • 120 
80 • 120 
80 • 120 
80 • 120 
80- 120 
80 - 120 
80 • 120 
80 • 120 
80 • 120 
80 • 120 
80 -120 
80 -120 
80 - 120 
80 - 120 
80 • 120 
80 • 120 
80 • 120 
80-120 
80 -120 
80-120 
80 • 120 
80 • 120 
80 • 120 
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QA/QC 
Batch 
Num lnlt QC TVPe 

3332853 JT3 Method Biank 

RPD 

3333320 AL8 Spiked Blank 
Method Blank 

RPD [012015-02] 

3335899 JT3 Method Blank 

RPD 

3336837 883 Matrix Spike 
Spiked Blank 
Method Blank 
RPD 

3336845 BB3 Matrix Spike 
Spiked Blank 
Method Blank 
RPD 

SRK CONSUL TING 
Attention: DYLAN McGREGOR 
Client Project#: 1CY001.034 
P.O.#: 
Site Reference: 

Quality Assurance Report (Continued) 
Ma.)(xam Job Number: VA941238 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv 
Dissolved Copper (Cu) 2009/08/10 <0.2 
Dissolved Iron (Fe) 2009/08/10 <5 
Dissolved Lead (Pb) 2009/08/10 <0.2 
Dissolved Lithium (Li) 2009/08/10 <5 
Dissolved Manganese (Mn) 2009/08/10 <1 
Dissolved Mercury (Hg) 2009/08/1 0 <0.02 
Dissolved Molybdenum (Mo) 2009/08/10 <1 
Dissolved Nickel (NI) 2009/08/10 <1 
Dissolved Selenium (Se) 2009/08/10 <0.1 
Dissolved Silicon (Si) 2009/08/10 <100 
Dissolved Silver (Ag) 2009/08/10 <0.02 
Dissolved Strontium (Sr) 2009/08/10 <1 
Dissolved Thallium (Tl) 2009/08/10 <0.05 
Dissolved Tln (Sn) 2009/08/10 <5 
Dissolved Titanium (Ti) 2009/08/10 <5 
Dissolved Uranium (U) 2009/08/10 <0.1 
Dissolved Vanadium M 2009/08/10 <5 
Dissolved Zinc (Zn) 2009/08/10 <5 
Dissolved Zirconium (Zr) 2009/08/10 <0.5 
Dissolved Iron (Fe) 2009/08/10 0.5 
Dissolved Manganese (Mn) 2009/08/10 0.7 
Acidity (pH 8.3) 2009/08/08 100 
Acidity (pH 4.5) 2009/08/08 <0.5 
Acidity (pH 8.3) 2009/08/08 <0.5 
Acidity (pH 4.5) 2009/08/08 NC 
Acidity (pH 8.3) 2009/08/08 11.7 
Dissolved Calcium (Ca) 2009/08/10 <0.05 
Dissolved Magnesium (Mg) 2009/08/10 <0.05 
Dissolved Potassium (K) 2009/08/10 <0.05 
Dissolved Sodium (Na) 2009/08/10 <0.05 
Dissolved Sulphur (S) 2009/08/10 <3 
Dissolved Calcium (Ca) 2009/08/10 0.9 
Dissolved Magnesium (Mg) 2009/08/10 2.2 
Dissolved Potassium (K) 2009/08/10 1.1 
Dissolved Sodium (Na) 2009/08/10 2.4 
Dissolved Chloride (Cl) 2009/08/10 NC 
Dissolved Chloride (Cl) 2009/08/10 98 
Dissolved Chloride (Cl) 2009/08/10 <0.5 
Dissolved Chloride (Cl) 2009/08/10 2.6 
Dissolved Sulphate (S04) 2009/08/10 NC 
Dissolved Sulphate (S04) 2009/08/10 91 
Dissolved Sulphate (S04) 2009/08/10 0.9, RDL• 0.5 
Dissolved Sulohate /S041 2009/08/10 21.5 (1) 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance In the measurement. 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
% 
% 
% 

mg/L 
mg/L 

% 
% 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 
% 
% 
% 
% 
% 

mg/L 
% 
% 
% 

mg/L 
% 

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix Interference. 
Spiked Blank: A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used In the analytical procedure. Used to identify laboratory contamination. 

QC Limits 

20 
20 

80 - 120 

20 
20 

20 
20 
20 
20 

80 • 120 
80 - 120 

20 
75 - 125 
80 • 120 

20 

NC (Matrix Spike): The recovery in the matrix spike was not calculated, The relaUve difference between the concentration in the parent sample and the 
spiked amount was not sufficiently significant to permit a reliable recovery calculallon. 
NC (RPD): The RPD was not calculated. The level of analyte detected in the parent sample and Its duplicate was not sufficiently significant to permit a 
reliable calculation. 
( 1 ) Recovery or RPO for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria. 

Maxxam Analytics lntemauonel Corporation o/e Maxxam Analytics Burnaby: B5n Comml!fce court VSA 4N6 Telepi,one(604) '!4+'1808 Fax(604) ~511 
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Sample lntegrjty Form 

Invoice To: 
SRKCONSULTING 
SRKCONSU-VAN 
ATTN: DYLAN McGREGOR 
SUITE 2200 
1066 W. HASTINGS ST. 
VANCOUVER. BC 
Canada V6E 3X2 
Client Contact: 
DYLAN McGREGOR 

No discrepancies noted. 

l;!eport Comments 

Received Date: 2009/08/05 Time: 1_4_:1_0 ___ By: 

Inspected Date: Time: ____ By: 

SIF created Date: Time: o_o_:o_o ___ By: 
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Maxxam Job #: 
Date Received: 
Your C.O.C. #: 
Your Project#: 
Maxxam Project Manager; 
Quote#: 

Drll•e 11 b,1· ser.•lce 0111/ sc:;,,,,c,, 
wn,~·. m n ;<.xn n u •n nlyt h :,;,co1n 

A941238 
2009/08/05 
F130715 
1CY001.034 
ASHLEY NIVISON 
A80211 
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Ma~"';!,T, 
COMPANY NAME: 

esn Commerce Court 
Burnaby, BC VSA 4N5 
www.maxxamana¥ics.com 

Phone: (604) ~ 
Fax: (604) 444-4511 

Toll F,ee: 1-800-440-4808 
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Drit•e11 by !.en•ic e u11c/ S'cie11ce 

""'"'".lURX.~RIU8 DRlytlc~.COHI 

Attention: DYLAN McGREGOR 
SRK CONSUL TING 
SRKCONSU-VAN 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 

Your Project#: 1CY001.034 
YourC.O.C.#:F130716 

Report Date: 2009/08/18 

CERTIFICATE OF ANALYSIS 

rt!A~~~M JQB #: A942495 
Received: 2009/08/12, 08:40 

Sample Matrix: Water 
# Samples Received: 4 

Anal:i_ses __ . 
Acidity pH 4.5 & pH 8.3 ct 
Alkalinity - Water 
Chloride by Automated Colourimelry 
Chloride by Automated Colourimetry 
Conductance • water 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (dlss.) 
Elements by CRC ICPMS (dissolved) () 
FIiter and HN03 Preserve for Metals 
pH Waler 
Sulphate by Automated Colourimetry 
Sulphate by Automated Colourimetry 
Total Suspended Solids 

Q1,1anUty 
4 
4 
3 
1 
4 
4 
4 
4 
4 
4 
3 
1 
4 

Date Dale 
_Extracted Analyzed Laboratory Method . 
NIA 2009108116 6RN SOP-00281 R3.0 
2009108114 2009/08/14 BRN SOP-00264 R4.0 
NIA 2009/08/14 BRN-SOP 00234 R3.0 
N/A 2009/08/15 BRN-SOP 00234 R3.0 
NIA 2009108114 BRN S0P•00264 R2.0 
NIA 2009108117 
NIA 2009108116 BRN SOP-00206 R7.0 
NIA 2009108/15 BRN SOP-00206 R7.0 
NIA 2009/08/13 BRN Wl-00006 R1 .0 
NIA 2009/08/14 BRN SOP-00264 R4.0 
N/A 2009108114 BRN-SOP 00243 R1 .0 
NIA 2009108115 BRN-SOP 00243 R1 .0 
NIA 2009108114 BRN SOP-00277 R5.0 

• RPDs calc1,1lated using raw data. The rounding of final results may result in the apparent difference. 

(1) SCC!CAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Eh1ail: ashley.nlvison@max.xamanalytlcs.com 
Phone#(604)444-4808 

A_nalytical Method . 
Based on SM-2310 
Based on SM2320B 
Based on EPA 325.2 
Based on EPA 325.2 
Based on SM-261 OB 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 376.4 
Based on EPA 375.4 
Based on SM - 2540 D 

MaJCJCam has procedures in place to guard against improper use of the electronic signature and have the req1,1lred "slgnatortes". as per section 
5.10.2 of ISO/IEC 17025:2005(E). signing the reports. SCC and CALA have approved this reporting process and electronic report format. 

Total cover pages: 1 
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Maxxam Job #; A942495 
Report Date: 2009/08/18 

Client Project#: 1 CY001.034 

Sampler Initials: CD 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID Q21013 .. 021014 
Sampling Date 2009/08/04 2009/08/07 

14:50 10:15 
COC Number F130716 F130716 

Units P09-C2 ::ic B-"tt'!h Pll!I. G:i RDL 
. 

Misc. lnorganlcs 

~cidity (pH 4.5) mg/L <0.5 3351002 <0.5 0.5 

V,.cldlty (pH 8.3) mg/L 203 3351002 41 .2 0.5 

Preparation 

Filter and HN03 Preservation NIA FIELD ONSITE FIELD NIA 

Misc. lnorganlcs 

Alkalinity (Total as CaC03) mg/L 1500 3349977 390 0.5 

~lkalinity (PP as CaC03) mg/L <0,5 3349977 <0.5 0.5 

Bicarbonate (HC03) mg/L 1900 3349977 470 0.5 

Carbonate (C03) mg/L <0.5 3349977 <0.5 0.5 

Hydroxide (OH) mg/L <0.5 3349977 <0.5 0.5 
. 

Anions 

Dissolved Sulphate (S04) mg/L 28 3352883 100 0.5 

Dissolved Chloride (Cl) mg/L 20 3352774 2.9 0.5 

Physical Properties 

Conductivity uS/cm 2520 3349974 868 1 

pH pH Units 7.6 3349963 7.7 

Physical Properties 

Total Suspended Solids mg/L 33 3346486 52 4 

RDL " Reportable Detection Limit 
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Maxxam Job #: A942495 
Report Date: 2009/08/18 

Drlt·en by .w:,r.,.icc and Science 

SRK CONSUL TING 
Client Project#; 1 CY001 .034 

Sampler Initials: CD 

RES UL TS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID 021015 021016 
Sampling Date 2009/08/07 2009/08/07 

10:15 08:10 
COC Number F130716 F130716 

Units P09.c~.n .BLANK RDL QC Batch 

Misc. lnorganlcs 

!Acidity (pH 4.6) mg/L <0.5 <0.5 0.5 3351002 

!Acidity (pH 8.3) mg/L 33.8 <0.5 0.5 3351002 

Preparation 

Filter and HN03 Preservation NIA FIELD FIELD NIA ONSITE 

Misc. Inorganic& 

Alkalinity (Total as CaC03) mg/L 390 <0.6 0.5 3349977 

Alkalinity (PP as CaC03) mg/L <0.6 <0.5 0.5 3349977 

Bicarbonate (HC03) mg/L 470 <0.5 0.5 3349977 

Carbonate (C03} mg/L <0.5 <0.6 0.5 3349977 

Hydroxide (OH) mg/L <0.5 <0.5 0.5 3349977 

Anions 

Dlssolved Sulphate (S04) mg/L 100 <0.6 0.5 3350504 

Dissolved Chloride (Cl) mg/L 2.8 <0.5 0.5 3350490 

Physical Properties 

Conductivity uS/cm 867 2 1 3349974 

pH pH Units 7.7 5.7 3349963 

Physlcal Properties 

Total Suspended Solids mg/L 57 <4 4 3346486 

RDL - Reportable Detection Limit 
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SRK CONSUL TING 
Maxxam Job #; A942495 
Report Date: 2009/08/18 

Client Project#: 1 CY001 .034 

Sampler Initials: CD 

CSR DISSOLVED METALS -WATER (WATER) 

Maxxam ID Q21013 021014 Q21015 
Sampllng Date 2009/08/04 2009/08/07 2009/08/07 

14:50 10:15 10:15 
k::OC Number F130716 F130716 F130716 

Units P09.C2 Pn!I.C3 P09-C3-D 

Misc. Inorganic& 

Dissolved Hardness (CaC03) mg/L 877 389 380 

Dissolved Metals by ICPMS 

Dissolved Aluminum (At) ug/L 48 <3 <3 

Dissolved Antimony (Sb) ug/L 2.2 0.8 0.8 

Dissolved Arsenic (As) ug/L 0.6 2.7 2.8 

Dissolved Barium (Ba) ug/L 508 80 80 

Dissolved Beryllium (Be) ug/L 1.4 <0.1 <0.1 

Dissolved Bismuth (Bi) ug/L <1 <1 <1 

Dissolved Boron (B) ug/L 75 <50 <50 

Dissolved Cadmium (Cd) ug/L 0.02 <0.01 <0.01 

Dissolved Chromium (Cr) ug/L <1 <1 <1 

Dissolved Cobalt (Co) ug/L <0.5 <0.5 <0.5 

Dissolved Copper (Cu) ug/L <0.2 0.2 0.8 

Dissolved Iron (Fe) ug/L 3120 2120 2140 

Dissolved Lead (Pb) ug/L <0.2 <0.2 <0.2 

Dissolved Lithium (Li) ug/L 725 58 57 

Dissolved Manganese (Mn) ug/L 167 567 558 

Dissolved Mercury (Hg) ug/L <0.02 0.03 <0.02 

Dissolved Molybdenum (Mo) ug/L 2 2 2 

Dissolved Nickel (Ni) ug/L 5 4 4 

Dissolved Selenium (Se) ug/L 0.1 <0.1 <0.1 

Dissolved Silicon (Si) ug/L 9020 6180 6230 

Dissolved Silver (Ag) ug/L 0.19 0.04 0.03 

Dissolved Strontium (Sr) ug/L 3630 1010 1000 

Dissolved Thallium (Tl) ug/L <0.05 <0.05 <0.05 

Dissolved Tin (Sn) ug/L <5 <5 <5 

Dissolved Titanium (Ti) ug/L 12 <5 9 

Dissolved Uranium (U) ug/L 3.0 2.5 2.6 

Dissolved Vanadium (V) ug/L <5 <5 <5 

Dissolved Zinc (Zn) ug/L 8 <5 7 

Dissolved Zirconium (Zr) ug/L 69.7 2.1 2.6 

Dissolved Calcium (Ca) mg/L 207 96.9 94.5 

RDL = Reportable Detection Limit 
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RDL QC Batch 

0.5 3340624 

3 3347860 

0.5 3347860 

0.1 3347860 

1 3347860 

0.1 3347860 

1 3347860 

50 3347860 

0.01 3347860 

1 3347860 

0.5 3347860 

0.2 3347860 

5 3347860 

0.2 3347860 

5 3347860 

1 3347860 

0.02 3347860 

1 3347860 

1 3347860 

0.1 3347860 

100 3347860 

0.02 3347860 

1 3347860 

0.05 3347860 

6 3347860 

5 3347860 

0.1 3347860 

5 3347860 

5 3347860 
-· 

0.5 3347860 

0.05 3350014 
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Maxxam Job #: A942495 
Report Date: 2009/08/18 

SRK CONSULTING 
Client Project#: 1 CY001 .034 

Sampler Initials: CD 

CSR DISSOLVED METALS -WATER (WATER) 

Maxxam ID Q21013 Q21014 021015 
Sampling Date 2009/08/04 2009/08/07 2009/08/07 

14:50 10:15 10:15 
:::oc Number F130716 F130716 F130716 

Units P09-C2 P09-C3 P09-C3·D RDL CIC Batch 

Dissolved Magnesium (Mg) mg/L 87.7 35.8 35.1 0.05 3350014 

Dissolved Potassium (K) mg/L 10.1 3.00 2.95 0.06 3360014 

Dissolved Sodium (Na) mg/L 305 42.3 41 .9 0.05 3350014 

Dissolved Sulphur ($) mg/L 13 41 39 3 3350014 

RDL .. Reportable Detection Limit 
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Maxxam Job #: A942495 
Report Date: 2009/08/18 

SRK CONSUL TING 

f 
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Client Project#: 1 CY001.034 

Sampler Initials: CD 

CSR DISSOLVED METALS-WATER (WATER) 

Maxxam ID 021016· 
Sampling Dale 2009/08/07 

08:10 
coc Number F130716 

Unit$ BLANK RDL :>.c Batch 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L <0.5 0.5 3340624 

Dlssolvod Motals by ICPMS 

Dissolved Aluminum (Al) ug/L <3 3 3347860 

Dissolved Antimony (Sb) ug/L <0.6 0.6 3347860 

Dissolved Arsenic (As) ug/L <0.1 0.1 3347860 

Dissolved Barium (Ba) ug/L <1 1 3347860 

Dissolved Beryllium (Be) ug/L <0.1 0.1 3347860 

Dissolved Bismuth (Bi) ug/L <1 1 3347860 

Dissolved Boron (B) ug/L <50 50 3347860 

Dissolved Cadmium (Cd) ug/L <0.01 0,01 3347860 

Dissolved Chromium (Cr) ug/L <1 1 3347860 

Dissolved Cobalt (Co) ug/L <0.5 0.5 3347860 

Dissolved Copper (Cu) Ug/L <0.2 0.2 3347860 

Dissolved Iron (Fe) ug/L <5 5 3347860 

Dissolved Lead (Pb) ug/L 0.2 0.2 3347860 

Dissolved Lithium (LI) Ug/L <5 5 3347860 

Dissolved Manganese (Mn) ug/L <1 1 3347860 

Dissolved Mercury (Hg) ug/L <0.02 0.02 3347860 

Dissolved Molybdenum (Mo) ug/L <1 1 3347860 

Dissolved Nickel (Ni) ug/L <1 1 3347860 

Dissolved Selenium (Se) ug/L <0.1 0 .1 3347860 

Dissolved Silicon (Si) ug/L <100 100 3347860 

Dissolved Silver (Ag) ug/L <0.02 0.02 3347860 

Dissolved Strontium (Sr) ug/L <1 1 3347860 

Dissolved Thallium (Tl) Ug/L <0.05 0 .06 3347860 

Dissolved Tin (Sn) ug/L <5 5 3347860 

Dissolved Titanium (Tl) ug/L <5 5 3347860 

Dissolved Uranium (U) ug/L <0.1 0.1 3347860 

Dissolved Vanadium M ug/L <5 5 3347860 

Dissolved Zinc (Zn) ug/L <5 5 3347860 

Dissolved Zirconium (Zr) ug/L <0 .5 0.5 3347860 

Dissolved Calcium (Ca) mg/L <0.05 0.05 3350014 

RDL " Reportable Detection Limit 
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Maxxam Job #: A942495 
Report Date: 2009/08/18 

Drh'c11 b)• sen•lce an,/ Sci<!11cc 
www.tn11)'.;.;nn11n1Alytlc:~.<'otn 

SRK CONSULTING 
Client Project#: 1 CY001 .034 

Sampler Initials: CD 

CSR DISSOLVED METALS -WATER (WATER) 

Maxxam ID 021016 
Sampling Dale 2009/08/07 

08:10 
COC Number F130716 

Units BLANK RDL . oc Batch 

Dlssolved Magnesium (Mg) mg/L <0.05 0.05 3350014 

Dissolved Potassium (K) mg/L <0.06 0.06 3360014 

Dissolved Sodium (Na) mg/L <0.05 0.05 3350014 

Dissolved Sulphur (S) mg/L <3 3 3350014 

RDL "' Reportable Detection Limit 
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Report Date: 2009/08/18 

Results relate onlv to the Items tested. 

General Comments 
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Client Project#: 1 CY001 .034 

Sampler Initials: CD 
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QA/QC 
Batch 
Num lnlt 

3346486 TW2 

3347860 JT3 

QC Tvoe 
Matrfx Spike 
[021016·01) 
Spiked Blank 
Method Blank 
RPD [021015·01] 
Matrix Spike 

Spiked Blank 

Method Blank 

SRK CONSUL TING 
Attention: DYLAN McGREGOR 
Client Project#: 1 CY001.034 
P.O. #: 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number: VA942495 

Date 
Analyzed 

Parameter W\N/mmldd Value Recoverv 

Total Suspended Solids 2009108114 101 
Total Suspended Solids 2009108114 103 
Total Suspended Solids 2009108114 <4 
Total Suspended Solids 2009108114 9.4 
Dissolved Arsenic (As) 2009/08/15 NC 
Dissolved Berylllum (Be) 2009108/15 97 
Dissolved Cadmium (Cd) 2009/08115 96 
Dissolved Chromium (Cr) 2009/06/15 99 
Dissolved Cobalt (Co) 2009/06/16 94 
Dissolved Copper (Cu) 2009/08/15 91 
Dissolved Lea.d (Pb) 2009/08/15 95 
Dissolved Lithium (LI) 2009/08/15 NC 
Dissolved Nlckel (NI) 2009/08/15 91 
Dissolved Selenium (Se) 2009108115 95 
Dissolved Uranium (U) 2009/08/16 103 
Dissolved Vanadium M 2009/08/15 101 
Dissolved Zinc (Zn) 2009/08/15 93 
Dissolved Arsenic (As) 2009/08/15 97 
Dissolved Berylllum (Be) 2009/08/15 100 
Dissolved Cadmium (Cd) 2009/08/15 99 
Dissolved Chromium (Cr) 2009/08/16 98 
Dissolved Cobalt (Co) 2009/08115 97 
Dissolved Copper (Cu) 2009/08/15 99 
Dissolved Lead (Pb) 2009/08/15 100 
Dissolved Lithium (LI) 2009/08/15 101 
Dissolved Nickel (NI) 2009/08/15 97 
Dissolved Selenium (Se) 2009/08/16 96 
Dissolved Uranium (U) 2009/08/15 102 
Dissolved Vanadium M 2009108/15 98 
Dissolved Zinc (Zn) 2009/08/15 99 
Dissolved Aluminum (Al) 2009/08/15 3, RDL=3 
Dissolved Antimony (Sb) 2009/08/15 <0.5 
Dissolved Arsenic (As) 2009/08/15 <0.1 
Dissolved Barium (Ba) 2009/08/16 <1 
Dissolved Beryllium (Be) 2009/08/15 <0.1 
Dissolved Bismuth (Bi) 2009/08/15 <1 
Dissolved Boron (B) 2009/08/15 <50 
Dissolved Cadmium (Cd) 2009/08115 <0.01 
Dissolved Chromium (Cr) 2009/08/15 <1 
Dissolved Cobalt (Co) 2009/08/15 <0.5 
Dissolved Copper (Cu) 2009/08/15 <0.2 
Dissolved Iron (Fe) 2009/08/15 <5 
Dissolved Lead (Pb) 2009/08/15 <0.2 
Dissolved Lllhlum (LI) 2009/08/15 <5 
Dissolved Manganese (Mn) 2009/08/15 <1 
Dissolved Mercury (Hg) 2009/08/15 <:0.02 
Dissolved Molybdenum (Mo) 2009/08/15 <1 
Dissolved Nickel (Ni) 2009/08/15 <1 
Dissolved Selenium (Se) 2009/08/15 <0.1 
Dissolved Silicon (Si) 2009/08/15 <100 
Dissolved Sliver (Ag) 2009/08/15 <0.02 
Dissolved Strontlutn (Sr) 2009/08/15 <1 
Dissolved Thallium (TI) 2009/08/15 <0.05 
Dissolved Tin (Sn) 2009/08/15 <5 

Units 

% 
% 

mg/L 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

M~JOO!m An~lyli<:$ ln\gm~tion;il C01PQr.ition o/~ M~JOO!m Amliyli<:$ Burnaby; 8577 Comm!ITT:e Court VSA 4N5 Telophonll(G04) 444-4808 F;~(G04) 444-4511 
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QC Limits 

NIA 
NIA 

26 
80 - 120 
80 -120 
80 - 120 
BO - 120 
80 • 120 
80 • 120 
80 -120 
80 - 120 
80 -120 
80 • 120 
80 • 120 
80 • 120 
80 - 120 
80 -120 
80 • 120 
80 - 120 
80 • 120 
80 • 120 
80 - 120 
80 -120 
80 -120 
80 -120 
80 • 120 
80 • 120 
80 - 120 
80 -120 



QA/QC 
Batch 
Num lnlt 

3347860 JT3 

3349974 AL.8 

3349977 ALB 

3350014 JT3 

QC Tvoe 
Method Blank 

RPO 

Spiked Blank 
Method Blank 
RPO [021014-02] 
Matrix Spike 
Spiked Blank 
Method Blank 

RPO [021014-02) 

Method Blank 

RPD 

SRK CONSUL TING 

D r /!'011 bJ• sen•IC'<! 011,t Scl<!ttCt! r 
,,· \V\\l', h."U'l)!Xnp1n n.nlytlC!'i, .COnl l 

1 

Attention: DYLAN McGREGOR 
Client Project#: 1 CY001 .034 
P.O.#: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA942495 

Dale 
Analyzed 

Parameter ww/mm/dd Value Recoverv Units OC Limits 
Dissolved Titanium (Ti) 2009/06/16 <6 ug/L 
Dissolved Uranium (U) 2009/06/15 <0.1 ug/L 
Dissolved Vanadium (V) 2009/08/15 <5 ug/L 
Dissolved Zinc (Zn) 2009/06/15 <5 ug/L 
Dissolved Zirconium (Zr) 2009/0B/15 <0.5 ug/L f 
Dissolved Aluminum (Al) 2009/06/16 NC % 20 
Dissolved Antimony (Sb) 2009/06115 NC % 20 
Dissolved Arsenic (As) 2009/08/15 1.4 % 20 
Dissolved Barium (Ba) 2009/08/15 0.6 % 20 
Dissolved Beryllium (Be) 2009/0B/15 NC % 20 
Dissolved Bismuth (Bi) 2009/06/15 NC % 20 
Dissolved Boron (B) 2009/08/15 1.4 % 20 
Dissolved Cadmium (Cd) 2009/06115 NC % 20 
Dissolved Chromium (Cr) 2009/08/15 NC % 20 
Dissolved Cobalt (Co) 2009/08/15 NC % 20 
Dissolved Copper (Cu) 2009/06/15 NC % 20 
Dissolved Iron (Fe) 2009/06/15 1.2 % 20 
Dissolved Lead (Pb) 2009/06/15 NC % 20 
Dissolved Lithium (LI) 2009/08/15 0.07 % 20 

l , 
Dissolved Manganese (Mn) 2009/08/15 2.0 % 20 
Dissolved Mercury (Hg) 2009/0B/15 NC % 20 
Dissolved Molybdenum (Mo) 2009/06/15 NC % 20 
Dissolved Nickel (Ni) 2009/06/15 NC % 20 
Dissolved Selenium (Se) 2009/06/15 NC % 20 
Dissolved SIiicon (SI) 2009/08/15 0.3 % 20 
Dissolved Silver (Ag) 2009/08/15 NC % 20 
Dissolved Strontium (Sr) 2009/06/15 0.5 % 20 l 
Dissolved Thallium (Tl) 2009/06115 NC % 20 
Dissolved Tin (Sn) 2009/06/15 NC % 20 
Dissolved Titanium (Tl) 2009/06/15 NC % 20 
Dissolved Uranium (U) 2009/08/15 NC % 20 
Dissolved Vanadium (V) 2009/08/15 NC % 20 
Dissolved Zinc (Zn) 2009/06/15 NC % 20 
Dissolved Zirconium (Zr) 2009/06115 NC % 20 
Conductivity 2009/06114 96 % BO · 120 
Conductivity 2009/08/14 <1 uS/cm 
Conductivity 2009/08/14 0 % 20 
Alkalinity (Total as CaC03) 2009/08/14 NC % 80 - 120 
Alkalinity (Total as CaC03) 2009/08114 96 % 80 - 120 
Alkalinity (Total as CaC03) 2009/08114 <0.5 mg/L 
Alkalinity (PP as CaC03) 2009/08114 <0.5 mg/L 
Alkalinity (Total as CaC03) 2009/08/14 0.1 % 20 
Alkalinity (PP as CaC03) 2009/08114 NC % 20 
Bicarbonate (HC03) 2009/08114 0.1 % 20 
Carbonate (C03) 2009/08114 NC % 20 
Hydroxide (OH) 2009/08/14 NC % 20 
Dissolved Calcium (Ca) 2009/08/16 <0.05 mg/L 
Dissolved Magnesium (Mg) 2009/06/15 <0.05 mg/L 
Dissolved Potassium (K) 2009/08/15 <0.05 mg/L 
Dissolved Sodium (Na) 2009/08/15 <0.05 mg/L 
Dissolved Sulphur (S) 2009/08/15 <3 mglL 
Dissolved Calcium (Ca) 2009/08/15 1.6 % 20 
Dissolved Magnesium (Mg) 2009/06/16 0.6 % 20 
Dissolved Potassium (K) 2009/08/16 1.3 % 20 

l 
Dissolved Sodium (Na) 2009/06/15 1 % 20 

Mrucxam Analyll"5 lntemaUonal Corporation o/a Mrucxam Analytle& Burnaby: esn Commerce Court VSA 4N5 Telephone(804) 444-4808 Fax(804) 444-4511 
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QNQC 

Batch 
Num lnlt QC Tvoe 

3350014 JT3 RPD 
3350490 SC2 Matrix Spike 

Spiked Blank 
Method Blank 
RPO 

3350504 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPD 

3351002 ALB Spiked Blank 
Method Blank 

RPO [021013-02) 

3352774 BB3 Matrix Spike 
Spiked Blank 
Method Blank 
RPO 

3352883 BB3 Spiked Blank 
Method Blank 
RPD 

SRK CONSULTING 
Attention: DYLAN McGREGOR 
Client Project#: 1 CY001.034 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA942495 

Date 
Analyzed 

Parameter vvw/mm/dd Value Recoverv 
Dissolved Sulphur (S) 2009/08/15 NC 
Dissolved Chloride (Cl) 2009/08/14 97 
Dissolved Chloride (Cl) 2009/08/14 103 
Dissolved Chloride (Cl) 2009/08/14 <0.5 
Dissolved Chloride (Cl) 2009/08/14 0 .7 
Dissolved Sulphate (S04) 2009/08/14 NC 
Dissolved Sulphate (S04) 2009/08/14 93 
Dissolved Sulphate (S04) 2009/08/14 <0.5 
Dissolved Sulphate (S04) 2009/08/14 1.2 
Acidity (pH 8.3) 2009/08/16 98 
Acidity (pH 4.5) 2009/08/16 <0.5 
Acidity (pH 8.3) 2009/08/16 <0.5 
Acidity (pH 4.5) 2009/08/16 NC 
Acidity (pH 8.3) 2009/08/16 6.9 
Dissolved Chloride (Cl) 2009/08/15 101 
Dissolved Chloride (Cl) 2009/08/15 100 
Dissolved Chloride (Cl) 2009/08/15 <0.5 
Dissolved Chloride (Cl) 2009/08/15 NC 
Dissolved Sulphate (504) 2009/08/15 86 
Dissolved Sulphate (S04) 2009/08/16 <0.5 
Dh;solved Sulohate /S04l 2009/08/15 2.1 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance In the measurement. 

Units 
% 
% 
% 

mg/L 
% 
% 
% 

mg/L 
% 
% 

mg/L 
mg/L 

% 
% 
% 
% 

mg/L 
% 
% 

mg/L 
% 

Matrix Spike: A sample to which a known amount of the analyte of interest has bBen added. Used to evaluate sample matrix interference. 
Spiked Blank: A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamlnaUon. 

QC Limits 
20 

80- 120 
80 -120 

20 
76 • 126 
80 • 120 

20 
80 - 120 

20 
20 

80 -120 
80 -120 

20 
80 • 120 

20 

NC (Matrix Spike): The recovery In the matrix spike was not calculated. The relative difference between the concentration In the parent sample and the 
spiked amount was not sufficiently significant to permit a reliable recovery calculation. 
NC (RPO): The RPO was not calculated. The level of analyte detected In the parent sample and its duplicate was not sufficiently significant to permit a 
reliable calculation. 

Maxxam Analylleo Jntemational Corporation o/a Maxxam Analytics Butnaby: 8577 Commffll0 Cour1 V5A 4N5 Tvlvphone(&oil) 444-4808 Fax(604) ~44-<1511 
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Sample Integrity Form 

Invoice To: 
SRK CONSUL TING 
SRKCONSU-VAN 
A TIN: DYLAN McGREGOR 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 
Client Contact: 
DYLAN McGREGOR 

~ Samples received after hold time exceeded 

Report Comments 
13. SAMPLE P-09-C2 RECEIVED PAST HOLD TIME FOR TSS 

Maxxam Job #: A942495 
Date Received: 2009/08/12 
YourC.O.C.#: F130716 
Your Project#: 1 CY001 .034 
Maxxam Project Manager: ASHLEY NIVISON 
Quote#: A80211 

Received Date: 2009/08/12 Time: OC....CB-'--:4=0 __ By: A_B_L __ _ 

Inspected Date: 2009/08/12 Time: 1'"""3"""':5'""'"1 __ By: A_B_L __ _ 

SIF Created Date: 2009/08/12 Time:1 '"'6""":.;:;..04..,___ __ By: J_S_H __ _ 
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Drh·e11 b.1• sen•lce an,I Science 

Attention: Daniel Mackie 
SRK CONSUL TING 
SRKCONSU-VAN 
SUITE 2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 

Your Project#: 1 CY001 .034 
YourC.O.C.#:F146381 

Report Date: 2009/09/03 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A946127 
Received: 2009/08/26, 12:25 

Sample Matrix: Water 
# Samples Received: 5 

Analyses 
Acidity pH 4.5 & pH 8.3 (t 
Alkalinity - Water 
Chloride by Automated Colourlmetry 
Chloride by Automated Colourlmetry 
Conductance · water 
Hardness (calculated as CaC03) 
Na, K. Ca, Mg, S by CRC !CPMS (diss.) 
Elements by CRC ICPMS (dissolved) (t 
FIiter and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourimetry 
Total Suspended Solids 

Quantity 
6 
5 
1 
4 
5 
5 
5 
6 
5 
5 
5 
5 

Date Date 
Extracted Analyzed Laboralo!V Method 
NIA 2009108129 BRN SOP-00281 R3.0 
2009/08/28 2009108128 BRN SOP-00264 R4.0 
N/A 2009/08/28 BRN-SOP 00234 R3.0 
N/A 2009/08/29 BRN-SOP 00234 R3.0 
NIA 2009/08128 BRN SOP-00264 R2.0 
NIA 2009109103 
NIA 2009109/02 BRN SOP-00206 R7 .0 
N/A 2009/09/02 BRN SOP-00206 R7 .0 
N/A 2009/08/27 BRN Wl-00006 R1 .0 
N/A 2009/08/28 BRN SOP-00264 R4.0 
NIA 2009/08/29 BRN-SOP 00243 R1 .0 
NIA 2009108/28 BRN SOP-00277 R5.0 

• RPDs calculated using raw data. The rounding of final results may result in the apparent difference. 

(1) SCC/CAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nivison@maxxamanalytics.com 
Phone#(604)444-4808 

Analytical Method 
Based on SM-231 O 
Based on SM2320B 
Based on EPA 325.2 
Based on EPA 325.2 
Based on SM-25109 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
Based on SM - 2540 D 

Maxxa_m ha& procedure& In place to guard against improper use of the electronic signature and have the required "signatories", as per section 
5.10.2 or ISO/IEC 17025:2005(E), signing the reports. sec and CALA have approved this reporting process and electronic report format. 

Total cover pages: 1 

Mnxxnm Analytlos tnlcmllUon111 Cofpofatlon o/a M11oam AnoJytics Burnaby: asn Ccmmo,ee Court V5A 4N5 Tclephone-(604) "144-4808 Fo(604) 444--(511 

Page 1 of 13 



SRK CONSUL TING 

lJ 
Dril'c11 b,1· St!rt•lc<! 011,f Sci,;11ce- r 
,,.°', ... ,,· .. t11.\X ~nn1nnnlytl~$~<!OIU. j I 

Maxxam Job #: A946127 
Report Date: 2009/09/03 

Cl lent Project#: 1 CY001 .034 

Sampler Initials: MS 

RES UL TS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID Q45266 Q45267 
Sampling Dale 2009/08123 2009108123 

16:00 17:30 
r.oc Number F146381 F146381 

Units P09-ETA.01 RDL OC Batch P09.ETA.02 

Misc. lnorganlcs 

Acidity (pH 4.6) mgll <0.5 0.5 3382970 <0.5 

Acidity (pH 8.3) mglL 1.0 0.6 3382970 569 

Preparation 

Filter and HN03 Preservation NIA FIELD NIA ONSITE FIELD 

Misc. lnorganlcs 

~lkaJinlly (Total as CaC03) mgll 180 0.5 3380274 170 

~lkalinily (PP as CaC03) mgll <0.5 0.5 3380274 <0.5 

Bicarbonate (HC03) mglL 220 0.5 3380274 210 

Carbonate (C03) mgll <0.5 0.5 3380274 <0.5 

Hydroxide {OH) mgll <0,5 0.5 3380274 <0.5 

!Anions 

Dlssoh1ed Sulphate (S04) mglL 39 0.5 3383445 4300 

Dissolved Chloride (Cl) mgll 1.3 0.5 3383444 17 

Physical Properties 

Conductivity uSlcm 415 1 3380272 5200 

pH pH Units 8.1 3380246 6.7 

Physical Properties 

Total Suspended Solids mglL 360 4 3380003 1300 
... 

RDL = Reportable Detection Limit 
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Maxxam Job #; A946127 
Report Date: 2009/09/03 

""""'~-. n111xxn n1n nn lyttcs .co nt 

SRK CONSUL TING 
Client Project #: 1 CY001.034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID 045268 045269 046270 
Sampling Date 2009/08/23 2009/08/23 2009/08/23 

11:00 10:30 10:00 
::;oc Number F146381 F146381 F146381 

Units P09-UN1 P09-UN2 P09-UN3 RDL QC Batch 

Misc. lnorganlcs 

~cidity (pH 4.6) mg/L <0.5 <0.5 <0.5 0.5 3382970 

lA.cldlty (pH 8.3) mg/L 6.8 6.9 12.6 0.6 3382970 

Preparation 

Filler and HN03 Preservation N/A FIELD FIELD FIELD N/A ONSITE 

Misc. lnorganlcs 

~lkalinity (Total as CaC03) mg/L 120 210 110 0.5 3380274 

~lkalinity (PP as CaC03) mg/L <0.5 <0.5 <0.5 0.5 3380274 

Bicarbonate (HC03) mg/L 140 250 130 0.6 3380274 

Carbonate (C03) mg/L <0.6 <0.5 <0.5 0.5 3380274 

Hydroxide (OH) mg/L <0.5 <0.5 <0.5 0.5 3380274 

Anions 
.. 

Dissolved Sulphate (S04) mg/L 8.7 16 8.2 0.5 3383445 

Dissolved Chloride (Cl) mg/L <0.5 <0.5 0.6 0.5 3383444 

Physical Properties 

Conductivity uS/cm 233 415 215 1 3380272 

pH pH Units 7.8 7.8 7.5 3380246 

Phy&lcal Properties 

Total Suspended Solids mg/L 590 550 270 4 3380003 

ROL .. Reportable Detection Limit 
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Maxxam Job #: A946127 
Report Date: 2009/09/03 

SRK CONSULTING www .mnx-,,;nmnn1>lytlc,;.-.,om 1 
Client Project # : 1 CY001 .034 

Drl,1c!11 li)' sen•ice aud ~·c/e11,""e 

Sampler Initials: MS 

CSR DISSOLVED METALS - WATER (WATER) 

Maxxam ID 045266 045267 
Sampling Date 2009/08/23 2009/08/23 

16:00 17:30 
COC Number F146381 F146381 

.Units P09-ETA-01 ROL P09-ETA·02 RDL 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 164 0.6 3530 0.5 

Dlssolvod Metals by ICPMS 

Dissolved Aluminum (Al) ug/L <3 3 12 6 

Dissolved Antimony (Sb) ug/L <0 .5 0.5 1 1 

Dissolved Arsenic (As) ug/L 0.4 0.1 46.5 0.2 

Dissolved Barium (Ba) ug/L 28 1 9 2 

Dissolved Beryllium (Be) ug/L <0.1 0.1 0.4 0.2 

Dissolved Bismuth (Bi) ug/L <1 1 <2 2 

Dissolved Boron (B) ug/L <50 50 <100 100 

Dissolved Cadmium (Cd) ug/L <0 .01 0.01 <0.02 0.02 

Dissolved Chromium (Cr) ug/L <1 1 <2 2 

Dissolved Cobalt (Co) ug/L <0.5 0.5 212 1 

Dissolved Copper (Cu) ug/L <0 .2 0.2 1.6 0.4 

Dissolved Iron (Fe) ug/L <5 5 291000 10 

Dissolved Lead (Pb) ug/L 1.9 0.2 2.4 0.4 

Dissolved Lithium (Li) ug/L <5 5 81 10 

Dissolved Manganese (Mn) ug/L 22 1 39200 2 

Dissolved Mercury (Hg) ug/L <0.02 0.02 0.08 0.04 

Dissolved Molybdenum (Mo) ug/L 4 1 <2 2 

Dissolved Nickel (Ni) ug/L 1 1 252 2 

Dissolved Selenium (Se) ug/L 0.1 0.1 0.2 0.2 

Dissolved Silicon (Si) ug/L 9200 100 11100 200 

Dissolved Silver (Ag) ug/L <0.02 0.02 0.06 0.04 

Dissolved Strontium (Sr) ug/L 417 1 3150 2 

Dissolved Thallium (Tl) ug/L <0.06 0.05 <0.1 0.1 

Dissolved Tin (Sn) ug/L <5 5 <10 10 

Dissolved Titanium (Tl) ug/L <5 5 27 10 

Dissolved Uranium (U) ug/L 0.6 0.1 11 .0 0.2 

Dissolved Vanadium M ug/L <5 5 <10 10 

Dissolved Zinc (Zn) ug/L <5 5 94500 10 

Dissolved Zirconium (Zr) ug/L <0.5 0.5 <1 1 

Dissolved Calcium (Ca) mg/L 51 .3 0.05 504 0.05 

RDL "' Reportable Detection Limit 
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Maxxam Job #: A946127 
Report Date: 2009/09/03 

SRK CONSUL TING 
Client Project#: 1CY001.034 

Sampler Initials: MS 

CSR DISSOLVED METALS -WATER (WATER) 

Maxxam ID Q45266 045267 
Sampling Date 2009/08/23 2009/08/23 

16:00 17:30 
coc Number F146381 F146381 

Units pnG.El"A.01 RDL P09-ETA-02 RDL QC Batch 

Dissolved Magnesium (Mg) mg/L 8.69 0.05 551 0.05 3392069 

Dissolved Potassium (K) mg/L 0.68 0.05 8.51 0.05 3392069 

Dissolved Sodium (Na) mg/L 28.1 0.05 54.0 0.05 3392069 

Dissolved Sulphur (S) mg/L 17 3 1420 6 3392069 

RDL • Reportable Detection Limit 

Page 5 of 13 



SRK CONSUL TING 

f 
Drh•c11 by SCFl•ic.r a11d S c i.r11co r 
WWW.IUOXXllll\01\0l:yrlcs.Coll\ 

Maxxam Job #: A946127 
Report Date: 2009/09/03 

Cllent Project#: 1CY001.034 

Sampler Initials: MS 

CSR DISSOLVED METALS-WATER (WATER) 

"1axxam ID Q45268 045269 045270 
Sampling Dale 2009/08/23 2009/08/23 2009/08/23 

11 ;00 10:30 10:00 
::oc Number F146381 F146381 F146381 

Unlt!:i PnG.UN1 pna.UN2 pno.Ulll<i 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 114 218 98.9 

Dlssolvod Metals by ICPMS 

Dlssolved Aluminum (Al) ug/L 16 8 22 

Dissolved Antimony (Sb) ug/L <0.5 <0.5 <0.5 

Dissolved Arsenic (As) ug/L 1.0 1.7 0.8 

Dissolved Barium (Ba) ug/L 74 147 46 

Dissolved Beryllium (Be) ug/L <0.1 <0.1 <0.1 

Dissolved Bismuth (Bi) ug/L <1 <1 <1 

Dissolved Boron (B) ug/L <50 <50 <50 

Dissolved Cadmium (Cd) ug/L 0.02 0 .11 0.15 

Dissolved Chromium (Cr) ug/L <1 <1 <1 

Dissolved Cobalt (Co) ug/L <0.5 0.6 0.8 

Dissolved Copper (Cu) ug/L 3.2 3.2 2.6 
- -

Dissolved Iron (Fe) ug/L 19 102 57 

Dissolved Lead (Pb) ug/L <0.2 <0.2 1.1 

Dissolved Lithium (LI) ug/L 11 17 10 

Dissolved Manganese (Mn) ug/L 3 75 50 

Dissolved Mercury (Hg) ug/L <0.02 <0.02 <0.02 

Dissolved Molybdenum (Mo) ug/L 13 80 110 

Dissolved Nickel (Ni) ug/L 1 4 3 

Dissolved Selenium (Se) ug/L 1.3 2.5 1.0 

Dissolved Silicon (Si) ug/L 6580 6050 5950 

Dissolved Silver (Ag) ug/L <0.02 <0.02 <0.02 

Dissolved Strontium (Sr) ug/L 165 313 134 

Dissolved Thallium (Tl) ug/L <0.05 <0.05 <0.05 

Dissolved Tin (Sn) ug/L <5 <5 <5 

Dissolved Titanium (Tl) ug/L <5 <5 <5 

Dissolved Uranium (U) ug/L 2.7 14.3 2.3 

Dissolved Vanadium M ug/L <5 <5 <5 

Dissolved Zinc (Zn) ug/L <5 31 11 

Dissolved Zirconium (Zr) ug/L <0.5 <0.6 <0.5 

Dissolved Calcium (Ca) mg/L 33.8 62.0 30.5 

RDL = Reportable Detection Limit 
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IRDL t:lC 9 .. 1.-h 
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0.2 3384592 

5 3384592 

1 3384592 
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Maxxam Job #: A946127 
Report Date: 2009/09/03 

D r frt!Jt b,1• s t!rvl ct! out/ Scien ce 

SRK CONSUL TING 
Client Project#: 1CY001 .034 

Sampler Initials: MS 

CSR DISSOLVED METALS - WATER (WATER) 

Maxxam ID 045268 045269 045270 
Sampling Date 2009/08/23 2009/08/23 2009/08/23 

11:00 10:30 10:00 
:oc Number F146381 F146381 F146381 

Units P09-UN1 P09-UN2 P(lll. lJN~ RDL ::IC Batch 

Dissolved Magnesium {Mg) mg/L 7.27 15.3 5.55 0.05 3392069 

Dissolved Potassium (K) mg/L 1.40 2.66 1.72 0.05 3392069 

Dissolved Sodium (Na) mg/L 2.84 4 .84 6.21 0.06 3392069 

Dissolved Sulphur (S) mg/L 4 8 5 3 3392069 

RDL = Reportable Detection Limit 
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SRK CONSUL TING 
Maxxam Job #: A946127 
Report Date: 2009/09/03 

Client Project#: 1CY001 .034 

Sampler Initials: MS 

CSR DISSOLVED METALS· WATER {WATER) Comments 

Sample Q45267-03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference. 

Sample 045267-03 Na, K, Ca, Mg, S by CRC ICPMS (diss.): RDL raised due to sample matrix Interference. 

Results relate onlv to the Items tested. 
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QNQC 
Batch 
Num Intl 

3380003 TW2 

3380272 MM3 

3380274 MM3 

3382836 SC2 

3382970 MM3 

3383444 SC2 

3383445 SC2 

3384592 JT3 

QC Tvoe 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO 
Spiked Blank 
Method Blank 
RPD 
Matrix Spike 
Spiked Blank 
Method Blank 

RPO 
Matrix Spike 
Spiked Blank 
Method Blahk 
RPO 
Spiked Blank 
Method Blank 

RPO [045266-02] 

Matrix Spike 
Spiked Blank 
Method Blank 
RPO [045266-02] 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO [045266-02) 
Matrix Spike 

Spiked Blank 

"'""'"-n1Px~inn1nnnlytlcs .co1u 
SRK CONSUL TING 
Attention: Daniel Mackie 
Client Project#: 1 CY001 .034 
P.O. #: 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number: VA946127 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv 
Total Suspended Sciiids 2009/08/28 103 
Total Suspended Solid& 2009/08/28 101 
Total Suspended Solids 2009/08/28 <4 
Total Suspended Solids 2009/08/28 NC 
Conductivity 2009/08/28 103 
Conductivity 2009/08/28 <1 
Conductivity 2009/08/28 0.9 
Alkalinity (Total as CaC03) 2009/08/28 NC 
Alkalinity (Total as CaC03) 2009/08/28 96 
Alkalinity (Total as CaC03) 2009/08/28 <0.5 
Alkalinity (PP as CaC03) 2009/08/28 <0.5 
Bicarbonate (HC03) 2009/08/28 <0.5 
Carbonate (C03) 2009/08/28 <0.5 
Hydroxide (OH) 2009/08/28 <0.5 
Alkalinity (Total as CaC03) 2009/08/28 2.1 
Dissolved Chloride (Cl) 2009/08/28 100 
Dissolved Chloride (Cl) 2009/08/28 90 
Dissolved Chloride (Cl) 2009/08/28 <0.5 
Dissolved Chloride (Cl) 2009/08/28 0.4 
Acidity (pH 8.3) 2009/08/29 99 
Acidity (pH 4.5) 2009/08/29 <0.5 
Acidity (pH 8.3) 2009/08/29 0.6, RDL• 0.5 
Acidity (pH 4.5) 2009/08/29 NC 
Acidity (pH 8.3) 2009/08/29 NC 
Dissolved Chloride (Cl) 2009/08/29 NC 
Dissolved Chloride (Cl) 2009/08/29 95 
Dissolved Chloride (Cl) 2009/08/29 <0.5 
Dissolved Chloride (Cl) 2009/08/29 NC 
Dissolved Sulphate (S04) 2009/08/29 97 
Dissolved Sulphate (S04) 2009/08/29 91 
Dissolved Sulphate (S04) 2009/08/29 <0.5 
Dissolved Sulpha,te (S04) 2009/08/29 1.1 
Dissolved Arsenic (As) 2009/09/02 98 
Dissolved Beryllium (Be) 2009/09/02 105 
Dissolved Cadmium (Cd) 2009/09/02 102 
Dissolved Chromium (Cr) 2009/09/02 100 
Dissolved Cobalt (Co) 2009/09/02 98 
Dissolved Copper (Cu) 2009/09/02 103 
Dissolved Lead (Pb) 2009/09/02 105 
Dissolved Lithium (LI) 2009/09/02 106 
Dissolved Nickel (Ni) 2009/09/02 98 
Dissolved Selenium (Se) 2009/09/02 103 
Dissolved Uranium (U) 2009/09/02 106 
Dissolved Vanadium M 2009/09/02 98 
Dissolved Zinc (Zn) 2009/09/02 102 
Dissolved Arsenic (As) 2009/09/02 98 
Dissolved Beryllium (Be) 2009/09/02 101 
Dissolved Cadmium (Cd) 2009/09/02 101 
Dissolved Chromium (Cr) 2009/09/02 100 
Dissolved Cobalt (Co) 2009/09/02 99 
Dissolved Copper (Cu) 2009/09/02 103 
Dissolved Lead (Pb) 2009/09/02 103 
Dissolved Lithium (LI) 2009/09/02 103 
Dissolved Nickel (NI) 2009/09/02 99 
Dissolved Selenium (Se) 2009/09/02 101 

Units QC Limits 
% NIA 
% NIA 

mg/L 
% 25 
% 80 • 120 

uS/cm 
% 20 
% 80 -120 
% 80-120 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 20 
% 80- 120 
% 80- 120 

mg/L 
% 20 
% 80- 120 

mg/L 
mg/L 

% 20 
% 20 
% 80 • 120 
% 80 -120 

mg/L 
% 20 
% 75 • 125 
% 80 • 120 

mg/L 
% 20 
% 80- 120 
% 80 -120 
% 80- 120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80 - 120 
% 80 - 120 
% 80-120 
% 80-120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80- 120 
% 80-120 
% 80-120 
% 80- 120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80 • 120 
% 80 -120 

Maxxam An~lyli<;$ ln1orm1tlQ11i!l CO!pOratlon ola Maxxam Analytle& Burnaby: 85n Commerce Court V6A 4N6 Tel~pliono(604) ~808 Fi!~(604) +14-4511 
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QNQC 
Batch 
Num lnJt 

3384592 JT3 
QC Tvoe 
Spiked Blank 

Method Blank 

RPD 

Drl,·;!11 b)' s erdct1 011</ Science r 
" ~,,-,,~.nui '..\! X tt rnn nnl y t-lc~.C!O 111. 

SRK CONSUL TING 
Attention: Daniel Mackie 
Client Project#: 1 CY001.034 
P.O. #; 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number; VA946127 

Date 
Analyzed 

Parameter vvvv/mrn/dd 
Dissolved Uranium (U) 2009/09/02 
Dissolved Vanadium M 2009/09/02 
Dissolved Zinc (Zn) 2009/09/02 
Dissolved Aluminum (Al) 2009/09/02 
Dissolved Antimony (Sb) 2009/09/02 
Dissolved Arsenic (As) 2009/09/02 
Dissolved Barium (Ba) 2009/09/02 
Dissolved Beryllium (Be) 2009/09/02 
Dissolved Bismuth (Bi) 2009/09/02 
Dissolved Boron (B) 2009/09/02 
Dissolved Cadrnlum (Cd) 2009/09/02 
Dissolved Chromium (Cr) 2009/09/02 
Dissolved Cobalt (Co) 2009/09/02 
Dissolved Copper (Cu) 2009/09/02 
Dissolved Iron (Fe) 2009/09/02 
Dissolved Lead (Pb) 2009/09/02 
Dissolved Lithium (Li) 2009/09/02 
Dissolved Manganese (Mn) 2009/09/02 
Dissolved Mercury (Hg) 2009/09/02 
Dissolved Molybdenum (Mo) 2009/09/02 
Dissolved Nickel (NI) 2009/09/02 
Dissolved Selenturn (Se) 2009/09/02 
Dissolved Silicon (Si) 2009/09/02 
Dissolved Silver (Ag) 2009/09/02 
Dissolved Strontium (Sr) 2009/09/02 
Dissolved Thallium (Tl) 2009/09/02 
Dlssolved Tin (Sn) 2009/09/02 
Dissolved Titanium (TI) 2009/09/02 
Dissolved Uranium (U) 2009/09/02 
Dissolved Vanadium M 2009/09/02 
Dissolved Zinc (Zn) 2009/09/02 
Dlssolved Zirconium (Zr) 2009/09/02 
Dissolved Aluminum (Al) 2009/09/02 
Dissolved Antimony (Sb) 2009/09/02 
Dissolved Arsenic (As) 2009/09/02 
Dissolved Barium (Ba) 2009/09/02 
Dissolved Beryllium (Be) 2009/09/02 
Dissolved Bismuth (Bi) 2009/09/02 
Dissolved Boron (B) 2009/09/02 
Dissolved Cadmium (Cd) 2009/09/02 
Dissolved Chromium (Cr) 2009/09/02 
Dlssolved Cobalt (Co) 2009/09/02 
Dissolved Copper (CU) 2009/09/02 
Dissolved Iron (Fe) 2009/09/02 
Dlssolved Lead (Pb) 2009/09/02 
Dlssolved Manganese (Mn) 2009/09/02 
Dissolved Mercury (Hg) 2009/09/02 
Dissolved Molybdenum (Mo) 2009/09/02 
Dissolved Nickel (Ni) 2009/09/02 
Dissolved Selenium (Se) 2009/09/02 
Dlssolved Silicon (SI) 2009/09/02 
Dlssolved Sliver (Ag) 2009/09/02 
Dissolved Strontium (Sr) 2009/09/02 
Dissolved Thallium (Tl) 2009/09/02 
Dissolved Tin (Sn) 2009/09/02 

Value Recoverv 
104 
98 

102 
<3 

<0.5 
<0.1 

<1 
<0.1 

<1 
<50 

<0,01 
<1 

<0.5 
<0.2 

<5 
<0,2 

<5 
<1 

0 .04, RDL-0.02 
<1 
<1 

<0,1 
<100 

<0.02 
<1 

<0.05 
<5 
<5 

<0.1 
<5 
<5 

<0.5 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

Units 
% 
% 
% 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u(IIL 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/l. 
ug/L 
ug/L 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

QC Limits 
80 - 120 
80 • 120 
80 - 120 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

f 

r 

MaJCXan, Analytics lntemational co,porauon o/a Maxxam Malylics Bumaby: 8577 commetee court V5A 4N5 Te!epll0ne(604) 444-4808 Fax(604) 444-4511 
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Driw~11 by sen•h·e an<I Seie114·c 
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QA/QC 
Batch 

SRK CONSUL TING 
Attention: Daniel Mackie 
Client Project#: 1 CY001.034 
P.O. #: 
Site· Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA946127 

Date 
Analyzed 

Num lnit QC Tvoe Parameter vvvvtmmldd Value Recoverv Units QC Limits 
3384592 JT3 RPO Dissolved Titanium (Tl) 2009/09/02 NC % 20 

Dissolved Uranium (U) 2009/09/02 NC % 20 
Dissolved Vanadium M 2009/09/02 NC % 20 
Dissolved Zinc (Zn) 2009/09/02 NC % 20 
Dissolved Zirconium (Zr) 2009/09/02 NC % 20 

3392069 JT3 Method Blank Dissolved Calcium (Ca) 2009/09/02 <0.05 mg/L 
Dissolved Magnesium (Mg) 2009/09/02 <0.05 mg/L 
Dissolved Potassium (K) 2009/09/02 .:o.os mg/L 
Dissolved Sodium (Na) 2009/09/02 .:0.05 mg/L 
Dissolved Sulphur (S) 2009/09/02 <3 mg/L 

RPO Dissolved Calcium (Ca) 2009/09/02 NC % 20 
Dissolved Magnesium (Mg) 2009/09/02 NC % 20 
Dissolved Potassium (K) 2009/09/02 NC % 20 
Dissolved Sodium (Na) 2009/09/02 0.9 % 20 
Dissolved Sulohur CS) 2009/09/02 NC % 20 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance In the measurement. 
Matrix Spike: A sample to which a known amount or the analyte of interest has been added. Used to evaluate sample matrix Interference. 
Spiked Blank: A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used In the analytical procedure. Used to identify laboratory contamination. 
NC (Matrix Spike): The recovery In the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the 
spiked amount was not sufficiently significant to permit a reliable recovery calculaUon. 
NC (RPO): The RPO was not calculated. The level of analyte detected in the parent sample and Its duplicate was not sufficiently significant to permit a 
reliable calculation. 

MalO<MI Analyli~ lnlt!fr!~Uoml Corpgr.i~on o/a MilXXam AnalY1ics Burnaby: 8577 Commerce Coun V5A 4N6 T~ap~on~(604) 444-4808 f'iµ;(604) 4~511 
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Sample Integrity Form 

Invoice To: 
SRKCONSULTING 
SRKCONSU-VAN 
A nN: Daniel Mackie 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 
Client Contact: 
Daniel Mackle 

No discrepancies noted. 

Report Comments 

Received Date: 2009/08/26 Time: 12:25 By: ----
Inspected Date: Time: ____ By: 

SIF Created Date: Time: o....;o;..:_:o.:..;o=---- By: 

Page 12 of 13 

Maxxam Job #: A946127 
Date Received: 2009/08/26 
YourC.0 .C. #: F146381 
Your Project#: 1CY001.034 
Maxxam Project Manager: ASHLEY NIVISON 
Quote#: A80211 
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_ ... __ -- ,.----- ~ i --

CHAJN-DF-CIJSTOIJ'Y !1EC!HID AND .ANALYSIS REQUEST PAGe_LoFL 
M B577 Commeroe Court Phone: {604) 444-4808 t,;,

. 
a a m Burnaby, BC V5A4N5 Fax: (604)444-4511-% a I yt i cs www.maxxamanalytlcs.com Toll Fnle: 1-800-440-4808 MAXXAM JOB I ~_'jb\ ":T:) ANALYSIS REQUEST F 14638 I .; 

COMFANYNAAI:: PH.I; ~~s~ -4 ,er, 
E-malt d a.-~ ~,.1c~co~ 

tt,Jc::; FAX1: "8 . "2 0 0 DD D 
COMPANY AOORESS: CUENT PROJ ID: (I) ! i i O ai 

~Ou~~ z~:;SftNC:,S \C'(CO( .<::>3'{ ~ ~ ~ ~6~ ~ 
~~~J"""w=-t.-~~ ~ ; I !!3 ~ e ! e ; i _ 

1---------~.-----------10 o rr ., ~ ~ ~ i D i 
SAAFlERNAMElPRINT}: { ~ D :t : _ ~ ii= i ~ i JO ~ g ~ 0 D 
~~-6,~ . ~ ffi ! i ~D ~ l f f i ~ ! 1 I 

~ :·:- ~ "'",""->- .: , SAMPLING Iii D I i ~ I ! D J j ! z ~ D ~ ~ 
~~LE 1//!f;f..~>"> ~ ~ ,~_ a:~ ~ !0 0~ i i ~ ; ~ ~1 U- i ~ ~ i I ~ ;! 

,o "'(l::ap lM Q,ly) •. o ~ ..... .,. w w w ~ -;J, JI! 2 I ~ ';I, z n 
)I· - • -i':'<8i~::::E:::E::::Ew.,a j 1l -'1".C:~ .• .. .,;; .. •' .- ~ 0 0 0 X: 0 o :t: 0 ~ 
~ •• - \< - . :C .m > · · <J ·U U Cl.' F- a; F (.) F- 0 . . 

•MLJJZ. 
5 Pr\C1 utJ ~ 
" 
7 

8 

9 

10 

11 

12 

TAT (Tumaround llme) 

:.,, ~ •:,-

-~· 
"' 

"f' • """ . '\ ' "--",, .a; ~: 

-- ,:i..,;. 

"' 
' ... ~ ~ 

!-: .. - :;:! .. - > •. 

.c _,. 

1::: ~ •, . ,"' "'! 

P.O. NUMBER/ QUOTE NUMBER: 

\ I I I I I l 
l i I I I 11 

.. , 

SPE<:IAL DETECTION L1MITS / CONTAMINANT TYPE: 

., 

~ 
\ 
~ 

~ 

' 
• 

LAB USE ONLY . · 

< 5 DAY T,\T f\lUST HAVE 
PRIOR ,WPROVAL 

/ 
DCCME 
OCSR AIIRll\111. TEMPEIW1J!E ~ I DUE DATE: I LOG IN CHECK: 

.CCOUNT1N'G CONTACT: 
·some sx:ceptions BPPIY 

please contact lab . 
{ 

STAMlAAO 5 BUSNSS DAY: 
Rl&I 3 BUSINESS DAYS 0 
RUSH 2 BUSINESS °'VS 0 

SPECIAL AB'ORTING OR BIL.UNG INSTRUC'TlONS: 

0 Al.BERTA TIER 1 
OonER 
t SOIL.JAAS USED 
~ NOT SUBMITTED: 

7.A '21 '? 

' 
UAGENT 1 BUSINESS 00 D I 71 ,.. ,e: I ' l I I RB..l~(=!~IS_HE __ ,,_. .. _ ~ .. 717 1-· · I -· ,-----o-0 AECBVEDBV: 
OnER 8USINESS DAYS 

CUSTODY 
RECORD RELINOllfSHEO BY: rt·.1h 

OOCFOAM. - BC - ll9/08 

RECEIVED BY: 

RECBVED BY LABOAATORY: 

'''Cl 
O 'lar.:W&I . ... "°'AU YC'I I ~ --=-"' 

.----, 
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Drh·,,,, bJ' s,u·•·lcc n ,ul Scle11ce 
'"'"'''.tuaxrBntnnBl)'llcs.cnn, 

Attention: Daniel Mackle . 
SRK CONSUL TING 
SRKCONSU-VAN 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 

Your Project#: 1 CY001.034 
YourC.0.C. #: F116612 

Report Date: 2009/09/04 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A947122 
Received: 2009/08/28, 13:00 

Sample Matrix: Water 
# Samples Received: 6 

Analyses 
Alkalinity - Water 
Chloride by Automated Colourlmetry 
Conductance - water 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 
Elements by CRC ICPMS (dissolved) G 
Filler and HN03 Preserve for Metals 
pH Waler 
Sulphate by Automated Colourimelry 
Sulphate by Automated Colourimetry 
Total Suspended Solids 

Quantity 
6 
6 
6 
6 
6 
6 
6 
6 
2 
4 
6 

Dale Dale 
Extracted Analyzed Laboratory Method 
2009/09/03 2009/09/02 BRN SOP-00264 R4.0 
NIA 2009109/02 BRN-SOP 00234 R3.0 
NIA 2009/09/02 BRN SOP-00264 R2.0 
NIA 2009/09/04 
N/A 2009/09/04 BRN SOP-00206 R7.0 
N/A 2009/09/04 BRN SOP-00206 R7.0 
NIA 2009/09/01 BRN Wl-00006 R1 .0 
NIA 2009/09/02 BRN SOP-00264 R4.0 
N/A 2009109/02 BRN-SOP 00243 R1 .0 
N/A 2009/09/04 BRN-SOP 00243 R 1.0 
N/A 2009/09/02 BRN SOP-00277 R5.0 

• RPDs calculated using raw data. The rounding of final results may result in the apparent difference . 

(1) SCC/CAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nivison@maxxamanalytics.com 
Phone#(604)444-4808 

c:=:=~~=~~ -== . - .. - =================== .====-. __ ;::: ;;;;;;;; __ ;;;;;;;;;;; ________ &••••••• 

Analytical Method 
Based on SM2320B 
Based on EPA 326.2 
Based on SM·2510B 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
Based on EPA 375.4 
Based on SM - 2540 D 

Maxxam has procedures In place to guard against Improper use or the electronic signature and have the required "signatories", as per section 
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. sec and CAL.A have approved this reporting process and electronic report format. 

Total cover pages: 1 

M••s1m Arl!IY1iR lnlemwbQf'l1tl 09fpor!lion oJa Munm An~(;I. Surn:i,by: 1$77 Commeroe Court VSA •N15 Telephone{604) 4-44<480& Fax(604) 444"4151 1 
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Maxxam Job #: A947122 
Report Date: 2009/09/04 

SRK CONSUL TING 

Driw:u by .,;4'ro•i,;;,: mnl .S'c i ,mce l 
W\"'V.IU8X..'\'.8Ul011'1lyTle!<.C(>DI I 

Client Project#: 1CY001.034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID 053016 
Sampling Date 2009/08/27 

11:00 
COC Number F116612 

Units P09.GS1B 
. -

Proparatlon 

FIiter and HN03 Preservation NIA FIELD 

Misc. lnorgenics 

Alkalinity {Total as CaC03) mg/L 230 

Alkalinity (PP a& CaC03) mg/L <0.5 

Bicarbonate (HC03) mg/L 280 

Carbonate (C03) mg/L <0.5 

Hydroxide (OH) mg/L <0.5 

Anions 

Dissolved Sulphate (S04) mg/L 440 

Dissolved Chloride (Cl) mg/L 0.6 

Physical Properties 

Conductivity uS/cm 1140 

pH pH Units 7.6 

Physical Properties 

Total Suspended Solids mg/L 13 

RDL .. Reportable Detection Limit 

Page 2 of 15 

053017 
2009/08/27 

11:15 
F116612 

ona.r.!':.~W 

FIELD 

79 

<0.5 

96 

<0.5 

<0.5 

310 

<0.5 

738 

7.9 

5 

RDL 

N/A 

0.5 

0.5 

0.5 

0.5 

0.5 

5 

0.5 

1 

4 

::>c Batch 

ONSITE 

3393435 

3393435 

3393435 

3393435 

3393435 

3395089 

3395023 

3393431 

3393291 

3390080 
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r 
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Maxxam Job #: A947122 
Report Date: 2009/09/04 

" "'"v.111n.xxn 111nnnly t"lcs.co1n 

SRK CONSUL TING 
Client Project#: 1 CY001 .034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID 0 53018 053019 053020 
!Sampling Dale 2009/08/26 2009/08/26 2009/08126 

18:00 16:00 15:00 
COG Number F116612 F116612 F116612 

Units P09-S1S-04 .P08-SJS.Q30 1:1nil~•m::.i)3 RDL nr. 9,.,.-h 

Preparation 

Filler and HN03 Preservation NIA FIELD FIELD FIELD NIA ONSITE 

Misc, lnorganlcs 

!Alkalinity (Total as CaC03) mglL 180 180 170 0.5 3393435 

~lkalinily (PP as CaC03) mgll <0.5 <0.5 <0.6 0.6 3393436 

Bicarbonate (HC03) mgll 220 210 210 0.5 3393435 

Carbonate (C03) mglL <0.5 <0.5 <0.5 0.5 3393435 

Hydroxide (OH) mg/L <0.5 <0.5 <0.5 0.6 3393436 

~nlons 

Dissolved Sulphate (504) mglL 6000 6200 6000 50 3395681 

Dissolved Chloride (Cl) mgll 6.3 6.0 6.5 0.5 3395023 

Physical Properties 

Conductivity uSlcm 6600 6930 7080 1 3393431 

pH pH Units 6.9 6.9 7.0 3393291 

Physical Properties 

Total Suspended Solids mgll 3200 930 930 4 3390080 

RDL • Reportable Detection Limit 

Page 3 of 15 
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Maxxam Job #: A947122 
Report Date: 2009/09/04 

w,,,.,,v.nu1xxnn1nnnlytlc~.cou1 
SRK CONSULTING 
Client Project#: 1 CY001.034 

Sampler Initials: MS 

CSR DISSOLVED METALS-WATER (WATER) 

Maxxam ID Q53021 
Sampling Date 2009/08/25 

18:00 
ICOCNumber F116612 

Units Dn11..s1s.02 IRDL CC Batch 

Dissolved Magnesium (Mg) mg/L 1210 0.5 3396021 
Dissolved Potassium (K) mg/L 14.6 0.6 3396021 

Dissolved Sodium (Na) mg/L 58.3 0.5 3396021 
Dissolved Sulphur (S) mg/L 2420 30 3396021 

RDL - Reportable Detection Limit 

Page 10 or 15 
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Maxxam Job #: A947122 
Report Date: 2009/09/04 

SRK CONSUL TING 
Client Project #: 1 CY001 .034 

Sampler Initials: MS 

CSR DISSOLVED METALS. WATER (WATER) Comments 

Sample Q53018·03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix Interference. 

Sample 053019-03 Element& by CRC ICPMS (dls&olved): RDL raised due to sample matrix interference. 

Sample 053020-03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference. 

Sample Q53021-03 Elements by CRC ICPMS {dissolved): RDL raised due to sample matrix Interference. 

Sample 053018-03 Na, K, Ca, Mg, S by CRC ICPMS (dlss.): ROL raised due to sample matrix Interference. 

Sample 053019-03 Na, K, Ca, Mg, S by CRC ICPMS (diss.): RDL raised due to sample matrix interference. 

Sample Q53020-03 Na, K. Ca, Mg, s by CRC ICPMS (diss.): RDL raised due to sample matrix Interference. 

Sample 053021-03 Na, K, Ca, Mg, S by CRC ICPMS (dlss.): RDL raised due to sample matrix Interference. 

i::tesults rolate onlv to tho ltoms testod. 
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QNQC 
Balch 
Num lnlt 

3390080 TW2 

3392829 AA1 

QC Tvoe 
Matrix Spike 
[053016-02] 
Spiked Blank 
Method Blank 
RPO 
Matrix Spike 

Spiked Blank 

Method Blank 

SRK CONSULTING 
Attention: Daniel Mackie 
Client Project#: 1 CY001 .034 
P.O. #: 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number: VA947122 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv 

Total Suspended Solids 2009/09/02 109 
Total Suspended Solids 2009/09/02 98 
Total Suspended Solids 2009/09/02 <4 
Total Suspended Solids 2009/09/02 NC 
Dissolved Arsenic (As) 2009/09/04 102 
Dissolved Beryllium (Be) 2009/09/04 106 
Dissolved Cadmium (Cd) 2009/09/04 103 
Dissolved Chromium (Cr) 2009/09/04 104 
Dissolved Cobalt (Co) 2009/09/04 NC 
Dissolved Copper (Cu) 2009/09/04 102 
Dissolved Lead (Pb) 2009/09/04 104 
Dissolved Lithium (LI) 2009/09/04 106 
Dissolved Nickel (Ni) 2009/09/04 NC 
Dissolved Selenium (Se) 2009/09/04 106 
Dissolved Uranium (U) 2009/09/04 112 
Dissolved Vanadium M 2009/09/04 107 
Dissolved Zinc (Zn) 2009/09/04 NC 
Dissolved Arsenic (As) 2009/09/04 102 
Dissolved Beryllium (Be) 2009/09/04 100 
Dissolved Cadmium (Cd) 2009/09/04 99 
Dissolved Chromium (Cr) 2009/09/04 105 
Dissolved Cobalt (Co) 2009/09/04 104 
Dissolved Copper (Cu) 2009/09/04 106 
Dissolved Lead (Pb) 2009/09/04 107 
Dissolved Lithium (LI) 2009/09/04 102 
Dissolved Nickel (Ni) 2009/09/04 104 
Dissolved Selenium (Se) 2009/09/04 104 
Dissolved Uranium (U) 2009/09/04 109 
Dissolved Vanadium M 2009/09/04 103 
Dissolved Zinc (Zn) 2009/09/04 104 
Dissolved Aluminum (Al) 2009/09/04 <3 
Dissolved Antimony (Sb) 2009/09/04 <0.5 
Dissolved Arsenic (As) 2009/09/04 <0.1 
Dissolved Barium (Ba) 2009/09/04 <1 
Dissolved Beryllium (Be) 2009/09/04 <0.1 
Dissolved Bismuth (Bi) 2009/09/04 <1 
Dissolved Boron (B) 2009/09/04 <50 
Dissolved Cadmium (Cd) 2009/09/04 <0.01 
Dissolved Chromium (Cr) 2009/09/04 <1 
Dissolved Cobalt (Co) 2009/09/04 <0.5 
Dissolved Copper (Cu) 2009/09/04 <0.2 
Dissolved Iron (Fe) 2009/09/04 <5 
Dissolved Lead (Pb) 2009109/04 <0.2 
Dissolved Lithium (Li) 2009/09/04 <5 
Dissolved Manganese (Mn) 2009/09/04 <1 
Dissolved Mercury (Hg) 2009/09/04 <0.02 
Dissolved Molybdenum (Mo) 2009/09/04 <1 
Dissolved Nickel (Ni) 2009/09/04 <1 
Dissolved Selenium (Se) 2009/09/04 <0.1 
Dissolved Silicon (Si) 2009/09/04 <100 
Dissolved Silver (Ag) 2009/09/04 <0.02 
Dissolved Strontium (Sr) 2009/09/04 <1 
Dissolved Thallium (Tl) 2009/09/04 <0.06 
Dissolved Tin (Sn) 2009/09/04 <5 

Units 

% 
% 

mg/L 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

ug/L 
ug/L 
ug/L 
ug/L 
Ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
Ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Maxxam M•lytics lntem•lion;il Corpor.,Uon o/~ MalQ(~m Analyllei Burnaby: asn Commerce Court VSA 4N5 Telephone(604) 444-4808 Fax(604) 4444511 
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QC Llmlti; 

80 • 120 
80 • 120 

25 
80-120 
80 • 120 
80 - 120 
80 • 120 
80 - 120 
80-120 
80 • 120 
80 • 120 
80 • 120 
80 - 120 
80-120 
80- 120 
80 -120 
80 - 120 
80 - 120 
80-120 
80 -120 
80 • 120 
80 • 120 
80 - 120 
80 - 120 
80-120 
80 - 120 
80 • 120 
80 • 120 
80 • 120 
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QA/QC 
Batch 
Num lnll QC Tvoe 

3392829 AA1 Method Blank 

RPD 

3393431 MM3 Spiked Blank 
Method Blank 
RPD 

3393435 MM3 Matrix SpiKe 
Spil<ed Blank 
Method Blank 

RPO 

3395023 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPO 

3395089 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPD 

3395681 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPD 

3396021 AA1 Method Blank 

RPD 

SRK CONSUL TING 
Attention: Daniel Mackie 
Client Project#; 1 CY001.034 
P.O.#: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number; VA947122 

Date 
Analyzed 

Parameter \J\J\/\//mm/dd Value Recoverv 
Dissolved Titanium (Ti) 2009/09/04 <5 
Dissolved Uranium (U) 2009/09/04 <0.1 
Dissolved Vanadium M 2009/09/04 <5 
Dissolved Zinc {Zn) 2009/09/04 <5 
Dissolved Zirconium (Zr) 2009/09/04 <0.5 
Dissolved Arsenic (As) 2009/09/04 3.1 
Dissolved Barium (Ba) 2009/09/04 1.4 
Dissolved Chromium (Cr) 2009/09/04 NC 
Dissolved Copper (Cu) 2009/09/04 5.1 
Dissolved Lead (Pb) 2009/09/04 0.2 
Dissolved Zinc (Zn) 2009/09/04 NC 
Conductivity 2009/09/03 100 
Conductivity 2009/09/03 <1 
conductivity 2009/09/03 0 
AIKallnlty (Total as CaC03) 2009/09/03 NC 
Alkalinity (Total as CaC03) 2009/09/03 99 
Alkalinity (Total as CaC03) 2009/09/03 <0.5 
Alkalinity (PP as CaC03) 2009/09/03 <0.6 
Bicarbonate {HC03) 2009/09/03 <0.5 
Carbonate (C03) 2009/09/03 <0.5 
Hydroxide (OH) 2009/09/03 <0.5 
Alkallnlly (Total as CaC03) 2009/09/03 0.2 
Alkalinity (PP as CaC03) 2009/09/03 NC 
Bicarbonate (HC03) 2009/09/03 0.2 
Carbonate (C03) 2009/09/03 NC 
Hydroxide (OH) 2009/09/03 NC 
Dissolved Chloride (Cl) 2009/09/02 109 
Dissolved Chloride (Cl) 2009/09/02 102 
Dissolved Chloride (Cl) 2009/09/02 <0.5 
Dissolved Chloride (Cl) 2009/09/02 0.5 
Dissolved Sulphate {S04) 2009/09/02 NC 
Dissolved Sulphate (S04) 2009/09/02 84 
Dissolved Sulphate (S04) 2009/09/02 0.9, RDL=0.5 
Dissolved Sulphate (S04) 2009/09/02 1.6 
Dissolved Sulphate (S04) 2009/09/04 NC 
Dissolved Sulphate (S04) 2009/09/03 91 
Dissolved Sulphate (S04) 2009/09/03 <0.6 
Dissolved Sulphate (504) 2009/09/03 1.3 
Dissolved Calcium {Ca) 2009/09/04 <0.05 
Dissolved Magnesium (Mg) 2009/09/04 <0.05 
Dissolved Potassium (K) 2009/09/04 <0.05 
Dissolved Sodium (Na) 2009/09/04 <0.05 
Dissolved Sulphur (S) 2009/09/04 <3 
Dissolved Calcium (Ca) 2009/09/04 0.3 
Dissolved Maonesium <Mal 2009/09/04 1.4 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement. 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
% 
% 
% 
% 
% 
% 
% 

uS/cm 
% 
% 
% 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 
% 
% 
% 
% 
% 
% 

mg/L 
% 
% 
% 

mg/L 
% 
% 
% 

mg/L 
% 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 
% 

Matrix Spike: A sample to Which a known amount of the analyte of Interest has been added. Used to evaluate sample matrix Interference. 
Spiked Blank: A blank malrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery. 

QC Limits 

20 
20 
20 
20 
20 
20 

80 - 120 

20 
80 • 120 
80 - 120 

20 
20 
20 
20 
20 

80 • 120 
80 - 120 

20 
75 - 125 
80 • 120 

20 
75 - 125 
80 -120 

20 

20 
20 

Method Blank: A blanK matrix containing all reagents used In the analytical procedure. Used to identify laboratory contamination. 
NC (Matrix Spike): The recovery In the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the 
spiked amount was not sufficiently significant to permit a reliable recovery calculallon. 
NC (RPD): The RPD was not calculated. The level of analyte detected In the parent sample and its duplicate was not sufficiently significant to permit a 
reliable calculatlon. 

Maxx8m AMlylles lntemaUooBI Corporatlon o/a Maxxam Analytlci; Burnaby; 8577 Comm~ e Court V6A 4N5 Telepllone(604) 444-41808 Fax(G04) 444-4511 
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Invoice To: 
SRK CONSUL TING 
SRKCONSU-VAN 
ATTN: Daniel Mackie 
SUITE 2200 
1066 W. HASTINGS ST. 
VANCOUVER. BC 
Canada V6E 3X2 
Client Contact: 
Daniel Mackie 

No discrepancies noted. 

Report Comments 

Received Date: 2009/08/28 

Inspected Date: ----

Time: 

Time: 

Sample lntegrl~ Form 

13:00 ____ By: 

____ By: 

Maxxam Job #: A947122 
Date Received: 2009/08/28 
YourC.0.C. #: F116612 
Your Project#: 1 CY001 .034 
Maxxam Project Manager: ASHLEY NIVISON 
Quote#: A80211 

SIF Created Date: ____ Time: o_o_:o_o ___ By: 
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Attention: Daniel Macl<le 
SRK CONSUL TING 
SRKCONSU-VAN 
SUITE2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 

Your Project#: 1 CY001 .034 
YourC.O.C.#:F116612 

Report Date: 2009/09/08 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A947122 
Received: 2009/08/28, 13:00 

Sample Matrix: Water 
# Samples Received: 6 

Analyses 
Acidity pH 4.5 & pH 8.3 (t 
AIKalinity • Water 
Chloride by Automated Colourimetry 
Conductance - water 
Hardness (calculated as CaC03) 
Na, K. Ca. Mg, S by CRC ICPMS (dlss.) 
Elements by CRC ICPMS {dissolved) (t 

Filler and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourimetry 
Sulphate by Automated Colourimetry 
Total Suspended Solids 

Quantity 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2 
4 
6 

Dale Dale 
Extracted Analyzed Laboratpry Mettiod 
NIA 2009109105 BRN SOP-00281 R3.0 
2009/09/03 2009109102 BRN SOP-00264 R4.0 
NIA 2009/09/02 BRN-SOP 00234 R3.0 
NIA 2009/09/02 BRN SOP-00264 R2.0 
NIA 2009/09104 
NIA 2009109104 BRN SOP-00206 R7.0 
NIA 2009109104 BRN SOP-00206 R7.0 
N/A 2009109101 BRN Wl-00006 R1 .0 
N/A 2009/09/02 BRN SOP-00264 R4.0 
NIA 2009/09/02 BRN-SOP 00243 R1 .0 
NIA 2009109104 BRN-SOP 00243 R1 .0 
NIA 2009109102 BRN SOP-00277 R5.0 

• RPDs calculated using raw data. The rounding of final results may result In the apparent difference. 

(1) SCCICAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley,nlvlson@maxxamanalytics.com 
Phone# (604) 444-4808 

----- - ggma~•••••••••••=~-~---------------------------~---------------

Analytical Method 
Based on SM-2310 
Based on SM2320B 
Based on EPA 325.2 
Based on SM-2510B 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
Based on EPA 375.4 
Based on SM - 2540 D 

Maxxam has procedures in place to guard against Improper use or the eleclronic signature and have the required "signatories". as per section 
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. sec and CALA have approved this reporting process and electronic report format. 

Total cover pages: 1 
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Maxxam Job #: A947122 
Report Date; 2009/09/08 

SRK CONSUL TING www. m~xxnmnnPlyUo;~.,;,om 1 
Client Project#; 1 CY001 .034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID 053016 053017 
Sampling Date 2009i08/27 2009/08/27 r 

11:00 11:15 
COC Number F116612 F116612 

Units P09-GS1B P09-C3S-SW RDL ac Batch 

Misc. Inorganic& r 
Acidity (pH 4.5) mg/L <0.5 <0.5 0.5 3399133 I 

Acidity (pH 8.3) mg/L 13.6 <0.5 0.5 3399133 

Preparation 

Filler and HN03 Preservation N/A FIELD FIELD N/A ONSITE 

Misc. lnorganlcs 
--·- ... 

Alkallnlly (Tot.II as CaC03) mg/L 230 79 0.5 3393435 f 
Alkalinity (PP as CaC03) mg/L <0.5 <0.6 0.5 3393435 

Bicarbonate (HC03) mg/L 280 96 0.5 3393435 

Carbonate (C03) mg/L <0.5 <0.5 0.5 3393435 

Hydroxide (OH) mg/L <0.6 <0.6 0.6 3393435 ( 

Anions 

Dissolved Sulphate (S04) mg/L 440 310 5 3395089 
V 

Dissolved Chloride (Cl) mg/L 0.6 <0.5 0.6 3396023 

Physical Properties 

Conductivity uS/cm 1140 738 1 3393431 

pH pH Units 7.6 7.9 3393291 

Physical Proportlos 

Total Suspended Solids mg/L 13 5 4 3390080 

RDL "' Reportable Detection Limit 

f 
I.., 

/1 

l 
I 

L 

f~ 
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Maxxam Job #: A947122 
Report Date: 2009/09/08 

w " ·u ·.,n~xxnn1nnnlytlcs.co 1n 
SRK CONSUL TING 
Client Project #: 1 CYOD1 .034 

Sampler lnltlals: MS 

RES UL TS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID 053018 Q53019 Q_53020 
Sampling Date 2009/08/26 2009/08126 2009108126 

18:00 15:00 15:00 
coc Number F116612 F116612 F116612 

Units P09..S1S·04 P09-SIS-03D P09-S1S·03 RDL (lC Batch 

Misc. lnorganlcs 

IAcldlly (pH 4.5) mglL <0.5 <0.5 <0.5 0.5 3399133 

~cidity (pH 8.3) mglL 409 553 526 0.5 3399133 

Preparation 

FIiter and HN03 Preservation NIA FIELD FIELD FIELD NIA ONSITE 

Misc. lnorganlcs 
- . 

IAlkallnlty (Total as CaC03) mgll 180 180 170 0.5 3393435 

IAlkalinlty (PP as CaC03) mgll <0.5 <0.5 <0.5 0,5 3393435 

Bicarbonate {HC03) mg/L 220 210 210 0.5 3393435 

Carbonate (C03) mgll <0.5 <0.5 <0.5 0.5 3393435 

Hydroxide (OH) mgll <0.5 <0.5 <0.5 0.5 3393435 

lA.nlons 

Dissolved Sulphate (S04) mgll 6000 6200 6000 50 3395681 

Dissolved Chloride (Cl) mg/L 6.3 6.0 6.5 0.5 3395023 

Physical Properties 

Conductivity uSlcm 6600 6930 7080 1 3393431 

pH pH Units 6.9 6.9 7.0 3393291 

Physical Properties 
--

Total Suspended Solids mgll 3200 930 930 4 3390080 

RDL = Reportable Detection Limit 

Page 3 of 16 
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Maxxam Job #: A947122 
Report Date: 2009/09/08 

SRK CONSUL TING 

Drb•t:11 by .'!;{:f"l'icc 01111 S 'c i t;:fl l;'t-' 1 \' 
"'""v.tunx.."\:nn,nunlytlcs .coo, 

Client Project #: 1 CY001.034 

Sampler Initials: MS 

RESULTS OF CHEMICAL ANALYSES Of WATER 

Maxxam ID Q63021 
Sampling Date 2009/08/25 

18:00 
coc Nurnbf;lr F116612 

Units P09-S1S-02 ' RDL OC Batch 

Misc. lnorganlcs 

IAcldlly (pH 4.5) mg/L <0.5 0.5 3399133 

!Acidity (pH 8.3) mg/L 672 0 .5 3399133 

Preparation 

FIiter and HN03 Preservation N/A FIELD NIA ONSITE 

Ml&c. lnorganlcs 

!Alkalinity (Total as CaC03) mg/L 180 0.5 3393435 

IAlkallnlty (PP as CaC03) mglL <0.5 0.5 3393435 

Bicarbonate (HC03) mg/L 220 0.5 3393435 

Carbonate (C03) mg/L <0.5 0.5 3393435 

Hydroxide (OH) mg/L <0.5 0.5 3393435 

Anions 
Dissolved Sulphate (S04) mg/L 6900 50 3395681 

Dissolved Chloride (Cl) mg/L 6.3 0.5 3395023 

Physical Properties 

Conductivity uS/cm 7650 1 3393431 

pH pH Units 7.0 3393291 

Physlcal Properties 

Total Suspended Solids mg/L 970 4 3390080 

RDL - Reportable Detection Limit 
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Maxxam Job #: A947122 
Report Date: 2009/09/08 

SRK CONSUL TING 
Client Project#: 1 CY001 .034 

Sampler Initials: MS 

CSR DISSOLVED METALS - WATER (WATER) 

Maxxam ID Q53016 Q53017 
!Sampling Date 2009/08/27 2009/08/27 

11:00 11:15 
ICOC Number F116612 F116612 

Units P09-GS1B pog.r.i:u::w RDL JC Batch 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 660 391 0.6 3385515 

Dissolved Metals by ICPMS 

Dissoh,ed Aluminum (Al) ug/L 4 12 3 3392829 

Dissolved Antimony (Sb) ug/L 19.2 0.8 0.5 3392829 

Dl1a;olved Arsenic (As) ug/L 148 1.0 0.1 3392829 
Dissolved Barium (Ba) ug/L 18 41 1 3392829 

Dissolved Beryllium (Be) ug/L <0.1 <0.1 0.1 3392829 

Dissolved Bismuth (Bi) ug/L <1 <1 1 3392829 
Dissolved Boron (B) ug/L <50 <50 50 3392829 

Dlssolved Cadmium (Cd) ug/L 0.35 0.02 0.01 3392829 
.. 

Dissolved Chromium (Cr) ug/L <1 <1 1 3392829 

Dissolved Cobalt (Co) ug/L 53. 1 <0.5 0.5 3392829 
-· ---

Dissolved Copper (Cu) ug/L 0.3 1.4 0.2 3392829 
Dissolved Iron (Fe) ug/L 1570 8 5 3392829 

Dissolved Lead (Pb) ug/L 4.8 0.3 0.2 3392829 

Dissolved Lithium (LI) ug/L 11 <5 5 3392829 
Dissolved Manganese (Mn) ug/L 1480 4 1 3392829 

Dissolved Mercury (Hg) ug/L <0.02 <0.02 0.02 3392829 

Dissolved Molybdenum (Mo) ug/L 3 2 1 3392829 
Dissolved Nickel (NI) ug/L 162 2 1 3392829 

Dissolved Selenium (Se) ug/L <0.1 0.6 0.1 3392829 

Dissolved Silicon (Si) ug/L 1900 324 100 3392829 

Dissolved Silver (Ag) ug/L <0.02 <0.02 0.02 3392829 

Dissolved Strontium (Sr) ug/L 594 358 1 3392829 
Dissolved Thallium (Tl) ug/L 2.68 <0.05 0.05 3392829 

Dissolved Tin (Sn) ug/L <5 <6 5 3392829 
Dissolved Titanium (Ti) ug/L <5 <5 5 3392829 
Dissolved Uranium (U) ug/L 14.4 14.1 0.1 3392829 

Dissolved Vanadium M ug/L <6 <5 5 3392829 

Dissolved Zinc (Zn) ug/L 4710 10 5 3392829 

Dissolved Zirconium (Zr) ug/L <0.5 <0.6 0.5 3392829 

Dissolved Calcium (Ca) mg/L 163 90.0 0.05 3396021 

RDL = Reportable Detection Limit 
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SRK CONSUL TING www.m~:i.:xnmnnnlytlcs.con, 1 
Maxxam Job #; A947122 
Report Date: 2009/09/08 

Client Project#: 1CY001.034 

Sampler Initials: MS 

CSR DISSOLVED METALS • WATER (WATER) 

Maxxam ID Q53016 Q63017 
Sampling Date 2009/08/27 2009/08/27 

11:00 11 :15 
ICOC Number F116612 F116612 

Units P09·GS1B P09·GS·SW RDL ::ic Batch - . 

Dissolved Magnesium (Mg) mg/L 61 .8 40.4 0.05 3396021 

Dissolved Potassium (K) mg/L 4.11 2.59 0.05 3396021 

Dissolved Sodium (Na) mg/L 11.4 9.78 0.05 3396021 

Dissolved Sulphur (S) mg/L 179 116 3 3396021 

RDL .= Reportable Detection Limit 
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Maxxam Job #: A947122 
Report Date: 2009/09/08 

"\,.,,.,v.01n..~xn111nnnlytlcs.co1u 

SRK CONSUL TING 
Client Project#: 1 CY001 .034 

sampler Initials: MS 

CSR DISSOLVED METALS-WATER (WATER) 

Maxxam ID 053018 053019 Q53020 
Sampling Date 2009/08/26 2009/08/26 2009/08/26 

18;00 15:00 15:00 
coc Number F116612 F116612 F116612 

Unit$ P08-$1$-0<J P08-SIS-03D P09-SIS·03 RDL ::ic Batch 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 5160 6550 5470 0.5 3385515 
Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 55 42 40 30 3392829 

Dissolved Antimony (Sb) ug/L <5 <5 <5 5 3392829 

Dissolved Arsenic (As) ug/L <1 1 <1 1 3392829 

Dissolved Barium (Ba) ug/L 26 23 24 10 3392829 

Dissolved Beryllium (Be) ug/L <1 <1 <1 1 3392829 

Dissolved Bismuth (Bi) ug/L <1 0 <10 <10 10 3392829 

Dissolved Boron (B) ug/L <500 <500 <500 500 3392829 

Dissolved Cadmium (Cd) ug/L 72.2 89.8 89.5 0.1 3392829 

Dissolved Chromium (Cr) ug/L <10 <10 <10 10 3392829 

Dissolved Cobalt (Co) ug/L 8 13 12 5 3392829 

Dissolved Copper (Cu) ug/L 25 26 25 2 3392829 

Dissolved Iron (Fe) ug/L 244 82 <50 50 3392829 

Dissolved Lead (Pb) ug/L 2 <2 <2 2 3392829 

Dissolved Lithium (Li) ug/L 157 179 180 50 3392829 

Dissolved Manganese (Mn) ug/L 58100 70500 69300 10 3392829 

Dissolved Mercury (Hg) ug/L <0.2 <0.2 <0.2 0.2 3392829 

Dissolved Molybdenum (Mo) ug/L <10 <10 <10 10 3392829 

Dissolved Nlckel (NI) ug/L 2080 2230 2230 10 3392829 

Dissolved Selenium (Se) ug/L <1 <1 <1 1 3392829 

Dissolved Silicon (SI) ug/L 11900 11100 10900 1000 3392829 

Dissolved Silver (Ag) ug/L 0.3 0.3 0.2 0.2 3392829 

Dissolved Strontium (Sr) ug/L 2130 2000 2020 10 3392829 

Dissolved Thallium (Tl) ug/L <0.5 <0.5 <0.5 0.5 3392829 

Dissolved Tin (Sn) ug/L <50 <50 <50 50 3392829 

Dissolved Titanium (Ti) ug/L <50 <50 <50 50 3392829 

Dissolved Uranium (U) ug/L 4 6 6 1 3392829 

Dissolved Vanadium M ug/L <50 <50 <50 50 3392829 

Dissolved Zinc (Zn) ug/L 307000 362000 367000 50 3392829 

Dissolved Zirconium (Zr) ug/L <5 <5 <5 5 3392829 

Dissolved Calcium (Ca) mg/L 462 457 454 0.5 3396021 

RDL - Reportable Detection Limit 
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Maxxam Job #; A947122 
Report Date: 2009/09/08 

,v,,"v.runxxmnnnolytlcs .con, 

SRK CONSULTING 
Client Project#; 1CY001.034 

Sampler Initials: MS 

CSR DISSOLVED METALS-WATER (WATER) 

Maxxam ID 053021 
Sampling Date 2009/08/25 

18:00 
COC Number F116612 

Unit<:i P09-S1S-02 RDL ac Batch 

Misc:. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 6260 0.5 3385515 

Dlssolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 33 30 3392829 

Dissolved Antimony (Sb) ug/L <5 5 3392829 
Dissolved Arsenic (As) ug/L 2 1 3392829 

Dissolved Barium (Ba) ug/L 31 10 3392829 
-
Dissolved Beryllium (Be) ug/L <1 1 3392829 
Dissolved Bismuth (Bl) ug/L <10 10 3392829 

Dissolved Boron (B) ug/L <500 500 3392829 

Dissolved Cadmium (Cd) ug/L 89.2 0.1 3392829 
Dissolved Chromium (Cr) ug/L <10 10 3392829 

Dissolved Cobalt (Co) Ug/L 110 5 3392829 

Dissolved Copper (Cu) ug/L 15 2 3392829 

Dissolved Iron (Fe) ug/L 642 50 3392829 

Dissolved Lead (Pb) ug/L <2 2 3392829 
Dissolved Lithium (Li) ug/L 164 50 3392829 

Dissolved Manganese (Mn) ug/L 85000 10 3392829 

Dissolved Mercury (Hg) ug/L <0.2 0.2 3392829 
Dissolved Molybdenum (Mo) ug/L <10 10 3392829 

Dissolved Nickel (Ni) Ug/L 2310 10 3392829 

Dissolved Selenium (Se) ug/L <1 1 3392829 
Dissolved Slllcon (SI) ug/L 10000 1000 3392829 

Dissolved Silver (Ag) ug/L 0.3 0.2 3392829 

Dissolved strontium (Sr) ug/L 2140 10 3392829 

Dissolved Thallium (Tl) ug/L <0.5 0.5 3392829 

Dissolved Tin (Sn) ug/L <50 50 3392829 
-- -

Dissolved Titanium (Tl) ug/L <50 50 3392829 

Dissolved Uranium (U) ug/L 4 1 3392829 

Dissolved Vanadium M ug/L <50 50 3392829 

Dlssolved Zinc (Zn) ug/L 396000 50 3392829 

Dissolved Zirconium (Zr) ug/L <5 5 3392829 
Dissolved Calcium (Ca) mg/L 509 0.5 3396021 

RDL • Reportable Detection Limit 

Page 9 of 16 



Maxxam Job #: A947122 
Report Date: 2009/09/08 

t 

SRK CONSULTING 

Drll'e11 b,1· scn•lcc n1ul Scicu cc r 
ww,v. ma".\':xa1nannlytlcs .con, I 

Client Project#: 1CY001.034 

Sampler Initials: MS 

CSR DISSOLVED METALS· WATER (WATER) 
r 

Maxxam ID Q53021 
Sampling Date 2009108126 

18:00 
COC Number F116612 

Unltti P09.S1S.02 

Dlssolved Magnesium (Mg) mg/L 1210 

Dissolved Potassium (K) mg/L 14.6 

Dissolved Sodium (Na) mgll 68.3 

Dissolved Sulphur (S) mglL 2420 
... 

RDL • Reportable Detection Limit 

Page 10 or 16 
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ww•w.nn•L"'-nn1nnnlyTlcs.con1 
SRK CONSUL TING 

Maxxam Job #: A947122 
Report Date: 2009/09/08 

Client Project#: 1 CY001 .034 

Sample 

Sample 

Sample 

Sample 

Sample 

Sample 

sample 

Sample 

Sampler Initials: MS 

CSR DISSOLVED METALS. WATER (WATER) Comments 

053018-03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference. 

053019-03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference. 

Q63020·03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix Interference. 

053021-03 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix Interference. 

053018-03 Na, K, Ca, Mg, S by CRC ICPMS (diss.): RDL raised due to sample matrix interference. 

QS3019-03 Na, K, Ca, Mg, S by CRC ICPMS (dlss.): RDL raised due to sample matrix Interference. 

053020-03 Na. K, Ca, Mg, S by CRC ICPMS (diss.): RDL raised due to sample matrix Interference. 

053021-03 Na, K, Ca, Mg, S by CRC ICPMS (diss.): RDL raised due to sample matrix interference. 

Results relate onlv to the Items tested. 

Page 11 of 16 
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Drfrc11 b.1• s cn•IC'e a,uf Sc fe11ce 

QNQC 
Batch 
Num lnlt OC Tvne 

3392829 AA1 Method Blank 

RPD 

3393431 MM3 Spiked Blank 
Method Blank 
RPD 

3393435 MM3 Matrix Spike 
Spiked Blank 
Method Blank 

RPO 

3395023 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPO 

3395089 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPO 

3395681 SC2 Matrix Spike 
Spiked Blank 
Method Blank 
RPD 

3396021 AA1 Method Blank 

RPD 

3399133 MM3 Spiked Blank 
Method Blank 

RPO 

SRK CONSUL TING 
Attention: Daniel Mackie 
Client Project#: 1 CY001 .034 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA947122 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv 
Dlssolved Tilanlum (Ti) 2009/09/04 <5 
Dlssolved Uranium (U} 2009/09/04 <0.1 
Dissolved Vanadium (V) 2009/09/04 <5 
Dissolved Zinc (Zn) 2009/09/04 <5 
Dissolved Zirconium (Zr) 2009/09/04 <0.5 
Dissolved Arsenic (As) 2009/09/04 3.1 
Dl&solved Barium (Ba) 2009/09/04 1.4 
Dissolved Chromium (Cr) 2009/09/04 NC 
Dissolved Copper (Cu) 2009/09/04 5.1 
Dissolved Lead (Pb) 2009/09/04 0.2 
Dissolved Zinc (Zn) 2009/09/04 NC 
Conductivity 2009/09/03 100 
Conductivity 2009/09/03 <1 
Conductivity 2009/09/03 0 
Alkalinity (Total as CaC03) 2009/09/03 NC 
Alkalinity (Total as CaC03) 2009/09/03 99 
Alkalinity (Total as CaC03) 2009/09/03 <0.5 
Alkalinity (PP as CaC03) 2009/09/03 <0.5 
Bicarbonate (HC03) 2009/09/03 <0.5 
Carbonate (C03) 2009/09/03 <0.5 
Hydroxide (OH) 2009/09/03 <0.5 
Alkalinity (Total as CaC03) 2009/09/03 0.2 
Alkalinity (PP as CaC03) 2009/09/03 NC 
Bicarbonate (HC03) 2009/09/03 0.2 
Carbonate (C03) 2009/09/03 NC 
Hydroxide (OH) 2009/09/03 NC 
Dissolved Chloride (Cl) 2009/09/02 109 
Dissolved Chloride (Cl) 2009/09/02 102 
Dissolved Chloride (Cl) 2009/09/02 <0.5 
Dissolved Chloride (Cl) 2009/09/02 0.5 
Dissolved Sulphate (S04) 2009/09/02 NC 
Dissolved Sulphate (S04) 2009/09/02 84 
Dissolved Sulphate (S04} 2009/09/02 0.9, RDL- 0.5 
Dissolved Sulphate (S04) 2009/09/02 1.6 
Dissolved Sulphate (S04) 2009/09/04 NC 
Dissolved Sulphate (504) 2009/09/03 91 
Dissolved Sulphate (S04) 2009/09/03 <0.5 
Dissolved Sulphate (S04) 2009/09/03 1.3 
Dissolved Calcium (Ca) 2009/09/04 <0.05 
Dissolved Magnesium (Mg) 2009/09/04 <0.05 
Dissolved Potassium (K) 2009/09/04 <0.05 
Dissolved Sodium (Na) 2009/09/04 <0.05 
Dissolved Sulphur (S) 2009/09/04 <3 
Dissolved Calcium (Ca) 2009/09/04 0.3 
Dissolved Magnesium (Mg) 2009/09/04 1.4 
Acidity (pH 8.3) 2009/09/05 97 
Acidity (pH 4.5) 2009/09/05 <0.5 
Acidity (pH 8.3) 2009/09/05 <0.5 
Acidity (pH 4.5) 2009/09/05 NC 
Aciditv (oH 8.3) 2009/09/05 2.8 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement. 

Units 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
% 
% 
% 
% 
% 
% 
% 

uS/cm 
% 
% 
% 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 
% 
% 
% 
% 
% 
% 

mg/L 
% 
% 
% 

mg/L 
% 
% 
% 

mg/L 
% 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

% 
% 
% 

mg/L 
mg/L 

% 
% 

Matrix Spike: A sample to which a known amount or the analyte of interest has been added. Used to evaluate sample matrix interference. 
Spiked Blank: A blank matrix to which a known amount or the analyte has been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used In the analytical procedure. Used to identify laboratory contamination. 

QC Llm!ts 

20 
20 
20 
20 
20 
20 

80 -120 

20 
80 - 120 
80-120 

20 
20 
20 
20 
20 

80 - 120 
80 • 120 

20 
75-125 
80 • 120 

20 
75 • 125 
80-120 

20 

20 
20 

80 -120 

20 
20 

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relaUve difference between the concentration in the parent sample and the 

Maxxam AnalyUcs Jnt!maU011111 Corporation 0/11 Malll<am An~ly!lc; Bvm~by; 8577 Commerce Court V5A ~NS Telephone(604) 444-<lBOB Fex(604) 444-4511 
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SRK CONSULTING 

l)ri,•c 11 t,y .)"f!f"l'ic~ u11d ..S'cic11ct! r 
"'""lv.1unx._~nn1nnnly tlc1>.cou1 I 

Attention: Daniel Mackle 
Client Project#: 1CY001.034 
P.O.#: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA947122 

spiked amount was not sutnclently slgnlncant to permit a reliable recovery calculation. 
NC (RPO): The RPO was not calculated. The level of analyte detected In the parent sample and Its duplicate was not sufficiently significant to permit a 
reliable calculation. 

Maxxam AnalyLics lntemaLional Corpor,!UOI'\ o/a Maxxam Analyties Butnaby: 8577 Commo~ Couri V6A 4N5 To!ophom>(G04) 444-4808 Fruc(604) 444-'1~11 
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Drfre11 by _,..,,,.ice <111,f S cic111ce 

Sample Integrity Form 

Invoice To: 
SRK CONSUL TING 
SRKCONSU-VAN 
A TIN: Daniel Mackie 
SUITE 2200 
1066 W. HASTINGS ST. 
VANCOUVER, BC 
Canada V6E 3X2 
Client Contact: 
Daniel Mackie 

No discrepancies noted. 

Report Comments 

Received Date: 2009/08/28 Time:1;.; 3;.;.:.;;.;00=----By: 

Inspected Date: Time: _ ___ By: 

SIF Created Date: Time: 0=0::..:.:0::::..:0:__ __ By: 
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Maxxam Job#: A947122 
Date Received: 2009/08/28 
YourC.O.C. #: F116612 
Your Project#: 1 CY001.034 
Maxxam Project Manager: ASHLEY NIVISON 
Quote#: A80211 
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Attention; Ken Nordin 
LABERGE ENVIRONMENTAL SERVICES 
WHITEHORSE 
405 Ogilvie Street 
PO Box 21072 
Whitehorse, YT 
CANADA Y1A 6P7 

Drli'en by :o;cn•ic 41 nnd Science 
"''''"'-n1nxxn1un nnlytlc;,~.co1u 

Your Project#: VANGORDA-GRUM SURFACE WATER 
YourC.O.C.#: 08304779 

Report Date: 2009/10/14 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A956077 
Received: 2009/10/05, 12:10 

Sample Matrix: Water 
# Samples Received: 9 

Analyse& 
Acidity pH 4.5 & pH 8.3 (t 
Alkalinity - Water 
Bromide (ISE) 
Chloride by Automated Colourlmetry 
Chloride by Automated Colourimetry 
Conductance • water 
Fluoride - Mining Clients 
Hardness Total (calculated as CaC03) 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg. S by CRC ICPMS (dlss.) 
Elements by ICPMS Low Level (dissolved) (t 
Elements by ICPMS Low Level (total) <t 
Na, K, Ca, Mg, S by CRC ICPMS (total) 
Filler and HN03 Preserve for Metals 
pH Water 
Sulphate by Automated Colourlmetry 
Sulphate by Automated Colourlmetry 

Quantity 
9 
9 
9 
8 
1 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 , 

Date 
Extracted 
NIA 
2009110113 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
N/A 
2009/10/09 
2009/10109 
N/A 
NIA 
NIA 
NIA 

Date 
Analyzed Laboratory Method 
2009110/10 BRN SOP-00281 R3.0 
2009/10/14 BRN SOP-00264 R4.0 
2009/10113 BRN SOP-00245 R1 .0 
2009/10/09 BRN-SOP 00234 R3.0 
2009/10/10 BRN-SOP 00234 R3.0 
2009/10/14 BRN SOP-00264 R2.0 
2009/10/08 BRN SOP-00225 R1 .0 
2009/10/11 
2009/10/13 
2009/10/11 BRN SOP-00206 R7.0 
2009/10/11 BRN SOP-00206 R7.0 
2009/10/10 BRN SOP-00206 R7.0 
2009/10/10 BRN SOP-00206 R7.0 
2009/10/08 BRN Wl-00006 R1.0 
2009/10/14 BRN SOP-00264 R4.0 
2009/10/09 BRN-SOP 00243 R1 .0 
2009110/10 BRN-SOP 00243 R1 .0 

• RPDs calculated using raw data. The rounding of final re&ults may result In the apparent difference. 

(1) SCC/CAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analy&ls to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nlvlson@maxxamanalytics.com 
Phone#(604)444-4808 

Page 1 of 25 

Analytical Method 
Based on SM-2310 
Based on SM2320B 
EPA 9211 
Based on EPA 325.2 
Based on EPA 325.2 
Based on SM-25108 
Based SM • 4500 F C 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
Based on EPA 375.4 
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Your Project#: VANGORDA-GRUM SURFACE WATER 
YourC.O.C. #: 08304779 [ 

Attention: Ken Nordin 
LABERGE ENVIRONMENTAL SERVICES 
WHITEHORSE 
405 Ogilvie Street 
PO Box21072 
Whitehorse, YT 
CANADA Y1A 6P7 

CERTIFICATE OF ANAL YSI§ 
-2-

Report Date: 2009/10/14 

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 
6.10.2 of ISO/IEC 17026:2005(E), signing the reports. sec and CALA have approved this reporting process and electronic report format. 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

wn"v.wax~t1tnt1nnl;)'~lc,,;.c;o111 
LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials; KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID .R13373 R13374 
Sampling Date 2009/10/01 2009/10/01 

14:00 14:30 
COC Number 08304779 08304779 

Units VANGORDA QC Balch VANGORDA RDL llC Batch 
CRFJ:K A coccir B 

Misc. Inorganic& 

li\cldlty (pH 4.5} mg/L <0.6 3482975 <0.5 0.5 3482976 

~cidity (pH 8.3} 
--

mg/L 0.6 3482976 1.4 0.5 3482975 

Bromide (Br) mg/L <0.4 3485735 <0.4 0.4 3485735 
Fluoride (F} mg/L 0.02 3480002 0.07 0,01 3480002 

Preparation 

Filler and HN03 Preservation N/A FIELD ONSITE FIELD NIA ONSJTE 

Misc. lnorganlcs 

!Alkalinity (Total as CaC03) mg/L 26 3486943 26 0.6 3486943 

lo.tkallnlly (PP as CaC03} mg/L <0.5 3486943 <0.5 0.5 3486943 
Bicarbonate (HC03} mg/L 31 3486943 32 0.5 3486943 

Carbonate (C03) mg/L <0.5 3486943 <0.5 0.6 3486943 

Hydroxide (OH) mg/L <0.6 3486943 <0.5 0.5 3486943 

Anions 

Dissolved Sulphate (S04) mg/L 26 3485948 28 0.5 3482653 

Dissolved Chloride (Cl) mg/L 0.6 3485847 1.2 0.5 3482132 
Physlcal Properties 

Conductivity uS/cm 114 3486941 119 1 3486941 

pH pH Units 7.6 3486939 7.6 3486939 

RDL = Reportable Detection Limit 
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Maxxam Job #: A95S077 
Report Date: 2009/1 0/14 

Drh•e11 by -"·e n•it:I! u111/ Science 

''""''"'"·mnxxn m"n n n ly tlcs . ..-om 
LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID R13375 R13376 R13377 
$ampling Date 2009110101 2009110/01 2009/10/01 

13;16 16:45 16:00 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CRES:IC C CDJ:J:IC D CREEK E 

Misc. lnorganlcs 

Acidity (pH 4.5) mglL <0.5 <0.6 <0.5 0.5 3482975 

Acidity (pH 8.3) mgll 1.5 2.0 1.5 0.5 3482975 

Bromide (Br) mgll <0.4 <0.4 <0.4 0.4 3485735 

Fluoride (F) mglL 0.07 0.07 0.07 0.01 3480002 

Preparation 

Filter and HN03 Preservation NIA FIELD FIELD FIELD NIA ONSITE 

Misc, lnorganlcs 

Alkalinity (Total as CaC03) mg/L 28 35 37 0.5 3486943 

Alkalinity (PP as CaC03) mgll <0.5 <0.5 <0.5 0.5 3486943 

Bicarbonate (HC03) mg!L 34 43 45 0.5 3486943 

Carbonate (C03) mgll <0.6 <0.5 <0.5 0.5 3486943 

Hydroxide (OH) mgll <0.5 <0.5 <0.5 0.5 3486943 

Anions 
... 

Dissolved Sulphate (S04) mglL 31 56 59 0.5 3482653 

Dissolved Chloride (Cl) mgll <0.5 <0.5 <0.5 0.5 3482132 

Physical Properties 

Conductivity uSlcm 127 197 209 1 3486941 

pH pH Units 7.6 7.7 7.8 3486939 

RDL " Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

Dri,•e11 by .s·cn·icc n11,I .S'cic11cc 
"""''v.111nXXt11unhnl;>'tic~.co1u 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID R13378 R13379 
Sampling Date 2009/10/01 2009/10/01 

15:30 18:00 
~OC Number 08304779 08304779 

Units VANGOROA RDL GRUM RDL ~c Batch 
CREEK F WEST DUMP 

FLnwo.1 

Misc. lnorganlcs 

~cidity (pH 4.5) mg/L <0.5 0.5 <0.5 0.5 3482975 

~cidlty (pH 8.3) mg/L 1.4 0.5 15.4 0.5 3482975 

Bromide (Br) mg/L <0.4 0.4 <0.4 0.4 3485735 

Fluoride (F) mg/L 0.07 0.01 0.12 O.Q1 3480002 

Preparation 

FIiter and HN03 Preservation N/A FIELD N/A FIELD N/A ONSITE 

Misc. lnorganlcs 

~lkallnlly (Total as CaC03) mg/L 41 0.6 330 0.5 3486943 

~lkalinity (PP as CaC03) mg/L <0.5 0.5 <0.5 0.5 3486943 

Bicarbonate (HC03) mglL 60 0.5 400 0.6 3486943 

Carbonate (C03) mg/L <0.5 0.6 <0.5 0.6 3486943 

Hydroxide (OH) mg/L <0.5 0.5 <0.5 0.5 3486943 

~nlons 

Dissolved Sulphate (S04) mg/L 67 0.6 680 5 3482653 

Dissolved Chloride (Cl) mg/L <0.5 0.5 1.0 0,5 3482132 

Physical Properties 

Conductivity uS/cm 271 1 1760 1 3486941 

pH pH Units 7.8 8.0 3486939 

RDL a Reportable Detection Limit 
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Report Date: 2009/10/14 

r 
Dril•e11 by sen 1J,~e 011,I Scien ce ! -
""''"'YT1nnx x pn1nnn1y r1cs ~con1 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

RES UL TS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID R13380 
Sampling Dale 2009/10/01 

18:30 
k::OC Number 08304779 

Units GRUM 
WEST DUMP 

FLOWG-2 

Misc. lnorganlcs 

~cldlty (pH 4.5) mg/L <0.5 

Acidity (pH 8.3) mg/L 5.2 

Bromide (Br) mg/L <0.4 

Fluoride (F) mg/L 0.12 

Preparation 

Filter and HN03 Preservation N/A FIELD 

Misc. lnorganlcs 

~IKalinity (Total as CaC03) mg/L 270 

~lkalinity (PP as CaC03) mg/L <0.5 

Bicarbonate (HC03) mg/L 330 

Carbonate (C03) mg/L <0.5 
... 

Hydroxide (OH) mg/L <0.5 

!Anions 

Dissolved Sulphate (S04) mg/L 460 

Dissolved Chloride (Cl) mg/L 1.2 

Phy&lcal Propert.les 

Conductivity uS/cm 1290 

pH pH Units 8.1 

RDL • Reportable Detection Limit 
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R13381 

08304779 
RDL FIELD 

BLANK 

0.5 <0.5 

0.5 <0.5 

0.4 <0.4 

0.01 <0.01 

NIA FIELD 

0.5 1.7 

0.5 <0.5 

0.5 2.0 

0.5 <0.5 

0 .5 <0.5 

5 <0.5 

0.5 <0.5 

1 1 

6.2 

RDL 

0.5 

0.5 

0.4 

0.01 

N/A 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0 .5 

1 

~c Batch 

3482975 

3482975 

3485735 

3480002 

ONS1TE 

3486943 

3486943 

3486943 

3486943 

3486943 

3482653 

34821 32 

3486941 

3486939 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam fD R13373 R13374 R13375 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

14:00 14:30 13:15 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEKA CREEK B CREEK C 

Misc. lnorganics 

Dissolved Hardness (CaC03) mg/L 50.8 53.9 55.3 0-5 3473076 
·-

Dissolved Metals by ICPMS 

Olssolved Aluminum (Al) ug/L 16.9 16.1 14.1 0.2 3482652 

Dissolved Antimony (Sb) ug/L 0.04 0.04 0.04 0.02 3482652 
Dissolved Arsenic (As) ug/L 0.17 0.26 0.23 0.02 3482652 
Dissolved Barium (Ba) ug/L 24.8 25.5 25.0 0.02 3482652 

Dissolved Berylllum (Be) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Bismuth (Bi) ug/L <0.006 0.006 <0.005 0.005 3482652 

Dissolved Boron (B) ug/L <50 <50 <60 60 3482652 

Dissolved Cadmium (Cd) ug/L 0.044 (1) 0 .033 0.044 0.005 3482652 
Dissolved Chromium (Cr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

Dissolved Cobalt (Co) ug/L 0.047 0.049 0.042 0.005 3482652 

Dissolved Copper (Cu) ug/L 0.50 0.66 0.47 0.05 3482652 
Dissolved Iron (Fe) Ug/L 30 49 37 1 3482652 

Dissolved Lead (Pb) ug/L 0.215 0.248 0.157 0.005 3482652 

Dissolved Lithium (LI) ug/L 1.1 1.3 1.3 0.5 3482652 
Dissolved Manganese (Mn) ug/L 1.95 12.1 10.0 0.05 3482652 

Dissolved Molybdenum (Mo) ug/L 0.20 0.20 0.20 0.05 3482652 

Dissolved Nlckel (NI) ug/L 0.36 0.40 0.46 0.02 3482652 

Dissolved Selenium (Se) ug/L 0.08 0.09 0.10 0.04 3482652 

Dissolved Slllcon (SI) ug/L 4610 4820 4590 100 3482652 
Dlssolved Silver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482662 

Dissolved Strontium (Sr) ug/L 69.1 72.2 73.5 0.05 3482652 

Dissolved Thallium (Tl) ug/L 0.005 0.006 0.007 0.002 3482652 
Dl~solved Tin (Sn) ug/L <0.01 <0.01 <0.01 O.D1 3482652 

Dissolved Titanium (Tl) ug/L <0.5 <0.6 <0.5 0.5 3482652 
Dissolved Uranium (U) ug/L 0.376 0.392 0.405 0.002 3482652 
Dissolved Vanadium M ug/L <0.2 <0.2 <0.2 0.2 3482652 

Dissolved Zinc (Zn) ug/L 17.2 18.0 22.5 0.1 3482652 
Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

Dissolved Calcium (Ca) mg/L 16.2 17.1 17.6 0.05 3483676 

RDL .. Reportable Detection Limit 
( 1 ) Dissolved greeter than total. Reanalysis ylelds similar results 
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Maxxam Job #: A956077 
Report Date: 2009/10/1 4 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGOROA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

l/laxxam ID R13373 R13374 R13375 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

14:00 14:30 13:15 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEK A CREEK B CREEKC 

Dissolved Magnesium (Mg) mg/L 2.52 2.70 2.77 0.05 3483676 

Dissolved Potassium (K) mg/L 0.37 0.38 0.38 0.06 3483676 

Dissolved Sodium (Na) mg/L 1.70 1.73 1.67 0.05 3483676 

Dissolved Sulphur (S) mg/L 11 12 12 3 3483676 

RDL = Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

"'""''. tttlllYX.On1nno l y tlc:<.con, 

LABERGE ENVIRONMENTAL SERVICES 
Cllent Project#; VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS • WATER (WATER) 

Maxxam ID R13376 R13377 R13378 
!Sampling Date 2009/10/01 2009/10/01 2009/10/01 

16:45 16:00 16:30 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEK D CREEK E CREEK F 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 91 .0 99.4 129 0.5 3473076 

Dissolved M&tals by ICPMS 

Dissolved Aluminum (Al) ug/L 13.6 13.3 12.5 0.2 3482652 
Dissolved Antimony (Sb) ug/L 0.05 0.05 0.05 0.02 3482652 

Dissolved Arsenic (As) ug/L 0.26 0.26 0.25 0.02 3482652 
Dissolved Barium (Ba) ug/L 26.2 27.0 26.9 0.02 3482662 

Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Blsmulh (Bl) ug/L 0.038 (1) 0.006 <0.005 0.005 3482652 
Dissolved Boron (B) ug/L <50 <50 <50 50 3482662 

Dissolved Cadmium (Cd) ug/L 0.059 0.054 0.048 0.005 3482652 

Dissolved Chromium (Cr) ug/L <0.1 <0.1 <0.1 0.1 3482652 
Dissolved Cobalt (Co) ug/L 0.046 0.046 0.037 0.005 3482652 

Dissolved Copper (Cu) ug/L 0.52 0.54 0.53 0.05 3482652 

Dissolved Iron (Fe) ug/L 29 32 30 1 3482652 
Dissolved Lead (Pb) ug/L 0.155 0.206 0.181 0.005 3482652 

Dissolved Lithium (LI) ug/L 1.5 1.6 1.8 0.5 3482652 

Dissolved Manganese (Mn) ug/L 9.44 9.28 7.87 0.05 3482652 
Dissolved Molybdenum (Mo) ug/L 0.25 0.25 0.28 0.05 3482662 

Dissolved Nickel (NI) ug/L 0.48 0.48 0.47 0.02 3482652 
Dissolved Selenium (Se) ug/L 0.09 0.10 0.12 0.04 3482652 

Dissolved Silicon (SI) ug/L 4460 4760 5000 100 3482652 

Dlssolved Sliver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482652 
Dissolved Strontium (Sr) ug/L 94.3 101 120 0.05 3482662 

Dissolved Thallium (Tl) ug/L 0.009 0.010 0.012 0.002 3482652 
Dissolved Tin (Sn) ug/L <0.01 <0.01 <0.01 0.01 3482652 
Dissolved Titanium (Tl) ug/L <0,5 <0.5 <0.5 0.5 3482652 

Dissolved Uranium (U) ug/L 1.22 1.36 1.97 0.002 3482652 
Dissolved Vanadium (V) ug/L <0.2 <0.2 <0.2 0.2 3482652 

Dissolved Zinc (Zn) ug/L 22.9 21.8 21 .2 0.1 3482652 

Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482652 
Dissolved Calcium (Ca) mg/L 24.7 26.7 32.7 0.05 3483676 

RDL - Reportable Detection Limit 
( 1 ) Dissolved greater than total. Reanalysis yields similar results 
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Report Date: 2009/10/14 

Dri..,:11 by s.:n·lc ,: <11ul Sf::icuc.: 
"'""''.UU\XXOltlOIIOlyTlcs.cou, 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS - WATER (WATER) 

Maxxam ID R13376 R13377 R13378 
Sampling Date 2009/10(01 2009/10/01 2009/10/01 

16:45 16:00 15:30 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGOROA ROL lC Batch 
CREEK D CREEKE CREEK F 

Dissolved Magnesium (Mg) mg/L 7.11 7.98 11.4 0.05 3483676 

Dissolved Potassium (K) mg/L 0.46 0.47 0.51 0.05 3483676 

Dissolved Sodium (Na) mg/L 1.87 1.95 2.09 0.05 3483676 

Dissolved Sulphur (S) mg/L 23 24 33 3 3483676 

RDL = Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS ~ WATER (WATER) 

Maxxam ID R13379 R13380 R13381 
!Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
COC Number 08304779 08304779 08304779 

Units GRUM GRUM FIELD RDL :lC Batch 
WEST DUMP WEST DUMP BLANK 

FIOWG.1 FLOWG-2 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 1120 772 <0.5 0.5 3473076 

Dlssolvod Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 1.6 2.6 (1) 1.0 0.2 3482652 

Dissolved Antimony (Sb) ug/L 0.06 0.15 <0.02 0.02 3482652 

Dissolved Arsenic (As) ug/L 0.08 0.50 <0.02 0.02 3482652 

Dissolved Barium (Ba) ug/L 98.4 84.4 0.13 0.02 3482652 

Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Bismuth (Bl) ug/L 0.010 <0.005 0.006 0.005 3482652 

Dissolved Boron (B) ug/L <50 <50 <50 50 3482652 

Dissolved Cadmium (Cd) ug/L 0.024 0.027 (1) <0.005 0.005 3482652 

Dissolved Chromium (Cr) ug/L 0.2 <0.1 <0.1 0.1 3482652 

Dissolved Cobalt (Co) ug/L 0.039 0.029 0.006 0.005 3482652 
Dissolved Copper (Cu) ug/L 0.27 1.04 (1) 0.13 0.05 3482652 

Dissolved Iron (Fe) ug/L 12 11 5 1 3482652 

Dissolved Lead (Pb) ug/L 0.059 0.060 0.069 0.005 3482652 
Dissolved Lithium (Li) ug/L 7.8 4.5 <0.5 0.6 3482652 

Dissolved Manganese (Mn) ug/L 0.10 0.32 (1) 0.60 (1) 0,05 3482652 

Dissolved Molybdenum (Mo) ug/L 0.97 0.91 <0.05 0.05 3482652 
Dissolved Nickel (NI) ug/L 0.50 0.53 0.04 0.02 3482652 

Dissolved Selenium (Se) ug/L 3.52 0.53 <0.04 0.04 3482652 
Dissolved Silicon (Si) ug/L 5150 5410 <100 100 3482652 

Dissolved Sliver (Ag) ug/L <0.005 <0.005 <0.006 0.005 3482652 

Dissolved Strontium (Sr) ug/L 1090 772 0.05 0.05 3482652 
Dissolved Thallium (Tl) ug/L 0.003 <0.002 <0.002 0.002 3482652 

Dissolved Tin (Sn) Ug/L <0.01 <0.01 <0.01 0.01 3482652 
Dissolved Titanium (Ti) ug/L <0.5 <0.5 <0.5 0.5 3482652 

Dissolved Uranium (U) ug/L 17.6 12.8 <0.002 0.002 3482652 

Dissolved Vanadium M ug/L <0.2 <0.2 0.2 0.2 3482652 
Dissolved Zinc (Zn) ug/L 0.9 1.5 3.4 (1) 0.1 3482652 

Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

RDL "' Reportable Detection Limit 
( 1 ) Dissolved greater than total. Reanalysis yields similar results 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA,GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam ID R1 3379 R13380 R13381 
Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
coc Number 08304779 08304779 08304779 

Unit& GRUM GRUM FIELD RDL ~c Batch 
WEST DUMP WEST DUMP BLANK 

FLOW G-1 FLOWG-2 

Dissolved Calcium (Ca) mg/L 248 176 0.06 0.05 3483676 

Dissolved Magnesium (Mg) mg/L 122 80.6 <0.06 0.06 3483676 

Dissolved Potassium (K) mg/L 1.51 1.38 <0.05 0.05 3483676 

Dissolved Sodium (Na) mg/L 4.80 3.77 <0.05 0.05 3483676 

Dissolved Sulphur (S) mg/L 280 187 <3 3 3483676 

RDL .. Reportable Detection Limit 
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Maxxam Job #; A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS-WATER (WATER) 

Maxxam ID Rf3373 R13374 R13375 
Sampling Date 2009/10/01 2009/1 0/01 2009/10/01 

14:00 14:30 13:15 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEK A CREEKB CREEK C 

Calculated Parameters 

!Total Hardness (CaC03) mg/L 46.9 49.8 51.2 0.5 3472885 

Total Metals by ICPMS 
-

Total Aluminum (Al) ug/L 19.8 18.7 18.1 0.2 3482654 

Total Antimony (Sb) ug/L 0.04 0.04 0.05 0.02 3482654 

Total Arsenic (As) ug/L 0.27 0.28 0.30 0.02 3482654 
Total Barium (Ba) ug/L 23.1 23.1 23.2 0.02 3482654 

Total Beryllium (Be) ug/L 0.02 <0.01 0.01 0.01 3482654 

Total Bismuth (Bl) ug/L <0.005 <0.005 <0.005 0.005 3482654 
Total Boron (B) ug/L <50 <60 <50 50 3482654 

Total Cadmium (Cd) ug/L 0.036 0.035 0.052 0.005 3482654 
Total Chromium (Cr) uglL <0.1 <0.1 <0.1 0.1 3482654 
Total Cobalt (Co) ug/L 0.051 0.061 0.057 0.005 3482654 

Total Copper (Cu) ug/L 0.43 0.46 0.65 0.05 3482654 
-· -

Total Iron (Fe) uglL 57 65 66 1 3482654 

Total Lead (Pb) ug/L 0.377 0.357 0.471 0.005 3482654 

Total Lithium (LI) ug/L 1.5 1.5 1.6 0.5 3482654 
Total Manganese (Mn) ug/L 2.73 12.7 11 .3 0.05 3482654 

Total Molybdenum (Mo) ug/L 0.19 0.20 0.20 0.05 3482654 

Total Nickel (NI) uglL 0.41 0.35 0.54 0.02 3482654 
Total Selenium (Se) ug/L 0.09 0.08 0.09 0.04 3482654 

Total Silicon (SI) ug/L 4640 4310 4500 100 3482654 
Total Sliver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482654 

Total Strontium (Sr) ug/L 65.1 65.4 69.1 0.05 3482654 

Total Thallium (Tl) ug/L 0.007 0.007 0.008 0.002 3482654 
Total Tin (Sn) ug/L <0.01 <0.01 <0.01 O.Q1 3482654 

Total Titanium (Tl) ug/L <0.5 <0.5 <0.5 0.5 3482654 
Total Uranium (U) ug/L 0.371 0.370 0.380 0.002 3482654 

Total Vanadium M ug/L <0.2 <0.2 <0.2 0.2 3482654 

Total Zinc (Zn) ug/L 17.0 17.4 25.0 0.1 3482654 
Total Zirconium (Zr) Ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Calcium (Ca) mg/L 14.9 15.8 16.1 0.05 3482725 

Total Magnesium (Mg) mglL 2.33 2.52 2.67 0.05 3482725 

RDL = Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

Maxxam ID 
fSampllng Date 

COG Number 

Total Potassium (K) 

Total Sodium (Na) 

Total Sulphur (S) 

r 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#; VANGORDA·GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS - WATER (WATER) 
r 

f R13373 R13374 R13315 
2009/10/01 2009/10/01 2009/10/01 

14:00 14:30 13:16 
08304779 08304779 08304779 

Units VANGORDA VANGOROA VANGORDA RDL QC Batch 
CREEK A CREEK B CREEK C 

mg/L 0 .33 0.34 0.35 0.05 3482725 

mg/L 1.65 1.67 1.65 0.05 3482726 

mg/L 11 12 10 3 3482725 

RDL = Reportable Detection Limit 

r 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS-WATER (WATER) 

Maxxam ID R13316 R13377 R13378 
Sampling Date 2009/10/01 2009/1 0/01 2009/10/01 

16:45 16:00 15:30 
COC Number 08304779 08304779 08304779 

Units VANOORDA VANGORDA VANGORDA RDL QC Batch 
l'!DEEK.D CREEK E CREEK F 

Calculated Parameters 
''' 

Total Hardness (CaC03) mg/L 89.5 90.0 125 0.5 3472885 

Total Metals by ICPMS 

Total Aluminum (Al) ug/L 21.3 16.9 17.8 0.2 3482654 

Total Antimony (Sb) ug/L 0.05 0.07 0.05 0.02 3482654 

Total Arsenic (As) ug/L 0.36 0.35 0.32 0.02 3482654 

Total Barium (Ba) ug/L 24.8 24.5 25.3 0.02 3482654 

Total Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482654 

Total Bismuth (Bi) ug/L 0.006 0.020 <0.005 0.005 3482654 

Total Boron (B) ug/L <50 <50 <50 50 3482654 

Total Cadmium (Cd) ug/L 0.059 0.052 0.049 0.005 3482654 

Total Chromium (Cr} ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Cobalt (Co) ug/L 0.084 0.067 0.049 0.005 3482854 
Total Copper (Cu) ug/L 0.66 0.71 0.59 0.05 3482654 

Total Iron (Fe) ug/L 80 61 59 1 3482654 

Total Lead (Pb) ug/L 0.842 0.678 0.433 0.005 3482654 

Total Lithium (Li) ug/L 1.8 1.8 2.0 0.5 3482654 

Total Manganese (Mn) uglL 13.9 11 .1 9.16 0.05 3482654 

Total Molybdenum (Mo) ug/L 0.23 0.25 0.28 0.05 3482654 

Total Nickel (Ni) ug/L 0.55 0.54 0.56 0.02 3482654 

ITotal Selenium (Se) ug/L 0.10 0.11 0.12 0.04 3482654 

Total Silicon (Si) ug/L 4370 4370 4420 100 3482654 

Total Silver (Ag) uglL <0.005 <0.005 <0.005 0.006 3482654 

Total Strontium (Sr) ug/L 89.2 90.7 111 0.05 3482654 
Total Thallium (Tl) ug/L 0.009 0.010 O.Q11 0.002 3482654 

Total Tin (Sn) ug/L <0.01 <0.01 <0.01 0.01 3482654 

Total Titanium (TI) ug/L <0.5 <0.5 0.8 0.5 3482654 

Total Uranium (U) ug/L 1.20 1.25 1.86 0.002 3482654 

Total Vanadium M Ug/L <0.2 <0.2 <0.2 0.2 3482654 
Total Zinc (Zn) ug/L 25.9 27.3 24.7 0.1 3482654 

Total Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Calcium (Ca) mg/L 23.8 23.8 31.3 0.05 3482725 

Total Magnesium (Mg) mg/L 7.28 7.44 11.5 0.05 3482725 

RDL • Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

Drlt·e11 1>.,~ s en~lce a11,I Scie,tce 
'"""''""'--n1nxx11nu1nqly tt~,;~~·o,11 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS-WATER (WATER) 

Maxxam ID R13376 R13377 R13378 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

16:45 16:00 15:30 
coc Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANC30RDA RDL ~c Batch 
CREEK D CREEK E QREEKf 

Total Potassium (K) mg/L 0.42 0.43 0.49 0.05 3482725 

Total Sodium (Na) mg/L 1.88 1.91 2.13 0.05 3482725 

Total Sulphur (S) mg/L 22 24 33 3 3482725 

ROL = Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

Drfren b,1• s l!n•lce atul Science 
,,.,,,.,•-111.nxx.Pn1rtnnlytlc:'i-C:on1 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS - WATER (WATER) 

Maxxam ID R13379 R13380 R13381 
Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
COC Nymber 08304779 08304779 08304779 

Units GRUM GRUM FIELD RDL ~c Batch 
WEST DUMP WEST DUMP BLANK 

FLOW G-1 FLOW G.2._ 

Calculated Parameters 

Total Hardness (CaC03) mg/L 1090 747 <0.5 0.5 3472885 

iTotal Metals by ICPMS 

Total Aluminum (Al) ug/L 13.8 2.1 0.5 0.2 3482654 

Total Antimony {Sb) ug/L 0.05 0.15 <0.02 0.02 3482654 

iTotal Arsenic (As) ug/L 0.12 0.57 <0.02 0.02 3482654 
Total Barium (Ba) ug/L 89.8 77.2 0.34 0.02 3482664 

Total Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482654 

Total Bismuth (Bl) ug/L <0.005 <0.005 <0.005 0.005 3482654 

Total Boron (B) ug/L <50 <50 <50 50 3482654 

!Total Cadmium (Cd) ug/L 0.021 0.019 <0.005 0.005 3482654 

Total Chromium (Cr) ug/L 0.2 <0.1 <0.1 0.1 3482654 
Total Cobalt (Co) ug/L 0.057 0.035 <0.005 0.005 3482654 

!Total Copper (Cu) ug/L 0.31 0.61 0.11 0.05 3482654 
··-· 

Total Iron (Fe) ug/L 67 13 <1 1 3482654 

!Total Lead (Pb) ug/L 0.221 0.068 0.165 0.005 3482654 

Total Lithium (LI) ug/L 8.0 4.8 <0.5 0.5 3482654 
!Total Manganese (Mn) ug/L 0.56 0.23 <0.05 0.05 3482654 

rrotal Molybdenum {Mo) ug/L 0.88 0.87 <0.05 0.05 3482654 

!Total Nickel (NI) ug/L 0.50 0.55 <0.02 0.02 3482654 
!Total Selenium {Se) ug/L 3.68 0.50 <0.04 0.04 3482654 

!Total SIiicon {SI) ug/L 5230 5230 <100 100 3482654 

Total Silver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482654 
iT otal Strontium {Sr) ug/L 995 718 <0.05 0.05 3482654 

Total Thallium (Tl) ug/L 0.004 <0.002 <0.002 0.002 3482654 

!Total Tin (Sn) ug/L <0.01 <O.Q1 <0.01 O.D1 3482654 

!Total Titanium {Tl) ug/L <0.5 <0.5 <0.5 0.5 3482654 

Total Uranium (U) ug/L 17.9 12.5 <0.002 0.002 3482654 
!Total Vanadium M ug/L <0.2 <0.2 <0.2 0.2 3482654 

Total Zinc (Zn) ug/L 1.8 1.4 0.2 0.1 3482654 
···-- .. 

!Total Zirconium (Zr) ug/L <0.1 c0.1 <0.1 0.1 3482654 

rTotal Calcium (Ca) mg/L 244 171 <0.05 0.05 3482725 

RDL ., Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS-WATER (WATER) 

Maxxam ID R13379 R13380 
Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
COC Number 08304779 08304779 

Units GRUM GRUM 
WEST DUMP WEST DUMP 

FLOW G-1 FLOWG-2 

Total Magnesium (Mg) mg/L 117 77.8 

Total Potassium (K) mg/L 1.38 1.24 

Total Sodium (Na) mg/L 5.00 3.88 

Total Sulphur (S) mg/L 275 175 

RDL " Reportable Detection Limit 
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R13381 

08304779 
FIELD 

BLANK 

<0.05 

<0.05 

<0.05 

<3 

RDL :ic Batch 

0.05 3482725 

0.05 3482725 

0.05 3482725 

3 3482725 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

Results rolate onlv to the Item& te&ted. 

w ww.n1n x x Pnu 1nnl~"tlc,;.co1u 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#; VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

General Comments 
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QA/QC 
Batch 
Num lnlt 

3480002 MM3 

3482132 RL2 

3482652 AA1 

oc TvPe 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO [R13379-02) 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO [R13380-03) 
RPO [R13381 ·02) 
Matrix Spike 

Spiked Blank 

Method Blank 

Drh·.:11 bJ' sero·ic.: "'"' Sr.i .:11co: 
~'""'v.1nnxx a1unualyTlc!>.co1u 

LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Client Project#: VANGORDA-GRUM SURFACE WATER 

P.O. #: r 
Site Reference: 

Quality Assurance Report 
Max_xam Job Number: VA956077 

Dale 
Analyzed 

Parameter vvvv/mmldd 
Fluoride (F) 2009/10/08 
Fluoride (F) 2009/10/08 
Fluoride (F) 2009/10/08 
Fluoride (F) 2009/10/08 
Dissolved Chloride (Cl) 2009/10/09 
Dissolved Chloride (Cl) 2009/10/09 
Dissolved Chloride (Cl) 2009/10/09 
Dissolved Chloride (Cl) 2009/10/09 
Dissolved Chloride (Cl) 2009/10/09 
Dissolved Arsenic (As) 2009/10/11 
Dissolved Beryllium (Be) 2009/10/11 
Dissolved Cadmium (Cd) 2009/10/11 
Dissolved Chromium (Cr) 2009/10/11 
Dissolved Cobalt (Co) 2009/10/11 
Dissolved Copper (Cu) 2009/10/11 
Dissolved Lead (Pb) 2009/10/11 
Dissolved Lithium (Li) 2009/10/11 
Dissolved Nickel (Ni) 2009/10/11 
Dissolved Selenium (Se) 2009/10/11 
Dissolved Uranium (U) 2009/10/11 
Dissolved Vanadium (V) 2009/10/11 
Dissolved Zinc (Zn) 2009/10/11 
Dissolved Arsenic (As) 2009/10/11 
Dissolved Beryllium (Be) 2009/10/11 
Dissolved Cadmium (Cd) 2009/10/11 
Dissolved Chromium (Cr) 2009/10/11 
Dissolved Cobalt (Co) 2009/10/11 
Dissolved Copper (Cu) 2009/10/11 
Dissolved Lead (Pb) 2009/10/11 
Dissolved Lithium (LI) 2009/10/11 
Dissolved Nickel (NI) 2009/10/11 
Dissolved Selenium (Se) 2009/10/11 
Dissolved Uranium (U) 2009/10/11 
Dissolved Vanadium (V) 2009/10/11 
Dissolved Zinc (Zn) 2009/10/11 
Dissolved Aluminum (Al) 2009/10/11 
Dissolved Antimony (Sb) 2009/10/11 
Dissolved Arsenic (As) 2009/10/11 
Dissolved Barium (Ba) 2009/10/11 
Dissolved Beryllium (Be) 2009/10/11 
Dissolved Bismuth (Bl) 2009/10/11 
Dissolved Boron (B) 2009/10/11 
Dissolved Cadmium (Cd) 2009/10/11 
Dissolved Chromium (Cr) 2009/10/11 
Dissolved Cobalt (Co) 2009/10/11 
Dissolved Copper (Cu) 2009/10/11 
Dissolved Iron (Fe) 2009/10/11 
Dissolved Lead (Pb) 2009/10/11 
Dissolved Lithium (LI) 2009/10/11 
Dissolved Manganese (Mn) 2009/10/11 
Dissolved Molybdenum (Mo) 2009/10/11 
Dissolved Nickel (Ni) 2009/10/11 
Dissolved Selenium (Se) 2009/10/11 
Dissolved Silicon (Si) 2009/10/11 
Dissolved Silver (Ag) 2009/10/11 

Value Recoverv Units QC Limits 
92 % 80 • 120 

100 % 80-120 
<0.01 mg/L 

0 % 20 
NC % 80 • 120 
106 % 80 • 120 

<0.5 mg/L 
NC % 20 
NC % 20 

98 % 80 • 120 f 
109 % 80 • 120 
111 o/o 80 · 120 
97 % 80- 120 
93 % 80 • 120 

NC % 80 • 120 
108 % 80 • 120 
108 o/o 80 • 120 
90 % 80-120 

104 % 80 - 120 
117 % 80 • 120 
102 % 80 • 120 
NC % 80 • 120 
92 % 80 · 120 
98 % 80 -120 

100 % 80 • 120 
91 % 80 • 120 
90 % 80 • 120 
88 % 80 - 120 

104 % 80- 120 
100 % 80 - 120 
87 % 80 • 120 
97 % 80 • 120 

108 % 80 • 120 
96 % 80 • 120 
91 % 80 - 120 

<0.2 ug/L 
<0.02 ug/L 
<0.02 ug/L 
<0.02 ug/L 
<0.01 ug/L 

<0.005 ug/L 
<50 ug/L 

<0.005 ug/L 
<0.1 ug/L 

<0.006 ug/L 
<0.05 ug/L 

<1 ug/L 
<0.005 ug/L 

<0.5 uglL 
<0.05 ug/L 
<0.05 ug/L 
<0.02 ug/L 
<0.04 ug/L 
<100 ug/L 

<0.005 ug/L 

M~J<x~m AnalytlC5 lnlvm~Uollill Corporation ola Maxxam Analytle& eumaby: asn Commen:e Co\#1 VSA 4N5 Telaphona(GO<I) 4~4-'1808 Fax(GO,l) 444-4511 
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QNQC 
Batch 
Num lnlt 

3482652 AA1 

3482653 RL2 

3482664 AA1 

QC Tvoe 
Method Blank 

RPD 

Matrix Spike 
Spiked Blank 
Method Blank 
RPO [R 13380-03) 
RPD [R13381-02J 
Matrix Spike 

Spiked Blank 

.Drit•eu by .; ·ervic~ u11d $,;ic11ce 

""'"v.tnnxxn1unnnlytlc6.co1u 
LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Client Project#: VANGORDA·GRUM SURFACE WATER 
P.O.#: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA9560n 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv Units QC Limits 
Dissolved Strontium (Sr) 2009/10/11 <0.05 ug/L 
Dissolved Thallium (Tl) 2009/10/11 <0.002 ug/L 
Dissolved Tin (Sn) 2009/10/11 <0.01 ug/L 
Dissolved Titanium (Tl) 2009/10/11 <0.6 ug/L 
Dissolved Uranium (U) 2009/10/11 <0.002 ug/L 
Dissolved Vanadium M 2009/10/11 <0.2 ug/L 
Dissolved Zinc (Zn) 2009/10/11 <0.1 ug/L 
Dissolved Zirconium (Zr) 2009/10/11 <0.1 ug/L 
Dissolved Aluminum (Al) 2009/10/11 NC % 20 
Dissolved Antimony (Sb) 2009/10/11 NC % 20 
Dissolved Arsenic (As) 2009/10/11 4.8 % 20 
Dissolved Barium (Ba) 2009/10/11 0.6 % 20 
Dissolved Beryllium (Be) 2009/10/11 NC % 20 
Dissolved Bismuth (Bi) 2009/10/11 NC % 20 
Dissolved Boron (B) 2009/10/11 NC % 20 
Dissolved Cadmium (Cd) 2009/10/11 0.8 % 20 
Dissolved Chromium (Cr) 2009/10/11 NC % 20 
Dissolved Cobalt (Co) 2009/10/11 NC % 20 
Dissolved Copper (Cu) 2009/10/11 0.2 % 20 
Dissolved Iron (Fe) 2009/10/11 0.8 % 20 
Dissolved Lead (Pb) 2009/10/11 0.05 % 20 
Dissolved Lithium (LI) 2009/10/11 NC % 20 
Dissolved Manganese (Mn) 2009/10/11 3.2 % 20 
Dissolved Molybdenum (Mo) 2009/10/11 NC % 20 
Dissolved Nickel (Ni) 2009/10/11 4.8 % 20 
Dissolved Selenium (Se) 2009/10/11 NC % 20 
Dissolved Silicon (Si) 2009/10/11 0.6 % 20 
Dissolved Sliver (Ag) 2009/10/11 NC % 20 
Dissolved Strontium (Sr) 2009/10/11 1.3 % 20 
Dissolved Thallium (Tl) 2009/10/11 NC % 20 
Dissolved Tin (Sn) 2009/10/11 NC % 20 
Dissolved Titanium (Ti) 2009/10/11 NC % 20 
Dissolved Uranium (U) 2009/10/11 3.1 % 20 
Dissolved Vanadium M 2009/10/11 NC % 20 
Dissolved Zinc (Zn) 2009/10/11 2.6 % 20 
Dissolved Zirconium (Zr) 2009/10/11 NC % 20 
Dissolved Sulphate (S04) 2009/10/09 NC % 75 - 125 
Dissolved Sulphate (S04) 2009/10/09 99 % 80 - 120 
Dissolved Sulphate (S04) 2009/10/09 <0.5 mg/L 
Dissolved Sulphate (S04) 2009/10/09 3.1 % 20 
Dlnolved Sulphate (S04) 2009/10/09 NC % 20 
Total Arsenic (As) 2009/10/10 98 % 80 - 120 
Total Beryllium (Be) 2009/10/10 109 % 80 - 120 
Total Cadmium (Cd) 2009/10/10 103 % 80 - 120 
Total Chromium (Cr) 2009/10/10 100 % 80 - 120 
Total Cobalt (Co) . 2009/10/10 97 % 80 • 120 
Total Copper (Cu) 2009/10/10 95 % 80 • 120 
Total Lead (Pb) 2009/10/10 102 % 80 - 120 
Total Lithium (LI) 2009/10/10 NC % 80 - 120 
Total Nickel (NI) 2009/10/10 96 % 80 -120 
Total Selenium (Se) 2009/10/10 103 % 80 -120 
Total Uranium (U) 2009/10/10 109 % 80 • 120 
Total Vanadium M 2009/10/10 NC % 80 • 120 
Total Zinc (Zn) 2009/10/10 96 % 80 • 120 
Total Arsenic (As) 2009/10/10 97 % 80 - 120 

Mi!.>ot~m AnalytlC$ ln!emauonal Corporauon o/a Manam AnalyUes 8ininby; 8577 CQmm- Court V5A 4N5 Telephone(604) 444-4808 Fax(604) 444--1511 
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QA/QC 
Batch 
Num lnlt 

3482854 M1 
QCTvoe 
Spiked Blank 

Method Blank 

RPD 

i 
LABERGE ENVIRONMENT;~v;E~~~~snunlyt'l<:%.~Om G 
Attention: Ken Nordin 

Client Project#: VANGORDA-GRUM SURFACE WATER 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number; VA956077 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recoverv Units QC Limits 
Total Beryllium (Be) 2009/10/10 108 % 80 - 120 
Total Cadmium (Cd) 2009/10/10 97 % 80 • 120 
Total Chromium (Cr) 2009/10/10 101 % 80 • 120 
Total Cobalt (Co) 2009/10/10 99 % 80 • 120 
Total Copper (Cu) 2009/10/10 102 % 80- 120 
Total Lead (Pb) 2009/10/10 103 % 80-120 
Total Lithium (LI) 2009/10/10 108 % 80 • 120 
Total Nickel (Ni) 2009/10/10 99 % 80 • 120 
Total Selenium (Se) 2009/10/10 97 % 80 • 120 
Total Uranium (U) 2009/10/10 105 % 80 • 120 

) 
I 

Total Vanadium (V) 2009/10/10 99 % 80-120 
Total Zinc (Zn) 2009/10/10 101 % 80 • 120 
Total Aluminum (Al) 2009/10/10 <0.2 ug/L 
Total Antimony (Sb) 2009/10/10 <0.02 ug/L 
Total Arsenic (As) 2009/10/10 <0.02 ug/L 
Total Barium (Ba) 2009/10/10 <0.02 ug/L 
Total Beryllium (Be) 2009/10/10 <0.01 ug/L 
Total Bismuth (Bl) 2009/10/10 <0.005 uglL 
Total Boron (B) 2009/10/10 <50 ug/L 
Total Cadmium (Cd) 2009/10/10 <0.005 ug/L 
Total Chromium (Cr) 2009/10/10 <0.1 ug/L 
Total Cobalt (Co) 2009/10/10 <0.005 ug/L 
Total Copper (Cu) 2009/10/10 <0.05 ug/L 
Total Iron (Fe) 2009/10/10 <1 ug/L 
Total Lead (Pb) 2009/10/10 <0.005 ug/L 
Total Lithium (Li) 2009/10/10 <0.5 ug/L 
Total Manganese (Mn) 2009/10/10 <0.05 ug/L 
Total Molybdenum (Mo) 2009/10/10 <0.05 ug/L 
Total Nickel (Ni) 2009/10/10 <0.02 ug/L 
Total Selenium (Se) 2009/10/10 <0.04 ug/L 
Total Silicon (Si) 2009/10/10 <100 ug/L 
Total Silver (Ag) 2009/10/10 <0.006 ug/L 
Total Strontium (Sr) 2009/10/10 <0.05 ug/L 
Total Thallium (Tl) 2009/10/10 <0.002 ug/L 
Total Tin (Sn) 2009/10/10 <0.01 ug/L 
Total Titanium (Ti) 2009/10/10 <0.5 ug/L 
Total Uranium (U) 2009/10/10 <0.002 ug/L 

Total Vanadium M 2009/10/10 <0.2 ug/L 
Total Zinc (Zn) 2009/10/10 <0.1 ug/L 
Total Zirconium (Zr) 2009/10/10 <0.1 ug/L 
Total Aluminum (Al) 2009/10/10 0 .2 % 20 
Total Antimony (Sb) 2009/10/10 8.8 % 20 
Total Arsenic (As) 2009/10/10 2.3 % 20 
Total Barium (Ba) 2009/10/10 0 .5 % 20 
Total Beryllium (Be) 2009/10/10 NC % 20 
Total Bismuth (Bl) 2009/10/10 NC % 20 
Total Boron (B) 2009/10/10 NC % 20 
Total Cadmium (Cd) 2009/10/10 NC % 20 
Total Chromium (Cr) 2009/10/10 NC % 20 
Total Cobalt (Co) 2009/10/10 3.7 % 20 
Total Copper (Cu) 2009/10/10 1.0 % 20 
Total Lead (Pb) 2009/10/10 3.0 % 20 
Total Lithium (LI) 2009/10/10 0.1 % 20 
Total Manganese (Mn) 2009/10/10 1. 1 % 20 
Total Molybdenum (Mo) 2009/10/10 3.4 % 20 

M;!O!i!fll Am1!)'1i<01 lnlgm;~orlill CorporaUon oft/. Maxxam AnaJyLios Bumaby: 8577 commerce Court VSA 4N5 Telephon9<60<I) 444-'1808 Fa.~\604) 444-<!S11 
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QA/QC 
Batch 
Num lnit 

3482654 AA1 

3482725 AA1 

3482975 ALB 

3483676 AA1 

3485735 NS6 

3485847 SC2 

3485948 SC2 

j I 3486941 ALB 

l 
3486943 ALB 

L 

QCTvoe 
RPO 

Method Blank 

RPO 
Spiked Blank 
Method Blank 

RPO [R13380-02] 

Method Blank 

RPD 

Matrix Spike 
Spiked Blank 
Method Blank 
RPO [R13374-01] 
Matrhc Spike 
Spiked Blank 
Method Blank 
RPD 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO 
Spiked Blank 
Method Blank 
RPD [R13381·01J 
Matrix Spike 
Spiked Blank 
Method Blank 

RPD [R13381-01) 

" ''vw.1nn:i.:xn1unnalytlcs.co1u 

LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Cllent Project#: VANGORDA-GRUM SURFACE WATER 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA956077 

Date 
Analyzed 

Parameter ww/mm/dd Value Recoverv Units QC Limits 
Total Nickel (Ni) 2009/10/10 6.5 % 20 
Total Selenium (Se) 2009/10/10 13.0 % 20 
Total Silver (Ag) 2009/10/10 NC % 20 
Total Strontium (Sr) 2009/10/10 0.03 % 20 
Total Thallium (Tl) 2009/10/10 NC % 20 
Total Tin (Sn) 2009/10/10 NC % 20 
Total Uranium (U) 2009/10/10 0.6 % 20 
Total Vanadium M 2009/10/10 1.5 % 20 
Total Zinc (Zn) 2009/10/10 19.9 % 20 
Total Calcium (Ca) 2009/10/10 <0.05 mg/L 
Total Magnesium (Mg) 2009/10/10 <0.05 mg/L 
Total Potassium (K) 2009/10/10 <0.05 mg/L 
Total Sodium (Na) . 2009/10/10 <0.05 mg/L 
Total Sulphur (S) 2009/10/10 <3 mg/L 
Total Magnesium (Mg) 2009/10/10 0.8 % 20 
Acidity (pH 8.3) 2009/10/10 107 % 80-120 
Acidity (pH 4.5) 2009/10/10 <0.5 mg/L 
Acidity (pH 8.3) 2009/10/10 <0.6 mg/L 
Acidity (pH 4.5) 2009/10/10 NC % 20 
Acidity (pH 8.3) 2009/10/10 19.0 % 20 
Dissolved Calcium (Ca) 2009/10/11 <0.05 mg/L 
Dissolved Magnesium (Mg) 2009/10/11 <0.05 mg/L 
Dlssolved Potassium (K) 2009/10/11 <0.05 mg/L 
Dlssolved Sodium (Na) 2009/10/11 <0.05 mg/L 
Dissolved Sulphur (S) 2009/10/11 <3 mg/L 
Dissolved Calcium (Ca) 2009/10/11 0.3 % 20 
Dissolved Magnesium (Mg) 2009/10/11 0.08 % 20 
Dissolved Potassium (K) 2009/10/11 0 % 20 
Dissolved Sodium (Na) 2009/10/11 0.4 % 20 
Dissolved Sulphur (S) 2009/10/11 NC % 20 
Bromide (Br) 2009/10/13 113 % 80 • 120 
Bromide (Br) 2009/10/13 97 % 80 • 120 
Bromide (Br) 2009/10/13 <0.4 mg/L 
Bromide (Br) 2009/10/13 NC % 20 
Dissolved Chloride (Cl) 2009/10/10 108 % 80 -120 
Dissolved Chloride (Cl) 2009/10/10 105 % 80 - 120 
Dissolved Chloride (Cl) 2009/10/10 <0.6 mg/L 
Dissolved Chloride (Cl) 2009/10/10 4.7 % 20 
Dissolved Sulphate (S04) 2009/10/10 NC % 75 • 125 
Dissolved Sulphate (S04) 2009/10/10 97 % 80 • 120 
Dissolved Sulphate (S04) 2009110/10 0.5, RDL=0.5 mg/L 
Dissolved Sulphate (S04) 2009/10/10 4.7 % 20 
Conductivity 2009/10/13 102 % 80 -120 
Conductivity 2009/10/13 <1 uS/cm 
Conductivity 2009/10/14 NC % 20 
Alkallnlty (Total as CaC03) 2009/10/14 NC % 80 • 120 
Alkalinity (Total as CaC03) 2009/10/14 100 % 80 • 120 
Alkalinity (Total as CaC03) 2009/10/14 <0.5 mg/L 
Alkalinity (PP as CaC03) 2009/10/14 <0.5 mg/L 
Bicarbonate (HC03) 2009/10/14 <0.5 mg/L 
Carbonate (C03) 2009/10/14 <0.5 mg/L 
Hydroxide (OH) 2009/10/14 <0.5 mg/L 
Alkalinity (Total as CaC03) 2009/10/14 NC % 20 
Alkalinity (PP as CaC03) 2009/10/14 NC % 20 
Bicarbonate (HC03) 2009/10/14 NC % 20 

Maxxam AnslyUcs lnlemalio!'\81 Corpor11lion o/a M0""'1m An~lyli0$ Bum~by; e,n Commerce Court VSA 4NS Telephon8(604) 444-4808 Fex(604) 444-1511 
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LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 

~~~~i:roject #: VANGORDA-GRUM SURFACE WATER r 
Site Reference: j 

QA/QC 
Batch 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA956077 

Date 
Analyzed 

Num lnit QC Tvne Parameter wvv/mm/dd Value Recoverv Units QC Limits 
3486943 AL8 RPD [R13381-01) Carbonate (C03) 2009/10/14 NC % 20 

Hvdroxide /OH) 2009/10/14 NC % 20 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement. 
Matrix Spike: A sample to which a known amount or the analyte of Interest has been added. Used to evaluate sample matrix interference. 
Spiked Blank: A blank matrix to which a known amount of the analyte ha& been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to Identify laboratory contamination. 
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration In the parent sample and the 
spiked amount was not sumciently significant to permit a reliable recovery calculation. 
NC (RPD): The RPD was not calculated. The level of analyte detected In the parent sample and its duplicate was not sufficiently significant to permit a 
reliable calculation. 

M8XXam Atlalyties lnlemationat CofPQflltion o/~ M1»001m An~l)'1i0$ eum~by; 8577 Commen;e Court V5A 4NS Telephone(604) 444-11808 f'ex(604) 444-4511 
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Mav.{~;c~ 
9577 Commerce Court 
Bumaby, BC \l5A 4N5 
www.maxxamanalylics.com 

COMPANY N/IMI:: lcuEN.i PROJECT NO.: 

• Phone: (604) 444-4808 
Fax.: {804} 444-4511 
ToU.;Free: 1-800-440-4808 

IIIUIIIIHI 
08304779 

Laberge Emlronmental Services I Vangorda-Grum Surface Water Assessments 

Physical Address 405 OgiMe Street. Whitehorse YT Y · 

----i ---,, --· -- ... ----
CHAIN-OF CUSTODY RECORD ANDANAt. YSIS REQUEST ,, 

PAGE _1_ OF _1_ 

ANALYSIS REQUEST • 

COMPAM',.t,OORl;SS: ITEL; 1-867-668~!!38 

Mailng Address Box 21072 c,MAJL: La'berqe@norltiwestel.net dmaci(je@srk.com v., 
w 
0 Whitehorse YT 

Y1A6P7 FAX: 
NM!E Cl'RINn: 'PllOJECT w.w.GER: USORATORY CONTACT: 

Ken Nordin, Dylan Nordin Daniel Mackle Ashley Nivison 
SMFl.NG 

FIELD SAMPLE ID 
~ ~ e. r 1ljl~ . i r~ ~ 

::!; I o 
ol 

DATE TNE. 

.Q 

1. IVangorda Creek A 
I 

X 0 111 Cl/2009 14:00 -
2 IVSIIQORf;a Credc B X 01110/2009 14~ -
1 liVangarda Creek C X 01/f0/2009 13:15 -
• IIVangorda Creek D 

, IVangorda Creek E. 

X 

;t-: 
16:,45 

,s:oo 
01/100009 

01/10/2009 -• I Vangorda C{eek F X 01110/2009 tS:30 -
r 1Grum West Dump llowG-1 I( 01 11 012009· 18:00 -
s 1 Grum West. Dump How G·2 X 011'1 0!2009 1a"30 

• .. 
10 

11 

12 

SPECIAL CETECTION UIITS /CONT~ TIPE· .. ,,., Surface Water Flows M,acem to Mine Waste D11mps 

• &rn."*'6ms ~~. AOCOI.JMT'llG CONTACT: SPECIAL REPORTING CR 611.lMG !ISSTRI.JCTTCtjS 
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RUSH 3 BllJSIN6SS DAYS _ REUNOIJl{SHE[) BY SliMP1.ER: OAlE; - ·· -TIME: R£C8VE0SY: 
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Appendix D 
S-wells Performance Data 
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S04 (mg/L) 
6(5/2006 61612006 

SR1<05-SP1A 446 

SRK05-SP1B 276 

SRK05-SP2 40 

SR1<05-SP3A 268 

SRK05-SP3B 263 

SRK05-SP4A 179 

SRl<05-SP4B 4,790 

SRK05-SP5 4W 

SRK06-SP7a 
SRK06-SP7b 
SR1<.06-SP8a 
SRk06-SP8b 

Zn-d (~L) 
6(5(2006 6(612006 

SRK05-SP1A 1,590 

SRK05-SP1B 243 

SRK05-SP2 129 

SRK05-SP3A 1.020 

SRK05-SP3B 75T 

SRK05-SP4A 1.040 

'SRK05-SP4B 36Z.OO!I 

SRK05-SP5 211.000 

,sRK06-SP7a 
'SRK06-SP7b 
SRK0S-SP8a 
SRK0S-SP8b 

- - -- - -".--

9/20/2006 5/2812007 5/2912007 10/3.12007 5/2812006 8(1312006 813012006 11/312008 5/30/2009 8/412009 9110/2009 9/1 1/2009 
457 558 460 629 660 

217 280 249 277 2BO 

45 42 34 35 38 

239 327 295 362 470 

257 277 285 283 3130 

173 292 296 ~ ,so 3,900 450 
5,080 4,760 4 ,730 5,820 5,000 5.600 4 ,800 5,900 

4,360- 5.180- 4 ,800 5,290 4,700 6,f OO 4,600 5,700 

2,140 2,300 1,900 1 ,800 

S,6!10 11 ,100 4,500 1,400 

1.470 

481 

9120/2006 5128/2007 5/2912007 10/312007 5/28/2006 8(1312008 8130/2006 111312.008 5/30/2009 81412009 9/10/2'009 9/11/2009 
1,410 983 1,460 1,780 1,820 

272 295 218 254 167 

126 128 105 172 107 

1,020 1,070 1,000 1,220 , ! 
1,400 

750 783 744 692 1,550 

995 1,050 1,160 16,500 ' 1,030 190,000 18,.100 

373,000 318,000 447,000 407,000 452,000 368,000 255,000 371,000 

218,000 234,000 324,000 294,000 326,000 367,000 2.76,000 346,000 

1,640 2,560 1,820 2,580 

96,800 2.48,000 49,400 21,000 

44<1 I 

359 ' 

D-3 Zn and S04 Concentration Data for Selected Monitoring Wells 
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Daniel Mackie Senior Hydrogeologist 

SRK Consulting Inc. 

Vancouver, BC Canada 
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Vangorda Creek and Grum West Dump Surface Water Investigations 

Background 

The following is the result of an assignment from Dan Mackie and Leslie Gomm. The investigators 
wanted to do two surface water surveys; one along Vangorda Creek below the Vangorda Pit and a 
second on the west side of the Grum Dump. On October 1, 2009 the surface water surveys were 
conducted at both flow pathways. Water quality results for the suite of parameters including low
level metals, major ions and physical parameters are included below and digital copies have been 
forwarded to Dan Mackie and Leslie Gomm. A slight increase in zinc and S04 was detected along 
the Vangorda Creek pathway. Below the west lobe of the Grum Dump very low zinc values were 
detected although there was presentation of S04 and elevated conductivity. All waters were slightly 
alkaline. 
L.E.S. handled all shipping and receiving; all samples were analyzed and reported by Maxxam 
Analytics Inc. in Maxxam A956077. 

Task One - Reconnaissance 

In August 2009 a brief reconnaissance was done below the toe of the Grum West Dump. The result 
was that the drainages indicated on the map were dry as far as we walked (about 300 m 
downstream of the Grum West Dump). On the same day a brief reconnaissance of potential sample 
sites along Vangorda Creek was conducted to plan access to the proposed sample sites. There 
were no obstacles observed to collection of any of the proposed samples, although the area below 
the west lobe of the Grum Dump looked very dry. 

Task Two • Survey 

Grum West 

The area downstream of the West lobe of the Grum Dump was surveyed on October 1, 2009. We 
walked to all of the proposed sample sites along all of the indicated pathway. Starting at SRK 2009 
wells (GD1301) we walked past site B, which was dry with no sign of flowing water this season. The 
confluence of A and B was dry with no sign of any flowing water or seasonal flowing water in either 
A or B channels (these are better described as topographic lows which may contain spring run-off 
and possibly extreme rainfall event flows only). The site C was found to be dry, and there was no 
sign of any tributary entering from the south at D. A significant seep was encountered near site D. 
The seep, sampled as G-1, was just upstream of a marshy pond which flowed into a confined 
channel through thick willow/sedges flowing towards site F. This area contained two open grassy 
areas with the channel flowing in a band of willows. The site E was inspected and found to be dry 
with no sign of channelized flow, although there was a topographic low to the west. The second 
sample G-2 was collected downstream of site E; in fact the site was close to the proposed site F. 
The channel began to display signs of continuously flowing water and the gradient increased. There 
were no other contributing surface water flows along the west Grum Dump pathway. In-situ 
measurements of pH, Conductivity and temperature were taken along with water samples. 

Vangorda Creek 

All of the proposed sample sites A through F were visited more or less where indicated on Figure 1 
below. Discharge was measured at four of the sites using a Price mini meter meter. ln·situ 
measurements of pH, Conductivity and Temperature were taken with freshly calibrated instruments. 
Every station was sampled in accordance with standard operating procedure including field filtration 
for dissolved metals. QA/QC Included one field blank for the sampling event. 
Site A was situated near the corrugated metal pipe under the haul road. Discharge measurement 
not possible due to steep grade and rapids. 
Site B was about 100 m downstream of A and due north of the Little Creek pond. 
Site C was in between the Moose pond and Little Creek pond. · 
Site D was downstream of the SRK06-08 and 09 wells downstream of Moose Pond and just 
upstream of the confluence of Tributary A. 
Site E was just downstream of Tributary A 
Site F was accessed from SRK05·07 and was taken downstream of Sweet Creek. 

1 
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Vangorda Creek and Grum West Dump Surface Water Investigations 

Table 1 - summary of In-situ measurements 

Time S_tatlon U"fM mN UTM:mE Fleld T·UC Cond Q ni"/a 
.. 

Nad'27 pH 11 

14:00 Vangorda A 593634 6903253 7.52 2.4 111 nm 
Near outlet of cmp, no Q 
possible. 

14;30 Vangorda B 593345 6903098 7.46 2.5 118 0.398 Site is north of Little Creek pond 

13:15 Vangorda C 593301 6903030 7.48 2.6 120 0.403 Site is between little creek and 
moose oonds 

16:45 Vangorda D na 7.58 2.9 197 0.399 
Site is just upstream of Grum 
Creek/Tributarv A 

16:00 Vangorda E 592912 6902309 7.68 2.9 207 nm 
Site is just downstream of 
confluence Tributary A 

15:30 Vangorda F 592558 6902247 7.70 2.7 267 0.443 
Accessed from SRK05-07. site 
is downstream of Sweet Ck. 

1 , 

18:00 Grum West G-1 590928 6904219 7.68 1.6 1750 
1.5 Seep daylights here, forms 
Usec confined channel 

19:00 Grum West G-2 590692 6904332 7.75 1.9 12BO 2 Chanriei starts to show signs of 
Usec continuouslv flowing water 

Vangorda Site F Grum west site G-1 near Site D Grum west pond downstream G-1 

, ? •• ·~-· ~'' l '"· .• . . ··; i,,,.;· . . ' ' . \ .. 
~ t\ ~ .' • \·;_ 

I. i :,-.: · i·· i:,:.. r- -:, \·· . -
' - . ~ :.» ,.; .• 

l. 

Grum west channel near E 
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Vangorda Creek and Grum West Dump Surface Water Investigations 

Attentl2Di Kto Notd!n 
LASERGE ENVIRONMENTAL SERVICES 
'l~ITEi-!ORSE 
~O& Ogllvi• Strut 
PO Box 21072 
'l\lhhtllQtH, YT 
CANADA Y1A GP7 

YQur Project#: VANGOROA·GRUM SURFACE WATER 
YQur C.O.C- #: OS30477Q 

Rel)()rt 0:1111: 2009110/14 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB #: A958077 
Received : 2009/10!0~, 12:10 

Samp!e Malrix: W1;11e1 
# Samples Received: " 

A.ctclt}' pH 4.5 & pti />.J a 
Alka'Tr1ty - \Vii'.H 
erllllJICe JISE) 
CIIIO<!C!e by Au1omal:c! CCIQJrntl;",f}' 
C1110.1ae by Auloma1ec1 Ctl!O'Jrm e-;ry 
~na~ance - 'A'it:r · 
FruCl:1~ - Mrnmg C!ent. 
11arane" Tola! (CJll:IJJ.l.;!d ae cacOJ) 
11aranen (C,'l~lat!!il ae cacOJJ 
Na. K C.'1, Mg, s tyCRC ICPMS (cl~s.) 
l!Jemetltl! Dy lC?II.S LOW LEVE! {<$><1l1't(I) 0 
Eleme1111; Dy ICPMS Low Leve! 1toui1 a 
Na. K, ca, Mg. s by CRC ICPMS 11ct;ll } 
Fl:U Mel t'.'103 P!l!!>ef'IE f:lr Meals 
pH Wale; 
SU'Jllc:!le ~)' Alllo.--na'::11 CCIOOrtnE'.ry 
Sullllale by IW1oma:ec1 C!llO'JmlE!I)' 

Ermyptlon Ktya, ' I ~i..,..!1h.hU1 

- ~M0.1X~l-124 t ~...:J.:o 

Date 
cuan:iw EX17ai:1E<l 
9 N'A 
9 ~DC-9/10113 
i WA 
& NIA , NIA 
9 N.'A 
9 NI"' 
9 NI"' 
9 NI"' 
9 N•A 
9 N•A 
9 :1.0C9.'1D•Oi 
i ~OC9J10.!1)g 
9 111'.i\ 
i w ... 
~ NII\ 

NI"' 

PltHt CIJto: ail quHllon, re93ru1n9 ltlls Certlnca.!;! or Ana.-,'&le to )!llli' ProJ«t IA,!!J~r 

A:lHl.!Y NIVISO~. ll!l'Y C-J~~er Se.Nice 
!rr.a1- Hl'IJty.nr,1&o~@manamaral}~~-ci:m 
PnOt1~ (!~ , 4,4.;1eo~ 

Dale 
An311'2:Ed Latorato:y ME'Jlod .w1yue.1.1 Mtlhoo 
20~1n'10 eRJ\I SOP-,10281 R~.O f!,U,d o:1 Gl/.•2310 
20lK'l'tn'l-' BRN SOP-!10264 R-1.0· l!;tstd 0.1 SMl~~e 
20D9/10!13 BRN SOP-!10245 R1.!l EPA 9211 
20DW10/W eRN.SOP D02~ R3.D l!as;;c! Ql1 !:PA :)2!-,l 
2DjWIO!l D eRN-SOP D02;;! R3.!l eased Ql1 !:PA ~-2 
20:lWID!'l.t. eRN SOP-!10264 R2.0 l!ai.:!l oo Sl/,25108 
20!19110/08 BRN SOP•!l0225 R1.!I l!as-.;d SM· .t~OJ l' C 
20~10' 11 
20t9t'10.•13 
20:lMO•l I BRN SOP-!1021n R7.D Based co EPA WJ a 
20~'10!1 I BRN SOP-!1021n R7.D l!as,d oo !;PA WU 
20il9'110/10 eRN SOP-!1021n R7.!I l!aml IX! !:'F'"' .OJ a 
20!191110/10 eRN SOP-!10205 R7.0 eased Oil !;PA 20J.e 
20!K>.'1D!ll$ BRll WI-DOD05 R1.D eas:11 c., !;;PA WJ.2 
20l 9t110n-' eRN SOP-D0264 R4.0 Bas:d IX! Sl/....i5tOH-+!1 
200W1Qili9 BRN•SCP D0243 R 1.0 eased IX! ~A ~7~.I. 
20DWl0110 eRN•SC?D0243 R1.D l!ased on EPA 37~.: 

1 



Vangorda Creek and Grum West Dump Surlace Water Investigations 

S.>mpltr lnlt,,.;s; KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

u~• .. "110 R.1 ,,, II. P\l:!,31" 
3a,,,p111; l»lt 200~1,o.•01 2t0111Cl'01 

IJ.i!O 14:31) 
.u: rJum,er ft••= w n @ ... "-'l'H 

Unllt Vl..HGOI\DA QC Bitch VANGOliDA ROL 
CRl!l!KA CRE.f;l<II 

Mit e.. lnor~nlc,t 

,',Cljlly JpH ~1i) 111!)'!. <O.;; )<lilZ97~ ,c().5 D.5 

l',cl~lly tPti 6.J) mg.~ 0.6 34!1l975 H o_~ 
Br~mlde (Br) m;;.'- c0.4 3435735 c {U li.4 

Ft.mlde (f} Ill!;\'!. 002 J46Il0ll2 D.07 D 01 

PreparaUon 

Flt!!!' ana HN03 Preservauoo NIA Fl;:LD m lSITE FIELD NIA 

Ml1c . 1norganlca 

'-ltallnlly tTotll as c a::0 3) mg.'L 26 J-166943 25 Ci.~ 

'-ltallnily 1PP as CaCOJ) mg.!i. c0.5 3485943 .-:0 .5' O.S 

B11:art-0na1e (l1C03) mg.'l. ;;1 3485943 n Ii.$ 

~aroma.:! (COJI 1119"- ~o.s 34S594l •O.S Ci$ 

IH'l'droXJ:e IOM") mg.•:. ~.S 3~85943 •O.S O! 
:.tllOIU 

O!HOh"tO su:pn~,. tS04! mg.'l. ~ )~95~l .-a 05 

C!Uor;ta OliOMt ICI) ll'li;,". O.! US!&.17 12 05 

Phytl~I Proptr11tt 

cor..cl~'CG',Uy \13..4.Cf9\ 114 3~959'1 I 119 1 
- . 

Pti pl-1 Urr:-.1 u Ham, 76 

R!ll. ~ Rt9Qrl,11ilf C)tl~,011 U~ 

S;m,pler lnitia.'s: KN 

RESULTS OF Ctf!;IVIICAL ANALYSl=S OF WATER 

tJ.arom lD · R 13375 R13J76 R133" 
SimP']~ D31e 2C09.'ll)/D1 2Ql)9f \OJ0 1 2C-0;/lli.'D1 

13:15 115:45 16110 
c:oc 1'iumb'er 08~~~ Ci63ll4779 0&3~773 

Unlfa VAHGORDA YANGORDA VANGORDA 
CREEKC CREEK D CREEKE 

Mlle. 111o-rgan1ca 

.. muy IP~ U) mg,'l. -<0.5 -:0.5 •O.S 

.. ,,any <PM" ~ 3) m~ 1.5 2.0 , .!, 

Brcm~tlBr) mJ'L ~ .4 .. o • .: •0.~ 
1'111:rt,eC,1 mi>'l. D07 O.C7 D 07 

Prtpar.uon 
FIilet 3M HN03 Prl?i'!r.·auo., NIA Fl!!LO FIEI.D FIELD 

M11c. 1norgan1ca 

',IUllnlly (Total a; CaC03) m~ 2S 3$ !7 
"1tallnlty (PP u CaC03) m~'l. ~o.s .. os •O.S 

Si::1rtona1t 111003) mr.t ~ :3 ~! 

~ll)o."lllt (C03> mtt'I. <0.!1 .. ~.S •O.!> 

i!'i\'drol1't 10:11 11'11)'1. ~o.! .. 05 •O.!> 
~ ion, 

C!UOl\'tG 91,i:J)~ilt ,so~ I mg.'. 31 !! !9 
DIHOIVtCI tnl: r4t (Cl) m~ "o.s .. n,s •O.! 

Ph)'IUI Proptrtltt 

cor.ciuco~IIY uS.~m 12r m m 
pi'I Pi'l !Jr.u 7S 7.7 7 5 

I\CL • l'ltpll'INJlt Ctlt«.O!I Llmt 

pc)1atc11 

~4f2375 

~4E2!l75 

~4E5735 

~f0i!D2 

ONSITE 

Uf6S43 

i..:e&9"3 

i..:e&r.13 

U!6i.13-

U!6i43 

~e2!~., 
~~132 

:!.!f~~1 

~£i;i93~ 

RDL QC Balch 

IH ~-'tli7!-
0$ ~-'"2i7S 

o.: U!-$13! 

n 01 ~!~!!Ol 

NIA ON!lli!! 

C,,$ ~!6i4.l 

OS ~e6iJ3 

H ~UiJl 

B ~e6;.1.3 

B ~fUl.3· 

D5 !s!flf~? 
I)!, ~!-21~2 

1 :.!!.;-9.! 1 

!~~:m 

2 

i 

f 
f 
! 

'I ! 

l 

l . 
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Vangorda Creek and Grum West Dump Surface Water Investigations 

... ~-~ o 
3~p!t!p DJtt 

;,.. 11 NW"nrw-r 

Sampltr lnft,.:. 's: KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

"' ·" " " .•.. ,~ 
20C-9.'10!01 2009110,0 l 

15::0 18:0D 
,. ...... "' ll~ . 111!~ ' 'II' 

un11, VANGOII.D4 11.DL o"u"' I\DL !1C e.tCII 
C"l!!.K I' WUT our,ap 

SJ"WG•I 

MIIC, lnOJo,ntca 
AQ'll.-:y (pti U) m9'L cJ-5 0-6 .. o~ 0.5 

... 

A/;!11'!')' (pti Ml mg'I. 1.4 0-5 15,..! o.s 
Bromll!e (Br) m911- .cIJ..: 0.4 ~DA 0A 

FIUO!l~i! (F) mg'L- 0.07 O.t'1 o.,z i:J.OI 

Prap.arallon 

Flt ~r ;l.lG H.'l03 Prer-!Vil:X)ll N!A FlcLO )(fJ\ FlcLD NIJ\ 
MJac. 111org1nlca 

hJka'.lrl'!')' (Tolal aE CaC03) mg•I. ;!1 o.s ~~ Q.5 
-- ~. 

Afkalrl'!')' (PP as CaC03) mg'L cn.s 0.5 .. D.5 !},5 

B!ea!b: n3Je (11C03) mg'L 5D 0.5 -!CO 0.5 

cartona1e (C0 3) mg•L cll.5 0.5 ~1).5 D.5 

H)'~,- (OH) mg 'L <D.5 0.5 <!}.5 D.5 

AnlDn1 

DJssoJ,·ed SU1ph3le (!:Q.I) mg 'L ii7 o.s 6f0 5 

D166ol,•ed Chl0!1~i! (CIJ mg'L <!l.5 0.5 1.0 0 5 

Phy11ca1 Properllee 

C!:~u:1M:y u.~rcm 27 1 1 1760 1 

~ pH unJls 7.6 8.0 

ROt • llepo-ui;,:e oe~cu,n umn 

Sampler lni~ : KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

r,,axx= i:l· R1JMD R1J351 
san-p1n; 031~ 20il9J10J01 

18:JO 
· : 11 · ru11rn~r ~ro,in9 D:!J:!4n9 

!Mll!975 
-
U 82975 

3435735 

~43~.01)2 

O.'lSfTE 

J436943 

343f94J 

3436943 

3436943 

!436943 

~ 2653 

3432 1~2 

!4il6941 

?436939 

Unlt1 GRUM RDL FIELD RDL IQC eaten 
WESiDUMP Bl~liK 

FLOWG-2 

M110. 1norg1n101 

ACI G;I)' IPH 4 Si mg.'L ~i>.5 D.!> .;O.S 0.5 ?,U2i75 

~.cla;;I)' !PH r li ffl!/>'L u 0.$- .. o.s 05 ?.l52i75 

l!rC!lllH (llr) m!j,'L ~!) • .i o., .. o.: o.:. ?.&-967:!6 

l"l;IO<'le:t(I') mr,.•L 0..12 0 0 1 ""i> OI J.01 ?,L!CO C,2 

PrtDITa\!01\ 

l'lttr 1J.i d t--~03 Pttmovon NJ,i. Pl!LD l'N, ' ll!LD NJ,i. O~Slil! 

Mite. tnoro1n1c1 

...ika;lrl l)' fiOl:11 u CaC03J fflf/,'L 270 M 1.7 OS 3;1!6943 

...ika!lrJt')' PF- u CaC-031 ffl(l.'L ~o.s o.s .. l)S 0.5 3;1!6943 

e1ca.1»~1, (l"!<:03) mg,'L l Ml a.$ 2.0 OS ?.£!6943 

ca~011;r.1 ,co~) m~'L -c).5 D.S .. os o.s ?4!6943 

H)'OfO)l(lt (0~1 mr.r,•L .. l),5 D.S .;I).$ OS ?-!!6943 

.0.0JOl'II 

O!UOl.-t d 3U\:)ltl!lt (SCJ) tn!j,'L .iEG 5 -r0S 05 ?,I.~~!,) 

O!UOh•td Cnl« IOt (OJ mg,'L 1.2 o.s .. os 0 5 ?4921 l2 

PIIVIIOll PIOl>tr1JH 

~ ndUO': rtlt')' I/Siem mo , I I !,£!694 I 

1)!'1 G+t uni:~ &.1 6.2 !.!!&iii 

~ C)'. • l'tlQOl1aOlt Dt1t01JOI'\ Llr.lb 

3 



Vangorda Creek and Grum West Dump Surface Water Investigations 

Sampler lnitia: KN 

LOW LEVEL DISSOLVED Ml:TALS • WATER (WATER) 

MJXXll!II LD R I " R·J , , ~ 111!,175 

S;1mpll!l9 DJle 2".WI0,'01 lC09/10.'01 :20C'ilf10~1 
1: ·oD 14.?0 13:1S 

coeNum~r ""· ,I ,w ,~ .. = • "'·' "" ' tW 
Ul\llt VANGOf'tD:. V.1.JIOORDA VANOOf'tD.:. 

Cf't!.!K A Cl\!!K! CR!!)( C 

Ml1c. 1norg1n1c1 

DISsali'E<I Hanlhi!E6 (CaCW) !Mi\. 50! e-u !~) 

D1180lvad Maial8 l>y ICPMS 
. 

Dl.SQl1'!!<1 Aluminum VJ) ug;l. 1M IQ.I 1A.1 

D!&$Ol1•e<1 "'1Umony (SI>) ug,1,. 0.0! M-1 0.1.\! 
··--

D1"0l1•e<1 #EE!f!IC (J<£1 vg1L 0.17 oi6 o.:J 
D1"01,·e<1 Banum CB•) 11911. 2U iM 2$.0 

0/UOl~i!<I Bel)Ullllll (Be) ugil. <U.01 • 0.1)1 <001 

D1"Ql1·e <1 Bl&mu~ [BJ) L'9IL <O.OD5 00~6 <O.O'J~ 

OIU01,·ed eoron t5) ug1L <SO «iii <fO 

O!UOl,'fCI C;Klrr~unl tC<I) ugtL O.IJL<I (fl D.O]J O.l!-14 

c,111011•ta cr.rom111rn COil ugtL ~&. \ <0.1 <[i.1 

D.IHOl1•ta CCbJII (00) V91L 0.~7 0049 OD42 

DIHOl1'td CCppt: (CU) ~-glL 0.50 OS& 0.47 

D1no1,·1d rrcn (l't) ugl\. lO .I~ 37 

D:;w,l1'td Ltild (PbJ ugll. o.:m 0.2-l& 0.157 

o:wJl•'td u1111um (U) ugl\. 11 n 1,l 

o:wi11·,d ''°""9~He (t/1\) ugl\. 1.95 ,2., HI.O 

D1£sal1•E <1 Molyo~num (t/.o) u911. o.zo 0.20 o~o 
O~l1•ed N~\el (NI) ~'01\. o.~ o~o o.~6 
~ l,•c!l ~ lel"lum (St) ~'9'1. o.o, 00~ o.,o 
rnssol,'c<I S;llccn (DI) ~'91L 0:.!10 :e20 .t!,iQ 

Dls.sol1•2 <1 SII\/Ef (l<g) vgi\. <O.OD5 •O.GO! •0,00! 

Dls.sol1'c<I s~mnnum (Sr) ugl\. 6~-1 72.~ n, 
D!&&oh'!!<l lllall um [11) ugn. 0-00~ D-OD6 o.1107 

Dlo&Qh'!!<I Tin (Sn) ug1L ~no1 •0.01 <~01 
01"01,·e<I 111a.11um (Tl) ug,L cD.5 ~ -5 ~o~ 

D1"0h·ea \Jrar~u;n fU) ugll. 0.376 D.J;,2 0.40S 

DlUOl\'ea var.a~1urn (Vl ugtL <D.2 <02 42 

D!Uet,·ea z1nt ,ZIii ugll. 172 18.D 22.5 

D1MOt1•ed z1roor.tlll11 (Zr) ugtL <ll. t <0. 1 <D.I 

DIMOl,'fd CJlclum (CJJ ,o;•L 16.2 17.1 175 

t'tD:. • 11epcnu1e Oe~ lcn umn 
( 1 ) O!Mot,'tCI gttate. :nan lijlal Ream11ys1s yl:llls stnllar rEEuJ:s 

?a.go ot:i:5 

[ 
f'tDL QC 911Ch 

0.6 ~7W7& 

0.2 ,.1,:.&!s2 

0.02 ~49~~2 

0.02 !45:!'~~ 

0.02 l•U.6~ 

0.01 ?.1.9,~~ 

O.l!Q~ ?4,Zel!-l 

~o -~~265l 

0.C05 34!2"652 

D.1 34!2652 

O.D05 34'!2652 

0.05 ~4:1~'652 

1 ?49:i:6~2 

D.COS lJ.926&2 

05 ?.1!2Ei$2 

o.os )49~(,$2 

0.0$ ?492~$2 

0.02 !4=26$2 

o.°' ?J.9:l(,$2 

ICO !,"926$2 
O.tO!, ?J.92&!2 

0.05 3.19Z6!2 

O.C02 !'1926~ 

0.01 U9a6&2 
05 ?.1!26~2 

O.~Ol ~4!,662 
. 
O;? :!4~zosi 

0 .1 ~4~2652 

0.1 3462652 

D.05 !43~,6 l 
l 

l 
l 

4 L 



I. 
i 
i 

L 
u 

Vangorda Creek and Grum West Dump Surface Water Investigations 

Sampltr !nit,,;~: KN 

LOW LEVEL DISSOLVED METALS· WATER !WATER) 

t.tixxarn l!l .._,~-'If~ .. , ~ JIii ~,·~ 

sampliig Piie 2.io;110,'01 ZOOi.'10/D t ~ll'9rto,o, 
14;~ 1420 tl:15 

COCNumlli!r no. .,,, ,w 

Vllltt VANGOl'IDA VliJIGOllDA VANGOIIDt. 
Cllf!fl( A Cll!l!K8 Cl\l!fl( C 

Oissoh'ccl t.lagnwum (Mg} m~ll. a2 1-71) 2.11 

Ols6ol1'£cl Polas!i\Jm (KJ m91\. 0.:)7 O.J~ 0-~ 
01SsOl1'€d SOillum (Na) m;<t. 1.70 1.n l ,~7 

Olosol1'!!d Sul)IWr (Sj mg,1,. 11 1~ 1!2 

ROI. • Repo.'Utle Dete:11:n Limit 

LOW l.EVSL. DISSOLVED r.,erALS . WATER (WATER) 

l.laxx;;m ID RfJ.31<> R1.n'Tl' "3:\'fli 
Sampr,19 Dale !2~09111!,~I ·2ai~n 0,'1)1 ::009110101 

w.:.s 16:l!O 1s:~o 
COCN~mt~r 063!),1779 M!04779 ·o!J0-1779 

Uni~ VANGORDA VAHGORDA VAHGORDA 
CREEKD CREEK E CRE.EK F 

Mlle. lnor91n1c1 

D~l,•!a Harcnn~ 1caC03) m;1L 91.0 ;g_4 129 

DIHOIVtd Mtltll D'J ICf>M S 

O.'UOlvtd Mlrri num ("'1 ll9•L 13.6 13.3 12.5 

D!UOl,'t(I Mlrmony (SD} llg'L 0.05 GO~ O.C<i 

D1Uot1•to ANenre {Mr 119,\. 0.25 1)2& Q.25 

O!WJl1'fd e;ir.um (SaJ ~g/L 262 27.D 26.9 

D!UOt,'fd etl)UIIITTI (Be) ug,\. <I! QI .. 0.01 -cll.01 

DU0l1'to ei.mv.n rar, U91\. 0.03S (f! O.OD6 <{).005 

D;uol,·td eoron f!I) l.'91\. ><50 ~D ~ 

DJHOr,·td CJ<lmAim 1ca1 l.'91\. o.~3 00~ OJ!.IS 

Cl!ll,011·ta crttr111urn 1011 vg,\. •O.l «0.1 .. 0.1 

Oflol,'tO ~bJII (COi 1."<l'L 0.0,!5 0.046 Q.li37 

DJH0l1'td COP!)~ (C\IJ u9'L O.S2 o.s~ O.S3 

DJHOlvtd trcn (l't) llgJ\. 2i> 32 ?O 

D:W0l1'fll Lt~ (Pb} !191\. o.,ss 0.2i!6 0. 161 

DlHOl\'td LM!um (Ul 1191\. 15 LE l.b 

CL'H0!1'td 1-Ur,lJMIIH (1/11) ~91\. 9.~ l\>2& 7.&7 

~1,·ta 111:1~~111111'1111.0) l.'91\. 0.25 02!, 0.25 

DMOlvta l~ltl (NII U9'L OA l,,'f, 0.47 

DlH0!1'td :.tltl"IU!l'I (St} l.'9IL 0.09 0.10 0.12 

D-1\'tO SQl~on (31) l!Of\. ~&!I ~no 5i!OO 

OJI.IOll'td Cillvtl (1\1,1) 11911. ..0.0* •OCOS ..O.CICI$ 

D!H0!1'td ~ !Olle\111\ (SIi 1.-01\. 9~.3 101 1:20 

OflOl1'td 'INl!wn 1'1'11 1191\. (I.C~il il.010 OilU 

OlHoh'fll 'Tlll (SIi) 1.glL .. ~o, •0.01 ~i!Ol 

DJ1.10!1'td ~lvm fi1) llgl\. .. as •O.!i .. as 
1:11HOll'td ur~rlu:n tU) l.'91\. 1.22 1clE- 1.9; 

Ouolml v,r.,~111111 IV) ~'gi\. .. 0 2 ..0.2 ot0.2 

D1"0h'td Zlne (ZIii ugi\. 22.9 2U 21.2 

DIHOh'td Zl!oor~l/111 1Zr) 1.g•\. •O I ~a. I .. I), 

01$10l1'fel CJltlum (CII rng'L 2'7 ~ .'t 32..7 

l'lO~ • !ltponatrt Dftt.'lli!n Limn 
(1) Otuo.-vta grtJltt 1~3n :t1111 11.anary,1, yruc. n 1111ar rE~U.:5 

IIDL QC l.la!el\ 

0-05 '!J.!Ui76 

o.os ?.L~ii 

0.05 ~4!1J,!i?ii 

3 !4!~6 

RPL ac Balch 

0.5 J47'3076 

0,2 U526S2 

0.02 :!4i!Z652 

O.t'2 ;!4!~652 

0.02 ~,4.~552 

0.01 ?4!!2o52 

p,[{15 ?.lllo~2 

fa 34ll6~2 

D.CO$ ~4S!i"6~2 

D.1 Ull552 

P.COS ?.lSZ552 

o.os ?.l~'6fJ , l.l!2&52 

P.COS 3,l!a-652 

H ?.l!~S!,2 

o.os ?.i926!,2 

o.os 3,19;&!,2 

O.tt2 ?J!26S2 

O.CJ: ?4$2$!,2 

,co ?.1~:;~52 

P.co~ ?.U~5!-2 

o.os ?,m&s2 

p.coi ?.&!l6!-2 

0.01 :'!49~'652 

D.5 ?.l$26S2 

p.t02 ?-'~S!-'2 

02 ?.l9~6!,2 

ill tie~&S2 

0 t ?4~26!,2 

Q.OS ?~, Ui76 

6 



Vangorda Creek and Grum West Dump Surface Water Investigations 

S;impltr lnlt~: KN 

LOW LEVEL DISSOLVED METALS· WATER !WATER) 

11.11~" r:a:n HJ· R I M7e ,t:,_ ..... .-J .RU375 
sarr.p1n9 Dalt ~Oil(0/01 2001,/10."nl 20t'9!10f!l1 

1!~! 161'0 15:lD 

"" •-!O,i779 o,;;n4ng 
Vl\ltt VANGOl'ID4 VAIIGOftllA VANGORDA. 

Cl\1!1!.1(0 CIIUl<E CREEK F 

DlH0!1•1d t,llg,ltl!UIII IMPI n,9J1. 7 , 11 7..96 11.-' 
... 

Dll,IQ!l'td i:>o~nlllm (Kl rn~I\. o . .us DA7 0.51 

DIN0!1•ed So!lll!m [NII m9,1. 1.&7 1..95 2.t~ 

D!Wll,~(f Sul)r.ur (S) m;II. 'l 24 l3 

RDi - Repa:taJ:le ~lel:llon umn 

RDL 

0.05 

0.05 

0.05 

3 

Sampler lni~aJs: KN 

LOW lEVEL O!SSOLVED METALS - WATER (WATERJ 

tJ.axxam iD R13;;79 R 13~D· R 1~"1 

s.i"llpi n9 Dale ~['9/10f!l l 2~0~11i,'D1 
16:0D 1e:JO 

COCNumter 0 33D.t779 oe:~n~ ""~ 
Untla GRUM GRUM Pl!LD IIDL 

WEST D\JMP WEST DUMP IILl..HK 
FLOWG•l .. ,,....,tM 

Mlle. ln01gah1c1 

DIUOll'tG mraneu (Ca!:03) 1119,1. 1120 772 .. 1).5 11.5 

D1H01Vto M•tart Dy ICPMS 
DIUOt,'fO IIJUtrilr.:im (!J) 119'L 1.6 26(1} 1.0 11.2 

DIHOUtO Mllrr.or.y !SDI u91L O.llo! 0.1~ -c!l.!12 D.02 

CINOr,u .intti1, (il,1 l ~'Q!L o.~ D-50 -c!l .02 D.02 

C!NOt,'tO B.tnum f!IJ u91L ;s.:. 9J..1 0.13 !I.Cl;! 

CIN01itO !tr,11ium (!t) UQIL .. no, ~o.!>1 -c!l .0 1 D.01 

DIHOi.-.a er1mutr1 l!ll ~,g1L 0 0 10 ~L\.0116 0.D(l!; b.005 

Cluot.'ta Boro" (91 IJ9'L .. !o c50 ~o ro 
C<HO~'ta C1d11Wm (Cdl ~g'L o.02~ 0 .0 27(1) -<0.005 l .C-05 

D!ffOl<to cnromium (Cr! ~-g,1,. 0 .2 -<0.1 .-.D.1 D.1 

O<W>M!a co~ n (CaJ ug•L 0.!13'!1 D.0 29 O.DO& ~.liOS 
... 

D!uor,eo CoJ.ll~ (CUJ U9'l 0.27 104 (11 0.13 o.os 
Dls.soi ,i!a Iron (Fe! trg.1L 12 11 s , 
Dl5SOJ',ea leacl (Pb) ug1L 0.1159 D.OfO 0.06i o.cos 
Dlssol,ell uthllnn (ll) ug'L 7.8 4.S .. 1).5 0.5 
lXs.sottell II ,mgar¥.;Ee (Mn) ugrL 0.1D D.J:1" (11 O.EO (1) 0.0! 

Dlssol,'!!cl 11.ol)'C~ num (Mo) ~'9•l O.f/7 D.il ..n os 0.05 
DISSOli'!!cl fl('!:i!!I (I\TJ ug'L o.ro D Sl O.N 0.02 

Dlssol',-ea Seli!lllum l~l L'91L ,;,s.2 il S3 .. o.o.: o.o.a 
lXssol,e:I Slllcan (!;I) lfg'l S150 f~10 .. ,o:, 11)!) 

IXSsOlri!ll SH,'!!r (Ag) ug'L ..0.00~ .. r,_Ql)5 •0.005 J.COS 
l)!-..SOl ti!D stronUUi'.11 { Sr) ug•L 1il90 772 0.05 1).05 

D1.so1.-ea , rri!IIIIIl1 iTI) ug'l 0.(10?, .. ~oc-2 •O.OJ: J.C01 
Ol$50h'!!II ill (Sn) ~'9IL ~ll.01 ~1)01 ..iia, 0.01 

Cl~<l!ll "il!Hl!Jm (Tl) llg'L .. l)_s •O.S .. c 5 05 

Dluouta Uranium (U) ug'l. 1a 12.~ ..O.Cll: J.COl 
D<uoi-.'to vana,1111i1 (\ff 1:9•L .. 02 •0.2 0.2 il.2 

D<UO?,'ta znc ar.1 I IKl•L 0.9 l . ~-.: (1) a 1 

DIUO?,'tll Z!t(Ofll~cm (ZI) l.9'L ~o 1 •0.1 .. o 1 0.1 

!\01 • Rtpwclt Otltc1lon L.Jm~ 
11) D!UOll'tG ;rtaltr :~i,i total l'IH!!alylJI. yJtlOJ ,"Ylllll!I !HU~ 

I 

QC Baich 

~45~76 

l49ID6 

l4'M76 

?,UM76 

llC llatol\ 

341.)07/j 

34o2E52 

34B2E52 

3492652 

34!l2E52 

~2E52 

34~2E52 

3492652 

3452£52 

3452f52 

34!2&S"2 

34m&2 
3,!!2&$2 

3.i!2562 

ll!2!!2 

ll92!!2 

l-l!2!!2 
3,!!2f&l 

a.&UE&l l 
!492!!2 

!4929$2 

3"1'2!Sl 

lH2!$l 
~,:m2 

!-1925~ 
:,.i,.:m 
M~2~~i 

;YaZE~ 

3'1,2i;:;2 

l 
l 
L 
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Vangorda Creek and Grum West Dump Sutface Water Investigations 

s~mp!tr lnlto.'i: KN 

LOW LEVEL DISSOLVED METALS • WATER (WATER) 

w-ax=,,,,:i p n t,nt 111:,_,UII , 1'11!3! 1 
sa111p1n; Dalt ~0~1,0,01 2COl\'IO.•J1 

1e:on l! ' ?O 
•J t " ,w • ,w !lJT/9 

UM• Ol'IUM Gl'IUM FIUD RDL 
Wl!9TDUMP Wl!ST DUIICP llLAIU< 
.. '"" r...t ~I OWG-2 

C!Mot."tO CJICllll!l (CJl mg,1. 2~& 17! o.c .. 0.0: 

D!NOt>'tO I.U~HILl/11 CM~I rr.g11. 1:2 9M -cll.O~ 0.0~ 

Otuor,-.o F"olJWUm (t<) rr.gl\. I.S1 1.3~ ~n.m; O.OS 

cxuo, ... o ooalu."11 iN, 1 mg!\. uo J.77 <D05 D.OS 

D!NoO~'tO ~u;,t.ur IS) l!VJI\. 2!0 1~7 <l :; 

'10~ • Rt9Cl'1~D1t C>tltoll)I\ Lim~ 

S.in~plet Initials: KN 

LOW LEVEL TOTAL METALS· WATER (WATER) 

I .. , KIC\'.!,74 R 13375 
~rr~l!lp Dllt 2UOi110101 2009110:'!11 201l9110ill1 

1do:) t4·Jo 13:15 
·--ir : Numr,ar na-..a 4771il t~ro.i119 O~l!l47H 

V"ltt VANGORDA W.tlG<>IUIA YANGORDA RDL 
CRfV<A CRHKB CREEi( C 

c,r~u1,t.o P~Jl!ltltr. 

TctJI turclnttJ [CJCO') m;,t,,. ,i;.9 ~9.B 512 OS 
Tobi ll&lalt 1>Y ICPMS 

Teal Allll'lnllm (Al) L'9IL 19.B 13.7 15 ,1 0.2 

l atJI AQUmony (Sb) ugit. D.~ 0.04 a.cs 0,02 

Total menlc (Ar.I ugit. D.27 026 D.~ 0.02 

Total ~mm (!Iii) ~91\. i,u 23.1 23.2 0.02 

Toa l fl.eryllum (6!!) • D.02 ..0.01 O.D1 0.01 

TOl31 l>lsnw.h f5lf ug•L ,qJ_OD5 •DD05 .. o.cos b.cos 
Tctll l!oran [5) llgil. <50 -«iD ~o !O 

TotJI Ci!!lll'ium (Cd) ugJL O.!i36 o.ois o_os2 b.t~!-
Tctll cnromlum (Cr) L'!JlL •D-1 ..0.1 .. 0.1 01 

Tel31 Ccball (COi ug'l O.ll51 D.Di1 0 067 b.co~ 
TCtJI Ccppe (CUI ugJL 0 . .1.3 o..:, O.E-5 0.05 

Tctal lro.1 (fl!) ug11. S7 6S !6 , 
, otal Lead (Pb ) ug;1. 0.377 0.3S7 0:1, o.cos 
Total Lcn111m (Ll1 ~'91\. 1.5 IS 1.6 DS 
Tctal t.1ar.ga1me (ll,1) ll9i\. 2.73 

,,., 11 l 0.05 

Tctal IMlytdfnum (11.oj ugl\. 0.1g 1).20 oio 0.05 

Tctal Nlcttl (Nll ligi\. O.J1 03S o.~ 0.02 

Totll 8el!J\!1Jm (Se) lfgJL o_og ooa O.C9 0.0: 

Total S!llcm (SI) ug,l. t.~,ID ~l10 J!CO I CO 

TCtal S~YEi (Ag) ug,1. ..O.ODS .. o.11os ,O.OJS b.cos 
ntal ~olit!um (St) ugi\. 05-.1 E>S.~ 5i I 0.05 

'Total illJlll.lm cm ~'9i\. 0.[<17 o.orr OQO! b.coi 
'Tctal Tin (Sil) ugi\. <DD 1 .. 0.01 .. ~o, 0.01 

Total Tlla:!lum (Tl) ug11. •D.S ..O.S .. c,s OS 
!Total Uranrum IU] ugi\. 0.371 D.370 O!!J b.coi 
'TClal var.;imum (V) ug,1. .. 0.2 ..o~ .. 02 02 

Tlltll Zinc (Zn) ug1\. 170 ,;.~ 2~0 DI 
'Tctal ZJR:Oru-um f2>') llgl\. •0.1 .0.1 .. o I DI 

'Tel31 C~CILml (Ca) mJlil ,u 15.t, 1, I 0.0$ 

1Tet11 111agne;.'\Jm J\lg) ffiii•\. H3 252 267 0,05 

RDl. - RepoctaDle O!U!etlwn LlmD 

tlc Batel\ 

3J.!13!i76 

34,;;57;, 

3J.eJ576 

3J.:JS7D 

3.Ul576 

ac Bll1cn 

:!.l725!>5 

?.l!ai!-' 

!J-!:16~ 

?J!26!.: 

!.l~6!,: 

?4!:~~ 

?4~6~ 
?.i~6~ 

349"'$!4 
3.l!~6~ 

!J!l5~ 

!4~6~ 

?.l!l6!,: 
!,U.6~ 

!J.!Z6f.: 

!~6~ 

!J.!l6!-! 

349:!~~ 

?.!!26~ 

lJ!.-6!.I 

!<lm!-1 

?J!2$!-' 
!,19"6!,: 

!J!-~~ 
?J!Zi!4 

!J!26!.0: 

!J!..~!-' 

!.l!Z-6!,: 

?.U:5~ 

?J!27i5 

l-l!.."7:S 

7 



Vangorda Creek and Grum We.st Dump Surface Water Investigations 

5.1mpler lnlt-.i.:i: KN 

LOW L!=VEL TOTAL METAI..S . WATER (WATe.R) 

Maxxa.11 1:> R13373 R133'74 R1331~ 
sair.pi;,9 Date 2il09!10,U1 200!?.'IC\'1] 1 :.:!11!9/10/01 

14:0D 14:~o 13:15 
COCNumtoer 063!14779 MW4779 0 53,!14779 

Unlt!I VANGORDA VANGORDA VANGORDA RDL 
CREEK A CREEKB CREEK C 

ictal PGtamJm (I<! mgt\. D.33 11.34 O.l5 D.05 

Total SOCNII 1Na1 ffill'L 1.65 1.67 1.&;i D.05 

Total S111Pi'Alr (8) m~ 11 12 10 3 

II.Di • lltPMIDlt D11t:11on l.!mn 

S3mpler lnit>a'.s: KN 

LOW LEVEL TOTAL METALS· WATER (WATER) 

t.uxxam m l'l l ·'"ft R 1.).J !'11~"~ 
s.'!mpll'!g D1te 2ilfm1Q,'OI ~00"110.'ill :IOC9f!0101 

w~s, 16-00 15:)D 
COC Ni.rnticr · .. .. 

unu, VANGOIIOA Vt.l(GOIIDA YANGOIIO:. IIOL 
C!U':l!K D Cllf!!KI! Clll!fK ~ 

-· 

CaJculaied paramatara 

,eta( Hanl:IEi S ICiiC03i mg/\. 89.5 50.D 12:S 05 
Total Metal, by ICPMS 

i ota! AtJn1num (NI ugt\. 2 L 3 16.9 17.8 D.2 

Total MUhlOI\)' (Sb) u:gi\. D.05 DD7 O.DS 0.02 

Tctal NStnlc 11-,1 ugil.. a.;i.; ll.35 O.~ 0 .02 

i ct31 !arum (Ba) cg1L 24.ll 24.5 25.3 0 .02 

':'CtJI !tt'}~llll'II (Be) llgll <D.01 ,Q.D1 -cil.01 0.01 

Total !lli'lllt'JI [Sil l'gfl a.cos. DD20 <11.005 P.C-05 

Teal l!oro~ !9) ug<L «5Ct "'5Ci -<SO fa 

Total C~rrtum 1Cd) IXII\. O.C$i 005-2 0.il4S p.005 

Total cr~om!1,tt11 <Cr) v91\. •01 ~0.1 -,0.1 D.1 

Tetal C<lbJII (CO) UQI\. o.~ 0.061 0 0.lil ti.cos 
Total C<lpp:e: (CU) IJ9il.. 0.66 C.i1 0.!9 o.os 
ITctll lrQll (fet L~I\. eo 61 !9 I 

~CQI l~;l(I (Pb) 1191\. o.~ D,67& QG;)l p.~05 

1Tcl31 Ll:nllill! (UJ !lg'\. 1.5 1.9 l .O 05 
1Tc1a11.ur.giiiJ!EEe ('Ill) !!<Ji\. l;)S 11, 1 9.16 0.0! 
1Tct31 t,l::lyllCl:[lum (Ila) 1191\. 0.2' D.l& o.:e o.os 

--· 
!Total Nl~lel (l,ll) 11911,. o.s~ 0.5.1 o.~ 0.02 
7ct31 se1ent1m (S~) !!91\. 0.10 0.11 0.1l 0.0! 

ITctal Slllcrn (SI) 1<911. .!!7~ 070 "20 tCO 
-

ITctal SfNEr (Ag) ugn. -o.o.is •D.005 •0.00~ !).CO! 

'Total =nl!um (Sr) L'91L 051.l ~ .7 111 0.05 
- ~· . ~ 

!Total lllal!um (ll) ugt\. O.llO~ D.010 0 011 !).co.? 

Total Tin (~) ugiL ~0.01 •0.0 1 ,~.01 0.01 
Total iltanlum (Tl) Lgfl <0..5 41.S o.o M 
Tela! UralliUm fUJ ugil.. 1.21 1.;?~ Uo Q.c~ 
Tctal vanal!IL'ill IV) ugil.. <I)~ <II.;! ~I).;! O.l 

Total Zinc (Zn) ug,L 25.9 27.3 2~.7 0.1 

, ctal ZJroonfum 12t) ugil.. <0.1 -<0.1 ~0.1 0.1 

Total ca:ciu=n cca1 m9il.. 23.a 23.f; 31.3 0.05 

TCUI Magne.:um 1Mgl mg•\. 7~ 1A4 11.5 0.05 

RC>~ • R~pgrta~1e oetei:11:n urnrt 

r 

I 
llC Bate h 

34!!2725 r 
l4!!2725 

3452725 

ac 11a1on 

~Ai20!-5 

J4BZ6s.! 

J4a26~~ 

34~~ 

34!26E4 

J .S.5265-! 

~4526~-! 

J4B.265! 

34526~4 

,34526~~ 

3.1516!1' 

l.1.5:16!.t. 

?.t!.26!4 
3.l.!l4!.£ 

!J!26!.: 
?J!l6!.t. 

,.1~&!0: 

'4!26~ 
34-~6~ 

?.l.!•6~ L 
?J!26~ 

34"'6~ 

!4926!.: 

!.1!26~ l 
?J!l6!,: 

~~6~ 

!J526f.! 

3J~f.: 

~(i~.! 

~,1.,:1n;; 

34~27~ 

L 
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Vangorda Creek and Grum West Dump Surface Water Investigations 

S;wmpler ln!~ s: KN 

LOW LEVEL TOTAL METALS · WATER (WATER) 

Mnn."1 L!! NJ .•.,m ~ 1,>!.T," Rf3376 
~,\lllpl'19 D;JJe 2.!09!1011)1 2tY.1~1101i)1 Z!JCW10J01 

16·~5 16:QO 15:JD 
cm:: ~1um1>1>r ,,.,.. M!Q4'17Jj 0~!!"779 

l.lJlltt VANGO!IOA VAIIGORDA VANGORDA RDL 
Cl'l.1:1:K D CRl;l;I< !: CREEKF 

-
Total Potn~tlm (K) m;I\. 0-,ll !)Al 0.49 0.05 

Total SOll'.um l~~il) mg<L 1.&11 1..91 2.13 0.05 

Teti! SUlpllUr (!l) mg,L 22 24 :3.> l 

RD'- - ReportJtle DEtectlon umn 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS -WATER (WATER) 

11-axxam m R13379 R13~6D R13J,1 
S.rnpln; Dale ~OW/1010 1 2COS'lll,'D1 

16:0D 16:?0 
COC Numter 0~;;114719 1163~ 77!? OS3DJ,n 9 

Unlta GRUM GRUM FIELD AOL 
WEST DUMP WEST DUMP BL:i.llK 

F1.0-.V"G·1 fLOWG·2 

c.tlCUIIIMI Ptr1met1re 

f etal 1-!Jrl!neu c~C03) mgfl 10W ;.:; .. ().$ 0 5 

~01al Mt10II DY ICPMS 

!Total Aluir.mum (.-J) ~9,L 138 2..1 0.5 O.J 

ITotai Mlllr.or,y lSbl u91L o.c.s D.1 5 .. 0 02 D.02 

TOia! lo/'Jt-ilc (M l UQ•L 0.12 D.!7 .. noi D.OJ 

Total euum 1sa1 ~Q'l sa 77.2 O.!.: D.02 

Tota1 Btl'l'illum (Btl l:Q'L ... :i o, ~o.o, .. 0 01 D.0 1 

~OU! !il ffl~'TI (~I ~,g·L ~o.oos .. o.oc,s ..O.CO!- 0.00! 

Total eoro" t! ) IIG'L .. !o • 50 <!O !O 

Tota, CJCl!r~um (Cd) ug•L 0 021 0.019 -<0,00! J.00! 

Toul cnrornlum (C!I i:9•L 0.2 •.0.1 -,1)., f 0.1 

!Total CO~ II (COi u9•L 0 0$7 0.0!! •0.00! O.t-0!> 

ITo~I CCF9tr (CUJ ug•L M l 0 61 0.11 O.O! 

ITOUl lfQl'l ll't} ~",IIL $7 1) •1 1 

ITOUl LtJd (PbJ ~'g'L 0.221 0.0!& 0..16! o.t-0!> 

ITotJI LMIU!'II (U1 UQII. a.o H .,M 1).5 

ITOQI 1,1_., r"91l/'1Hf (MIi) ug,1. o.u Dl~ ..;1.05 o.os 
ITet:lll IIQl)'tdt l'fJm (1,/0) ug•I. o.e& !197 4 .0$ !I.OS 

ITOUI Netti (I.el) ug•I. o.eo o.~!- <;!.~ o.oa 
IToui Seltntum (!'>t l ug'I. H~ 11~1) ...,~ D.0,1 

IT0~1 s111ccn (Sil Uljl1L 6230 ~c, .,,OD 10!) 

!Tow s111•u ("9) ~",l·L •0.005 .. ~ OC)S • 0.00!> O.CO!> 

1Tou 1 s:roncum 1::r1 u9,L 916 719 ,.J O! 0-0~ 

IToUJ Tl\3!1um fTll ug•L 0 004 •O 0Ct2 • O.tol o.coz 
roui Till (SIil 1t911. ·~ 01 •001 ,J 01 D.01 

!Tobi Tllil.ilum (Tl> ~",l'L .. 05 110·.!· .. ~.s M 

ITobl UrJnlum (U) ~g·I. IH 12,! ,o,co2 o.c.oz 
Tot:,I v, n~~lv:!1 IVI 119•1. .. o.l .-02 .. oi !!-l 

TOUI Zinc (Zft> ~,g!L I.& I ~ 0-2 0 1 
IToUI z1roon1i,.-,, iz11 ug!L .. t1 1 .-0.1 .. c,.1 0.1 

1Tou1 c,1~1urn (CJI n-_gi\, l.i,I 171 -<JI05 II.Ci$ 

ROL • " t9~Clt Dllt'~l:n I.Jr.I~ 

pc e&tch 

~4!!2725 

?4m25 

?4!!2725 

i,c eaten 

:W72!a5 

:wm~ 
:wm~ 
:wm~ 
:);l!2!~ 

:W.'2!~ 
a.192!$: 

a.im ~ 
:W.52!6: 

:W.'2~~ 

3'1-9Z!t.! 

:l,l.52!S: 

~ '25~ 

;!4!!25~ 

Y e:!5~ 

~~2~ 

Ml!2ii~ 

34-62!~ 

ll-"..2f~ 

;i.1!!2~~ 

~~ 

~'2~5": 

~~f~ 

~,2~~ 

~52'~ 

3.1!!25S: 

~~.~s: 
~~s: 
11,1~~ 

~,:i,~ 
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Vangorda Creek and Grum West Dump Surface Water Investigations 

Sampl~ lnitia:s: KN 

LOW LEVEL TOTAL METAl-S • WATER (WATER) 

".anam1!) R1~-;;7g Rll!6!l 
~'1!11plng !;»le ZOD9l10l1)t 2c,oe.1I;1'!!1 

1e:on 11>:~o 
co-::. 1.iumt er 0!3D4779 !l0~~779 

ilnJij GRUM GRUM 
WEST DUMP WEST DUMP 

FLOW G-1 FLOW G-2 

!rota! Ma,!<IEs!um [M!II mgfl 117 77.& 

!fetal Polasst.im (K) mgl\. U6 

!Total SO~ILIITI {Na) mgll. 5.tQ 

il"C131 Su"pl\Ur (S) mgfl 275 

ROt • RepOltatle ~,e~lfg(I Wm~ 

Maa~ .. ~ IF7C-C.CM! 
ll~l!W\', DC Y.iA 4N5 
~~itl!ll 

~A:!CA95 TQ ! 'Wf-WO;f;Q..., 
P~Yl''cal Ad¢- -'05 O;;IA11 Sir~ . Wtiiehooie YT V 
M8l1;>g /ldd!-!kir 21072 
Wllt•hone VT 
v tA GPl' 
11No1.-;J~~~tn ,: 

l<en Ne11jln, Otlsn Nord11 

12~ 

ue. 
17S 

PIIOM: (004) ""-411:Jt 
fa,t, (P)""""4!1tt 
"to1J.F'1" : 1--

ll!IIIIIUD 
08304779 

.... -

R.1~31 

O:!lll4779 
AELD RDL 
BLtdlt< 

~o OS 0.0~ 
~nos 0.0! 

"'ll OS 0.0! 
~~ ~ 

i ~-

lC Bt!Oh 

3,1!2725 

~!2723 

!492725 
~9272& 

ANALYSIII REQUEST 

• 

. 
, VMqil!Jl'll1 Cf"'A , 1" H .::+-+++===-+-'-'"-'--'--f-4-'-+~•+•cJa,C'+a.• l-+-++-+"''+-'+-+ +-+-+--1,---1--1--+-1 

· I Vll'(i(llllf Cr~JI. • • • 1 • Ii • 

01, ,a,2000 1400 

Ql l1D'2lll)I) 14 :jO 

I V.re;tdl C""'C t r.~ '4 K II ! ~ ~ ~ 0!!'~'2i!OG ll ll 
t \1'11':1;,:td.S C:"*t' :,~ "'" !.-..~f f IC I J( J. I 0111G'21:C9 1e.~ 

01n0.10C<I IGCO 

01110.~ 1a::lQ 
Dl /1 ~ l!DO 
Din- 11·~ 

1--' -tc=-· """.::.,::,:,1/•:,::'nl-=- -;:°"-=--"':,c"c._:;:_ .::...::a,.,~,:------ --l~-!i!i·~~-1 i-=r.- • 4 • • I I I I 
1 O~ t/·i/41~~ 0-2 ~ 1 ~ at x 1. ! 1111 , 
I ~ .. \.t f(lr, 0, I,( , . "\ ;:;- - -l-li-1-t•------------J•- -l-al-1-- - ---f·----,,-'1----t--f---l 

l--.
0
+"'-'"".,_-"='=='--.,__.__ _ ___ -tii~ill,-.,,m'!o:,::1!I~5~f,'l.'!!ti l-:l-l-t-t+----t---il- ++-t·-l - t--t•-t ____ _,_~-; 1-----.----1 

CUSTODY 
RECORD 

O!tl t1:1.N!t~lrr 

i'iSi:~11."'~:-:,.-.:ti 
~ -lllllil;n;.t4lM1'ff~ Hl'Wf1'"1"1. l.'!r#f ~ 

J 
• .... 

(JI: 11)/ ul ?a\~~cd.l '- 10 >mo 

.. -

10 

f 

r 

L 
L 



n ,~ 
r 

L 

l 
l 
u 

Your Project#: VANGORDA-GRUM SURFACE WATER 
YourC.O.C.#:08304779 

Attention: Ken Nordin 
LABERGE ENVIRONMENTAL SERVICES 
WHITEHORSE 
405 Ogilvie Street 
PO Box21072 
Whitehorse, YT 
CANADA Y1A 6P7 

Report Date: 2009/10/14 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB#: A966077 
Received: 2009/10/06, 12:10 

Sample Matrix: Water 
# Samples Received: 9 

Analyses 
Acidity pH 4.5 & pH 8.3 (t 

Alkalinity - Water 
Bromide (ISE) 
Chloride by Automated Colourimetry 
Chloride by Automated Colourlmelry 
Conductance - water 
Fluoride - Mining Clients 
Hardness Total (calculated as CaC03) 
Hardness (calculated as CaC03) 
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 
Elements by ICPMS Low Level (dissolved) (t 

Elements by ICPMS Low Level (total) o 
Na, K, Ca, Mg, s by CRC ICPMS (total) 
Filter and HN03 Preserve for Metals 
pH Waler 
Sulphate by Automated Colourimelry 
Sulphate by Automated Colourimetry 

Quantity 
9 
9 
9 
8 
1 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
1 

Date 
Extracted 
NIA 
2009110/13 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
2009/10109 
2009110109 
NIA 
NIA 
NIA 
NIA 

Date 
Analyzed Laboratory Method 
2009110110 BRN SOP-00281 R3.0 
2009/10/14 BRN SOP-00264 R4.0 
2009/10/13 BRN SOP-00245 R 1.0 
2009/10/09 BRN-SOP 00234 R3.0 
2009/10110 BRN-SOP 00234 R3.0 
2009/10114 BRN SOP-00264 R2.0 
2009/10108 BRN SOP-00225 R1 .0 
2009/10/11 
2009/10/13 
2009110/11 BRN SOP-00206 R7 .0 
2009/10/11 BRN SOP-00206 R7 .0 
2009/10/10 BRN SOP-00206 R7 .0 
2009/10/10 BRN SOP-00206 R7.0 
2009/10/08 BRN Wl-00006 R1 .0 
2009/10/14 BRN SOP-00264 R4.0 
2009/10/09 BRN-SOP 00243 R 1.0 
2009/10/10 BRN-SOP 00243 R1 .0 

• RPDs calculated using raw data. The rounding of final results may result in the apparent difference. 

(1) SCC/CAEAL 

Encryption Key 

Please direct all questions regarding this Certificate of Analysls to your Project Manager. 

ASHLEY NIVISON, BBY Customer Service 
Email: ashley.nivlson@maxxamanalytics.com 
Phone#(604)444-4808 
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Analytical Method 
Based on SM-2310 · 
Based on SM2320B 
EPA 9211 
Based on EPA 325.2 
Based on EPA 325.2 
Based on SM-25109 
Based SM • 4500 F C 

Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.8 
Based on EPA 200.2 
Based on SM-4500H+B 
Based on EPA 375.4 
Based on EPA 375.4 
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Your Project#: VANGORDA-GRUM SURFACE WATER 
YourC.O.C.#: 08304779 

Attention: Ken Nordin 
LABERGE ENVIRONMENTAL SERVICES 
WHITEHORSE 
405 Ogilvie Street 
PO Box 21072 
Whitehorse, YT 
CANADA Y1A 6P7 

CERTIFICATE OF ANALYSIS 
-2-

Report Date: 2009/10/14 

Maxxam has procedures In place to guard against Improper use of the eleclronlc signature and have the required "signatories", as per sec,:llon 
5. 10.2 of ISO/IEC 17025:2005(E), signing the reports. sec and CALA have approved this reporting process and electronic report format. 

Total cover pages; 2 

Maxxam Anllfyt!Gt lntematfon111 Corporation 0/a MilDlnm Analytioo Burnaby: H77 Commerce Court ~.,A, 4NS felephone(Go.1) 4J44·00& Fax(GO..) 4•4-4S1 I 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

Dril'<!n b,1• ser,,/cc a n d Sclc111t:c 

''" ' ,.,·-n111x-x.11 n,nn.nly-1ics.coq• 
LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

RES UL TS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID R13373 R13374 
Sampling Date 2009/10/01 2009/10/01 

14:00 14:30 
COG Number 08304779 08304779 

Units VANGORDA QC Batch VANGORDA RDL QC Batch 
l'!Dl:l:ll A CREEKB 

Misc. lnorganlcs 

~cldlty (pH 4.5) mg/L <0.6 3482975 <0.5 0.5 3482975 

Acidity (pH 8.3) mg/L 0.6 3482976 1.4 0.5 3482975 

Bromide (Br) mglL <0.4 3485735 <0.4 0.4 3486735 
. 

Fluorlde (F) mgll 0.02 3480002 0.07 0.01 3480002 

Preparation 

Filler and HN03 Preservation NIA FIELD ONSITE FIELD NIA ONSITE 

Misc. lnorganlcs 

Alkalinity (Total as CaC03) mg/L 26 3486943 26 0.5 3486943 

Alkalinity (PP as CaC03) mg/L <0.5 3486943 <0.5 0.5 3486943 

Bicarbonate (HC03) mgll 31 3486943 32 0.5 3486943 

Carbonate (C03) mg/L <0.5 3486943 <0.6 0.6 3486943 

Hydroxide (OH) mg/L <0.5 3486943 <0.5 0.5 3486943 

Anions 

Dissolved Sulphate (S04) mg/L 26 3485948 28 0.5 3482653 

Dissolved Chloride (Cl) mg/L 0.5 3485847 1.2 0.5 3482132 

Physical Properties 

Conductivity uS/cm 114 3486941 119 1 3486941 

pH pH Units 7.6 3486939 7.6 3486939 

RDL "' Repoi:table Detection Limit 

Page 3 of 25 



Maxxam Job #; A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam ID R13375 R13376 R13377 
~ampling Dale 2009/10/01 2009/10/01 2009/10/01 

13:15 16:45 16:00 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL ~c Batch 
l':IU"l=K C CREEKD l':REl=K' E 

Misc. lnorganlcs 

Acidity (pH 4.5) mg/L <0.6 <0.5 <0.6 0.5 3482975 

Acidity (pH 8.3) mg/L 1.5 2.0 1.5 0.5 3482975 

Bromide (Br) mg/L <0.4 <0.4 <0.4 0.4 3485735 
. ·-

Fluoride (F) mg/L 0.07 0.07 0.07 0.01 3480002 

Preparation 

FIiier and HN03 Preservation N/A FIELD FIELD FIELD N/A ONSITE 

Misc. lnorganlcs 

Alkalinity (Total as CaC03) mg/L 28 35 37 0.5 3486943 

Alkalinity (PP as CaC03) rng/L <0.5 <0.5 <0.5 0.5 3486943 

Bicarbonate (HC03) mg/L 34 43 46 0.5 3486943 
... 

Carbonate (C03) mg/L <0.5 <0.5 <0.5 0.5 3486943 

Hydroxide (OH) mg/L <0.5 <0.5 <0.5 0.5 3486943 

Anions 

Dissolved Sulphate (504) mg/L 31 55 59 0.5 3482653 

Dissolved Chloride (Cl) rng/L <0.5 <0.5 <0.5 0.5 3482132 

Physlcal Properties 

Conductivity uS/cm 127 197 209 1 3486941 

pH pH Units 7.6 7.7 7.8 3486939 

RDL ., Reportable Detection Limit 

Page 4 of 25 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

O r i1•c11 hy .\·e n •i c e u1111 .S c le11ce 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

RESULTS OF CHEMICAL ANALYSES OF WATER 

Maxxam 10 R13378 R13379 
Sampling Date 2009/10/01 2009/10/01 

15:30 18:00 
r.oc Number 08304779 08304779 

Units VANGORDA RDL GRUM RDL OC Batch 
CREEK F WEST DUMP 

FLOW G-1 

Misc. lnorganlcs 

Acidity (pH 4.5) mg/L <0.5 0.5 <0.5 0.5 3482975 

!Acidity (pH 8.3) mg/L 1.4 0.5 15.4 0.5 3482975 

Bromide (Br) mg/L <0.4 0.4 <0.4 0.4 3485735 

Fluoride (F) mg/L 0.07 0.01 0.12 0.01 3480002 

Preparation 

Filter and HN03 Preservation NIA FIELD N/A FIELD NIA ONSITE 

Misc. lnorganlcs 

Alkallnlty (Total as CaC03) mg/L 41 0.5 330 0.5 3486943 

Alkalinity (PP as CaC03) mg/L <0.5 0.5 <0.5 0.5 3486943 

Bicarbonate (HC03) mg/L 50 0.5 400 0.5 3486943 

Carbonate (C03) mg/L <0.5 0.5 <0.5 0.5 3486943 

Hydroxide (OH) mg/L <0.5 0.6 <0.5 0.5 3486943 

Anions 

Dissolved Sulphate (S04) mg/L 67 0.5 680 5 3482653 

Dissolved Chloride (Cl) mg/L <0.5 0.6 1.0 0.5 34821 32 

Physical Properties 

Conductivity uS/cm 271 1 1760 1 3486941 

pH pH Unit& 7.8 8.0 3486939 

RDL • Reportable Detection Limit 

Page 5 of 25 



Maxxam Job # : A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA,GRUM SURFACE WATER 

Sampler Initials: KN 

RESULTS OF CHEMICAL ANALYSES OF WATl:R 

Maxxam ID R13380 to3381 
Sampling Date 2009110101 

18:30 
Coe Number 08304779 08304779 

Units GRUM RDL FIELD RDL ~c Batch 
WEST DUMP BLANK 

FLOW G·2 

Misc. lnorganlcs 

Acidity (pH 4.5) mglL <0.5 0.5 <0.5 0.5 3482976 

~cldlly (pH 8.3) mg/L 5.2 0.6 <0.6 0.5 3482975 

Bromide (Br) mglL <0.4 0.4 <0,4 0.4 3485735 

Fluoride (F) mglL 0.12 0.01 <0.01 0.01 3480002 

Preparation 

Filter and HN03 Preservation NIA FIELD NIA FIELD NIA ONSITE 

Misc. lnorganlcs 

Alkalinity (Total as CaC03) mg/L 270 0.5 1.7 0.6 3486943 

!Alkallnlty (PP as CaC03) mglL <0.5 0.5 <0.5 0.5 3486943 

Bicarbonate (HC03) mglL 330 0.5 2.0 0.5 3486943 

Carbonate (C03) mg/L <0.5 0.5 <0.6 0.6 3486943 

Hydroxide (OH) mg/L <0.5 0.5 <0.5 0.5 3486943 

Anions 

Dissolved Sulphate (S04) mg/L 460 6 <0.6 0.5 3482653 

Dissolved Chloride (Cl) mg/L 1.2 0.5 <0.5 0.5 3482132 

Physical Proportlos 

Conductivity uS/cm 1290 1 1 1 3486941 

pH pH Units 8.1 6.2 3486939 

RDL = Reportable Detection Limit 

Page 6 of 25 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVl:L DISSOLVED METALS -WATER (WATER) 

Maxxam ID R13373 R13374 R13375 
Sampling Date 2009/10!01 2009/10/01 2009/10/01 

14:00 14:30 13:15 
:::oc Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL :lC Batch 
t'!Rl=FK A CREEK B CREEK C 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 60.8 53.9 55.3 0.6 3473076 

Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 16.9 16.1 14.1 0.2 348.2652 

Dissolved Antimony (Sb) ug/L 0.04 0.04 0.04 0.02 3482652 
.. -

Dissolved Arsenic (As) ug/L 0.17 0.26 0.23 0.02 3482652 

Dissolved Barium (Ba) ug/L 24.8 25.5 26.0 0 .02 3482652 

Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Bismuth (Bi) ug/L <0.005 0 .006 <0.005 0.005 3482652 

Dissolved Boron (B) ug/L <50 <50 <50 50 3482652 

Dissolved Cadmium (Cd) ug/L 0.044 (1) 0.033 0.044 0.005 3482652 

Dissolved Chromium (Cr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

Dissolved Cobalt (Co) ug/L 0.047 0.049 0.042 0.005 3482652 

Dissolved Copper (Cu) ug/L 0 .50 0.55 0.47 0.05 3482652 

Dissolved Iron (Fe) ug/L 30 49 37 1 3482652 

Dissolved Lead (Pb) ug/L 0.215 0.248 0.157 0.005 3482652 

Dissolved Lithium (LI) ug/L 1.1 1.3 1.3 0.5 3482652 

Dissolved Manganese (Mn) ug!L 1.95 12.1 10.0 0 .05 3482652 

Dissolved Molybdenum (Mo) ug/L 0.20 0 .20 0.20 0 .05 3482652 

Dissolved Nickel (Ni) ug/L 0.36 0.40 0 .46 0 .02 3482652 

Dissolved Selenium (Se) ug/L 0.08 0.09 0.10 0.04 3482652 

Dissolved Silicon (SI) ug/L 4610 4820 4590 100 3482652 

Dissolved Silver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482652 

Dissolved Strontium (Sr) ug/L 69.1 72.2 73.5 0.05 3482652 
.. 

Dissolved Thallium (TI) ug/L 0.005 0.006 0.007 0.002 3482652 

Dissolved Tin (Sn) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Titanium (Tl) ug/L <0 .5 <0.5 <0.5 0.6 3482652 

Dissolved Uranium (U) ug/L 0.376 0.392 0.405 0.002 3482652 

Dissolved Vanadium M ug/L <0.2 <0.2 <0.2 0 .2 3482652 

Dissolved Zinc (Zn) ug/L 17.2 18.0 22.5 0.1 3482652 

Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

Dissolved Calcium (Ca) mg/L 16.2 17.1 17.6 0.06 3483676 

RDL "' Reponable Detection Limit 
( 1 ) Dissolved greater than total. Reanalysis yields similar results 

Page 7 of 25 



Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS - WATER (WATER) 

Maxxam ID R13373 R13374 R13376 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

14:00 14:30 13:15 
:oc Number 08304779 08304779 08304779 

Unit$ VANGOROA VANGORDA VANGORDA ROL QC Batch 
CREEK A CREEK 8 CREEKC 

Dissolved Magnesium (Mg) mg/L 2 .52 2.70 2 .77 0.05 3483676 

Dissolved Potassium (K) mg/L 0 .37 0.38 0.38 0.05 3483676 
. ·- -

Dissolved Sodium (Na) mg/L 1.70 1.73 1.67 0.05 3483676 

Dissolved Sulphur (S) mg/L 11 12 12 3 3483676 

RDL II Reportable Detection Limit 

Page 8 of25 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS - WATER (WATER) 

Maxxam ID R13376 R13377 R13378 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

16:45 16:00 15:30 
ICOC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
~DS:t=ll 0 CREEK E CREEKF 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 91 .0 99.4 129 0.5 3473076 

Dissolved Metal& by ICPMS 
-· 

Dissolved Aluminum (Al) ug/L 13.6 13_3 12.5 0.2 3482652 
-

Dissolved Antimony (Sb) ug/L 0.05 0.05 0.05 0.02 3482652 

Dissolved Arsenic (As) ug/L 0.26 0.26 0.26 0.02 3482652 

Dissolved Barium (Ba) ug/L 26.2 27.0 26.9 0.02 3482652 

Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Bismuth (Bl) ug/L O.Q38 (1) 0.006 <0.005 0.005 3482652 

Dissolved Boron (B) ug/L <50 <50 <50 50 3482652 

Dissolved Cadmium (Cd) ug/L 0.059 0.054 0.048 0.005 3482652 

Dissolved Chromium (Cr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

Dlssolved Cobalt (Co) ug/L 0.046 0 .046 0 .037 0.005 3482652 

Dissolved Copper (Cu) ug/L 0.52 0 .54 0.53 0.05 3482652 

Dissolved Iron (Fe) ug/L 29 32 30 1 3482652 

Dlssolved Lead (Pb) ug/L 0.155 0 .206 0 .181 0.005 3482652 

Dissolved Lithium (LI) ug/L 1-5 1.6 1.8 0.5 3482652 

Dissolved Manganese (Mn) Ug/L 9.44 9.28 7.87 0.05 3482652 
- -

Dissolved Molybdenum (Mo) ug/L 0.25 0 .25 0.28 0.05 3482652 

Dissolved Nickel (NI) ug/L 0.48 0 .48 0.47 0.02 3482662 

Dissolved Selenium (Se) ug/L 0 .09 0 .10 0,12 0.04 3482652 

Dissolved Silicon (SI) ug/L 4460 4760 5000 100 3482652 

Dissolved Sliver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482652 

Dlssolved Strontium (Sr) ug/L 94.3 101 120 0.05 3482652 

Dissolved Thallium (Tl) ug/L 0.009 0 .010 0.012 0.002 3482652 

Dissolved Tin (Sn) ug/L <0,01 <0.01 <0.01 0.01 3482652 

Dlssolved Titanium (Tl) ug/L <0.5 <0.5 <0.5 0.5 3482652 

Dissolved Uranium (U) ug/L 1.22 1.36 1.97 0.002 3482652 

Dlssolved Vanadium M ug/L <0.2 <0.2 <0.2 0.2 3482652 

Dissolved Zinc (Zn) ug/L 22.9 21 .8 21 .2 0.1 3482652 

Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

Dlssolved Calcium (Ca) mg/L 24.7 26.7 32.7 0.05 3483676 

RDL "' Reportable Detection Limit 
( 1 ) Dissolved greater than total. Reanalysis yields similar results 

Page 9 of 25 
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Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam ID R13376 R13377 R133r8· 
$ampllng Date 2009/10/01 2009/10/01 2009/10/01 

16:45 16:00 15:30 
Coe Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEK D CREEK E r:Rr:EK F 

Dissolved Magnesium (Mg) mg/L 7.11 7.98 11.4 0.05 3483676 
Dissolved Potassium (K) mg/L 0.46 0.47 0.61 0.05 3483676 

Dissolved Sodium (Na) mg/L 1.87 1.95 2.09 0.05 3483676 

Dissolved Sulphur (S) mg/L 23 24 33 3 3483676 

RDL "' Reportable Detection Limit 

Page 10 of 25 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 
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LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS • WATER (WATER) 

Maxxam ID R13379 R13380 R13381 
Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
COC Number 08304779 08304779 08304779 

Units GRUM GRUM FIELD ROL oc Batch 
WEST DUMP WEST DUMP BLANK 

FLOW G-1 FLOW0-2 
... 

Misc. lnorganlcs 

Dissolved Hardness (CaC03) mg/L 1120 772 <0,5 0.5 3473076 

Dissolved Metals by ICPMS 

Dissolved Aluminum (Al) ug/L 1.6 2.6 (1) 1.0 0.2 3482652 

Dissolved Antimony (Sb) ug/L 0.06 0.15 <0.02 0.02 3482652 
Dissolved Arsenic (As) ug/L 0.08 0.50 <0.02 0.02 3482652 

Dissolved Barium (Ba) ug/L 98.4 84.4 0.13 0.02 3482652 

Dissolved Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482652 
Dissolved Bismuth (Bi) ug/L 0.010 <0.005 0.006 0.005 3482652 

Dissolved Boron (B) ug/L <50 <50 <50 50 3482652 

Dissolved Cadmium (Cd) ug/L 0.024 0.027 (1) <0.005 0.005 3482652 
Dissolved Chromium (Cr) ug/L 0.2 <0.1 <0.1 0.1 3482652 

Dissolved Cobalt (Co) ug/L 0.039 0.029 0.006 0.005 3482652 

Dissolved Copper (Cu) ug/L 0.27 1.04 (1) 0.13 0.05 3482652 
Dissolved Iron (Fe) ug/L 12 11 6 1 3482652 

Dissolved Lead (Pb) ug/L 0.059 0.060 0.069 0.005 3482652 
Dissolved Lithium (Li) ug/L 7.8 4.5 <0.5 0.5 3482652 

Dissolved Manganese (Mn) ug/L 0.10 0.32 (1) 0.60 (1) 0.05 3482652 

Dissolved Molybdenum (Mo) ug/L 0.97 0.91 <0.05 0.05 3482652 
Dissolved Nickel (Ni) ug/L 0.50 0.53 0.04 0.02 3482652 

Dissolved Selenium (Se) ug/L 3.52 0.53 <0.04 0.04 3482652 

Dissolved SIiicon (Si) ug/L 5150 5410 <100 100 3482652 

Dissolved Silver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482652 

Dissolved Strontium (Sr) ug/L 1090 772 0.05 0.05 3482652 
Dissolved Thallium (Tl) ug/L 0.003 <0.002 <0.002 0.002 3482652 

Dissolved Tin (Sn) ug/L <0.01 <0.01 <0.01 0.01 3482652 

Dissolved Titanium (Tl) ug/L <0.5 <0.5 <0.5 0.5 3482652 
Dissolved Uranium (U) ug/L 17.6 12.8 <0.002 0.002 3482652 

Dissolved Vanadium M ug/L <0.2 <0.2 0.2 0.2 3482652 
Dissolved Zinc (Zn) ug/L 0.9 1.5 3.4 (1) 0 .1 3482652 

Dissolved Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482652 

RDL " Reportable Detection Limit 
( 1 ) Dissolved greater than total. Reanalysis yields similar results 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

'''''"'r .. m n~~ ntnnnn.1l~r-1c ~~<'nn"'I 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL DISSOLVED METALS -WATER (WATER) 

Maxxam ID R13379 R13380 R13381 
Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
COC Number 08304779 08304779 08304779 

Units GRUM GRUM FIELD RDL QC Batch 
WEST DUMP WEST DUMP BLANK 

FLOW G.1 FLOWG·2 

Dissolved Calcium (Ca) mg/L 248 176 0.06 0.05 3483676 

Dissolved Magnesium (Mg) mg/L 122 80.6 <0.05 0.05 3483676 

Dissolved Potassium (K) mg/L 1.61 1.38 <0.05 0.05 3483676 

Dissolved Sodium (Na) mg/L 4.80 3.77 <0.05 0.05 3483676 

Dissolved Sulphur (S) mg/L 280 187 <3 3 3483676 

RDL = Reportable Detection Limit 
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Maxxam Job #: A95S077 
Report Date: 2009/10/14 

, , ·w"·.mnxxn1ununly tlc!<.con, 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS - WATER (WATER) 

Maxxam ID R13373 R13374 R13375 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

14:00 14:30 13:15 
Coe Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL :lC Batch 
CREEK A CREEKB CREEKC 

Calculated Parametel'$ 

Total Hardness (CaC03) mg/L 46.9 49.8 51 .2 0.6 3472885 

Total Motals by ICPMS 

Total Aluminum (Al) ug/L 19.8 18.7 18.1 0.2 3482654 

Total Antimony (Sb) ug/L 0.04 0.04 0.05 0.02 3482654 

Total Arsenic (As) ug/L 0.27 0.28 0.30 0.02 3482654 

Total Barium (Ba) ug/L 23.1 23.1 23.2 0.02 3482654 

Total Beryllium (Be) ug/L 0.02 <0.01 O.Q1 O.Q1 3482664 

Total Bismuth (Bl) ug/L <0.005 <0.005 <0.005 0.005 3482654 

Total Boron (B) ug/L ' <50 <50 <50 50 3482654 

Total Cadmium (Cd) ug/L 0.036 0.036 0.062 0.005 3482654 

Total Chromium (Cr) ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Cobalt (Co) ug/L 0.051 0.061 0.057 0.005 3482654 

Total Copper (Cu) ug/L 0.43 0.46 0.65 0.05 3482654 

Total Iron (Fe) ug/L 57 65 66 1 3482654 

Total Lead (Pb) ug/L 0.377 0.357 0.471 0.005 3482654 

Total Lithium (Li) ug/L 1.5 1.5 1.6 0.5 3482654 

Total Manganese (Mn) ug/L 2.73 12.7 11.3 0.05 3482654 

Total Molybdenum (Mo) ug/L 0.19 0.20 0.20 0.05 3482664 

Total Nickel (NI) ug/L 0.41 0.35 0.54 0.02 3482654 

Total Selenium (Se) ug/L 0.09 0.08 0.09 0.04 3482654 

Total Silicon (Si) ug/L 4640 4310 4500 100 3482654 

Total Sliver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482654 

Total Strontium (Sr) ug/L 65.1 65.4 69.1 0.05 3482654 

Total Thallium (Tl) ug/L 0.007 0.007 0.008 0.002 3482654 

Total Tin (Sn) ug/L <0.01 <0.01 <0.01 0.01 3482654 

Total Titanium (Ti) ug/L <0.5 <0.6 <0.5 0.5 3482654 

Total Uranium (U) ug/L 0.371 0.370 0.380 0.002 3482654 

Total Vanadium M ug/L <0.2 <0.2 <0.2 0.2 3482654 

Total Zinc (Zn) ug/L 17.0 17.4 26.0 0.1 3482654 

Total Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482654 
- -

Total Calcium (Ca) mg/L 14.9 15.8 16.1 0.05 3482725 

Total Magnesium (Mg) mg/L 2.33 2.52 2.67 0.05 3482725 

RDL = Reportable Detection Limit 
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Maxxam Job #; A956077 
Report Date: 2009/10/14 

Dri,•f!n l>,1• !lf!l"l 'i<'f! a rul Sci1111 cf! 

""'"'''"l"' .. n1n.xx nn1nnnt3-~rtc Si.COm 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#; VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS -WATER (WATER) 

Maxxam ID R13373 R13374 R13375 
Sampling Dale 2009/10/01 2009/10/01 2009/10/01 

14:00 14:30 13:15 
COC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEK A CREEKB CDS:S:ll C 

Tolal Potassium (K) mg/L 0.33 0.34 0.35 0.05 3482725 

Total Sodium (Na) mg/L 1.65 1.67 1.66 0.06 3482726 

Total Sulphur (S) mg/L 11 12 10 3 3482725 

RDL = Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

'"'"'""''r.u1nxxnn1nnnlyr1~1c.t:on1 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS-WATER (WATER) 

Maxxamlt> R13376 R13377 R13378 
Sampling Date 2009/10/01 2009/10/01 2009/10/01 

16:45 16;00 15;30 
CQC Number 08304779 08304779 08304779 

Units VANGORDA VANGORDA VANGORDA RDL QC Batch 
CREEKD CREEKE CREEK F 

Calculated Parameters 

Total Hardness (CaC03) mg/L 89.5 90.0 125 0.5 3472885 

Total Metals by ICPMS 
. 

Total Aluminum (Al) ug/L 21 .3 16.9 17.8 0.2 3482654 

Total Antimony (Sb) ug/L 0.05 0.07 0.05 0.02 3482654 

Total Arsenic (As) ug/L 0.36 0.35 0.32 0.02 3482654 
. 

Total Barium (Ba) ug/L 24.8 24.5 25.3 0.02 3482654 
. -

Total Beryllium (Be) ug/L <0.01 <0.01 <0.01 0.01 3482654 

Total Bismuth (Bl) ug/L 0.006 0.020 <0.005 0.005 3482654 

Total Boron (B) ug/L <50 <50 <50 50 3482654 

Total Cadmium (Cd) ug/L 0.059 0.052 0.049 0.005 3482654 

Total Chromium (Cr) ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Cobalt (Co) ug/L 0.084 0.067 0.049 0.005 3482654 

Total Copper (Cu) ug/L 0.66 0.71 0.59 0.05 3482654 

Total Iron (Fe) ug/L 80 61 59 1 3482654 

Total Lead (Pb) ug/L 0.842 0.678 0.433 0.005 3482654 

Total Ll!hlum (LI) ug/L 1.8 1.8 2.0 0.5 3482654 

Total Manganese (Mn) ug/L 13.9 11 .1 9.16 0.05 3482654 

Total Molybdenum (Mo) ug/L 0.23 0.25 0.28 0.05 3482654 

Total Nickel (NI) ug/L 0.55 0.54 0.56 0.02 3482654 

Total Selenium (Se) ug/L 0.10 0.11 0.12 0.04 3482654 

Total Slllcon (SI) ug/L 4370 4370 4420 100 3482654 

Total Silver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482654 

Total Strontium (Sr) ug/L 89.2 90.7 111 0.05 3482654 

Total Thallium (Tl) ug/L 0.009 0.010 0,011 0.002 3482654 

Total Tin (Sn) ug/L <0.01 <0.01 <0.01 0.01 3482654 
.. 

Total Titanium (TI) Ug/L <0.5 <0.5 0.8 0.5 3482654 

Total Uranium (U) ug/L 1.20 1.25 1.86 0.002 3482654 

Total Vanadium M ug/L <0,2 <0.2 <0.2 0.2 3482654 

Total Zinc (Zn) ug/L 25.9 27.3 24.7 0.1 3482654 

Total Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Calcium (Ca) mg/L 23.8 23.8 31 .3 0.05 3482725 

Total Magnesium (Mg) mg/L 7.28 7.44 11.5 0.05 3482725 

RDL - Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

www.tnaxxnmnnnly tlc~.cont 

LABERGE ENVIRONMENTAL SERVICES 
Client Project#; VANGORDA·GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS -WATER (WATER) 

Maxxam ID R13376 R13377 R13376~ 

Sampling Date 2009/10/01 2009/10/01 2009/10/01 
16:45 16:00 15:30 

~cc Number 08304779 08304779 08304779 
Unit& VANGORDA VANGORDA VANGORDA RDL AC Batch 

CREEK D CREEK E CRFFI< F 

!Total Potassium (K) mg/L 0.42 0.43 0 .49 0.05 3482725 

Total Sodium (Na) mg/L 1.88 1.91 2 .13 0.05 3482725 

Total Sulphur (S) mg/L 22 24 33 3 3482725 

RDL - Reportable Detection Limit 
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Maxxam Job #: A956077 
Report Date: 2009/10/14 

"'""''·•unx~nn1n11nlytlcs.con1 
LABERGE ENVIRONMENTAL SERVICES 
Client Project#: VANGORDA-GRUM SURFACE WATER 

Sampler Initials: KN 

LOW LEVEL TOTAL METALS - WATER (WATER) 

Maxxam ID R13379 R13380 R13381 
Sampling Date 2009/10/01 2009/10/01 

18:00 18:30 
COC Nymber 08304779 08304779 083~779 

Units GRUM GRUM FIELD RDL QC Batch 
WEST DUMP WEST DUMP BLANK 

FLOWG-1 FLOWG-2 

Calculated Parameters 
Total Hardness (CaC03) mg/L 1090 747 <0.5 0.5 3472885 

Total Metals by ICPMS 

h"otal Aluminum (Al) ug/L 13.8 2.1 0.5 0.2 3482654 

Total Antimony (Sb) ug/L 0.05 0.15 <0.02 0.02 3482654 

Total Arsenic (A&) ug/L 0.12 0.57 <0.02 0.02 3482654 

Total Barium (Ba) ug/L 89.8 77.2 0.34 0.02 3482654 

Total Beryllium (Be) ug/L <0.01 <0.01 <0.01 0 .01 3482654 

Total Bismuth (Bl) ug/L <0.005 <0.005 <0 .005 0.005 3482654 

Total Boron (B) uglL <50 <60 <50 50 3482654 

Total Cadmium (Cd) ug/L 0.021 0.019 <0.005 0.005 3482654 

Total Chromium (Cr) ug/L 0.2 <0.1 <0.1 0.1 3482654 

Total Cobalt (Co) ug/L 0.057 0 .035 <0.005 0.005 3482654 

Total Copper (Cu) ug/L 0 .31 0 .61 0.1 1 0.05 3482654 

Total Iron (Fe) ugtL 57 13 <1 1 3482654 

Total Lead (Pb) ug/L 0 .221 0.068 0.165 0.005 3482654 

Total Lithium (LI) ug/L 8 .0 4.8 <0.5 0.5 3482654 

Total Manganese (Mn) ug/L 0.56 0.23 <0.05 0.05 3482654 

Total Molybdenum (Mo) ug/L 0.88 0.87 <0.05 0.05 3482654 

Total Nickel (NI) ug/L 0.50 0.55 <0.02 0.02 3482654 

Total Selenium (Se) ug/L 3.68 0.50 <0.04 0.04 3482654 

Total SIiicon (SI) ug/L 5230 5230 <100 100 3482654 

Total Sliver (Ag) ug/L <0.005 <0.005 <0.005 0.005 3482654 

Total Strontium (Sr) ug/L 995 718 <0.05 0.05 3482654 

Total Thallium (Tl) ug/L 0.004 <0.002 <0.002 0.002 3482654 

Total Tin (Sn) ug/L <0.01 <0.01 <0.01 0 .01 3482654 

Total Titanium (Ti) ug/L <0.5 <0.5 <0.5 0 .5 3482654 
·--· 

Total Uranium (U) ug/L 17.9 12.5 <0.002 0.002 3482654 

Total Vanadium M ug/L <0.2 <0.2 <0.2 0.2 3482654 

Total Zinc (Zn) ug/L 1.8 1.4 0.2 0.1 3482654 

Total Zirconium (Zr) ug/L <0.1 <0.1 <0.1 0.1 3482654 

Total Calcium (Ca) mg/L 244 171 <0.05 0.05 3482725 

RDL ., Reportable Detection Limit 
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QNQC 
Balch 
Num lnll 

3480002 MM3 

3482132 RL2 

3482652 AA1 

QC Tvoe 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO (R13379·02] 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO [R 13380-03] 
RPO [R13381-02] 
Matrix Spike 

Spiked Blank 

Method Blank 

f 
LABERGE ENVIRONMENTA~";i[R~~E;nnnlyrlc,s.c,otn f 
Attention: Ken Nordin 

D rl,•en 1>1• sen•lce aud Scieuce 

Client Project#: VANGORDA-GRUM SURFACE WATER 

P.O. #: f 
Site Reference: 

Quality Assurance Report 
Maxxam Job Number; VA956077 r 

Date 
Analyzed 

Parameter vvvv/mm/dd Value Recovery Units QC Limits 
Fluoride (F) 2009/10/08 92 % 80 • 120 
Fluoride (F) 2009/10/08 100 % 80 • 120 
Fluoride (F) 2009/10/08 <0,01 mg/L 
Fluoride (F) 2009/10/08 0 % 20 
Dissolved Chloride (Cl) 2009/10/09 NC % 80 -120 
Dissolved Chloride (Cl) 2009/10/09 106 % 80 • 120 r 
Dissolved Chloride (Cl) 2009/10/09 <0.5 mg/L 
Dissolved Chloride (Cl) 2009/10/09 NC % 20 
Dissolved Chloride (Cl) 2009/10/09 NC % 20 
Dissolved Arsenic (As) 2009/10/11 98 % 80 -120 
Dissolved Beryllium (Be) 2009110/11 109 % 80 • 120 
Dissolved Cadmium (Cd) 2009/10/11 111 % 80 • 120 
Dissolved Chromium (Cr) 2009/10/11 97 % 80 • 120 
Dissolved Cobalt (Co) 2009/10/11 93 % 80 - 120 
Dissolved Copper (Cu) 2009/10/11 NC % 80 -120 
Dissolved Lead (Pb) 2009/10/11 108 % BO - 120 
Dissolved Lithium (LI) 2009/10/11 108 % 80 - 120 
Dissolved Nlckel (NI) 2009/10/11 90 % 80 • 120 
Dissolved Selenium (Se) 2009/10/11 104 % 80 - 120 
Dissolved Uranium (U) 2009/10/11 117 % 80 - 120 
Dissolved Vanadium (V) 2009/10/11 102 % 80 - 120 
Dissolved Zinc (Zn) 2009/10111 NC % 80 • 120 
Dissolved Arsenic (As) 2009/10111 92 % 80 • 120 
Dissolved Beryllium (Be) 2009/10/11 98 % 80 • 120 
Dissolved Cadmium (Cd) 2009/10111 100 % 80 -120 
Dissolved Chromium (Cr) 2009/10/11 91 % 80 -120 
Dissolved Cobalt (Co) 2009/10/11 90 % 80- 120 
Dissolved Copper (Cu) 2009/10/11 88 % 80 - 120 
Dissolved Lead (Pb) 2009/10/11 104 % 80 - 120 
Dissolved Lithium (LI) 2009/10/11 100 % 80 • 120 
Dissolved Nickel (NI) 2009/10/11 87 % 80 - 120 
Dissolved Selenium (Se) 2009/10/11 97 % 80- 120 
Dissolved Uranium (U) 2009/10/11 108 % 80 - 120 
Dissolved Vanadium (V) 2009/10/11 96 % 80 - 120 
Dissolved Zinc (Zn) 2009/10/11 91 % 80 - 120 
Dissolved Aluminum (Al) 2009/10/11 <0.2 ug/L 
Dissolved Antimony (Sb) 2009/10/11 <0.02 ug/L 
Dissolved Arsenic (As) 2009/10/11 <0.02 ug/L 
Dissolved Barium (Ba) 2009/10/11 <0.02 ug/L 
Dissolved Beryllium (Be) 2009/10/11 <0.01 ug/L 
Dissolved Bismuth (Bl) 2009/10/11 <0.005 ug/L l 
Dissolved Boron (B) 2009/10/11 <50 ug/L 
Dissolved Cadmium (Cd) 2009/10/11 <0.005 ug/L 
Dissolved Chromium (Cr) 2009/10/11 <0.1 ug/L 
Dissolved Cobalt (Co) 2009/10/11 <0.005 ug/L 
Dissolved Copper (Cu) 2009/10/11 <0.05 ug/L 
Dissolved Iron (Fe) 2009/10/11 <1 ug/L 
Dissolved Lead (Pb) 2009/10/11 <0.005 ug/L 
Dissolved Lithium (LI) 2009/10/11 <0.5 ug/L 
Dissolved Manganese (Mn) 2009/10/11 <0.05 ug/L 
Dissolved Molybdenum (Mo) 2009/10/11 <0.05 ug/L 
Dissolved Nickel (Ni) 2009/10/11 <0.02 ug/L 
Dissolved Selenium (Se) 2009/10/11 <0.04 ug/L 
Dissolved Silicon (SI) 2009/10/11 <100 ug/L 
Dissolved Sliver (Ag) 2009/10/11 <0.005 ug/L 

M~IQli!!Tl Am1lyli,;; lnl~m~liCIIH!I Corixm1tion o/a M;i.lOi'.~m An~lylio.; 13um~by; 8577 Commen:a Court V6A 4N5 Telephone(804) 444--4808 Fax(604) 444--4511 l 
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QNQC 
Batch 
Num lnlt 

3482652 M1 

3482653 RL2 

3482654 AA1 

QCTvoe 
Method Blank 

RPO 

Matrix Spike 
Spiked Blank 
Method Blank 
RPD [R13380·03) 
RPD [R13381 -02) 
Matrix Spike 

Spiked Blank 

ww·w.tnoxxon1onnlyttc~.c on1 

LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Client Project#: VANGORDA-GRUM SURFACE WATER 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA956077 

Date 
Analyzed 

Parameter ww/mm/dd Value Recoverv Units ac Limits 
Dissolved Strontium (Sr) 2009/10/11 <0.05 ug/L 
Dissolved Thallium (Tl) 2009/10/11 <0.002 ug/L 
Dissolved Tin (Sn) 2009/10/11 <0.01 ug/L 
Dissolved Tllahlum (Tl) 2009/10/11 <0.5 ug/L 
Dissolved Uranium (U) 2009/10/11 <0.002 ug/L 
Dissolved Vanadium (V) 2009/10/11 <0.2 ug/L 
Dissolved Zinc (Zn) 2009/10/11 <0.1 ug/L 
Dissolved Zirconium (Zr) 2009/10/11 <0.1 ug/L 
Dissolved Aluminum (Al) 2009/10/11 NC % 20 
Dissolved Antimony (Sb) 2009/10/11 NC % 20 
Dissolved Arsenic (As) 2009/10/11 4.8 % 20 
Dissolved Barium (Ba) 2009/10/11 0.6 % 20 
Dissolved Beryllium (Be) 2009/10/11 NC % 20 
Dissolved Bismuth (Bi) 2009/10/11 NC % 20 
Dissolved Boron (B) 2009110111 NC % 20 
Dissolved Cadmium (Cd) 2009/10111 0.8 % 20 
Dissolved Chromium (Cr) 2009/10111 NC % 20 
Dissolved Cobalt (Co) 2009/10/11 NC % 20 
Dissolved Copper (Cu) 2009/10111 0,2 % 20 
Dissolved Iron (Fe) 2009/10/11 0.8 % 20 
Dissolved Lead (Pb) 2009/10/11 0.05 % 20 
Dissolved Lithium (LI) 2009/10/11 NC % 20 
Dissolved Manganese (Mn) 2009/10111 3.2 % 20 
Dissolved Molybdenum (Mo) 2009/10/11 NC % 20 
Dissolved Nickel (Ni) 2009/10/11 4.8 % 20 
Dissolved Selenium (Se) · 2009110111 NC % 20 
Dissolved Silicon (Si) 2009/10/11 0.6 % 20 
Dissolved Silver (Ag) 2009/10/11 NC % 20 
Dissolved Strontium (Sr) 2009/10/11 1.3 % 20 
Dissolved Thallium (Tl) 2009/10/11 NC % 20 
Dissolved Tin (Sn) 2009/10/11 NC % 20 
Dissolved ntanium (TI) 2009/10111 NC % 20 
Dissolved Uranium (U) 2009/10111 3.1 % 20 
Dissolved Vanadium M 2009/10/11 NC % 20 
Dissolved Zinc (Zn) 2009/10111 2.6 % 20 
Dissolved Zirconium (Zr) 2009/10/11 NC % 20 
Olssolved Sulphate (S04) 2009/10/09 NC % 76 - 125 
Dissolved Sulphate (S04) 2009/10/09 99 % 80 - 120 
Dissolved Sulphate (S04) 2009/10109 <0.5 mg/L 
Dissolved Sulphate (S04) 2009/10109 3.1 % 20 
Dissolved Sulphate (S04) 2009/10/09 NC % 20 
Total Arsenic (As) 2009/10/10 98 o/o 80 - 120 
Total Beryllium (Be) 2009/10110 109 o/o 80 • 120 
Total Cadmium (Cd) 2009/10/10 103 % 80 • 120 
Total Chromium (Cr) 2009/10/10 100 % 80 • 120 
Total Cobalt (Co) 2009/10/10 97 % 80 • 120 
Total Copper (Cu) 2009110/10 95 % 80 - 120 
Total Lead (Pb) 2009/10/10 102 o/o 80 -120 
Total Lithium (Li) 2009/10/10 NC % 80 - 120 
Total Nickel (Ni) 2009/10/10 96 o/o 80-120 
Total Selenium (Se) 2009/10/10 103 % 80 - 120 
Total Uranium (U) 2009/10/10 109 % 80 • 120 
Total Vanadium (V) 2009/10/10 NC % 80 • 120 
Total Zinc (Zn) 2009/10/10 96 % 80 - 120 
Total Arsenic (As) 2009110/10 97 % 80 - 120 

M;i.>Q<;,m An~lylic;; lnlorn~~ori•I Corpafjltioo o/a Maxxam Analytics Burnaby: asn Commerce Court V5A 4N5 Tvlophono(G0-4) 444-4808 Fax(604) 444-4511 
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QA/QC 
Batch 
Num lnit 

3482654 M1 
QC ivoe 
Spiked Blank 

Melhod Blank 

RPO 

Dri1•c11 by Jt·~rvice u 11,I Scie11c.:e 
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LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Client Project#: VANGORDA-GRUM SURFACE WATER 
P.O.#: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA956077 

Dale 
Analyzed 

Parameter ww/mm/dd Value Recoverv Units QC Limits 
Total Beryllium (Be) 2009/10/10 108 o/o 80- 120 
Total Cadmium (Cd) 2009/10/10 97 % 80 • 120 
Total Chromium (Cr) 2009/10/10 101 % 80 • 120 
Total Cobalt (Co) 2009/10/10 99 % 80 • 120 
Total Copper (Cu) 2009/10/10 102 % 80 -120 
Total Lead (Pb) 2009/10/10 103 % 80-120 
Total Lithium (LI) 2009/10/10 108 % 80 - 120 
Total Nickel (Ni) 2009/10/1 0 99 % 80 • 120 
Total Selenium (Se) 2009/10/10 97 % 80 • 120 
Total Uranium (U) 2009/10/10 105 % 80 - 120 
Tolal Vanadium (V) 2009/10/10 99 % 80 -120 
Total Zinc (Zn) 2009/10/10 101 % 80- 120 
Total Aluminum (Al) 2009/10/10 <0.2 ug/L 
Total Antimony (Sb) 2009/10/10 <0.02 ug/L 
Total Arsenic (As) 2009/10/10 <0.02 ug/L 
Total Barium (Ba) 2009/10/10 <0.02 ug/L 
Total Beryllium (Be) 2009/10/10 <0.01 ug/L 
Total Bismuth (Bl) 2009/10/10 <0.005 ug/L 
Total Boron (B) 2009/10/10 <50 ug/L 
Total Cadmium (Cd) 2009/10/10 <0.005 ug/L 
Total Chromium (Cr) 2009/10/10 <0.1 ug/L 
Total Coba.11 (Co) 2009/10/10 <0.005 ug/L 
Total Copper (Cu) 2009/10/10 <0.05 ug/L 
Total Iron (Fe) 2009/10/10 <1 ug/L 
Total Lead (Pb) 2009/10/10 <0.005 ug/L 
Total Lithium (Li) 2009/10/10 <0.5 ug/L 
Total Manganese (Mn) 2009/10/10 <0.05 ug/L 
Total Molybdenum (Mo) 2009/10/10 <0.05 ug/L 
Total Nickel (NI) 2009/10/10 <0.02 uglL 
Total Selenium (Se) 2009/10/10 <0.04 ugll 
Total Silicon (Si) 2009/1 0/10 <100 ug/L 
Total Silver (Ag) 2009/10/10 <0.005 ug/L 
Total S1rontium (Sr) 2009/10/10 <0.05 ug/L 
Total Thallium (Tl) 2009/10/10 <0.002 ug/L 
Total Tin (Sn) 2009/10/10 <0.01 ug/L 
Total Titanium (Ti) 2009/10/10 <0.5 ug/L 
Total Uranium (U) 2009/10/10 <0.002 ug/L 
Total Vanadium (V) 200911 0/10 <0,2 ug/L 
Total Zinc (Zn) 2009/10110 <0.1 ug/L 
Total Zirconium (Zr) 2009/10/10 <0.1 ug/L 
Total Aluminum (Al) 2009/10/10 0 .2 % 20 
Total Antimony (Sb) 2009/10/10 8.8 % 20 
Total Arsenic (As) 2009/10/10 2.3 % 20 
Total Barium (Ba) 2009/10/10 0.5 % 20 
Total Beryllium (Be) 2009/10/10 NC % 20 
Total Bismuth (Bi) 2009/10/10 NC % 20 
Total Boron (B) 2009/10/10 NC % 20 
Total Cadmium (Cd) 2009/10/10 NC % 20 
Total Chromium (Cr) 2009/10/10 NC % 20 
Total Cobalt (Co) 2009/10/10 3.7 % 20 
Total Copper (Cu) 2009/10110 1.0 % 20 
Total Lead (Pb) 2009/10110 3.0 % 20 
Total Lithium (LI) 2009/10110 0.1 % 20 
Total Manganese (Mn) 2009/10110 1.1 % 20 
Total Molybdenum (Mo) 2009/10/10 3.4 % 20 
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r 
QA/QC 
Batch 
Num lnlt 

3482654 AA1 

3482726 AA1 

3482975 ALB 

3483676 AA1 

3485735 NSS 

3486847 SC2 

3485948 SC2 

3486941 ALB 

3486943 AL8 

L 

QC Tvoe 
RPD 

Method Blank 

RPD 
Spiked Blank 
Method Blank 

RPO [R13380-02] 

Method Blank 

RPD 

Matrix Spike 
Spiked Blank 
Method Blank 
RPD [R13374·01] 
Matrix Spike 
Spiked Blank 
Method Blank 
RPO 
Matrix Spike 
Spiked Blank 
Method Blank 
RPD 
Spiked Blank 
Method Blank 
RPD [R13381-01] 
Matrix Spike 
Spiked Blank 
Method Blank 

RPD (R13381-01J 

" '''"'"·n1nxxnn111n11lytl,;,".,;,on1 
LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Client Project#; VANGORDAAGRUM SURFACE WATER 
P.O. #: 
Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA956077 

Date 
Analyzed 

ParameleJ vvw/mm/dd Value Recoverv Units QC Llmlts 
Total Nickel (NI) 2009/10/10 6.5 % 20 
Total Selenium (Se) 2009/10/10 13.0 % 20 
Total Silver (Ag) 2009/10/10 NC % 20 
Total Strontium (Sr) 2009/10/10 0.03 % 20 
Total Thallium (Tl) 2009/10/10 NC % 20 
Total Tin (Sn) 2009/10/10 NC o/o 20 
Total Uranium (U) 2009/10/10 0.6 % 20 
Total Vanadium M 2009/10/10 1.5 % 20 
Total Zinc (Zn) 2009/10/10 19.9 % 20 
Total Calcium (Ca) 2009/10110 <0.05 mg/L 
Total Magnesium (Mg) 2009/10/10 <0.05 mg/L 
Total Potassium (K) 2009/10/10 <0.05 mg/L 
Total Sodium (Na) 2009/10/10 <0.06 mg/L 
Total Sulphur (S) 2009/10/10 <3 mg/L 
Total Magnesium (Mg) 2009/10/10 0.8 % 20 
Acidity (pH 8.3) 2009/10/10 107 % 80 • 120 
Acidity (pH 4.5) 2009/10/10 <0.5 mg/L 
Acidity (pH 8.3) 2009/10/10 <:0.5 mg/L 
Acidity (pH 4.5) 2009/10/10 NC % 20 
Acidity (pH 8.3) 2009/10/10 19.0 % 20 
Dissolved Calcium (Ca) 2009/10/11 <0.05 mg/L 
Dissolved Magnesium (Mg) 2009/10/11 <0.05 mg/L 
Dissolved Potassium (K) 2009/10/11 <0.05 mg/L 
Dissolved Sodium (Na) 2009/10/11 <0.05 mg/L 
Dissolved Sulphur (S) 2009/10/11 <3 mg/L 
Dissolved Calcium (Ca) 2009/10/11 0.3 % 20 
Dissolved Magnesium (Mg) 2009/10/11 0.08 % 20 
Dissolved Potassium (K) 2009/10/11 0 % 20 
Dissolved Sodium (Na) 2009/10/11 0.4 % 20 
Dissolved Sulphur (S) 2009/10/11 NC % 20 
Bromide (Br) 2009/10/13 113 o/o 80- 120 
Bromide (Br) 2009/10/13 97 % 80-120 
Bromide (Br) 2009/10/13 <0.4 mg/L 
Bromide (Br) 2009/10/13 NC % 20 
Dissolved Chloride (Cl) 2009/10/10 108 % 80 • 120 
Dissolved Chloride (Cl) 2009/10/10 105 % 80 • 120 
Dissolved Chloride (Cl) 2009/10/10 <:0.5 mg/L 
Dissolved Chloride (Cl) 2009/10/10 4.7 o/o 20 
Dissolved Sulphate (S04) 2009/10/10 NC % 75 -125 
Dissolved Sulphate (S04) 2009/10/10 97 % 80 - 120 
Dissolved Sulphate (S04) 2009/10/10 0.5, RDL=0.5 mg/L 
Dissolved Sulphate (S04) 2009/10110 4.7 % 20 
Conductivity 2009/10/13 102 % 80 • 120 
Conductivity 2009/10/13 <:1 uS/cm 
Conductivity 2009/10/14 NC o/o 20 
Alkalinity (Total as CaC03) 2009/10/14 NC % 80 -120 
Alkalinity (Total as CaC03) 2009/10/14 100 % 80 -120 
Alkalinity (Total as CaC03) 2009/10/14 <0.5 mg/L 
Alkalinity (PP as CaC03) 2009/10/14 <0.5 mg/L 
Bicarbonate (HC03) 2009/10/14 <0.5 mg/L 
Carbonate (C03) 2009/10/14 -c:0.5 mg/L 
Hydroxide (OH) 2009/10/14 -c:0.5 mg/L 
Alkallnlty (Total as CaC03) 2009/10/14 NC o/o 20 
AJkallnlty (PP as CaC03) 2009/10/14 NC o/o 20 
Bicarbonate (HC03) 2009/10/14 NC % 20 
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LABERGE ENVIRONMENTAL SERVICES 
Attention: Ken Nordin 
Client Project#: VANGORDA-GRUM SURFACE WATER 
P.O. #: 

QNQC 
Batch 

Site Reference: 

Quality Assurance Report (Continued) 
Maxxam Job Number: VA956077 

Date 
Analyzed 

Num lnll QC Tvae Parameter ww/mm/dd Value Recoverv Units QC Limits 
3486943 ALB RPO [R13381-01] Carbonate (C03) 2009/10/14 NC % 20 

Hvdroxide COHl 2009/10/14 NC % 20 

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement. 
Matrix Spika: A sample to which a known amount of the analyte of Interest has been added. Used to evaluate sample matrix interference. 
Spiked Blank: A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery. 
Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to Identify laboratory contamination. 
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration In the parent sample and the 
spiked amount was not sufficiently significant to permit a reliable recovery calculation. 
NC (RPD): The RPO was not calculated. The level or analy\e detected in the parent sample and its duplicate was not sufficiently significant to permit a 
reliable calculation. 
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Grum Slot Planning Assessment Technical Memorandum 
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SRK Consulting 
Engineers and Scientists 

Technical Memo 

To: Stephen Mead, Deb Pitt (YG) Date: 

cc: TAT (John Brodie, Leslie Gomm, Bill From: 
Slater, Daryl Hockley, Peter Healey, 
Cam Scott) · 

Subject: Grum Slot Planning Assessment Project#: 

1 Introduction 

SRK CQ11st11t1ng (Canada) Inc. 
Suile 2200 - 1066 West HasUngs Streel 
Vancouver, B.C. V6E 3X2 
Canada 

vancouver@srk.com 
WIWI.Srk.com 

Tel: 604.681 .4196 
Fax: 604.687 .5632 

July 13, 2009 

D.Mackie 

1 CYOO 1.034.0210 

Long-term management of the Grum Pit water level is required to avoid discharge of poor quality pit water 
to the environment. The maximum allowable elevation that has been determined for the pit lake level is 
based on the assumption that the overburden-bedrock (OB~BR) contact is a penneable zone and, therefore, 
could allow short-circuiting of pit water if the water level reached this elevation. Thus, the maximum pit 
lake level was set below the elevation of the OB-BR contact in the vicinity of the Grum Slot, the area of 
lowest topographic elevation in the vicinity of the fonner pit ramp, the topographic "spill point". 

ln the vicinity of the Grum Slot, bedrock is overlain by a thick sequence of fine grained, relatively 
impermeable till. If the OB-BR contact is not permeable, the Grum Pit water level could potentially be 
allowed to rise to an elevation higher than previously assumed, providing additional time before active water 
level management could be required. Existing reports were reviewed and reconnaissance of the Grum Slot 
area was completed to provide a summary of hydrogeologic conditions and act as a basis for planning of a 
drilling and hydraulic testing program. 

2 Data Review 

There are four factors influencing determination of the maximum pit lake level : 

1. The topographic spill point elevation. 
2. The elevation and permeability of the OB-BR contact. 
3. Permeability of the till overlying bedrock. 
4. The elevations of the "thalweg aquifer" and aquifer water levels. 

Figure l shows the layout of the Grum Pit and other pertinent information. 

The Grum Slot spill point and OB-BR elevations were determined by Gartner Lee Ltd as 1232.3 and 1216 
mas I (meters above sea level), respectively, and the maximum recommended water level elevation as 12 t 3.4 
masl (Gartner Lee Ltd, 2003). The maximum recommended water level elevation was calculated to allow 
sufficient freeboard in the pit in the event of a 7~day probable maximum flood (PMF) event, plus complete 
breach of the Grum interceptor ditch (GID), without the pit water level reaching the OB-BR contact 
elevation. This approach assumes the OB-BR contact is permeable, though it is noted in the 2003 study that 
previous studies by Piteau Associates (Piteau) and the ICAP (which referred back to these Piteau reports) 
suggested that seepage via this pathway would be expected to be relatively small. The ICAP recommended 
this be investigated fmther prior to implementation of the closure plan. 
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During the I 990's, Piteau completed studies to assess hydrogeological conditions on the northeast side of the 
Grum Pit and installed and tested a series of dewatering wells (Piteau, 1991, 1995). Groundwater seepage 
from overburden on the northeast side of the pit was emanating from a ''major aquifer" with artesian 
conditions. This aquifer is referred to herein as the "thalweg aquifer." The pit perimeter dewatering system 
was operated to reduce artesian pressures in this aquifer and thereby improve slope stability. When this 
dewatering system was turned off, slwnping occurred in the overburden on the northeast side of the pit. 

Data and interpretations from the Pileau reports indicate the following: 

• The majority of sediments overlying bedrock are low permeability till and were considered of "little 
concern" to mining operations (Piteau, 1991). 

• 1995 water level elevations measured in pit perimeter pumping and monitoring wells ranged between 
approximately 1240 and 1260 mast. 

• The thalweg aquifer originally discharged to the area of standing water currently in the Grum Slot. 
• The elevation of the base of the thalweg aquifer is as low as approximately 1180 masl and may drop 

in elevation towards the Grum Slot 
• Based on Grum Pit contour data from 1995, the thalweg aquifer itself is in reasonably close 

proximity to that pit shell. 

While earlier reports include comments about visible seeps into the area of standing water currently in the 
Grum_ Slot, nothing can be observed at the current time. As the slump within the east wall has likely affected 
water levels and pressures in the Thalweg aquifer, it is difficult to make any conclusions about current 
conditions without having water level data. Unfortunately, no monitoring wells are known to exist from 
which these data could be obtained. 

3 Conclusions 

Available data suggests that: 
• Till permeability is not likely lo be an issue with regard to seepage, i.e. the till has a low 

permeability. 
• There remains no data on the permeability of the OB~BR contact. 
• Effects of or on the thalweg aquifer are w1certain, but are not expected to have significance relative 

to the pit water level unless the slump has exposed the aquifer. This cannot be verified at this time. 

4 Recommendations 

The following recommendations are provided in relation to the upcoming drilling program at the Grum Slot: 
• The 2009 groundwater program should include one or two drillholes to test the OB·BR contact 

permeability. The proposed locations are shown on Figure l. If the first hole, GS l, has high 
permeability at the contact, the second hole will not be completed. lfGS1 shows low permeability 
of the contact, GS2 will be completed for verification. 

• Hydraulic testing of bedrock should be completed to a depth of at least 20m. If high permeability 
bedrock is encountered, drilling will continue to 35m, or until low permeability is encountered. 

• Hydraulic testing of the OB-BR contact will use falling head or airlift methods. 
• Field reconnaissance of proposed drillhole locations indicates that location options are limited. GS2 

cannot be moved further along the access road as the inclination becomes significant and the drill 
must stay a significant distance from the edge of slumping ground. 

We would be pleased to respond to any comments or suggestions you have concerning this memorandum. 
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