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Knight Piésold Ltd.


Street
CONSULTING ENGINEERS Vancouver, British Columbia


Canada V6C 2T8


C
Telephone (604) 685-0543


Telefax (604) 685-0147
- CIS 72360477George Headley 1625M1


YOUR REFERENCE


Mine Review and Permitting Branch OUR REFERENCE 5/1182
Ministry of Energy, Mines and Petroleum Resources NUMBER May 26, 1995
4th Floor, 1810 Blanshard Street


Victoria, B.C.


Dear George;


Re: Mt. Polley Taillns Storage Facility


Design Report


Enclosed are two copies of the Final Design Report (Ref. 1625/1) for the Mt.
Polley Tailings Storage Facility, two copies of the Site Inspection Manual (Ref No
1625/2) and resumes of the Knight Piesold Site Supervisors (Mr. Ken Embree &
Mr. Barney McCabe) who are scheduled’for this project.


Knight Piésold have reviewed the comments, of the geotechnical review presented in
your letter of May 10, 1994, and have incorporated your suggestions in to the final
report. The following comments provide additional clarification of the main
concerns outlined in your letter.


. Embankment Foundations: Drillhole logs obtained from the 1990
geotechnical site investigation have been. added to the design report as
Appendix B2. These provide information on the foundation conditions
within the tailings facility. Two additional shelby samples were recently
collected by Mr K. Embree (May 16, 1995) during the soil investigation
survey. These samples were obtained from. the glaciolacustrine sediments
and have confirmed that the foundation materials consist of dense,
overconsolidated materials. In fact, it was .extremely difficult to insert the
shelby tubes in the field and it was also not possible to extract undisturbed
samples from the tubes in the laboratory.


Additional holes which wifi be drified within the embankment foundation
soils during installation of instrumentation will provide additional
information. Samples will also be taken for additional laboratory testing on
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these sediments, as described in Section 5.3 of the report. It is unlikely that
any significant pore pressure development will occur in these materials
during construction of the embankment.


• Pore Pressure Development in Embankment Fill: The possibility for
development of excess pore pressures in the embankment fill has been
considered in the design of the embankment and the instrumentation
systems. Our site representatives will monitor this aspect closely during
construction. However, based on past experience with similar materials, it is
our opinion that there will not be any significant pore pressure development
in the embankment fill and the stability of the embankment during
construction will not be compromised.


• Embankment Settlement After Modfled Centerline Expansion: On-going
expansion of the tailings embankment onto the tailings beaches will result in
only minor settlement of the staged raises and will not compromise the
stability of the structure. Additional analyses have been conducted and a
detailed discussion included in the report.


• Embankment Drainage Systems: We have included modifications to the


Stage lb embankment drainage system and have incorporated a closer drain


spacing and drainage blanket as shown on the revised Drawings. The


efficiency of the drainage systems will be evaluated on an on-going basis


and additional outlet pipeworks, drainage pipeworks, filter blankets, etc will


be incorporated as required in future expansions.


• Quality Assurance/Quality Control. A detailed description of the QAIQC
program is included in the Site Inspection Manual. Resumes of the Knight


Piesold personnel who have been dedicated to the field program are included


with this letter. Knight Piesold are also in the process of finalizing the


Technical Specifications for the Tailings Impoundment contract, which will


also form part of the overall QA/QC program.


• Topsoil Stockpile: We have also relocated the topsoil stockpile as per your


request in a telephone conversation subsequent to the issue of your initial
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comments in the letter of May 10. The revised location is shown on the
updated Drawings and is below the surface water diversion ditches as you
requested.


Additional analyses examining upstream stability, location of the phreatic
surface and variability of material strength properties for both the
embankment fill and foundation soils have been examined.


Instrumentation details for the facility are given in Section 10.2 of the
design report. Additional information on piezometers and the survey
monitoring system have been provided for ongoing expansion of the
facility.


• Diversion ditches have been designed for the 1 in 50 year flow as described
in Section 8.3.2 of the Design Report.


• An updated Construction Schedule has also been included.


It is understood that MEMPR will provide their own review consultant for site
inspection and evaluation. Knight Piésold will keep MEMPR informed of all
schedule developments and wifi provide assistance and Site Inspection records as
appropriate.


Yours very truly,


KNIGHT PIESOLD LTD.


2 -“.
/ . -_-i’-’._-ci---


K.J. Brouwer. P.Eng.


Director


GRG/smp


cc: Mr Bill Ruffo (IMC) letter+ 2 copies of each report.
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IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


TAILINGS STORAGE FACILITY


DESIGN REPORT


(REF. NO. 1625/1)


SECTION 1.0 - INTRODUCTION


1.1 PROJECT DESCRIPTION


The Mt. Polley project is located in central British Columbia approximately 56


kilometres north-east of Williams Lake, as shown on Figure 1.1. The nearest


settlement is the community of Likely, which is located on the northern tip of


Quesnel Lake.


The project derives its name from Mt. Polley, a low mountain with a peak elevation


of 1260 metres, approximately 300 metres above the surrounding terrain. Mt.


Polley is situated on a topographic ridge with Policy Lake to the east and Bootjack


Lake to the south-west. The site is accessible by paved road from Williams Lake to


Morehead Lake, near Likely, and then by gravel forestry road for the final 10


kilometres to the site.


The Mt. Policy project involves open pit mining of an estimated 48.8 million tonnes


of copper and gold ore contained in three ore bodies. The ore will be hauled from


the open pit to the crushers where it will be crushed and transported to the nearby


concentrator for processing. The ore will be processed by selective flotation to


produce a copper-gold concentrate at a production rate of approximately 13,425


tonnes per day (approximately 5 million tonnes per year). An additional 26.2


million tonnes of low grade ore will be stockpiled during operations for processing


in the later stages of the mine life.


After processing of the ore to produce the copper/gold concentrate, the tailings will


be discharged as a slurry into the tailings storage facility which has been designed to
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provide environmentally secure storage of the solid waste. As the solids settle out


of the slurry, process fluids are collected and recycled back to the mill for re-use in


the milling process. No surface discharge of any process solution from the tailings


facility is required or anticipated.


1.2 SCOPE OF REPORT


This report presents the tailings storage facility design, which is based on the results


of field investigations and laboratory testwork. Specific design items which are


addressed in the report include:


- Site characteristics including hydrometeorology, regional geology and


seismicity.


- Process description and results of physical and geochemical testwork on the


tailings.


- Site selection criteria.


- The results of geotechnical investigations carried out at the tailings storage


facility location.


- Evaluation of the tailings storage facility foundations and identification of


construction materials.


- General design features including geotechnical considerations, water balance


and initial process water supply requirements, operating requirements, on


going construction and final reclamation.


The tailings storage facility presented herein will operate as a valley impoundment


for the first year of operation. In its final configuration, the tailings storage facility


will comprise a side-hill impoundment centred 5 km south-east of the orebodies.


The overall site plan is shown on Dwg. No. 1625.100.
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The tailings storage facility is a lined impoundment with a partial basin groundwater


underdrain, zoned earthfihl embankments, seepage collection ponds, surface runoff


diversion ditches and flow control structures, sediment control structures, tailings


distribution system, and water reclaim system.


The tailings embankment has been designed to operate as a process water collection


dam for one year prior to mill start-up. Tailings will be discharged from the


embankment starting in late 1996 or early 1997. The embankment crest will be


raised progressively throughout the life of the project. Excess water from the


catchment areas will be diverted to maintain a water balance that will not require


discharge of process water to the environment.
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SECTION 2.0 - SITE CHARACTERISTICS


2.1 HYDROMETEOROLOGY


2.1.1 General


Long and short term climate records are available for a number of locations


in the general mine site area, as shown on Figure 2. 1. Two recently


established stations (Likely with 6 years of record and Horsefly with 11


years) are located in similar terrain within 40 km of the site. The project


area is subject to a relatively temperate climate with warm summers and


cool winters. The precipitation is well distributed throughout the year.


The mean annual temperature at Likely, the nearest station, is 4.0°C with an


extreme maximum of 33.9°C and an extreme minimum of -37°C. At


Quesnel, with approximately 70 years of record, extremes are 40.6°C and


-46.7°C. Frost free days in the area range from 199 at Horsefly Lake


(elevation 788 m) to 244 at Barkerville (elevation 1244 m).


2.1.2 Precipitation and Evaporation


Hydrometeorological information for the project was recently summarized


in “Report on Project Water Management”, which is included in Appendix


A in its entirety.


Since precipitation data at the site is limited, mean precipitation records for


climatologically similar stations in the area were used to estimate a mean


annual site precipitation of 755 mm. The mean annual precipitation at Likely


is 699.7 mm and at Barkerville (with over 70 years of record) is 1043.9


mm. Precipitation for the site can be expected to fall within this range. Data


for Likely, Barkerville and the site are presented in Table 2.1. A coefficient


of variation of 0.16 was determined from regional values which translates to


a standard deviation of 121 mm. These conditions were applied to the


tailings facility and adjacent additional tailings catchment areas.


- 4 - 1625/1


Assodation Association May 26, 1995
of Consufing des lngenieurs
Engineers Conseils
of Canada du Canada







Jght Piésold Ltd.
CONSULTING ENGINEERS


For the water management plan, the waste dumps, pit areas and mill site, all


at higher elevations, were modelled with a mean precipitation of 810 mm, a


coefficient of variation of 0. 16 and a standard deviation of 130 mm. The


increased precipitation value is consistent with elevation correlations


developed in previous studies. This data is summarized on Table 2.2.


Evaporation data and estimated evaporation for the site have been computed


using potential evapotranspiration by AES using the Thornwaite model and


available data for Quesnel and Williams Lake. This data is shown in Table


2.3. The annual evaporation rate of 423 mm at the site has been assumed to


be constant for all years of operation and precipitation conditions.


2.1.3 Runoff Coefficients


Runoff coefficients used for the water balances include variable runoff


coefficients based on dry, average and wet years. Dry years were defined


as years when the total precipitation was less than or equal to 1.3 standard


deviations below the mean (10 year dry), and wet years were defined as


years when the total precipitation was at least 1.3 standard deviations above


the mean (10 year wet). Runoff coefficients are summarized below:


Runoff Coefficient (%)
Component Description Dry Average Wet


Unprepared Tailings Basin 20 24 29


Prepared Tailings Basin 90 90 90


Tailings Beach 90 90 90


Open Pit 45 50 55


Mill Site 65 70 75


Waste Rock Dumps 58 60 62


Undisturbed Catchments 20 24 29
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2. 1.4 Storm Events


Intensity-duration-frequency curves have been developed for the site on the


basis of data obtained from the Rainfall Frequency Atlas for Canada


(RFAC), and these are shown on Figure 2.2. Probable maximum


precipitation values for the site have also been calculated, and these are


shown in Table 2.4. As outlined in the RFAC the 1 and 6 hour values are


not influenced by orographic factors, while the 24 hour and 10 day values


are significantly affected. The RFAC states that an orographic factor of 1.5


should be used for durations greater than 12 hours and elevations greater


than 800 m. This is a very general rule and as the site is at an elevation of


approximately 1000 m, and as orographic influences tend to increase with


elevation, it can be argued that a factor of somewhere between 1 and 1.5


would be more appropriate. However, for the sake of conservatism, a value


of 1.5 was used.


The 10 day PMP was estimated by assuming a ratio of 10 day to 1 day PMP


of 2.0. Regional long duration extreme precipitation values are currently


not available from AES (Atmospheric Environment Services) and therefore


it is not possible to accurately determine 10 day PMP values. However,


based on a number of PMP studies in the U.S., and considering the


conservativeness of the 24 hr PMP value, a ratio of 2.0 was considered


reasonable and appropriate for estimating the 10 day PMP value of 406 mm.


This value was used for evaluation of embankment storage requirements.


2.2 REGIONAL GEOLOGY


The Mt. Policy site is located in an alkalic intrusive complex in the Quesnel


Trough, a 35 km wide north-west trending volcanic sedimentary belt of regional


extent.


The rock units are segmented into blocks by several faults, including an inferred


north westerly trending normal fault which extends along Policy Lake. The
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predominant structure of the region is north-west trending and dipping steeply to the


north-east.


The topography is generally subdued and has been glaciated. Surficial deposits of


well graded dense glacial till material are common throughout the region and are


typically present in greater thicknesses in topographic lows. Bedrock exposures are


common at higher elevations.


Detailed descriptions of both bedrock and overburden geology are presented in


Section 5.0, as well as Appendix Bi “Report on 1995 Geotechnical Investigations


for Mill Site and Tailings Storage Facility”. Additional drillhole logs obtained from


the 1990 geotechnical site investigation are included in Appendix B2.


2.3 SEISMICITY


2.3.1 Regional Seismicity


The Mt. Polley project is situated within the interior of B.C., an area that


historically is of low seismicity. The site is located within the Northern


B.C. source zone (NBC), close to the boundary with the Southeastern B.C.


source zone (SBC), as defined by Basham et al (1982). Basham assigns a


maximum earthquake magnitude of 5.0 for the NBC zone, being one-half


magnitude unit above the observed maximum magnitude of 4.5. Similarly,


a maximum magnitude of 6.5 has been set for the SBC zone, based on


historic earthquake data.


There has been much debate in recent years concerning the possibility of a


large interplate earthquake of magnitude 8 or 9 along the Cascadia


subduction zone. However, such an event would be located at over 400 km


west of the project site. Southwest of the site lies the Northern Cascades


region where a maximum earthquake magnitude of 7.5 has been estimated,


based on historic seismic records and geologic data (Leader Lake Seismic


Risk Assessment). This potential source zone lies at a minimum distance of
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about 200 km and therefore is unlikely to have a significant impact at the


site.


2.3.2 Seismic Design Parameters


A seismic hazard assessment for the project site has been completed using


both probabilistic and deterministic methods. Seismic ground motion


parameters for both the Design Basis Earthquake (DBE) and Maximum


Design Earthquake (MDE) have been determined.


The probabilistic analysis was carried out by the Pacific Geoscience Centre


based on the method presented by Cornell (1968). The results are tabulated


below:


Return Period (Years)


Maximum Ground Acceleration (g)


Maximum Ground Velocity (m/sec)


For the deterministic analysis four potential source zones were considered


for estimation of the maximum ground acceleration at the site. These source


zones are the Northern B.C., Southeastern B.C., Northern Cascades and


Cascadia Subduction Zones, described in Section 2.3.1. The results are


tabulated below together with the maximum magnitude and minimum


epicentral distance for each zone:


Source Zone Maximum Epicentral Maximum
Magnitude Distance Acceleration


(km) (g)
Northern B.C. 5.0 0 0.13


Southeastern B.C. 6.5 40 0.13


Northern Cascades 7.5 200 0.04


Cascadia Subduction Zone 9.0 450 0.08
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The Northern B.C. magnitude 5.0 earthquake corresponds to a worst case


event occurring directly beneath the project site with a focal depth of 20 km.


Maximum accelerations were calculated using the ground motion attenuation


relationship given by Idriss (1993), using the Mean +1 standard error


relationship. Based on the above, a Maximum Credible Earthquake (MCE)


of M=6.5 causing a bedrock acceleration of 0.13 g has been assigned to the


site.


Selection of appropriate design earthquakes for the tailings facility are based


on criteria given by the Canadian Dam Safety Association’s , “Dam Safety


Guidelines for Existing Dams”. These criteria are given on Table 2.5. A


“LOW” consequence category has been assessed for the tailings facility as


discussed in Section 6.1.2. For closure and post-closure conditions a


conservative “HIGH” consequence category has been adopted for design.


The seismic ground motions adopted and implications for design are


summarized below:


• The Design Basis Earthquake (DBE) for operations will be taken as


the 1 in 475 year return period event. This corresponds to a


maximum firm ground acceleration of 0.037 g and maximum ground


velocity of 0.077 rn/sec. These parameters will be used for the


design of all earthworks structures, including all diversion/water


storage dams and ancillary earthworks. These values are also


recommended for the design of all site buildings and structures,


consistent with the National Building Code of Canada. The above


ground motion parameters place the site in seismic zone 0 for


acceleration and zone 1 for velocity, (Za <Z).


• The Maximum Design Earthquake (MDE) for closure of the tailings


facility shall conservatively be taken as 50% of the MCE. This


MDE corresponds to approximately the 1 in 2500 year return period


event, based on extrapolation of data from the probabilistic analysis.


This event gives a maximum firm ground acceleration of 0.065 g
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and has been adopted for the design of the embankment for post-


closure conditions.


Due to the dense nature of the overconsolidated foundation soils at the


project site, the amplification of seismic waves as they propagate from


bedrock to the ground surface will not be significant. Case studies have


shown that ground motion amplification is negligible through dense soil


deposits overlying bedrock. Therefore, maximum bedrock ground motion


parameters have been used for design.
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SECTION 3.0 - TAILINGS CHARACTERISTICS


3.1 PROCESS DESCRIPTION


The tailings from the Mt. Policy operation will be produced from conventional


milling of copper and gold ore. The anticipated tailings stream from the mill to the


tailings storage facility will be as follows:


Solids throughput: 5 million tonnes per year


Percent solids: 35 percent


Solids specific gravity: 2.78


The tailings slurry will be deposited from a series of spigots situated along the crest


of the embankment. The coarser fraction is expected to settle more rapidly to form


sandy beaches with an average slope of about 1 percent. Finer tailings particles will


be transported further before settling, with an overall slope of about 0.25 percent


expected. Overall, the tailings solids are expected to have an average slope of about


0.5 percent.


3.2 PHYSICAL CHARACTERISTICS


Prior to the 1990 “Report on Geotechnical Investigations and Design of Open Pit,


Taste Dumps and Tailings Storage Facility” Coastech Research Inc. conducted


preliminary metallurgical testwork on samples of drill core. Tailings samples were


obtained from this work and a laboratory testing program was conducted on these


samples. Detailed results of the testwork conducted on the tailings for the 1990


report are included in Appendix C and selected information is summarized below.


The tailings are comprised predominantly of silt (64 percent) and fine sand (30


percent) with a trace of clay (6 percent). It is non-plastic, yellow grey in colour and


has a solids specific gravity of 2.78.


A series of settling tests were completed at slurry solids contents ranging from 25 to


45 percent. The tailings particles settled rapidly and a pronounced segregation of
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coarse to fine material was observed. The colloidal clay fraction remained


suspended in the supernatant water for several days.


The tailings initially settled to relatively low dry densities generally in the range of


0.9 to 1.1 tonnes/m3. Consolidation caused by evaporative drying resulted in final


dry densities of approximately 1.3 tonnes/m3.


The volume of initial water recovered from the tailings depends on the initial solids


content of the slurry. At 35 percent solids, the initial water recovery was about 64


percent of the total water in the slurry.


The vertical permeabifity of the settled tailings was found to range between 1.0 x


i0 and 2.0 x i0 cm/s. The horizontal permeability is expected to be significantly


greater due to the pronounced segregation of the soil particles. In practice, the


permeability of deposited tailings will be reduced due to on-going consolidation.


Particle settling velocities were measured as part of the hydrometer test on the silt


and clay sized fraction. The data, presented in Appendix C, are used for


calculating friction losses in slurry pipelines.


3.3 GEOCHEMICAL CHARACTERISTICS


Geochemical testwork on a locked cycle tailings sample, also previously carried out


in 1989 by Coastech Research Inc., included the following:


• Determination of net acid generating potential


• Special Waste Test using acetic acid


• ASTM waste extraction test using carbonic acid


Detailed results of the testwork are also included in Appendix C.


The acid base accounting procedures used were based on recommendations by the


U.S. Environmental Protection Agency. The method includes an evaluation of the


balance between acid producing components (primarily pyrite) and acid consuming
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components (carbonates and other rock types with neutralizing capabilities). The


results of this testwork are as follows:


Sulphur Paste Acid Neutralization Net Neutralization
(percent) pH Potential Potential Potential


(kgCaCO3/t) (kgCaCO3/t) (kgCaCO3/t)
0.02 8.22 0.6 24.6 24.0


These results indicate that the tailings are not acid producing and have a significant


net neutralization potential.


A special waste classification test was conducted in accordance with the procedure


published by the B.C. Ministry of the Environment, entitled “B.C. Special Waste


List”. The results of this testwork are also included in Appendix C. The test


indicates that the tailings from the locked cycle tests do not exceed the B.C. Waste


Management Branch regulations for special wastes.


In addition to the special waste test, an ASTM waste extraction test using carbonic


acid at pH 5.5 was carried out. The test uses carbonic acid for leaching of the


tailings and is a more realistic indication of actual long term water leachable


constituents under slightly acidic rainfall. Details of the test are also included in


Appendix C. The test showed very low levels of water leachable constituents in the


extract, all at concentrations below the lower range concentration for the pollution


control objectives for final effluent discharge.
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SECTION 4.0 - SITE SELECTION


A selection and evaluation of alternative tailings disposal sites was carried out in


1989 and included a comparative assessment of the following factors:


• Capacity and filling characteristics


• Surface hydrology and downstream water usage


• Hydrogeology and groundwater flows


• Aesthetics and visual impact


• Foundation conditions and construction requirements


• Closure and reclamation requirements


• Capital and operating costs


Three possible tailings disposal sites were identified and designated as Areas A, B


and C. The site locations and conceptual layouts are shown on Figure 4.1. A


preliminary site investigation program was conducted at each site to evaluate the


environmental impacts as well as design and construction constraints. Results of


initial site investigations for each site were presented in the 1990 “Report on


Geotechnical Investigations and Design of Open Pit, Waste Dumps and Tailings


Storage Facility” and are not repeated in this report. The three sites are:


• Area A - A cross-valley impoundment located immediately south-east of


Bootjack Lake, in the Bootjack Creek Valley (closest site to open pits and


mill site).


• Area B - A sidehill impoundment located between the south ends of Polley


Lake and Bootjack Lake, within the upper catchment of the Edney Creek


Tributary.


• Area C - A cross-valley impoundment located between the north ends of


Polley Lake and Bootjack Lake, just west of the Frypan Lake in the 6 k


creek swamp.
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The evaluation included environmental, design, operational and economic factors.


Area A was judged the least favourable because it would have required two cross-


valley embankments near the outlet of Bootjack Lake and would have significantly


impacted the Bootjack Creek catchment. Area C, located on a natural divide,


would also require a cross-valley impoundment and would have impacted both the


Bootjack and Polley Lake catchments. Area B is the selected site because it will


provide secure tailings storage that would meet all environmental and closure


requirements at the least cost. Further, it would minimize potential impacts to both


Polley and Bootjack Lake catchments and would keep mine tailings and any leachate


confined to the Edney Creek Tributary watershed.
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SECTION 5.0 - GEOTECHNICAL CONDITIONS


5.1 SITE INVESTIGATIONS


Geotechnical site investigation programs were conducted in the tailings storage


facility area in 1989 and in 1995. The programs included test pits and drill holes to


investigate the geotechnical characteristics and foundation conditions and to evaluate


the geologic factors affecting the design of the tailings facility. The geotechnical


investigations evaluated the tailings basin and embankment foundations, the tailings


and reclaim pipeline route and potential borrow areas. The results of the previous


geotechnical programs are presented in the following Knight Piésold Ltd.


documents:


• “Report on Geotechnical Investigations and Design of Open Pit, Waste


Dumps and Tailings Storage Facility (Ref. No. 1621/1)”, February 19,


1990.


• “Report on 1995 Geotechnical Investigations For Mill Site and Tailings


Storage Facility (Ref. No. 1623/1)”, March 14, 1995.


5.2 CONSTRUCTION MATERIALS


5.2.1 General


The predominant construction material will be a well graded glacial till


which is abundant in the area. Additional minor quantities of sand and


gravel for drains, etc. are required. If local sources of sand and gravel are


not identified, the material will be imported to the site.


5.2.2 Laboratory Test Work


Glacial till was sampled throughout the tailings facility in the site


investigations. Index testing was performed to characterize the materials,
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followed by specialized testing to evaluate the compaction characteristics, as


well as permeability and shear strength characteristics of the materials.


Selected samples were submitted for the following Index test work:


• Natural Moisture Content


• Atterberg Limits


• Specific Gravity


• Grain Size Distribution


These laboratory test results are presented in Appendix B and summarized


in Table 5.1.


Samples were also selected for additional effective strength, compaction and


permeability test work as follows:


• C-U Triaxial Tests


• Modified Proctor Tests


• Falling Head Permeameter Tests


These laboratory test results are presented in Appendix B and are


summarized on Table 5.2.


Two representative samples of glacial till (TP95-27 and 37) were selected


from test pits located in the Perimeter Embankment foundation footprint and


within the tailings basin for Index test work. The tills comprised sand and


silt with some gravel and clay, with moisture contents ranging from 11.1 to


18.8 percent. The higher moisture content in TP95-37 may be attributed to


the close proximity to fractured bedrock where seeps were identified. The


moisture content of the till in TP95-27 is typical of the fine-grained tills


encountered in the east ridge potential borrow area. Specific gravity tests


on the fine fraction of TP95-27 yielded a result of 2.73.
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Laboratory compaction tests performed on the till sample from TP95-27


yielded a Modified Proctor maximum dry density of 2200 kg/rn3 at an


optimum moisture content of 8.0 percent. The optimum moisture content is


approximately 3. 1 percent below the natural moisture content of the till.


The overall compaction characteristics are very similar to the till


encountered in the potential borrow area (TP95-3 1).


Laboratory derived effective strength parameters were determined on glacial


till samples from TP95-27 and 37 using consolidated-undrained (C-U)


triaxial test work. The samples were compacted to a minimum 95 percent


Moditied Proctor maximum dry density at the natural moisture content, and


confining pressures of 250 and 750 kPa for TP95-27 and 500 and 1000 kPa


for TP95-37 were applied in stages until failure developed. The triaxial test


was done on both samples and the results were combined to obtain a more


representative result of the shear strength properties of the glacial till. The


tests resulted in the following shear strength parameters:


• ø_=350


• c=OkPa


Falling head permeameter test work was performed on sample TP95-27 and


yielded a permeability of 4 x l0 cm/sec. The permeability was similar to


the measured permeabilities on glacial till samples from test pits TP95-3 1


(k=6 x 10.8 cm/sec) and TPB-13, 14 and 16 (k=2 x 10.8 cm/sec).


One sample of glacial till (TP95-3 1) was selected from the potential borrow


area on the ridge east of the tailings facility for Index test work. The till


comprised silty, sandy gravel with trace clay, with a moisture content of


11.0 percent.


Laboratory compaction tests performed on this sample yielded a Modified


Proctor maximum dry density of 2200 kg/rn3 at an optimum moisture


content of 7.6 percent. The optimum moisture content is approximately 3.4


percent below the natural moisture content of the till. The overall
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compaction characteristics are very similar to the tills encountered in the


Perimeter Embankment foundation (TP95-27) and at the mill site (TP95-7).


5.3 TAILINGS IMPOUNDMENT


The well graded low permeability glacial till extends over most of the tailings basin,


except at the lower basin and at the Main Embankment where saturated glacial


lacustrine fine sand and silt are exposed at surface. These materials are typically


dense to very dense and have been heavily overconsolidated by glaciers.


Laboratory testwork on these sediments is included on Tables 5.1 and 5.2. The


testwork included C-U triaxial testwork to develop the following shear strength


parameters:


330


= OkPa


These shear strength parameters have been incorporated into the stability assessment


described in Section 6.6.


Falling head permeability testwork on compacted samples indicated permeability


values of between 3 x i07 and 2 x 106 cm/s. The stratified nature of the in-situ


materials indicates that horizontal permeabilities may be an order of magnitude


higher than the laboratory values.


The glaciolacustrine sediments are typically saturated. The water table was


encountered at or near the ground surface.


Additional samples of undisturbed glaciolacustrine sediments were collected on May


16, 1995 and further Index testwork is currently being conducted. Two Shelby tube


samples obtained from the glaciolacustrine sediments have confirmed that they


consist of stiff, overconsolidated materials. Extraction of the samples from the


Shelby tubes was difficult due to the very dense nature of the material. In addition,


three drillholes required for instrumentation will be logged by and tested by a
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geotechnical engineer during the upcoming construction program. Samples will be


collected and additional testing will be conducted as necessary on the


glaciolacustrine sediments.
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SECTION 6.0 - TAILINGS FACILITY DESIGN


6.1 DESIGN CRITERIA


6.1.1 General


The principal objectives for the design of the tailings storage facility are to


ensure complete protection of the regional groundwater and surface water


flows both during operations and in the long-term, and to achieve effective


reclamation at mine closure.


The principal requirements of the design are as follows:


(I) Permanent, secure and total confinement of all solid waste materials


within an engineered disposal facility.


(ii) Control, collection and removal of free draining liquids from. the


tailings during operations for recycling as process water to the


maximum practical extent.


(iii) The inclusion of monitoring features for all aspects of the facility to


ensure performance goals are achieved.


(iv) Staged development of the facility to distribute capital expenditure


over the life of the project.


6.1.2 Design Basis


The design basis and criteria for the tailings storage facility, including the


embankments, surface water diversion system and tailings and reclaim


pipework systems are based in part on the review comments by the Ministry


of Energy, Mines and Petroleum Resources (MEMPR) and on the


appropriate and conservative design parameters from hazard classification,


seismic data, hydrological studies and geotechnical site investigations. The
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basis and criteria for all aspects of tailings facility design, construction and


operations are discussed in the following sections and are listed on Table


6. 1. Provisions for tailings facility water management, including surface


water diversion, seepage flows and flood control are also included.


A hazard classification for the tailings facility has been assessed to establish


design flood and seismic criteria. The hazard classification is based on the


Canadian Dam Safety Association’s (CDSA) “Dam Safety Guidelines for


Existing Dams”, which states that “Tailings dams and their appurtenant


structures must be protected against the same hazards and to the same extent


as embankment dams ...“. Details of each consequence category and the


corresponding potential consequences of failure are given in Table 6.2.


Accordingly, a “LOW’ hazard classification or consequence category has


been assessed for the tailings facility. This implies that the consequences of


failure consist of a low economic loss and low environmental impact.


Seismic design parameters relevant to this category have been used for


design of the facility during operations. A Design Basis Earthquake (DBE)


corresponding to the 1 in 475 year return period event has been adopted,


and corresponds to the National Building Code of Canada standard.


For closure and post-closure conditions a conservative “HIGH” consequence


category has been selected for design. Specifically, the embankment has


been designed to accommodate a maximum design earthquake (MDE)


corresponding to 50% of the maximum credible earthquake (MCE) and has


been designed to accommodate the PMF flood event.


6.1.3 Construction Schedule


The Stage lb embankment and surface runoff diversion ditches must be


constructed in the summer of 1995 so that one full year of runoff, including


the 1996 freshet, is in the tailings storage facility prior to mill start-up,


scheduled for late 1996 or early 1997. The Stage lb embankment also
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provides storage for the first year of tailings deposition. The 1995 Stage Tb


construction program will include the following activities:


• Tree clearing in the tailings impoundment.


• Construction of the sediment control pond and decant structure


below the Main Embankment. This sediment control berm will form


part of the relocated Bootjack-Morehead Connector.


• Stripping and clearing of the Main Embankment footprint and


tailings basin to El. 931 metres minimum.


• Installation of groundwater monitoring wells.


• Stockpiling topsoil, as required.


• Excavation of exploration trenches to define the limits of the


glaciofluvial sediments in the tailings basin and the Main


Embankment foundation.


• Placement of basin groundwater drains in exploration trenches and


extension of drains to the Main Embankment seepage collection


pond.


• Placement of till liner over glaciofluvial sediments exposed in the


tailings basin.


• Construction of the Stage Tb Main Embankment to El. 931 metres,


including the toe drain.


• Extension of the Main Embankment toe drain pipework to the


seepage collection pond.
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• Construction of a seepage collection pond for the Main


Embankment.


• Stripping and clearing of the Perimeter Embankment footprint up to


El. 931 metres minimum.


• Installation of the Stage Tb Perimeter Embankment toe drain outlet


pipework.


• Construction of the Stage lb Perimeter Embankment and toe drain to


El. 931 metres.


• Construction of the Perimeter Embankment seepage collection pond.


• Excavation of the reclaim barge channel from El. 918 to El. 932.


• Construction of surface runoff collection/diversion ditches and flow


control strucmres.


Additional work required in the summer of 1996 prior to mill start-up will


include:


• Final installation and commissioning of tailings delivery pipework.


• Installation and commissioning of the reclaim barge, pumps, reclaim


pipework, booster pumpstation and spill contingency provisions.


• Completion of access road construction.


An approximate construction schedule for Stage Tb is shown on Figure 6.1.


6.1.4 Site Layout and Operating Strategy


The tailings storage facility incorporates the following features:
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• A basin liner comprising natural low permeability glacial till over


most of the basin and a constructed glacial till liner at lower


elevations where glacio-lacustrine sediments are exposed at surface.


• A partial basin groundwater underdrain and seepage conveyance


pipework at the Main Embankment.


• A groundwater monitoring well system for evaluating the seepage


quality.


• A zoned Main Embankment to be constructed from low permeability


glacial till material excavated from within the tailings basin. Similar


glacial till materials will be incorporated in all the main zones of the


embankment, but placement and compaction requirements will vary


between zones. The Main Embankment will have foundation and


toe drains and will be raised during operations by a combination of


centreline and modified centreline methods. Drainage water and


seepage losses to groundwater will be collected in a seepage


collection pond and returned to the tailings impoundment.


• The Perimeter and South Embankments will be incrementally


constructed as required by the rising tailings level. A seepage


collection pond and two groundwater monitoring wells will be


incorporated along the Perimeter Embankment.


• Tailings delivery pipework will be installed from the mill site to the


Main and Perimeter Embankments. Tailings will flow by gravity for


the entire life of the tailings storage facility. Tailings pipework may


be extended to the South Embankment in the later years of operation


if required. Pipework will include multiple spigot offtakes to allow


control of tailings beach development and the location of the


supernatant pond. Spill containment provisions are included along


the pipeline and emergency discharge points will be located to
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ensure total containment of tailings materials within the


impoundment.


• A reclaim barge channel will be excavated. A pump barge and


pipework will be installed to pump supernatant water back to the


mill for re-use in the process plant. The reclaim pipeline also


includes provisions for spill prevention, containment and control.


• Diversion ditches and runoff collection ditches will be constructed to


allow diversion of the required amounts of surface runoff into the


tailings storage facility to meet process water quantity requirements.


The diversions will have flow control structures to divert excess


water from normal runoff and during storm events out of the


facility, as and when required.


Details of the tailings storage facility and runoff control ditches are shown


on Dwg. Nos. 1625.110 and 1625.114.


6.1.5 Tailmnns Storage Capacity


The tailings storage facility depth-area-capacity-filling rate relationships are


presented on Figure 6.2. The projected filling rate and rate of rise for the


tailings are based on a production rate of 13,425 tpd. The curves indicate


that after approximately 3 years of operation the tailings surface area is


sufficiently large that the on-going rate of rise is less than 2.5 metres per


year. Also, by Year 6 of operations the rate of rise remains constant at


approximately 2 metres per year.


The tailings facility has been designed to contain 68.6 million tonnes of


tailings solids at an average dry density of 1.28 t/m3 (1.1 t/m3 for Year 1,


1.2 t/m3 for Year 2 and 1.3 t/m3 for Years 3 through 14) with a flat tailings


surface.
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As shown on Figure 6.3, additional storage capacity has also been


incorporated into the design for 2 million m3 of process (reclaim) water on


top of flat tailings surface.


An emergency storage volume of at least 0.68 million m3 will also be


available on the tailings surface, both at start-up and during on-going


operations. This storage volume corresponds to the maximum total runoff


from a 24 hour PMP event centred on the tailings facility and the catchment


area immediately above the facility, assuming complete failure of the


diversion ditches and a 95 % runoff coefficient. As discussed in Section 2,


the volume is derived from a 24 hour PMP value of 203 mm. Figure 6.3


shows that there is a minimum of one metre freeboard available above the


PMP runoff volume inside the impoundment for wave runup and emergency


flood storage. The 10 day PMP runoff volume is projected to be


approximately 1.36 million m3 which can also be completely contained


within the impoundment. Therefore adequate storage capacity will always


be available within the tailings impoundment for complete containment of


the PMP event, and an emergency spillway will not be required during


operations.


6. 1.6 Reclaim Water Storage Capacity


As stated in the previous section, the design of the tailings storage facility


includes for the provision of 2 million m3 of storage for reclaim water on


top of the tailings surface. This water will be required prior to mill start-up


and to supply the milling process during the cold winter months when


surface runoff is at a minimum. This stored water is the key to the


elimination of the requirement for a dam on Polley Lake.


Tailings solids typically form beaches which slope gradually to the


supernatant pond. The depth and extent of the process water pond depends


on the slope of the tailings surface. Figure 6.4 provides a summary of


capacities, pond depths and pond areas for tailings surfaces which have an


- 27 - 1625/1


Association Associadon IVlay 26 1995
of Consulting des Ingdnieurs
Engineers Conseils
of Canada du Canada







Jght Piésold Ltd.
CONSULTING ENGINEERS


overall slope of 0.5 percent at the end of Year 8 and after Year 14 of


operations.


The extent and depth of the supernatant pond have also been determined for


tailings slopes of 0.25, 0.5 and 1 percent at various times during operations


for both 1 and 2 million m3 of water, the expected range of operational


conditions. These studies indicate that there will be sufficient flexibility


within the operating plan to ensure adequate storage volume on the tailings


surface while maintaining exposed beaches adjacent to the embankment for


staged expansions. Based on operating experience at other tailings storage


facilities, a tailings production rate of approximately 13,425 tpd will provide


sufficient coarse tailings for adequate beach development. The tailings


consist of approximately 30 percent sand fraction which is comparable to


other tailings at existing facilities which have achieved satisfactory beach


development.


Although an average tailings beach slope of 0.5% is assumed, slopes


adjacent to the upstream face of the embankment are typically in the range


of 1-2 percent. This assists in maintaining the supernatant pond and


phreatic surface away from the upstream face of the embankment during


periods of high runoff into the facility.


6.1.7 Staged Development


The tailings embankments have been designed for staged development


during operations in order to minimize initial capital expenditures and


maintain an inherent flexibility to allow for variations in operation and


production throughout the life of the mine.


The initial embankment (Stage Ib) will be constructed to El. 931 metres to


provide adequate storage for 1 full year of surface runoff, including the


1996 freshet, which is required for mill start-up, plus tailings storage for the


first year of production. These elevations will allow for uncertainties in the
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actual start-up date and ensure that adequate freeboard will be maintained


throughout the construction program in the following year.


On-going requirements for embankment construction are shown on Figure


6.3 and on Dwg. No. 1625.111. Staged embankment fill quantities are


presented on Table 6.3. The Stage Ic embankment raise by centreline


expansion, will provide incremental storage capacity for approximately 1


year of production. The Stage II raise and each of the successive raises will


provide incremental storage capacity for approximately 2 years of operation.


However, on-going evaluation during operations will provide the basis for


determining whether annual raises are more expedient for staged expansion


of the facility.


All raises after Stage Tb will require fill to be placed on competent tailings


beaches. A coarse bearing layer of gravely alluvium or hard waste rock will


be included as required for the initial construction on the tailings beach for


Stages Ic and II. The low rate of rise of the tailings surface and the


provision of underdrainage at the upstream toe of the embankment will aid


in ensuring that the tailings beach is drained and consolidated in order to


enhance fill placement on the tailings.


It is anticipated that on-going raises of the tailings embankments will be


facilitated by production of cycloned sand from the bulk tailings in the later


years of operation.


Additional expansion of the facility is possible to accommodate tailings


production in excess of 69 million tons due to increased ore reserves.


Embankment raises above the proposed final crest elevation of 960 m would


be constructed as required by incorporating a downstream extension of the


embankment toe. In addition to an increased storage capacity for the facility


this would also ensure that embankment stability is maintained. Detailed


stability analyses would be performed in the design of future embankment


raises.


- 29 - 1625/1
Association Association
of Consulting des Ingènieurs- ay
Engineers Conseils
of Canada du Canada







jçjjght Piésold Ltd.
CONSULTING ENGINEERS


6.2 TAILINGS IMPOUNDMENT PREPARATION


6.2. 1 Clearing and Topsoil Stockvilin


Preparation of the Stage lb tailings basin and embankment footprints will


comprise clearing, stripping and topsoil stockpiling. Tree clearing will also


be required over areas of the tailings basin, seepage collection ponds and


access roads, during Stage lb constmction. Topsoil will be stripped from


the Main Embankment footprint and from the tailings basin up to a


minimum elevation of 931 metres, as shown on Dwg. No. 1625. 102. The


excavated topsoil will be stockpiled in locations shown on Dwg. No.


1625.102 or as otherwise required by the Engineer.


6.2.2 Liner Desi2n and Extent


Most of the tailings basin is blanketed by naturally occurring low


permeability glacial till which will function as an in-situ soil liner over much


of the tailings storage facility. However, near the Main Embankment


foundation an imported soil liner will be placed over the glaciofiuvial/


glaciolacustrine sediments identified in recent site investigations. The extent


of the basin liner will be determined by excavating a series of exploration


trenches to evaluate both the thickness and quality of the in-situ till soil


liner. The anticipated locations of the exploration trenches and the


approximate extent of the till liner are shown on Dwg. No. 1625.101,


although the final extent will be determined in the field, based on findings of


the exploration trenches. The exploration trenches will also be used for the


basin groundwater monitoring drainage system. The location of the


exploration trenches and basin groundwater drains will be adjusted in the


field to promote drainage in surficial materials.


Drains will be included to provide drainage and seepage control in the


glaciofluvial/glaciolacustrine deposits in the lower basin and in the Main


Embankment foundation, as shown on Dwg. Nos. 1625.101 and 1625.102.


The drains will consist of perforated CPT pipes surrounded by drain gravel
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and backfihled with suitable free draining material. Geotextile will be used


for material separation and filtration surrounding the drain gravel. Drain


sections and details are shown on Dwg. No. 1625.102.


The imported low permeability basin soil liner will be extended to overlap


onto existing dense low permeability till which is at least 2 meters thick or


as otherwise required by the Engineer. The liner will be placed and


compacted in three 150 mm thick lifts and will then be covered with a 650


mm thick layer of random fill which will serve to protect the liner from frost


penetration and equipment traffic. The depth of frost penetration for the


first winter has been calculated using methods outlined by Zarling (1990).


The following assumptions have been made:


• Temperature data from the Likely, B.C. Weather Station.


• Material thermally equivalent to silty sand and gravel.


• Moisture content of fill is 8% and dry density is 1920 kg/rn3


(moderately compacted frost protection layer).


• 0.3 m thick layer of snow cover, and no ponded water.


With these assumptions, the depth of frost penetration has been calculated to


be 0.4 m during the first winter following construction. However, the


protective layer thickness will be 0.65 m to ensure adequate cover in the


event of less snow cover and to ensure that the compacted basin liner is not


damaged by frost. Details of the liner are included on Dwg. No. 1625.102.


The Engineer will specify the location and frequency of laboratory and in


situ testing of both the natural stripped glacial till materials and of the


compacted basin liner prior to placement of the random fill protective layer.


The testing program will include field air entry permeameter testing to


determine the in-situ permeability of the basin liner. Laboratory


permeameter testwork will also be conducted to provide additional quality


assurance and quality control information, These procedures will form part


of the overall QA/QC program as discussed in Section 6.4.
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A groundwater monitoring well system will be installed as part of the 1995


Stage Tb construction program. The wells will be used for groundwater level


and quality monitoring and will have the capability to function as pumpback


wells.


6.2.3 Sediment Control Structures


In order to prevent turbid surface runoff from impacting the environment


downstream of the tailings storage facility, appropriate measures will be


taken that will enable the runoff to be controlled and sediments removed


prior to discharge into natural water courses, as shown on Dwg. Nos.


1625.112 and 1625.113. The measures will include the construction of a


sediment control berm, which will be required prior to basin stripping.


Once some embankment till has been placed the primary sediment control


feature will be the tailings embankment.


The criteria which have been used in the design of the sediment control


berm include:


• 1 in 10 year 24 hour rainfall with a 100% runoff coefficient (1.35


mm/hr)


• The catchment area is 340 ha, including the entire tailings storage


facility (230 ha) plus the immediate catchment above (110 ha).


• The total runoff volume is 110,160 m3


The strategy for sediment control includes the provision of storage capacity


for the entire storm volume (above), with a decant structure used to release


acceptable water after a suitable retention time. The sediment pond has a


storage capacity of 118,300 m3 and has a decant structure which will be


used to control the water level. The sediment control berm will also serve


as a permanent road fill for the Bootjack/Morehead Connector relocation.
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6.3 EMBANKMENT CONSTRUCTION


6.3.1 General


The tailings embarilcments have been designed for staged development


during operations in order to minimize initial capital expenditures and


maintain an inherent flexibility to allow for variations in operation and


production throughout the life of the mine. The embankment includes three


components which are:


• Main Embankment


• Perimeter Embankment


• South Embankment


The Main and Perimeter Embankments are zoned earthfihl structures with


low permeability glacial till core zones, upstream drains and a downstream


random fill zone. The South Embankment is a zoned earthfihl water


retaining structure.


The low permeability glacial till liner which will be placed in the tailings


basin will also tie into the embankment core zone. The embankments will


be expanded using downstream and centreline construction techniques


during the first two years. The Main and Perimeter embankments will be


expanded by modified centreline methods for the future stages, whereas the


South Embankment will be constructed by downstream and centreline


methods.


6.3.2 Geotechnical Considerations


The primary geotechnical considerations for embankment construction are


foundation stability and drainage. Previous geotechnical investigations at


the Main Embankment footprint identified glacial till which overlies the


glaciofluvial/glaciolacustrine deposits. Laboratory test work conducted on


samples of these materials indicated that both materials have adequate shear
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strength to ensure foundation stability of the embankments. These materials


are saturated in the valley bottom and initial construction of the Main


Embankment will require the removal of any soft materials prior to the


placement of embankment till. As discussed in Section 6.2, a drainage


system will be installed in the Main Embankment foundation and within the


lower portion of the tailings basin to allow drainage of the glaciofluvial


deposits to facilitate construction and increase the embankment foundation


stability. In addition, a low permeability glacial till soil liner will be used to


provide a barrier against seepage from the tailings mass in areas where the


existing glacial till cover is thin. This liner will tie into both the core of the


Main Embankment and the existing thicker deposits of glacial till to provide


the tailings basin with a continuous, low permeability liner.


The foundation for the Main Embankment will be prepared to ensure a firm,


stable base for the embankment. After topsoil stripping has been completed


and prior to commencing fill placement, the embankment footprint will be


inspected by the Engineer. Any wet, soft or otherwise unsuitable areas will


be excavated and repaired with suitable compacted replacement materials.


As noted in Section 5.2, the glacial till in the proposed borrow areas is


found approximately 3 % wet of the Modified Proctor optimum moisture


content. Achievement of the specified 95 % of Modified Proctor maximum


dry density and maintenance of a trafficable fill surface will therefore


require some drying of the material for use in embankment zone S fill


construction. The Engineer will designate the required range of fill


placement moisture contents based on results of control tests on samples of


the materials from the borrow area.


Adjustment of moisture content will preferentially be carried out in the


borrow area by scarifying the surface of the borrow face and allowing the


material exposed on surface to dry. The borrow will be developed by


scrapers working from one side to the other to selectively obtain drier


material. The Contractor will have a disc harrow or Rome plow available to


further dry the material on the fill if required by the Engineer. Fill
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placement will be suspended during rainy periods and all borrow areas and


embankment fill will be sealed with a smooth drum roller. Fill and


excavation surfaces will also be sloped to promote surface runoff and


prevent ponding.


Routine monitoring of piezometers to be installed within the stage Tb


embankment will be carried out to ensure that pore pressures do not exceed


designated maximum levels required to maintain embankment stability and


an adequate factor of safety. Analyses to determine the effect of potential


excess pore pressure development on embankment stability during


construction are described in Section 6.7.3.


6.3.3 Borrow Areas


The Main, Perimeter and South Embankments will be constructed


predominantly from glacial till borrowed from within the tailings basin to


the maximum extent possible to minimize ground disturbance outside of the


facility and to maximize storage within the impoundment. Borrow areas for


on-going staged expansions of the embankments will utilize glacial till


borrow materials as indicated on Figure 6.5.


The borrow areas will be selectively developed from the lower elevations


within the tailings basin first, in order to provide the maximum amount of


borrow from within the basin for on-going staged expansion of the


embankment. It is expected that the tailings basin borrow areas will be


developed with scrapers and maximum 3h: lv slopes will be specified. Any


seams of coarser till or sandy zones will be mapped by the Engineer and


compacted low permeability glacial till liner will be constructed over these


higher permeability sections after the borrow area is depleted and prior to


impoundment of water or tailings.


Construction materials for on-going staged expansion of the tailings


impoundment will be obtained from within the tailings basin for as long as


practical. However, on-going tailings deposition and project infrastructure
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such as diversion ditches, tailings pipework, reclaim pipework and topsoil


stockpiles will restrict borrow area development within the tailings basin.


Therefore, a separate borrow area immediately downstream of the left


abutment of the Main Embankment will be developed as required. This


external borrow area has adequate quantities of suitable glacial till materials


for on-going staged expansion of the impoundment. The sediment control


measures incorporated along the realigned section of the Bootjack-Morehead


Connector will remain in place for on-going borrow area development.


6.3.4 Stage Tb Construction


The Stage Tb embankments will be constructed to minimum El. 931 metres


in 1995, as shown on Dwg. No. 1625.110. Stage Tb will function as a


water retaining dam and will store the freshet runoff as a source of water for


mill start-up in the first year. It will also provide storage for the first year


of tailings production. The embankments will include a large upstream core


zone (Zone S) comprising well graded, low permeability, glacial till placed,


disced as required and compacted with a 10 tonne vibratory padfoot roller in


300 mm horizontal layers. The core zone material will be compacted to at


least 95 % of the modified proctor dry density or as otherwise required by


the Engineer. Zone B, situated immediately downstream of the Zone S core


will also comprise glacial till materials from local borrow areas. The Zone


B glacial till will be placed and compacted by the 10 tonne vibratory padfoot


roller in 600 mm layers as required by the Engineer.


The glacial till materials are expected to be slightly wet of the modified


proctor optimum moisture content (±2 to ±3%) and no special moisture


conditioning measures are likely to be required by the Engineer except for


discing and drying to reduce the moisture content and selective preparation


and drying of the borrow areas if the materials are too wet to ensure proper


compaction. In general, the glacial till materials are expected to be suitable


for direct placement and compaction in the embankment fill zones.
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A toe drain will be installed along the upstream face of the Stage lb crest to


depress the phreatic surface in the tailings and thus minimize seepage


through the embankment. The drain will extend to the abutments where


pipeworks will extend to the drain monitoring sump. A drainage system


will be constructed along the upstream face of the embankment raise to tie


into the toe drain and provide drainage and control of the phreatic surface


along the length of the embankment.


The Main Embankment seepage collection pond will be constructed


downstream of the Main Embankment during the early stages of


construction. The pond will collect water from the basin groundwater


drains, embankment foundation drains, the groundwater monitoring well


system and process water from the embankment toe drain. The solutions


will be recycled back into the tailings facility. Details of the Main


Embankment seepage collection pond are shown on Dwg. No. 1625.113.


The first stage of the Perimeter Embankment will also be constructed during


Stage Th, as shown on Dwg. No. 1625.110. Due to the elevation of the


ground at the embankment site, only a small section of the embankment is


required. A toe drain conveyance of pipe will be installed in the foundation


and will drain into the Perimeter Embankment Seepage collection pond,


which will also be constructed in 1995. Details of the Perimeter


Embankment Seepage collection pond are also shown on Dwg. No.


1625.113. The toe drain will be progressively extended along the abutments


during future embankment raises.


The South Embankment is not required until Stage III (Year 2000).


6.3.5 Embankment Drainage Provisions


In order to facilitate drainage of the tailings mass and to control the phreatic


surface within the embankment, the following embankment drainage


provisions have been incorporated:
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• Foundation Drains


A total of four foundation drains have been incorporated in the


design, as shown on Drawing No. 1625.102. The drains consist of


perforated CPT tubing which run along the axis of the Main


Embankment. The CPT tubes are placed in a gravel surround with


filter fabric and drain into solid conveyance pipework which runs to


the drain monitoring sump. For Stage ib, two of the drains will be


constructed. The remaining drains will be built in future


embanlcment raises.


• Toe and Blanket Drains


An upstream blanket drain will extend along the full length of the


embankment in the Stage Ic and II expansions. On-going


embankment expansions will incorporate more permeable cycloned


sand instead of glacial till for the upstream fill, and the drainage


blanket will be replaced by a series of toe drains vertically connected


by riser pipes at 50 m centres.


Toe drains will be constructed at the Main and Perimeter


Embankments and will run the full length of each embankment. The


toe drains will consist of perforated CPT tubing with a filter sand


surround. The perforated CPT pipes will be connected to solid


conveyance pipework which runs to the drain monitoring sump of


the Main Embankment. At the Perimeter Embankment, the


conveyance pipe will flow directly into the seepage collection pond.


The drains will be constructed so that future extensions are easily


constructed in subsequent embankment raises.


For Stage ib, the Main Embankment toe drain slopes from the


centre to each abutment, when the pipes will be left exposed for


future expansions. The filter sand will be placed all the way up to


the Stage Tb crest, as shown on Drawing No. 1625.111. At the
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Perimeter Embankment, the toe drain slopes from the abutments to


the centre.


6.3.6 Staged Expansions


The staged embankment construction sequence is shown on Dwg. No.


1625.111. The staged expansions will incorporate a combination of


centreline and modified centreline construction methods and will utilize


glacial till, cycloned sand and random fill for the various embankment


zones. The random fill zones will likely be constructed from glacial till


from local borrow areas, placed and compacted in 600 mm lifts. However,


the specific requirements will be determined after construction and operation


of the first phase of the project. The on-going embankment raises will be


re-evaluated during mine operations to ensure that adequate storage capacity


and embankment freeboard are maintained throughout the life of the mine.


The embankment drains will also be extended during on-going embankment


expansions. The Stage Ic expansion of the embankment will include


extension of the blanket drain and riser pipes. Some of the subsequent stages


will include placement of an additional horizontal toe drain with a perforated


pipe that ties into the riser pipework. In general, every second embankment


raise will include the installation of a new toe drain. Additional outlet


pipeworks to the seepage collection ponds will be included as required based


on operational monitoring. These additional toe drain sections and


extensions of the pipework will ensure that the drains remain functional


during operations and after closure even if minor embankment settlements


due to tailings consolidation or earthquake induced deformation occur.


The design will be reviewed on an on-going basis and modifications to


drainage systems incorporated as required based on operating experience


and monitoring records.
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6.4 OA/OC PROCEDURES


The quality assurance (QA) and quality control (QC) procedures are described in


detail in the Site Inspection Manual (Knight Piésold 1995, Ref. No. 1625/2).


QA/QC testing will be directed by Knight Piésold. A field laboratory will be set up


to enable the following control and record testing to be conducted on-Site:


• Moisture Content (ASTM D2216).


• Particle Size Distribution (ASTM D422).


• Laboratory Compaction or Moisture-Density Relationship (ASTM D1557)


• Specific Gravity (ASTM D854).


• Atterberg Limits( ASTM D43 18).


• Field Density (ASTM D2167).


• Laboratory and Field Air Entry Permeameter(LAEP or FAEP).


Detailed testing frequencies and schedules are outlined in the SI manual and Knight


Piésold will provide on-going review of all QA/QC data.


Technical Specifications (Knight Piésold, 1995. Ref. No. 1625/3) have also been


developed for the work, including the following:


• Specifications for basin clearing, stripping and topsoil stockpiling.


• Specifications for installation of groundwater monitoring wells, including


materials and procedures.


• On-site evaluation of the required extent of the basin groundwater drains


and their installation, including materials and procedures.


• Soil liner acceptance or rejection and selection of suitable material for


unacceptable subgrade. In-situ soil liner limits and borrow materials wifi be


based on control tests including particle size analysis, permeability (Field


AEP), field density and moisture-density relationship.
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Specifications for embankment fill placement, including setting out and


grade control (survey) requirements, control and record testing schedule, fill


acceptance criteria (as above), equipment requirements, geotextile selection


(as needed), compaction specifications, etc.


Specifications for supply and installation of geotechnical instrumentation


including vibrating wire piezometers, read out equipment and monitoring


huts, survey monuments, flow monitoring equipment, etc.


6.5 TAILINGS CONSOLIDATION ANALYSES


6.5.1 General


On-going consolidation of the tailings deposit is an important consideration


for the design and construction of the facility during operations and at


closure. Consolidation occurs continuously within the tailings deposit


during deposition, and will continue after completion of operations until all


excess pore pressures have dissipated. Expulsion of pore fluids during


consolidation produces settlement of the tailings surface and a corresponding


increase in the average density of the deposit.


Knight Piésold Ltd. have developed a one-dimensional finite element


computer model which predicts the magnitude and rate of tailings


settlement, and the corresponding average density of the deposit. This


model incorporates variable coefficients of consolidation, a void ratio versus


effective stress relationship, an actual or predicted tailings deposition rate


and large strain consolidation theory.


Analyses have been performed to predict tailings surface settlements and


average densities during operation and at closure.
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6.5.2 Parameters and Assumptions


The following parameters and assumptions were incorporated into the


consolidation model:


• Void radio versus effective stress and coefficient of consolidation


versus effective stress relationships were based on available data for


similar tailings materials which exhibit similar settling characteristics


to the Mt. Polley tailings. The selected parameters are felt to be


representative of tailings materials which comprise approximately


20-30% fine sand, 70-80% fines and have a specific gravity of about


2.75.


• An initial settled dry density of 1.0 tonne/m3was used based on the


results of laboratory settling tests for a Mt. Polley tailings slurry of


approximately 35 % solids content.


• A daily production rate of 13,425 tonnes of dry tailings was


assumed until closure. Tailings deposition was assumed to be carried


out continuously over a 14 year operating period.


• The tailings are assumed to be deposited in horizontal layers across


the entire tailings impoundment


• An impermeable (no flow) boundary condition was modelled at the


base of the tailings due to the presence of the underlying low


permeability till foundation and liner material.


• Evaporative losses from the exposed tailings surface are ignored.


Surface desiccation of the tailings will further assist in consolidation


and densification of the deposit, particularly after closure once


tailings deposition has ceased and the supernatant pond has been


removed.


- 42 - 1625/1


May 26, 1995
Association Association
of Consulting des lngenieurs
Engineers Conseils
of Canada du Canada







jght Piésold Ltd.
CONSULTING ENGINEERS


6.5.3 Results


Estimates of tailings surface elevation and average dry density with


time have been computed for a 14 year operating period.


An average dry density of approximately 1.1 tonne/m3 was predicted


after the first year of operation, and approaches a value of 1.2 tonne/m3


after 2 years. Thereafter, the average dry density increases to about


1.3 tonne/m3 and is maintained until closure. The density of the


deposit will increase more rapidly once tailings deposition ceases at


closure and self weight consolidation continues, assisted by surface


desiccation due to evaporation.


The tailings deposit will remain partially consolidated during operations


and for a period of time after closure until all excess pore water


pressures have dissipated. The actual time taken for complete


consolidation will be dependent on the in-situ consolidation


characteristics of the tailings material.


6.6 EMBANKMENT SETTLEMENT


6.6.1 General


Settlement of the embankment fill material occurs progressively as the


embankment raises extend over tailings beach material. Analyses have been


carried out to predict the magnitude of these settlements using the one-


dimensional finite element computer model described in Section 6.5.1. In


addition to on-going deposition and consolidation of the tailings material,


surcharge loading has been applied to represent construction of overlying


embankment raises.


Three tailings columns were examined at increasing distance from the Stage


lb crest as shown on Figure 6.6 and summarized as follows:
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Column A - 6 men-es of tailings overlain by embankment Stages II to VII.


Column B - 19 metres of tailings overlain by embankment Stages IV to VII.


Column C - 30 metres of tailings overlain by embankment Stages VI and


VII.


Void ratio versus effective stress and coefficient of consolidation versus


effective stress relationships for the tailings beach material were based on


data obtained for similar coarse tailings material from existing tailings


facilities. An initial settled dry density of 1.2 tonne/m3was adopted for the


beach tailings which will consolidate more rapidly than the tailings slimes


within the facility.


Analyses have been carried out to predict embankment settlements after each


on-going staged expansion.


During the initial year of operation tailings will be discharged into stored


make-up water within the facility. Lateral segregation of tailings and beach


development will be limited during this time and tailings deposited adjacent


to the embankment will consist of a mixture of bulk tailings material. This


material will likely not consolidate as rapidly as the coarser beach tailings.


The average degree of consolidation of this initial “bulk” tailings zone has


been predicted. Consolidation parameters used for the tailings consolidation


analyses described in section 6.5 were adopted to represent these tailings


and are likely to be conservative.


6.6.2 Results


Estimates of embankment settlements have been made due to staged


expansions up to the final Stage VII crest elevation of 960 m. These


represent the maximum settlements at the deepest section of the


embankment.
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in the deepest section of the facility and therefore differential settlements


will not be significant.


For these analyses, only the toe drain located at the Stage lb crest was


assumed to assist in drainage and the dissipation of excess pore pressures in


the tailings. Additional toe drains will be provided at every second


embankment raise allowing increased consolidation in the tailings mass.


Therefore, settlements are likely to be even smaller than those predicted


above.


On-going fill placement during staged expansion of the embankment


routinely compensates for settlement of the embankment crest. Sloping


internal embankment zones and the chimney drain will deform slightly but


will result in only a very slight flattening of the embankment drainage


system. This will not reduce the efficiency or integrity of the system.


6.7 STABILITY ANALYSES


6.7.1 General


Embankment stability analyses were carried out using the limit equilibrium


computer program SLOPE/W. In this program a systematic search is


performed to obtain the minimum factor of safety from a number of


potential slip surfaces. Factors of safety have been computed using


Bishop’s Simplified Method of Slices.


Analyses have been performed to investigate the downstream stability of the


embankment under both static and seismic conditions. These comprised


checking the stability of the final embankment arrangement for each of the


following cases:


1. Static conditions during operations, closure and post-closure.
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2. Earthquake (pseudostatic) loading during operations, closure and


post-closure.


3. Residual (post-liquefaction) tailings strength conditions.


For conditions during operations and at closure the tailings were assumed to


be only partially consolidated, based on the results of the consolidation


analysis. Therefore, an appropriate undrained shear strength was assigned


to the tailings. Tailings effective strength parameters were used for the long


term post-closure condition when complete consolidation has been achieved.


Tailings beach development and the embankment drainage system have been


designed to maintain the phreatic surface away from the upstream face of


the embankment. However, the conservative case of a phreatic surface


within the embankment core zone was also examined as a worst case


condition.


The upstream stability of the embankment has also been considered for the


Stage lb embankment during water storage conditions and at closure for the


final embankment configuration.


Minimum acceptable factors of safety of 1.3 and 1.5 have been adopted for


this design for static conditions during operations and at closure


respectively. A minimum acceptable factor of safety of 1.1 is considered


appropriate for the tailings residual strength condition.


The stability of the embankment under earthquake loading was analyzed by


applying a horizontal seismic coefficient (acceleration) to the potential


sliding mass. Factors of safety greater than 1.0 imply that there will be no


deformations of the embankment initiated by earthquake loading. For


conditions during operations the Design Basis Earthquake was used, as


determined by the hazard classification for the tailings facility. The


Maximum Design Earthquake was used for closure and post-closure


conditions.
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The influence of construction pore pressures on embankment stability has


also been considered.


6.7.2 Material Parameters and Assumptions


The following parameters and assumptions were incorporated into the


stability analyses:


• Bulk unit weights for the embankment and foundation materials are


based on testwork performed on representative samples. This


testwork was carried out as part of the 1995 geotechnical


investigations (Report 1623/1, March 1995). An average bulk unit


weight for the tailings deposit adjacent to the embankment was


estimated from the results of the consolidation analysis. The


cycloned sands (Zone CS) were assigned a typical value for this


material.


• Partially consolidated tailings during operations and at closure were


assigned typical undrained shear strengths ranging from 10 kPa to


55 kPa at depth. For fully consolidated tailings an average effective


friction angle of 300 was adopted. These are lower bound strengths


obtained for other similar tailings materials from in-situ Shear Vane


and Cone Penetration Testing.


• Effective strength parameters for the embankment fill and foundation


materials were obtained from consolidated-undrained triaxial


testwork performed on representative samples. These samples were


obtained during the 1995 geotechnical investigation (Report 1623/1).


• An effective friction angle of 320 was adopted for the cycloned


sands (Zone CS), which is considered conservative for this material.
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• An undrained shear strength of 10 kPa was adopted to represent the


residual (steady state) strength of the tailings material. This is based


on lower bound values obtained for similar tailings materials and is


also consistent with lower bound data presented by Seed (1990) for


the residual undrained shear strength of sands.


• The location of the phreatic surface within the tailings facility has


been estimated from a steady-state seepage analysis, details of which


are given in Section 7.


The geometry, material parameters and location of the phreatic surface


adopted in the stability analyses are illustrated on Figure 67.


6.7.3 Results of Analyses


6.7.3.1 Downstream Stability


For the static case during operations a minimum factor of safety of 1.43 was


calculated. This value will increase after closure as tailings consolidation


continues with a corresponding gain in strength. Once a minimum factor of


safety of 1.5 is obtained it is no longer dependent on tailings strength and


the potential slip surface is located within the embankment. The location of


potential slip surfaces during operations/closure and post-closure are given


on Figures 6.8 and 6.9 respectively.


The factor of safety at closure is dependent on the degree of consolidation


and strength of the tailings material adjacent to the embankment. If on


going monitoring records and stability evaluations indicate that the minimum


required factors of safety are not achieved, a small stability berm will be


constructed at the downstream toe to obtain factors of safety greater than


1.5.


For the extreme case of a phreatic surface within the embankment core zone


a factor of safety of 1.37 is calculated for the embankment at closure. If on
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going monitoring and piezometric records indicate that an elevated phreatic


surface can develop in the embankment then appropriate stabilization


measures will be incorporated to ensure a minimum factor of safety of 1.5


after closure.


For earthquake (J)seudostatic) loading during operations a minimum factor


of safety of 1.28 was computed for a seismic coefficient of 0.04,


corresponding to the Design Basis Earthquake. For conditions at closure


and a seismic coefficient of 0.065, representing the Maximum Design


Earthquake, a factor of safety of 1.2 was obtained. The location of the


potential slip surface for each case are shown on Figures 6.10 and 6.11. It


should be noted that even for a seismic coefficient of 0.13, representing the


Maximum Credible Earthquake, a minimum factor of safety of slightly


above 1.0 is maintained.


The tailings residual strength case represents the steady state strength of the


material after degradation by in-situ straining. Such a condition can occur if


liquefaction is initiated in the material by rapid static or seismic loading


which causes a corresponding increase in pore pressures. A factor of safety


of 1.39 was calculated for this case. This indicates that the embankment is


not dependent on tailings strength to maintain overall stability. The


potential slip surface for this case is shown on Figure 6.12.


It is recognized that some variability in material strength is possible for the


embankment fill and foundations oils. A sensitivity analysis has been


performed to determine the variation in computed minimum factors of safety


for varying effective friction angles in these materials. Both downstream


static stability during operations and post-closure pseudostatic loading have


been considered. The results of these analyses are shown on Figure 6.13.


It is clear from this figure that a reduction in effective friction angle of


several degrees is possible while still maintaining factors of safety of greater


than 1.3 and 1.0 for the static and pseudostatic cases respectively.
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6.7.3.2 Upstream Stability


The minimum upstream static factor of safety for the Stage lb embankment


during water storage is 1.56 and will increase once tailings deposition


commences. Under seismic loading conditions for the Design Basis


Earthquake a minimum factor of safety of 1.37 was computed. The


probability of occurrence of such an event during Stage Tb construction and


water storage is extremely low. However, even for these worst case


conditions a factor of safety well above the minimum of 1.0 is maintained.


For the final embankment configuration the most critical condition occurs


immediately after construction of the Stage VII raise. The factor of safety


for this condition is 1.37. This value will increase rapidly as the tailings


surface adjacent to the upstream face rises during on-going deposition, thus


buttressing the slope, and a value of 1.53 has been calculated for the final


tailings surface elevation. The minimum factor of safety under seismic


loading from the DBE is 1.26.


An average effective friction angle of 30° was adopted to represent the


beach tailings adjacent to the upstream embankment face. These coarser


more free draining, tailings will consolidate rapidly. Consolidation


modelling has shown that these tailings achieve complete consolidation


shortly after placement of the embankment raise. The location of potential


slip surfaces and assumed phreatic surfaces for each case are shown on


Figure 6.14.


6.7.3.3 Construction Pore Pressures


The influence of the construction pore pressures on the stability of the Stage


lb embankment has also been considered. This starter embankment will be


constructed to a height of 18 metres during approximately a 3 month period


and represents the largest construction lift for the facility.
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To maintain a minimum factor of safety of 1.3 during construction, pore


pressures within the embankment fill should not exceed an R coefficient of


0.14, where R represents the ratio between total stress and pore pressure at


any depth. Therefore, the maximum sustained pore pressure reading in the


lower fill piezometers must be less than 50 kPa in order to maintain the


minimum factor of safety of 1.3 for embankment stability during


construction.


Pore pressures will be routinely measured during construction using


piezometers installed into the embankment fill and foundations.
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SECTION 7.0 - SEEPAGE ANALYSES


7.1 GENERAL


Seepage analyses were performed using the finite element computer program
SEEP/W. The purposes of the analyses were:


• To establish the pore water pressures within the embankments for stability
analyses.


• To estimate the amount of seepage discharge from the tailings storage
facility.


The seepage rates at each of the Main, Perimeter and South embankrnents were
considered. The analyses have been based upon simplified cross sections as shown
in Figure 7.1 and the saturated hydraulic conductivities as shown in Table 7.1.


During the initial year of operations tailings will be discharged into stored make up
water, resulting in limited beach development. As a conservative approximation fine
tailings, (zone 3), have been assumed to extend to the upstream face of the
embankment up to the maximum stored make up water elevation of 925 m.


7.2 SUMMARY OF PARAMETERS


Saturated and unsaturated hydraulic conductivities were determined for each
material in the embankment and foundation zones. In assigning hydraulic
conductivity values for the seepage analysis, the typical conductivity functions of
similar soil properties in SEEP!W were used. These functions were slightly
adjusted to match with the actual saturated conductivities of the material. Hydraulic
conductivity values for the tailings mass, embankment and foundation were
determined as follows:
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• The tailings mass was sub-divided into three zones with decreasing


hydraulic conductivity to more accurately model the consolidated, less


permeable tailings with depth.


• Hydraulic conductivity values for the various zones of the embankment and


foundation were estimated based upon typical values for similar materials.


7.3 BOUNDARY CONDITIONS AND FLUX SECTIONS


Boundary conditions were imposed on the modelled sections to more accurately


represent hydrogeologic conditions in the field. These conditions are summarized


as follows:


• A no-flow boundary condition was assigned to the nodes along the left side


of the model.


• A total head boundary was imposed at the tailings surface to model a


supernatant pond.


• The upstream embankment toe drain was modelled by applying a no-head


condition at that location.


• Foundation drains were modelled by applying no head nodes at drain


locations.


• A hydrostatic pore pressure profile with the water table 2 metres below the


ground surface was assigned to the right boundary of the model.


Flux sections were included in the model to estimate seepage flow across the


various geological units, as well as the engineered components. The following


locations, in particular, were examined closely:


• Seepage inflow to the upstream toe drain.
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• Flow collected by foundation drains.


• The amount of seepage flow which bypasses the seepage collection systems.


The amount of flow collected by the seepage collection systems, i.e. the upstream


toe drain and foundation drains will drain to seepage collection ponds downstream


of the Main Embankment and Perimeter Embankment. These seepage flows will be


recycled to the tailings impoundment. The seepage flows which bypass these


seepage collection systems are the only component which will be lost to


groundwater.


7.4 RESULTS


A summary of results from the seepage analyses is presented in Table 7.2.


Two cases were analyzed with low and “high’ foundation glacial till permeabilities


to determine the range of foundation seepage rates. Each case assumed a filled


tailings facility with a maximum hydrostatic head in order to determine the


maximum seepage rate. For the low permeability case, the foundation glacial till


was assigned a permeability of i0 cm/sec, and a total solution flow rate of 3.8 £/s


(51 gpm) was calculated from the tailings mass. Approximately 90% of the flow


was collected in the upstream toe and embankment foundation drains, while the


remaining 10% of the solution flowed through the foundation. For the high


permeability case, the foundation glacial till was assigned a permeability of 106


cm/sec, and a larger total flow rate of 4.5 £/s (59 gpm) was calculated. In this


case, the solution flowing through the foundation increased slightly to 13%.


In the low permeability case, the solution flow contribution made by each of the


four components is as follows:


• The upstream toe drain collected 76% (2.9 £/sec or 39 gpm).


• The embankment foundation drainage system collected 13% (0.5 Vs or 7


gpm).
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• Seepage loss through the foundation was 11 % (0.4 e/sec or 5 gpm).


In the high permeability case, the solution flow contributions are as follows:


• The upstream toe drain collected 71% (3.2 £/sec or 42 gpm).


• The embankment foundation drainage system collected 16% (0.7 £/sec or 9


gpm).


• Seepage loss through the foundation was 13% (0.6 £/sec or 8 gpm).


Considering the results of these two cases, it is evident that the permeability of the


foundation glacial till has oniy a minor effect on the projected seepage flow rate


through the foundation for the ultimate impoundment. The seepage rates presented


above are expected maximum values which occur late in the project. However,


during the early years of operation, seepage rates are expected to be lower,


particularly at the Perimeter and South embankments where the natural groundwater


table provides complete hydraulic confinement during the first year. As the tailings


surface rises, the seepage rate is expected to gradually increase to the maximum


values presented above.


Tailings facility construction is scheduled to begin in 1995. In the first year of


operation the dam crest elevation will be 931 m, and the facility will be used for


storage of water. During this period the seepage flow has been estimated to be 0.22


£/s flowing across the Main Embankment only. Seepage flow development at each


of the different embankments have been estimated from the results of the seepage


analyses. The variation in seepage flow rates versus year of operation are presented


in Figures 7.2 to 7.4.
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SECTION 8.0 - WATER BALANCE ANI) MANAGEMENT


8.1 GENERAL


The water management strategy for the Mount Polley project was recently reviewed


and presented in the “Report on Project Water Management” (Ref. No. 1624/1,


February 6, 1995), which is included in Appendix A. The tailings impoundment


will be utilized as a water reservoir both prior to start-up and during operations,


thus eliminating the need for a dam on Polley Lake. The water management plan


has the following objectives:


• To minimize the volume of fresh water extracted from Polley Lake.


• To limit the period of water removal from the Polley Lake/Hazeltine Creek


system to high flow periods.


• To regulate additional surface water runoff into the tailings pond.


• To prevent the accumulation of excess water within the tailings


impoundment so that the impoundment and open pit can be operated as a


closed system with no surface water release.


• To supply make-up water for the milling process from within the project


catchment area.


• To minimize the requirement for regulated discharges of surface runoff


from the waste dumps.


These objectives will be managed simultaneously during operations by provision of


surface water collection ditches around the project perimeter and by judicious


transfer of “fresh” surface runoff from designated undisturbed catchment areas


adjacent to the tailings impoundment. The most recent water management strategy


differs slightly from the concept presented in Appendix A (Report on Project Water


Management, Ref. No. 1624/1) as Catchment Area A will no longer be utilized as a
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source of surface runoff for transfer to the tailings impoundment. Catchment Areas


B and C will serve as the main source of additional runoff water which is required


after collection of milisite and waste dump runoff.


A schematic of the overall facility and water management components is shown on


Figure 8.1.


8.2 WATER BALANCE


8.2.1 General


An overall project water balance was completed by integrating the water


balances for the mine site with the those for the tailings storage facility.


The analyses included a comprehensive series of water balances to evaluate


the volumes of surface runoff water available throughout the life of the


mine. Average annual water balance schematics are illustrated on Figures


8.2 and 8.3 for Years 1 and Year 14 respectively.


A probabilistic water balance analysis using the @RISK Analysis and


Modelling program was developed to describe the effects of a statistical


range of precipitation conditions over the entire life of the project. Over


1000 different combinations of wet and dry precipitation conditions have


been conducted. From the corresponding results, estimates were made of the


probable requirements for fresh make-up water, probable tailings pond


volume and probable volumes of additional water to be diverted out of the


project area.


The overall project components include disturbed and undisturbed areas at


open pits, waste dumps, mill site, tailings storage facility, and the additional


undisturbed catchment areas (Areas A, B and C) immediately upgradient


from the tailings area. The water balances considered the staged


development of the various components of the project. Specific assumptions


incorporated in the water balance analyses are consistent with those used in
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previous water balances for the tailings impoundment and mine site


conducted in 1991.


8.2.2 Water Balance Results


When conducting the water balances, a fundamental consideration for the


supply of process water to the milling circuit is that an adequate volume of


water must be available during the cold winter months when precipitation


accumulates as snow and surface runoff is at a minimum. Also, a sufficient


volume of water is required for mill start-up. Given these critical


requirements, water balances were carried out for all 14 years of the project


life, under a range of hydrometeorological conditions and for the various


catchment areas.


The variation in the volume of the tailings pond for average precipitation


conditions exists because it reaches a minimum during the winter months


when there is little surface runoff and reaches a maximum volume in the late


spring after the freshet.


These water balances, included in Appendix A, indicate that the water


requirements for the project can be obtained by:


• Selectively diverting approximately 1.5 million m3 of surface runoff


into the tailings impoundment prior to start-up.


• Providing a minimum volume of about 1.5 to 2 million m3 of water


in storage on the tailings surface during on-going operations in order


to provide sufficient process water during the cold winter months


when surface runoff is minimal.


• Allowing for contingency water extraction of about 300,000 m3


annually from Polley Lake or Hazeltine Creek during peak flow


months.
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The revised water management strategy, wherein a much smaller reservoir


of make-up water is maintained on the tailings surface (as compared to the


previously proposed Polley Lake live storage) represents a greater risk for


the mine operators during periods of extended drought. However, this risk


has been minimized by including the contingency extraction provision of


300,000 m3!yr from either Polley Lake or Hazeltine Creek. The likelihood


that this volume of water would be required is very low (estimated to be less


than 5%). It is proposed that this 300,000 m3 volume will be extracted at a


maximum rate of about 150,000 m3/month during the peak flow period at


spring freshet so that the impact on the fisheries resource will be minimal.


8.2.3 Water Supply at Start-Up


As stated above, the revised water management plan requires that an


estimated minimum volume of 1.5 million m3 of water be stored in the


tailings impoundment prior to mill start-up. This water will be obtained by


constructing the first stage of the tailings embankment (Stage Ib) at least one


year before mill start-up to allow capture of one year of direct surface


runoff, including the freshet. The amount of surface runoff which viill be


collected by the Stage lb embankment for various precipitation conditions is


summarized as follows:


Summary of Water Available at Start-Up


Precipitation Surface Runoff Water (mi) Available


Condition From TSF and Catchment Area B


Average Year 1,557,000


10 Year Dry 1,156,000


50 Year Dry 977,000


10 Year Wet 2,025,000


These results indicate that up to 300,000 m3 of water may be required from


Polley Lake during peak freshet flows to provide the required 1.5 million


m3 of water to be stored prior to start-up if 10 year dry conditions (or dryer)
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are encountered in 1996. Therefore, the surface runoff collection ditch has


been extended to intercept additional catchment from Area C, immediately


adjacent to Catchment Area B.


8.3 WATER MANAGEMENT PLAN


8.3.1 General


The objective of the project Water Management Plan in the early years will


be to route all project water flows from disturbed areas into the milling


process or into associated mine site activities such as dust suppression. An


additional objective is to selectively route runoff from Catchment Areas B


and C into the tailings impoundment (Stage Tb embankment) to provide the


1.5 million m3 of water required prior to mill startup. In the later years of


operation the objective will be to monitor and release selected surface water


inflows in order to manage the final volume of ponded water in the tailings


impoundment at closure. The following activities will be incorporated in the


Water Management Plan:


(i) Maximize the capture of surface and groundwater flows from within


the project area.


(ii) Maximize the use of the poorest quality water recovered from within


the project area in the milling process and in associated activities


(such as dust suppression).


(iii) Minimize the deliberate introduction of excess clean fresh water


from Policy Lake and Hazeltine Creek.


(iv) Monitor the quality of surface runoff from disturbed areas and


groundwater flows within the project site.


(v) Release only the best quality water from within the project


boundaries and in accordance with permitted requirements, as is
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necessary to maintain an overall project water balance under actual


hydrometeorological conditions.


(vi) Manage the operation of the tailings supernatant pond to optimize


the volume of water stored on the tailings surface during operations


and at closure.


(vii) Develop and maintain a detailed data base to allow water balances


for the site to be as accurate as possible and thereby become useful


tools for predicting annual make-up water requirements and for


scheduling releases of clean surface runoff water as appropriate.


8.3.2 Surface Runoff Diversion Ditches


The runoff diversion facilities and their catchment areas are shown on Dwg.


No. 1625.114. Surface runoff diversion ditches will be provided to allow


diversion of surface runoff to the tailings storage facility from various


catchments as follows:


• Catchment Areas B and C - A runoff collection ditch and flow


control structures will be built along the Bootjack-Morehead


Connector Road. Runoff from this area will be diverted at flow


rates of up to approximately 2.5 m3/s. Flood flows from extreme


precipitation and snowmelt events will be routed offsite through


overflow culverts located in existing stream courses.


• Catchment above tailings storage facility - in general, all runoff from


this area will be captured in the tailings storage facility during the


early years of operation. However, diversion ditches will be


included in the Stage Tb construction program to allow active


management of this runoff in case of a water surplus in later years of


operation.
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• Catchment above tailings area access road, below Bootjack Creek -


this diversion ditch serves both as a pipeline spill containment ditch


and a surface runoff conveyance ditch. All runoff will be directed to


the tailings storage facility.


• Catchment above tailings access road, between milisite and Bootjack


Creek - the runoff will be returned to Bootjack Creek with no


transfer to the tailings storage area.


• Milisite area - diversion ditches along the lower perimeter of the


millsite area will collect runoff from the millsite and convey the


water to a sediment pond. This water will then be piped back to the


mill or to a drop box to the tailings pipeline so that the millsite


runoff can be returned to the process circuit via the tailings and


reclaim systems.


The design criteria for the diversion ditches are as follows:


• The ditches are sized to convey the peak flow runoff from the 1 in


50 year precipitation event. This flow was determined on the basis


of site IDF values and the rational formula, as outlined in the MOE


Manual of Operational Hydrology.


• Erosion protection and energy dissipation will be provided to


minimize erosion under normal operating conditions. Erosion


damage requiring repairs to surface water control facilities would be


expected during extreme flood events.


• For design purposes, “extreme” floods are defined as those with an


annual probability of occurrence of less than 2%.


• The need for sediment removal at flow control structures and


sediment control ponds should be checked annually and after major


storm events and carried out when necessary.
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The design criteria for the flow control structures at Catchment Areas B and


C are as follows:


• All flows less than or equal to 2.5 m3Is can be conveyed to the


tailings facility.


• Slide gates are provided to close off the diversion culverts when


sufficient water is in storage on the tailings surface.


• The depth discharge curve shown on Dwg. No. 1625.115 was


computed based on inlet control to 900 mm diameter culverts.


• Final design of flow control structures will require consideration of


detailed geometry and ground conditions at individual existing creek


crossings to ensure proper performance.


• A Parshall flume will be provided to monitor inflows to the tailings


storage facility from the Area B catchment. Details of the Parshall


flume and a depth-discharge curve are shown on Dwg. No.


1625.115.


8.3.3 Sediment Control Ponds and Discharge ReQuirements


Sediment control ponds which discharge to the environment will be sized to


provide a 10 hour retention time of the 1 in 200 year - 24 hour storm runoff


flood flows from the tributary catchment above the sediment pond. All


sediment ponds will be built with 3:1 internal slopes for easy access for


machinery. Erosion control and energy dissipation riprap will be provided


as necessary in spiiways and discharge channels.
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SECTION 9.0 - PIPEWORK


9.1 GENERAL


This section describes the pipework and pump systems required for the tailings and


reclaim pipelines and for the seepage recovery system. Design criteria are given


for the various components of the pipework associated with the tailings storage


facility. The pipeline plan and protiles are shown on Dwg. No. 1625.116.


Sections and details are shown on Dwg. No. 1625.117.


9.2 TAILINGS PIPEWORK


9.2.1 General


The tailings pipeline will extend approximately 7000 m from the miilsite to


the southwest corner of the tailings storage facility. The tailings system is


designed to flow by gravity and therefore to be self-draining.


9.2.2 Design Criteria


The tailings pipeline will be designed to the following criteria:


• Millsite tailings discharge at approximately El. 1110.


• Tailings embankment crest elevation at startup = El.931.


• Tailings embankment crest elevation at end of mine life = El. 960.


• Continuous downhill gradient provided to ensure free draining


condition. This prevents potential sanding and freezing problems in


the tailings pipeline.


• The pipe size was chosen to allow gravity flow conditions, (e.g.


open channel or non-pressure flow) over a wide range of operating
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conditions. The hydraulic gradeline and the conditions acting to


raise or lower it are given on Dwg. No. 1625.116.


• All pipework is butt fusion welded HDPE.


• A drop box is provided below the milisite to allow addition of


millsite runoff from the milisite sump to the tailings stream.


• A drop box is provided along the tailings line to allow addition of


waste dump runoff from the south sediment control pond to the


tailings stream.


• A drop box is provided at the reclaim booster pump station for


reclaim booster sump overflow into the tailings pipeline.


• Spill containment is provided for the full length of all pipelines.


o From the milisite to Bootjack Creek the pipelines are buried


in compacted select fine grained till below the ditch of the


tailings access road, (see Section 1/1625.117).


o For the Bootjack Creek crossing the pipelines are sleeved to


provide spill containment. The pipe sleeves are closed at the


upstream (buried pipeline) end and open at the downstream


end to drain to the pipe containment channel (see Section


3/1625.117).


O From Bootjack Creek to the tailings storage facility the


pipelines are laid in a pipe containment channel cut in (or


lined with) glacial till (see Section 4/1625.117).


9.2.3 Tailings Delivery Pipework


The tailings pipeline is designed as 22 inch (558 mm) dia High Density


Polyethylene (HDPE). Pipe wall thickness (pressure rating) will be selected
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to accommodate anticipated operating pressures and vacuum conditions as


well as including an allowance for internal abrasive wear.


9.2.4 Tailings Discharge Pipeline


The tailings pipeline will run along the inside crest of the tailings


embankment and will be provided with a series of discharge points to allow


controlled deposition of tailings over the tailings beach. To provide


operational flexibility and to facilitate pipeline moves during embankment


raising, the tailings discharge pipework will be made up in a number of


repeating units, each comprised of:


• a flange at the upstream end,


• several tailings discharge points spaced at 20 to 30 m along the pipe


and


• in-line valves as appropriate.


The tailings pipeline will be secured on the embankment crest by use of


straps and concrete blocks or by guide posts to prevent thermally induced


movements of the pipeline.


The discharge spigots will be made from one of a number of commercially


available options for this purpose. A typical discharge point or “spigot”


comprises:


• a strap-on tee sleeve,


• a pinch valve (required for regulation of high flows or pressures),


• a length of soft PVC (Li-flat type) hose or HDPE pipe


A scissor clamp for on-off control of tailings flow may be substituted for a


pinch valve at low pressure sections. Appropriate erosion control measures


will also be included at the discharge points.
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9.3 RECLAIM WATER SYSTEM


9.3.1 General


The reclaim water system returns water from the tailings storage facility to


the raw water tank in the milisite for re-use in the process circuit. The


reclaim water system comprises a pump barge, the reclaim pipeline and a


reclaim booster pump station.


9.3.2 Design Criteria


The reclaim water system is designed to meet the following criteria:


• Provide adequate pipeline and pumping capacity to meet operational


process requirements.


• Stage 1 (start-up) drawdown range of initial pond using the pump


barge channel from El.918 to E1.932.


• Provide a booster pump station at the midpoint of elevation to:


0 Reduce pressure rating requirement for pipelines.


0 Allow use of the same pumps on the barge and in the booster


station to reduce spares required and simplify maintenance.


9.3.3 Reclaim Bar2e


The reclaim barge will be a prefabricated floating pump station complete


with perimeter trash screens, internal wet well(s), pump(s), valving, piping,


electrical power, instrumentation and control circuitry.


A hinged walkway/pipe bridge is provided for access to the barge from the


side of the reclaim barge channel. The reclaim barge channel is shown in
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plan on Dwg. No. 1625.116 and in section on Dwg. No. 1625.117


(Section 3).


The reclaim barge will include water jets or an air bubbler system to prevent


freezing around the reclaim barge.


9.3.4 Reclaim Pipelines


The reclaim pipelines will extend from the pump barge to the booster pump


station and from there to the raw water tank in the milisite. Due to the high


pressures involved, the lower sections of both pipelines will be heavier wall


and the upper sections will be lighter wall HDPE pipe. Nominal 24 inch


(600 mm) diameter pipelines have been selected to provide the required


water transfer capacity.


9.3.5 Reclaim Booster Pump Station


The reclaim booster pump station will be a prefabricated unit using identical


parts to those at the pump barge to the greatest degree possible for


interchangeability and ease of maintenance.


An interlinked control system will co-ordinate pump operations with process


water demand at the milisite. The control system and pipeworks design will


include necessary provisions for spill prevention.


9.4 SEEPAGE RECOVERY SYSTEM


9.4.1 Monitoring Wells


Three monitoring wells, shown on Dwg. No. 1625.110, will be provided to


monitor seepage from the tailings area. These wells will be sampled prior


to operations to establish baseline ground water quality and then during


operations to check for process constituents in the groundwater. The
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monitoring wells will be suitably sized to permit installation of submersible


pumps and operation as seepage recovery wells if required.


9.4.2 Basin Groundwater and Embankment Foundation Drains


Embankment foundation drains located immediately below the compacted till


will relieve any groundwater or seepage pressures which may develop in the


embankment foundations and will convey the resulting flows to the


downstream toe of the embankments. Foundation drain outlets will be


monitored for flow quantity and water quality. Foundation drain flows will


be recycled to the tailings area.


Basin groundwater drains located within the impoundment will convey


groundwater seepage from the glaciofluvial sediments in the same manner as


the embankment foundation drains.


9.4.3 Toe Drain


The toe drains, shown on Dwg. No. 1625.111, serve to dewater the tailings


beach as required for modified centreline raising of the embankment. The


toe drain outlets will discharge to the drain monitoring sumps. The flows


from the toe drains will be monitored and correlated to other


instrumentation data.


9.4.4 Drain Monitoring Sump


A drain monitoring sump is provided upstream of the Main and Perimeter


Embankment seepage collection ponds to allow flow measurements and


water quality samples to be taken from the individual drains. The sumps


will be constructed using 1.8 m dia by approximately 4 m deep manholes


with a low level outlet to the seepage collection ponds as shown on Dwg.


No. 1625.102.
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9.4.5 Seepage Collection Pond Recycle Pumps


The seepage collection ponds are provided with recycle pump systems to


pump the water back to the tailings storage facility. The seepage collection


and recycle system is shown schematically in plan on Dwg. No. 1625.116.


Conceptual details are shown on Detail A/1625.113. A 4 inch dia. DR21


HDPE pipeline would extend from the pumps directly to the crest of the


tailings embankment by the shortest route and discharge directly onto the


tailings beach.
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SECTION 10.0 - OPERATION AND MONITORING


10.1 GENERAL


Geotechnical and environmental monitoring systems are essential for proper


management of the tailings storage facility. The monitoring program will include


the following:


(i) Measurement of the rate of tailings accumulation.


(ii) Operational monitoring of tailings characteristics (dry density, etc.) and


water recoveries.


(iii) Operational monitoring of supernatant pond depth, area and volume.


(iv) Monitoring of piezometers installed in the tailings mass, underdrainage


system and embankment zones.


(v) Sampling of process water in the tailings pond and seepage recycle ponds


for water quality analyses.


(vi) Sampling of groundwater in monitoring wells GW95-1 to 3.


(vii) Sampling of surface water streams down gradient of the facility for water


quality analyses.


(viii) Meteorological (rain, snow, evaporation) and air quality data collection.


(ix) Flow monitoring in all seepage collections systems.


(x) Flow monitoring in diversion ditches, runoff collection ditches, Polley Lake


transfer, etc. for detailed on-going evaluation of water balance.
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An Operations Manual will be developed for the tailings facility once detailed


design of the various components is substantially complete.


The main objectives of the Operating Manual are to provide operational procedures


and monitoring systems which will be implemented both prior to and during


operations. In particular, the various components of the project water management


plan will be identified and specific operational and monitoring requirements will be


itemized so that the objective of storing sufficient runoff water in the tailings facility


for mill operations is maintained, while simultaneously preventing the accumulation


of excess water in the tailings impoundment during on-going operations.


A fundamental component of the operating strategy for the tailings facility is related


to the method of controlled tailings discharge from several spigots located along the


crest of the Perimeter and Main embanlcments. Tailings will be deposited in a


controlled rotational manner wherein about 8 to 10 spigots are operated for a few


days, and then deposition is transferred to the next 8 to 10 spigots for a few days,


etc. Using this method, extensive tailings beaches will develop adjacent to the


Perimeter and Main embanlcments as illustrated on Dwg. No. 1625.130.


10.2 INSTRUMENTATION


The required geotechnical instrumentation for Stage lb construction is illustrated on


Dwg. No. 1625.120. A series of vibrating wire piezometers will be installed along


3 main instrumentation planes. These piezometers will monitor pore pressures at:


• basin groundwater drains


• embankment foundation drains


• embankment toe drains


• embankment fill (both during construction and during impoundment filling)


• embankment foundation, and


• tailings, inside the impoundment (future).


The electric piezometer leads will be extended to a common monitoring hut located


downstream of the final embankment toe, as shown on Dwg. No. 1625.120.
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Surface movement monuments will also be installed on the crests of the


embankment each year to monitor settlement. End of construction and beginning of


construction embankment crest surveys will also be carried out for each staged


expansion raise.


Instrumentation details are shown on Dwg. No. 1625.121.


The instrumentation systems will be upgraded as required by the Engineer during


each staged expansion of the tailings embankment. The locations and details of the


additional piezometers and surface movement monuments will be established during


detailed design of each staged expansion.
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SECTION 11.0 - RECLAMATION


11.1 GENERAL


In accordance with requirements under the B. C. Mines Act and Health, Safety and


Reclamation Code for British Columbia, the primary objective of the proposed


Reclamation Plan will be to return the tailings impoundment to an equivalent pre


mining use and capability. This comprises forested wildlife habitat that supports


grazing, hunting, guiding, trapping and recreational uses. The following goals are


implicit in achieving this primary objective:


• the long-term preservation of water quality within and downstream of


decommissioned operations;


• the long-term stability of the tailings impoundment;


• the regrading of all access roads, ponds, ditches and borrow areas not


required beyond mine closure;


• the removal and proper disposal of all pipelines, structures and equipment


not required beyond mine closure;


• the long-term stabilization of all exposed erodible materials;


• the natural integration of disturbed lands into surrounding landscape, and


restoration of the natural appearance of the area after mining ceases, to the


greatest possible extent; and


• the establishment of a self-sustaining vegetative cover consistent with


existing forestry, grazing and wildlife needs.


As an overall approach to achieving these objectives, the Reclamation Plan is


sufficiently flexible to allow for future changes in the mine plan and to incorporate
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information obtained from ongoing reclamation research programs such as trial


tailings re-vegetation plots.


11.2 TOPSOIL STOCKPILING


Detailed requirements for salvage and stockpiling of surficial materials from the


tailings impoundment are presently being developed. Soil surveys will be


completed to describe soil characteristics, soil volumes and to select soil stockpile


areas. The preferred locations for soil stockpiling, which are shown on the


Drawings, have been selected to minimize conflicts with on-going site development


and to ensure that the stockpiles are situated within the catchment area of the tailings


impoundment and upgradient of the sediment control features.


11.3 DECOMMISSIONING AND CLOSURE


Since the tailings have been confirmed to be non-acid generating, the tailings


surface will be decommissioned as a mixed forested/wetlands complex with a


gradual transition towards a ponded area at an overflow spiliway as shown on Dwg.


No. 1625.140. The downstream face of the tailings dam will be revegetated


progressively during operations as each embankment lift is completed, starting after


Stage III (Year 2000) once the final toe position and slope have been established.


On mine closure, surface facilities will be removed in stages, salvaged and sold.


The tailings delivery system will be dismantled and removed immediately following


cessation of operations, but the supernatant reclaim barge, reclaim pumps and


reclaim water line will be utilized for supplementary flooding of the open pit and


will then be dismantled and removed. The seepage collection ponds and recycle


pumps will be retained for one or two years after closure or until monitoring results


indicate that tailings area seepage is of suitable quality for direct release to the


environment. At that time, the seepage collection pond and pumps will be


removed. However, the groundwater monitoring wells and monitoring piezometers


in the tailings embankment will be retained for use as long term monitoring devices.
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A dual level spillway will be constructed, with the lower level designed to


accommodate the l-iri-200 year flood flows and the second capable of


accommodating the Probable Maximum Flood (PMF) within the tailings basin. The


lower spillway, which will include the outflow channel, will be constructed in


competent ground adjacent to the South Embankment and will discharge to the


Edney Creek north tributary drainage. The elevation of this spiliway and outflow


channel will be designed to establish a set water elevation over the tailings surface


(approximately 15% coverage). A secondary, or emergency overflow spillway


section, will be designed to accommodate the PMF and maintain sufficient


freeboard within the impoundment. This secondary spiliway is required in the


event that beavers, ice or debris block the lower spiliway and outflow channel.


Before the final tailings impoundment flooding to the required pond elevation, the


area along the final water level will be sculptured using conventional earthmoving


equipment to create a series of small bays and channels which will become a margin


environment conducive to the creation of waterfowl breeding and staging habitat.


The tailings embankments and the upland portions of the exposed tailings beach will


be covered with a layer of soil, stockpiled during construction, and revegetated with


indigenous species of conifer and deciduous trees, willow and marsh land grasses.


The moist transition zone between the topsoiled beach and final pond will be


revegetated as a early seral stage meadow, leading to aquatic tolerant, emergent and


submerged aquatic species of plant. Native vegetation species, occurring in areas


where drainage is impeded or swampy, will be utilized for these transition zones.


Where necessary, the final tailings surface will be treated with amendments suitable


for sustaining permanent growth. The shoreline will then be planted with native


emergent plant species for cover. Most of the expected species may transplanted


from nearby wetlands of a similar aspect and elevation or propagated from root


cuttings, turf squares or offsets.


The advice of organizations such as the B.C, Fish and Wildlife Branch, Ducks


Unlimited and local trappers/guided outfitters will be sought during final design.


Final seeding of the embankment slopes with grasses and legumes will provide a


stable vegetation mat that resists erosion. Once open pit flooding is complete, the
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surface water diversion system will be dismantled to allow for natural runoff to be


routed through the tailings area.
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TABLE 2.1


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


MEAN MONTHLY AND ANNUAL PRECIPITATION


Location: Likely, B.C. Mine Site Barkerville


Elevation: 724m l000m 1265


Location: 52° 36’N 52° 30’N 53° 4’N
121° 32’W 121° 35’W 121° 31’W


Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
(mm) (mm) (mm) (mm) (mm) (mm)


Jan 74.2 27.0 75.5 27.0 103.0 44.4


Feb 60.2 27.7 58.1 27.7 85.6 42.5


Mar 37.8 13.5 44.5 13.5 85.3 29.1


Apr 42.2 20.9 43.1 20.9 61.8 24.5


May 36.6 15.4 50.6 15.4 65.9 28.9


June 66.3 29.7 81.5 29.7 89.2 28.8


July 47.0 27.4 65.7 27.4 81.7 31.0


Aug 82.0 35.7 83.1 35.7 102.3 53.0


Sept 50.4 27.1 60.4 27.1 85.4 39.9


Oct 61.6 42.3 60.4 42.3 88.4 37.4


Nov 58.4 18.8 57.3 18.8 86.6 28.2


Dec 83.0 36.9 74.8 36.9 108.7 42.5


Annual 699.7 116.4 755 116.4 1043.9 112.7


Source:


Canadian Climate Normals, 1951-1980, Temperature and Precipitation Atmospheric


Environment Service, Environment Canada.
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TABLE 2.2


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


PRECIPiTATION DETAILS USED IN ANALYSIS


J:J0B\DATA;l24\WATERJALsSTATW1AL.X1_S
4)4/95 9:01


DESCRIPTION VALUE


Lower Elevations (ie. TSF)
Mean armuni precipitation (mm) 755
‘Dry” annual precipitation (mm) 601
“Wet” annual precipitation (mm) 909
“Max.’ annual precipitation (mm) 1050
“Mm.” annual precipitation (mm) 450
Mean annual rainfall (mm) 451
Mean annual snowfall (mm) 304
Coefficient of variation 0.16
Standard deviation (mm) 121


Higher Elevations (ie. mill site, waste dumps)
‘Elevation’ factor 1.07285
Mean annual precipitation (mm) 810
Dry” annual precipitation (mm) 645


“Wet” annual precipitation (mnmn) 975
Coefficient of variation 0. 16
Standard deviation (mm) 130


Proportions of Total Precipitation:
Rainfall 0.60
Snowfall 0.40


Monthly Proportions of Precipitation:


Rainfall Proportion Snowfall Proportion
(mm) as Rainfall (mm) as Snowfall


Oct 48.3 0.11 12.1 0.04
Nov 17.3 0.04 40.0 0.13
Dec 7.6 0.02 67.2 0.22
Jan 6.8 0.02 68.7 0.23
Feb 6.0 0.01 52.1 0.17
Mar 6.0 0.01 38.5 0.13
Apr 24.2 0.05 18.9 0.06
May 45.3 0.10 5.3 0.02
Jun 81.5 0.18 0.0 0.00
Jul 65.7 0.15 0.0 0.00
Aug 83.1 0.18 0.0 0.00
Sep 58.9 0.13 1.5 0.00


Total (mm) 450.7 304.3
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TABLE 23


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


ESTIMATED PAN EVAPORATION AT SITE


Quesnel Williams Lake Site


May 98 88 93


June 130 124 127


July 151 144 148


August 131 129 130


September 81 77 79


October 2_.
Total 630 600 615


Source:


Based on computed potential evapotranspiration data by AES using Thornthwaite


model, increased by an empirical factor of 1.25 to bring into line with pan


evaporation data.
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TABLE 2.4


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


PROBABLE MAXIMUM PRECIPITATION


Source:


1 hour PMP


6 hour PMP


24 hour PMP


10 day PMP


=78mm


=88mm


=203mm


=406mm


= 78 mm/hour


= 14.6mm/hour


= 8.5 mm/hour


= 1.7mm/hr


Association
of Consufting
Engineers
of Canada


Association
des Ingénieurs
Conseils
du Canada


Rainfall Frequency Atlas for Canada, W.D. Hogg, D.A. Carr, Supply and Services


Canada 1985.


Note:


1. 24 hr. PMP value conservatively assumes an orographic factor of 1.5.


2. 10 day PMP value assumes a 10 day to 24 hour PMP ratio of 2.0.
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TABLE 2.5


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


USUAL MINIMUM CRITERIA FOR DESIGN EARTHOUAKES


Consequence Maximum Design Earthquake (MDE)
Category Deterministically Probabilistically Derived


Derived (Annual exceedance pro b ability)
Very High MCEab i/io,ooo’’


High 50% to 100% MCE 1/1000 to l/10,000l1


Low 1/100 to i/i000


a For a recognized fault or geographically defined tectonic province, the Maximum Credible
Earthqua.ke (MCE) is the largest reasonably conceivable earthquake that appears possible. For a
dam site. MCE ground motions are the most severe ground motions capable of being produced at
the site under the presently known or interpreted tectonic framework.
b In Hydro-Quebec’s practice, the E for Very High Consequence stnictiires involves a
combination of deterministic and probabilistic approaches that reflect current knowledge of
seismo-tectonic conditions in Eastern Canada. Hydro-Québec’s deteniiiiiistically derived MDE
magnitude is the maximum historically recorded earthquake. increased by one—half magnitude,
while their probabilistically derived earthquake has an estimated probability of exceedance of
1/2000.


An appropriate level of conservatism shall be applied to the factor of safety calculated from
these loads, to reduce the risks of dam failure to tolerable values. Thus, the probability of dam
failure could be much lower than the probability of extreme event loading.
d vE firm ground accelerations and velocities can be taken as 50% to 100% of MCE values.
For design purposes the magnitude should remain the same as the MCE.


In the High Consequence category, the fvE is based on the consequences of failure. For
example, if one incremental fatality would result from failure, an AEP of 1/1000 could be
acceptable, but for consequences approaching those of a Very High Consequence dam, design
earthquakes approaching the MCE would be required.


If a Low Consequence structure cannot withstand the minimum criteria, the level of upgrading
may be determined by economic risk analysis, with consideration of environmental and social
impacts.
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Knight Piésold Ltd.
CONSULTING ENGINEERS


TABLE 6.1


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMMARY OF DESIGN CRITERIA FOR TATLINGS IMPOUNDMENT


1.0 GENERAL DESIGN CRITERIA
Item Design Criteria —


Scope Generally applicable to all components and structures including those
itemized in the sections that follow


Regulations MEMPR
MOELP (Water Management Branch)
IHSR1


Codes and Standards NBC and related codes
CAN/CSA
HSRCt21
ASTM
ACT
ANSI


Design Life 14 Years
Operational
Criteria: General NBC where relevant


Rainfall/Precip: Section 2.1 plus Report on Project Water Management (Ref. No. 1624/1)
Seismic


DBE (operations) M = 6.5, A max = 0.037 g
MDE (closure) M = 6.5. Amax = 0.065 g


Notes:
1. IHSR = Industrial Health and Safety Regulations from WCB
2. HSRC = Health, Safety and Reclamation Code for Mines in British Columbia
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Knight Piésold Ltd.
CONSULTING ENGINEERS


TABLE 6.1 (Cont’d


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMrvIARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT


2.0 TAILINGS BASIN
Item Design Criteria


Site Selection Section 4.0 and Ref. No. 162 1/1
• Capacity and filling characteristics.
• Hydrology and downstream water usage.
. Hydrogeology and groundwater regime.
• Aesthetics and visual impact.
. Foundation conditions.
. Construction requirement.
. Closure and reclamation requirements.
. Capital and operating costs.


Geoteclmical Conditions Section 5.0 and Ref. No. 1623/1
Basin Liner • Compacted glacial till with frost protection layer required in


areas of <2 m in-situ glacial till thicless.
• Till liner placed in 3 - 150 mm lifts.
• Till liner compacted to 95% max dry density relative to


Modified Proctor ASTM D1557 at optimum moisture content
minus_1%_toplus2%.


Basin Groundwater Drains • To be installed in areas requiring basin liner.
. Geotextile wrapped 1 m x 1 m gravel/drain with 4” perf. CPT


drain pipe.
• GW drain conveyance pipes are HDPE.
. Discharge is to seepage pond via drain monitoring sump.


Stripping • Remove organic soil to topsoil stockpiles.
• Swamp areas to be stripped to limits of access for construction


equipment.
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Knight Piésold Ltd.
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TABLE 6.1 (Cont’d


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT


3.0 TAILINGS EMBANKMENT
Item Design Criteria


Function • Storage of tailings and process water for design life.
• Provide storage for 24 hour PMP storm.
• Provision for routing PMF at closure.


Embankment Crest Width 8 iii starter dam: 8 m ultimate.
Embanlcment Height (Max): Starter 17 m


Final 50m
Embankment Crest Length: Starter 500 m


Final 4300m
Design Tonnage 13,425 tpd
Solids Content of Tailings Stream • 35 %


. Provision for milisite and waste dump runoff addition to tailings
stream.


Freeboard: Operations 2 million m, plus 24 hour PMP event.
Closure Sufficient to provide routing of PMF plus wave run-up.


Storage Capacity 68.6 million tonnes.
Tailings Density: Year 1 1. 1 t/m


Year 2 1.2 tIm3
Year 3-14 1.3 t!m


Tailings Specific Gravity 2.78
Borrow Material Properties 1995 Site Investigation Report (Ref. No. 1623/1), plus Section 5.2.
Construction Diversion Not required.
Emergency Spiliway Flows: Operations Not required.


Closure Design flow for routing PMF event.
Filling Rate Ref. No. 1625/1, Figure 6.3.
Fill Material Properties Dwg. No. 1625.112
Compaction Requirements Dwg. No. 1625.111
Geotechnical Data 1995 Site Investigation Report (Ref. No. 1623/1), plus Section 5.1
Stability Analysis Section 6.6
Seepage Analysis Section 7.0
Sediment Control Primary sediment pond is tailings basin upstream of Main


Embankment. Secondary sediment pond downstream of Main
Embankment at Bootjack - Morehead Connector.


Seepage Control Seepage collection pond and pumpback well system.
Seismic Parameters Section 2.3, Ref. No. 1625/1.
Spiliway Discharge Capacity Not required during operations,
Settlement To be determined (see Section 6.0).
Surface Erosion Protection Revegetation with grasses during ongoing construction.
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TABLE 6.1 (Cont’d


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT


4.0 PIPEWORKS
Item Design Criteria


4.1 Tailings Delivery and Discharge Ref. No. 1625/1 Section 9.2 and Dwg. Nos. 1625.1 16/117
Pipework


Function Transport tailings slurry and milisite - waste dump runoff to TSF.
Tailings Pipeline • Free draining, gravity flow pipeline.


• Butt fusion welded HDPE 22” dia. DR21.
Spigots • Pipeline sectioned by in-line valves on tailings embankment crest.


• Low pressure spigots will be scissor clamps.
• High pressure spigots will be pinch valves.


Flow Rate • Design throughput 720 tonnes/hr dry solids.
• Slurry solids content 35%.
• Design flow 15.7 cfs (0.44 m3/s).
• Millsite and waste dump runoff will be added to tailings stream,


increasing flow and decreasing solids content.
Spill Containment:
- Millsite to Bootjack Creek Pipeline buried in compacted glacial till.
- Bootjack Creek Crossing Pipe sleeves draining to pipe containment channel.
- Bootjack Creek to TSF Pipe containment channel.
Millsite and Waste Dump Runoff • Collected in sediment control ponds.


• Added to tailings stream at in-line drop boxes.
• See Drawing No. 1625.116


4.2 Reclaim Water System
Function Primary source of water for milling process.
Reclaim Barge • Prefabricated floating pump station located in excavated channel in TSF.


• Local and remote control from millsite.
Reclaim Pipeline 24” HDPE pipeline, pressure ratings vary along length.
Reclaim Booster Pump Station • Prefabricated pump station located halfway between TSF and milisite.


• Same pumps, sensors and controls as on reclaim barge for ease of
maintenance.


Spill Containment • See Item 4.1 above, all same for pipelines.
• Booster pump station has closed sump.


4.3 Seepage Recycle System
Function Return seepage flows to TSF.
Drain Monitoring Sumps Flow quantity and water quality measurements on individual drains.
Seepage Collection Ponds • Sized to hold 10 times max weekly flow quantity.


• Clay lined or operated as groundwater sink.
Seepage Recycle Pumps • Set in vertical CSP pump sumps.


• 4” submersible pumps.
. Pumps discharge back to TSF via 4” HDPE pipes.
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TABLE 6.1 (Cont’dl


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMMARY OF DESIGN CRITERIA FOR TAilINGS IMPOUNDMENT


5.0 DWERSION DITCHES/ACCESS ROADS
Item Design Criteria


5.1 General
Function Selective diversion of water into TSF to meet Water Management Plan


objectives.
Reference • Section 8.3.2, Appendix A


• Dwg. Nos. 1625.114and1625.115.
5.2 Area B Runoff Collection Ditch


Catchment Area 350 ha (approx)
Ditch Section 3:1 sides, 2.5 m wide bottom
Ditch Profile See Dwg. No. 1625.114
Design Flood Event 1 in 10 yr storm runoff
Design Basis Flows 1 in 50 yr storm runoff
Hydrologic Design • IDF curve from Ref. No. 162 1/1.


• Time of Concentration from Hathaway Formula and from MOE Manual
of Hydrology_Fig._7.5.3.


Hydraulic Design Manning equation, n = 0.025
Riprap Design MOTH Design Manual, Riprap Design Chart E.3-3. 11.
Flow Control Structures See Dwg. No. 1625.115 for layout details and depth - discharge curve for


flow rating.
Flow Monitoring Parshall Flume at TSF entrance.


5.3 Diversion Ditch above TSF
Design Flood Event 1 in 10 yr storm runoff
Design Basis Flows 1 in 50 yr storm runoff
Hydrologic Design • IDF curve from Ref. No. 1621/1.


. Time of Concentration from Hathaway Formula and from MOE Manual
of Hydrology_Fig._7.5.3.


Hydraulic Design Manning equation, n = 0.025
Riprap Design MOTH Design Manual, Riprap Design Chart B. 3-3.11.


5.4 Pipe Containment Channel
Catchment Area 36 ha
Ditch Section 2:1 sides, 1.5 m bottom.
Ditch Profile 1 % to separation point of pipelines.
Design Flood Event 1 in 10 yr storm runoff
Design Basis Flows I in 50 yr storm runoff
Hydrologic Design • IDF curve from Ref. No. 1621/1.


• Time of Concentration from Hathaway Formula and from MOE Manual
of Hydrology_Fig._7.5.3.


Hydraulic Design Manning equation, a = 0.025
Riprap Design MOTH Design Manual, Riprap Design Chart E.3-3. 11.
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TABLE 6.1 (Cont’dl


TMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT


6.0 INSTRUMENTATION AN]) MONITORING
Item Design Criteria


6.1 General
Function To quantify environmental conditions and performance characteristics of the


TSF to ensure compliance with design objectives.
Reference • Section 10.0


• Dwg. No. 1625. 120
6.2 Geotechnical I & M


Piezometers • Measure pore pressures in drains, foundations, fills and tailings.
. Vibratory wire electrical piezometers.
• Installed by qualified technical personnel.
• Two instrumentation planes for main embankment.


Survey Monuments • Deformation and settlement monitoring of embankments.
6.3 Flow Monitoring • To provide data for on-going water balance calculations.


• Parshall Flume for runoff diversion inflows to TSF.
• Drain flows regularly monitored.
• Reclaim and seepage pump systems flow meters.
. Tailings output monitored at millsite.
• Streamfiow monitoring.


6.4 Water Quality Monitoring • To ensure environmental compliance.
• Water quality samples taken at regular intervals from sediment ponds,


drains (at drain monitor sump), groundwater monitoring wells, seepage
ponds and tailings pond.


. Upstream and downstream samples for impact analysis.
6.5 Hydrometeorology • Operator weather station for input to water balance calculations.


• Precipitation (rain and snow).
• Evaporation.
. Air quality monitoring (dust, etc.).


6.6 Operational Monitoring • Quantify operation of tailings storage facility.
. Rate of tailings accumulation in terms of mass and volume.
• Tailings characteristics and water recovery.
• Supematant pond (depth, area and volume).
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TABLE 6.1 (Cont’d


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT


7.0 CLOSURE REQUIREMENTS
Item Design Criteria


7.1 General Return impoundment to equivalent pre-niining use and productivity by
establishing a small pond adjacent to a final spiliway and revegetating
remainder of tailings surface with indigenous species of trees, shrubs and
grasses adjacent to embankment grading to aquatic species along and
adjacent to final pond.


7.2 Spiliway Two stage spiliway with lower channel outlet designed to pass 1 in 200 yr
24 hour flood event and upper wider outlet section designed to pass
Probable Maximum Flood without overtopping embankments.


Notes:
1. The closure plan will remain flexible during operations to allow for future changes in the mine plan and to


incorporate information from on-going reclamation programs.
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TABLE 6.2


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


CONSEQUENCE CLASSIFICATION OF DAMS


Potential Incremental
Consequence Consequences of Failure !a


Category Loss of Life Economic, Social, Environmental
Very High Large increase expected Excessive increase in social, economic


and/or environmental losses
High Some increase expected Substantial increase in social, economic


and/or environmental losses.
Low No increase expected Low social, economic and/or


environmental losses.
Very Low No increase Small dams with minimal social,


economic and/or environmental losses.
Losses generally limited to the owner’s
property; damages to other property are
acceptable to society.


[aj Incremental to the impacts which would occur under the same natural
conditions (flood, earthquake event) but without failure of the dam. The type
of consequences (e.g. loss of life, or economic losses) with the highest rating
determines which category is assigned to the structure.


The loss-of-life criteria which separate the High and Very High categories may
be based on risks which are acceptable or tolerable to society, taken to be 0.001
lives per year for each dam. Consistent with this tolerable societal risk the
minimum criteria for a Very High Consequence dam (PIV[F and MCE) should
result in an annual probability of failure of less than 1/100.000.
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TABLE 7.1


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


Tailings (above el. 945 m)


Tailings (el. 93 1 - 945 m)


Tailings (below el. 93 1 m)


Coarse Tailings


Zone A - Glacial Till


Chimney Drain - Coarse Filter Material


Zone S - Low Permeability Glacial Till


Zone B - Glacial Till


Clay Liner/Foundation Glacial Till


Foundation Drain


Zone C - Random Fill


Zone CS - Cyclone Sand


Glaciofluvial/Lacustrine Deposits


Association Association
of Consulting des lngdniears
engineers Consels
of Canada du Canada


I x


5 x 10.6


1 x 10-6


5 x 1 ü- (Horiz)
I x I 0 (Vert)


1 x 10.6


1 x


1 x lO


1 x


lxl(17 -6to 1 x 10


1 x 102


1 x iO-5


I x iO-4


1 x i0 (Horiz)
1 x 10.6 (Vert)


lx 10.6


SUMMARY OF MATERIAL PARAMETERS


FOR SEEPAGE ANALYSES


Matenal Saturated
Hydraulic


Zone Description Conductivity
No. (cmls) —_____


1


2


3


4


5


6


7


8


9


10


11


12


13


14 Volcanic Conglomerate
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TABLE 7.2


IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


SUMMARY OF SEEPAGE ANALYSIS RESULTS


Case 1: Permeability of foundation glacial till = 1x107 cm/s


Embankment I
Main Length = Perimeter Length = South Length = 1100 m Grand Total


1200m 2160m
Component Seepage Total Seepage Total Seepage Total Litres Gal!


(m3/s!m) (m3!s) (m3/s/m) (m3!s) (m3/s/m) (m3/s) /sec mm
U/S Toe Drain 1. 1OE-06 1.32E-03 7.52E-07 1.62E-03 0.OOE+00 0.OOE+00 2.9 39
Foundation Drain 4.20E-07 5.04E-04 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.5 7
Seepage Loss 1.30E-07 l.56E-04 7.05E-08 1.52E-04 7.38E-08 8.12E-05 0.4 5
Total 1.65E-06 l.98E-03 8.23E-07 1.78E-03 7.38E-08 8.l2E-05 3.8 51


Case 2: Permeability of foundation glacial till 1x106 cm/s


Embankment I
Main Length = Perimeter Length = South Length = 1100 m Grand Total


1200m 2160m
Component Seepage Total Seepage Total Seepage Total Litres Gal!


(m3IsIm) (m3/s) (m3/s/m) (m3!s) (m3/s/m) (m3!s) !sec mm
U/S Toe Drain 1.1OE-06 1.32E-03 8.49E-07 l.83E-03 0.OOE+00 0.OOE+00 3.2 42
Foundation Drain 5.70E-07 6.84E-04 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.7 9
Seepage Loss 1.50E-07 1.80E-04 l.24E-07 2.68E-04 l.23E-07 1.35E-05 0.6 8
Total 1.82E-06 2.18E-03 9.73E-07 2.1OE-03 l.23E-07 l.35E-04 4.5 59


Association Association
of Consulting des ngdnieurs
Engineers Conseils
of Canada du Canada
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IMPERIAL METALS CORPORATION - MT. POLLEY PROJECT
STAGE lb 1995 TAILINGS STORAGE FACILTY CONSTRUCTION SCHEDULE


June r July I August September October
Texti Task Name 5/22 5/29 6/5 6/12 6/19 6/2[7/3 I 7/10 7/17 7/24 7/31 8/7 8/14 8/21 8I289i4 9/11 9/18 I 9/25 10/2 10/9 10/16 10/23 10/30


ENGINEERING SERVICES - KNIGHT PIESOLD LTD. V : .


V


V


: :


ISSUE FINAL DESIGN REPORT • 5/26


ISSUE SITE INSPECTION MANUAL • 5126


ISSUE TECHNICAL SPECIFICATIONS FOR TAILINGS STORAGE FACILITY • 5/30


AWARD TAILINGS STORAGE FACILITY CONSTRUCTION CONTRACT • 6/16


Technical
Supervision


QAJQC


TAILINGS STORAGE FACILITY AND ANCILLARY WORKS


2 MOBILIZATION/DEMOBILIZATION
VV V V


•VV:


V V


2a Mobilization V


V V V


V


VVV


2b Engineers Field Office


2c Demobilization
V


V


V


V


3 TAILINGS BASIN V


V


Tree Clearing (by Others)


3a Stripping Grubbing and Topsoil Removal


3b Construct Basin Groundwater Drains


3c Construct Basin Liner


3d Excavate Reclaim Barge Channel
V


3e Compaction
V.


4 EMBANKMENTS AND SEEPAGE COLLECTION PONDS V


V


V


Tree Clearing (by Others)
V V V V


4a Stripping Grubbing and Topsoil Removal


4b Embankment Foundation Excavation


4c Embankment Foundation Preparation : V


4d Construct Embankment Foundation Drains :
V


: ZZ : V


4e Supply/install Drain conveyance pipes
V V


:
V


:


4f Supply/install Drain monitoring sumps


4g Fill placement


4j Supply/install seepage recycle sumps


41 Compaction


4h
V


Construct Embankment Toe drains
V


Excavate seepage collection ponds


fV,fl’zZZ f’’.s’d,F,J..ZX,


Knight Pisold Ltd. FIGURE 6.1







(i1isk Name
SITE ROADS AND DIVERSION DITCHES


Tree Clearing (by Others)


Stripping, Grubbing and Topsoil windrowing


119d


2


IMPERIAL METALS CORPORATION - MT. POLLEY PROJECT
STAGE lb 1995 TAILINGS STORAGE FACILTY CONSTRUCTION SCHEDULE


-
-----


, June July August L September October


Duration Start Finish 5/22 5/29 eisj 6/12 6/19 6/26 7/3 7/10 7/17 7/24 7131 8/7 8/14 1 8/218/28J/j 9/11 9/1819/25110/2 10/9 10/16 10/23 10


611/95


Supply/install CSP culverts


9127/95


14d 6/1/95


Redistribution of Topsoil lCd 9/18/95 9/27/95


Construct Bootjack-Morehead Relocation 21d 6/23/95 7/13/95


6/14/95


Construct Flow Control Structures


14d 6/23/95 7/6/95


Construct Area B/C Runoff Collection Ditch


Placement of Riprap in Area B/C Runoff Collection Ditch


35d


Grade Tailings and Reclaim Access Roads


7/3/95


21d


8/6/95


Construct Tailings Area Diversion Ditch


7/24/95


42d


8/13/95


7/17/95


1 4d


8/27/95


INSTRUMENTATION AND MONITORING FACILITIES


8/14/95


Grout Existing Boreholes


7d 9/11/95


8/27/95


Compaction 87d 6/23/95 9/17/95


21d


Piezometer Equipment Supply


9/17/95


8/28/95


—
—A


—


9/17/95


Piezometer Equipment Installation


Monitoring Hut


115d 6/19/95 10111195


7d 6/19/95


Survey Monuments


—


7d


6/25/95


6/19/95


—


84d


6/25/95


6/26/95


Parshall Flume 7d 8/21/95 8/27/95


7d


9/17/95


—


8/14/95


Drilling for Foundation piezometers 3d 6/26/95 6/28/95


8/20/95


MOBILIZATION/DEMOBILIZATION


3d


—


Mobilization


10/9/95 10/11/95


TAILINGS ACCESS ROAD AND TAILINGS/RECLAIM PIPELINES id 12/29/95 12/29/95


Demobilization


—


TAILINGS ACCESS ROAD


Tree Clearing (by Others)


98d 713195


7d


10/8/95


Stripping, Grubbing and Topsoil windrowing


7/3/95


7d


7/9/95


10/2/95


91d


10/8/95


6126/95


1 4d 6/26/95


9/24/95


Pipe Bedding, Wearing Course and Riprap


, ,
/ /


___


Supply/install Pipe Arch Culvert


7/9/95


Redistribution of Topsoil 7d 9/7/95 9/13/95


Construct Tailings Access Road 28d 7/17/95 8/13/95


14d 7/10/95 7/23/95


28d 7/31/95 8/27/95


7d 9/18/95 9/24/95


Construct South Sediment Control Pond Road lCd 8/28/95 9/6/95 .


Knight PisoId Ltd. FIGURE 6.1







3
IMPERIAL METALS CORPORATION - MT. POLLEY PROJECT


STAGE lb 1995 TAILINGS STORAGE FACILTY CONSTRUCTION SCHEDULE


— June July August September { October


ask Name Duration Start Finish 5/22 5/29 1 6/5 1 6/12 6/19 6/26 7/3 7/10 7/17 7/24 7/31 817’ 8/14 8/21 9/4 9/11 9/18 9/25 j 10/2 10/9 10/16 10/23 10/30


Compaction 70d 7/17/95 9/24/95


PIPEWORK id 12/29/95 12/29/95


Install Tailings Pipeline 49d 8/7/95 9/24/95


Install Reclaim Pipieline 49d 8/7/95 9/24/95


Install Drop Boxes I 49d I 8/7/95 9/24/95


Install Sleeve Pipes at Bootjack Creek 7d 9/18/95 9/24/95


Install Sediment Control Pond intakes and conveyance pipes 14d 9/18/95 10/1/95


NOTE THIS SCHEDULE CORRESPONDS TO CONTRACT PAY ITEMS. THE ACTUAL 12/29/95 12/29/95


DETAILED WORK SCHEDULE WILL BE PREPARED BY THE CONTRACTORS. id 12/29/95 12/29/95


1996 WORK Id 12/29/95 12131/95


Extend Tailings Pipeline Cd 12/31/95 12/31/95


Extend Reclaim Pipeline Cd 12/31/95 12/31/95


Install Booster Pump Station for Reclaim Line Cd 12/31/95 12/31/95


Install Reclaim Barge


Finish Road Surfacing and Safety Berms


Finish Riprap in Ditches id 12/29/95 12/29/95


Cd


Cd


12/31/95 12/31/95


12/31/95 12/31/95


Knight Piesold Ltd. FIGURE 6.1
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Tailings deneity 1.3 t/m3 except Year 1
(1.1 t/m J) and Year 2 (1.2 Vms)


Tonnes 41//lea 10


6.2


/4fPERIAL AfETALS CORPORATION
AlT POLLEY PROJECT


DEPTH/ARE4/CAPACITY/FILL/NC RA lEE
FOR TAILINGS STORAGE FAG/LIlY


300


Area (Ho)


200 100 0







52582


IMPERIAL METAL S CORPORA TION


MT POLLEY PROJECT
TAILINGS AREA FILL/NC SCHEDULE AND STAGED CONSTRUCTION


FOR 4,900,000 tpy THROUGHPUT


970


960


950


940


930


920


: 68.6 x 106tontes


: Stage VII


Stage ii


7 —
— — ‘Additional storage for


:
— -


2,000,000 maf reclaim


Stage lb Storage or warer


— - 24 hr. PMP


//


F/at tailings
sutface


(679, 000 m


Makeu —___


water 1/
stored
prior to I


start—up


199.519961.9.971,9.98 19992000 2001’2002 2003’ 2004 20052006 2007 20082009 12070


YEAR


NOTE:


1. AII construction periods shown as 3 months, including
July, August and September


2. Embankment raises wi/I be re — evaluated during mine
operation to ensure that adequate storage capacity
and embankment freeboard are maintained throughout
the life of the mine.
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Basin liner limits to be finali.red from exploration frenches.


Exploration trenches to be excavated after stripping of basin
is completed and prior to placement of embankment fili


Stripped material to be stockpiled ,‘, designated areas for
future reclamation use.


Drillholes to be sealed as directed by the Engineer.


Clearing around Perimeter Embankment Seepage Collection
Pond apprax. only and will be fir,ol,ted in the field by the
Engineer.
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f//leo’ with concrete.
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isolated low spats.
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...—Stage lb toe drain
._750 dio. HOPE DR2!


4 toe drain conveyance pipe


drain monitoring sump


—HDPE tee


j—stoge Ic toe drain extension,
capped at abutment for future use


DETAIL I
Toe Drain fle—in


Scale C


I I


!.Om Sump
depth


Precast manhole sections set
into 300mm thick base slab.-


8


ELEV MAIN PERIMETER
EMBANKMENT EMBANKMENT


A 907.5 924.5


8 908.5 925.5


C 909.3 926.5


0 911.5 930.5


Reinforcement 15mm
• 200 both ways —‘


sEr..7zw 4
Drain Alon/ton’ng Sump
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1625.102 TAILINGS STORAGE FACILITY — FOUNDATION PREPARATION AND
BASIN LINER — SECTIONS AND DETAILS


1625.110 TAILINGS STORAGE FACILITY — STAGE b/lb TAILINGS MPOUNDMENT —


________GENERAL


ARRANGEMENT
ORG. NO.


150 mm perf CPT rise,
pipe50rnc/c ,\
see F/ole 3


\


\\Blanket drain


150 mm per!.
CPT pipe


750 mm solid CPT
conveyance pipe


NOTES


I. Groundwater rnanitonng wells to be insatlled by Others.


2. Perimeter Embankment slopes 211: IV as per Alain Embankment.


3. Perimeter Embankment seepage collection pond to be located
in the field by the Engi’,een P,oework invert elevations may be
adjusted in the field by the Engineer.


4. CPT Riser pipes to be installed for extensions during future
embankment raises. Stages IV and LI will include a toe drain
that is connected to existing outlet pipewoi’k. Additional outlet
pipewerk to seepage ponds will be included if required.


950 1.-


930


920.-


9!0


ijJ m


El. 957.6 () E 960


=;—


a 956


-- -


- _.±51095 I (2004) 17. 952


_çSto9e B’(2002) £1 948


. - .


1(2000) a 944


7 ‘.\ —2. o -
-. rSlage I (1998) El. 940


4—Tathngs Blonket drain- - 77 - -.--. — . 1Stag. k (1997) EL 935


Coarse bearing layer
- I Oe(ail A —.


.. ,StOQe (1995 ‘ 1996) a. gi,


tailings beach (t1p.)—_ foundation drains


Zone
Outlet pioe, EL


Le


foundation
drains, see Org. No. 1625.


DETAIL A
A4IN EAIB4NKAIDIT irE DRAIN


sand


S.q.L.


El.
960


Drain conveyance pipes conveyance piae -


v
_w—


Sced. A


ZONE 1 44744I flPE PL4CEAdENT AND COMPACTiON REQUIREMENTS


Coarse Bearing “ee drühnssj ciu,otde wOsie Placed aria’ spread in maximum 7.0 m thick layers.
Lc7yer rack fill or crars, sandy gravel Compaction as directed by the Engineer.


Chimney/Toe Filte, sand Placed and spread in max,nwm 1.0 m thick layers.
Drain VIbratory compaction as directed by the Engineer.


Drains Drain Gravel Placed and compacted as Shown on the Drawings


S Glacial till Placea moisture conditioned and spread in maximum
.300 mm thick layers (after compaction).
Vibratory compaction to 95X of mooWied proctor
maximum dry density.


A Glacial till Ptaceo moisture conditioned and spread in maximum
600 mm thick layers (after compaction).
Vibratory compaction to XX of modified proctor
maximum dry density.


8 Glacial till Ptaceo moisture conditioned and spread in maximum
600 mm thick layers (after compaction).
Vibratory compaction to XX of mod/lied proctor
maxilnum dry density.


C Random fill Glacial till or other approved material placed in
maximum 600 mm thick layers (after compaction).
Vibratory compaction as required by the Engineer.


CS Cycloned sand Placed and spread in maximum 7.0 m thick layers.
Vibratory compaction as directed by the Engineer.


Zone
957.6


-
Future
toe drau


9501-


Zone CS
Blanket de


Tailings


-S


940


930


920


,—Bed,ock opprox.
El. 880.Om


V:i
—L


-Stage (2008) EL 980


-Stage I (2006) El. 956


-Stage 1(2004) EL 952


-S(age B’ (2002) El. 948
-----


Zone C .


__


_1S(age N (2000) EL 944


—


. c-Stage 1(1998) EL 940
Outlet pipe Perimeter Embankment


-?one S c-Stage .k (7997) a 9j5 Cl 926 m Seepage Collect/en Pond


i :omStage lb (1995 or17
925m


Toe drain outlet pike.
Bedrock approsee Detail (/7625.102


Drain Alan/taring Sump
El 895.0 m-


T —


see Section 4/7625.702
Groundwater


2 monitoring


?V 762. 170 well GI+5-1


Al7? 1B4NKWLWT


4


CPT ricer pipe.


970 —


Toe drain extends to Stage lb crest


layer
tailings


Scale 8


750 mm perf. CPT riser
p,pe50mc/c \\\\
See Note 3 \


\\
Blanket drain


EL 93!


950


940


El. 927


Filter sand
DETAIL B


UPSTh6441 hEW S7AG( lb
ASAIN EM4BNKAIF.WT


N. T.S.


Prepared subgrade


(2008) (I. 960


. (2006) Cl. 956


1(2004) El. 952


iF (2002) El. 948


(2000) El. 944
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7. Sediment control berm to be in place prior to commencement
of tailings basin stripping and clearing. Berm will function as a
permanent section 0/ Boot,iock - Alorehead Connector relocation.


700 50 0 100 200 m
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SEDIMENT CONTROL AND
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PERIA17R EAI8.4NKAI(NT SEEPAGE COLLECTiON POND
DEPTH/a4R4cITY RELA77ONSHIP


1625.1 12 TAJLINGS STORAGE FACILITY — SEDIMENT CONTROL AND SEEPAGE
COLLECTION


Approx. 40r,, f,on,
Stage 14I toe __—añ, monitoring sump


— outlat El. 9085
,— Original ground


see Detail A/7625. 777


DETAIL C
MAIN EAIB4AWAIE’.4T SE!PACE COLLEC77CW POND


Scale A


I
SE’Th2A’ ?625112


SED/AIENT CON7ROL AND SEEPAGE PROF7LE
Hont Scat, 4 Vert. Scale 0


NOTES


SED/AIEWT POND
DEPm/C4PAC/Tr RELA71ONSH!P


1. Glacial till for sediment conb berm placed
and compacted h maximum 500mm lifts to
90% of Waddled Pro(oc Wax/mum Density.


2. Pe,ilneter embankment seepage collection pond
will be s,2ed to have a mm. live storage capacity
of approx. 4000 rn.


20 10 0 20 40 60 60 100 m
2 1 0 2 4 6 8 lOrn


7000 500 0 1000 2000 mm


.930


920


970


9OO


Pnrnwy sediment Adin Embankment
/ control Stage iZ’ crest El. 931


Main Embankment


See Detail C


4000 6000 8000 10000


STORAGE CAPACITY (ms)


930


Sediment control berm El.
911N 920


Sediment control pond normal
operating (I. 908.5


910


See Detail 0 900


6m


course


::


El. 911


2
50Th2N 1625.112


7)4L SECTION FtW SOOTJ4CK-AIOREHEAO
CONNECTOR RELOCATION


Scale C


Seepage recycle pump system
see Detail A/7525. 117


PERIAIETER EA1B4NKA1WT SEER4GE COLLEC77ON POND
Scale A


,— 600mm 0 CSP culvert,
segments OII’eO’ wi/h hand


N couplings c/c gaskets


0


I


2


3


DETAiL D
SEDIA1WT CVFt7L 8ERAI


Scale C


0


._—ClaciaI till berm fill


— Cornigated Metal shop /ded
Glacial till berm fiW


to 1.2rn section of CSP,
connected with connecting band


9,,


970


909


908
40.00070.000 20.000 3O000


STORAGE CAPACITY (rn-’)


S(IA/N EAI8.4NKAIF3VT SEEPAGE COLLECTION POND
DEPTH/C4PACITY RELATiONSHIP


Minimum collar
projection 300mm


100.000 15000
STORAGE CAPACITY (in3)


A/ax. Pond
level R 910


-6000 CS° culvert


Corrugated steel plate.
ends of corrugation
to be left open


3


Prepared
subgrade


DETAIL A SECThW 4
SEEPAGE COILL4R Scale 8
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1625. 117 TAILINGS STORAGE FACILITY — TAILINGS DISTRIBUTION AND I
RECLAIM SYSTEM SECTIONS AND DETAILS I


1 Wt26/95 ISSUED FOR DESIGN REPORT
APR. 6/95 ISSUED FOR REViEW


S7?7NG OuT POIN7S


inl No4hing Ec7sting


7! 5 822 325.825 592 728.418


IC? 5 822 249.362 592 455.485
BC 5 822 276.960 592 733 957
(C 5 822 046.266 592 631.256
P1 5 8.22 131.569 592 750.106


TC.2 5 827 864.147 I 592 45J292
SC 5 82! 904.766592 434.135
CC 5 82! 822.237 592 435.033
P1 5 827 862.711 592 374.711


TC3 5 821 802.774 593 016.314
BC 5 821 551.279 592 852758
(C 5 82! 517.947 592 921.933
Pt 5 82! 530. 722 592 885.200


TC4 5 82! 258. 752 592 971.135
BC 5 827 495.458 592 989.785
(C 5 827 357.902 593 140.373
P1 5 82! 460.320 593 095.808


TC5 5 82! 034.980 593 508.059
BC 5 820 915.281 593 332.973
(C 5 820 847.176 593 379.061
P1 5 820 874.841 593 350.570


TC6 5 820 828. 799 593 488.298
BC 5 820 779.748 593 431.048
CC 5 820 761.122 593 521.849
P1 5 820 734.752 593 459. 730


ICY 5 820 626.968 593 588.951
BC 5 820 761.122 593 521.849
(C 5 820 724.705 593 702.739
P1 5 820 813.467 593 626.498


1C8 5 820 789.863 593 778.597
SC 5 820 724.705 593 702.739
CC 5 820 690.352 593 788.480
P1 5 820 685.206 593 736.666


1C9 5 820 628991 593 909389
SC 5 820 701.524 593 901.976
(C 5 820 638300 593 983.531
P1 5 820 708.658 593 972.800


TC1O 5 820 672021 594 392. 755
BC 5 820 5.51.708 593 996.739
(C 5 820 314.310 594 125.018
P1 5 820 410.028 594 078.349


Id 7 5 820 083.239 594 494.822
SC 5 820 027.418 594 444.732
(C 5 820 006.600 594 487.469
P1 5 820 011.009 594 463.018


12 5 820 000.045 594 574.311


KNIH3 .PIESOLD UMITED IMPERIAL METALS CORPORATiON
CQIGEERS - VANCOuvER. B.C.


TAJUNGS STORAGE FACIU1Y
TAJUNGS DISTRiBUTION AND


RECLAIM SYSTEM — PLAN AND PROFILE


REFERENCE DRAWiNGS I REVISIONS REVISIONS DATE AP1JL 6, 1995 SCALE AS SHOWN DRG. NO. 1625.1 16 REV. 1


NOTES:


1. Hydraulic grade I/n.e (hL) as shawn is typical for tailings pipeline sloping at 7.41%, corresponding
to 3.4 cfs runoff addition to 15.7 clx mill throughput design flow in 22 d/o HOPE 0R21 p,oeline
running as single open—ended spigot. Iunning spigots closer to m,XIsile would law&f the FL.
Adon9 more runoff at rn/I/site would raise the H. Operational monitoring will be requfred
to balance these effects to achieve optimum performance.


2. Hydraulic grade line (HOL) as shown is typical far 24 nominal diameter reclaim
pio.eline sloping at 0.72%. for 0 = 16 cfs,n — 0.017 and II) = 21.5 (1.79’).
Raw water tank inlet assumed at Cl. 1120.


3. Finol location of crass drain culverts to be determined in the field by the Engineer.


4. Final location of 9ootjack Creek crossing to be determined the field by the Engineer.


5. Vertical exaggeration = 10 times.


6. Id/il site layout to be finoli.ed by C.S.F.A1.
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hD F7’JR
1996 NWK


ON-OFF-AUTO Control panel
c/w level switches, by Others


7. Test pits indicate 4,,, thickness of till in proposed
location f borge chonnel. Additional test pits will
be required to confirrn adequate thickness of till
to finalize barge channel alignment.


2. Compacted glacial till shall be placed along the barge
channel excavation to meet basil, liner reqwremen(s
as directed by the Eg.neer.


I Seepage recycle pump to be 4 electric submersible
pump, discharging to 4 pioelile extended up 0/S
face of tailings embankment.


4. Wearing course required far Tailings Access Road
and Baatjack—h1orehe’id connector relocation only.


Protect the inlet of culverts
Fran, encroachment of road
embankment fill materials


Construct catch basin
adjacent to the inlet
of cross—drain culverts


Except where ditch water
at (he culvert, install ditchblocks
immediately downstream a! all
cross—drain culvert inlets.


KGHISOLD UMITED
CQ4ERS-VANC0UVER. B.C.
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TAILINGS ACCESS RO40,
AIILLSI7F 70 XOTJ4CK CREFK


Scale 8


0.
0.J —


0.
0.3—


ONginal ground


2m thick nng
course, see Nate 4
4Safei’y be,,n


material placed to the
satisfaction of the


450 mm CSP cu/vert


on erosion resistant


min. 21 siape. See ta,? 8
Coarse granular /111/ -


riprap erosion protection


0.5rn, ,7,j,,,.L


Select Fine grained till backfill
or compacted till in place


2sviti.v 1625.716
CROSS-DRAIN CLIL IIfRT FV.’? TAILINGS ACCESS RO40,


A1/LLSITh’ 70 SGOT.A4CK CRV(
Scale 8


200mm thick
course, see Nate


Creek


Road


3
SE7TON 7625.176


TAILINGS ACC RO40
BOOTJ4CK CREEK CROSSING


Reclaim p,oeline
R,orap erosion protection


centre/inc


Construct the crest f ditchblacks
lower than the road shoulder.


Mm. 0.5 m depth of Fine grained till
compacted m place or placed as
directed by the Engineer.


4
SECTC.W 7625.176


TAIL/FIGS ACCESS RO40 AND PIPE CCWTAINIWENT CHANNEL.
800TJ4CK CREEK 70 TAILINGS STORAGE FACILflY


Scale 8


Protect the outlet of culverts
from encroachment of road
embankment fill materials


Protect unstable or eradb?e
fill at culvert outlets with
Flumes, r,prap or other
erosion resistant materials


DETAIL 8
TYPIC.4L CROSS-DRAIN CUt L’ERT


Scale A


Grating to be welded to inlet.
comprising 75m rebar welded A 0R21 HOPE \
to culvert at OO.i, centres, Insulated lid / (cleP1p1mnJ
bath wa


. El. C /
450 mm dia


Alln. a a
mm CSP culvert


Pond floor Ft A
3/Ir steel p/a’ Seepage recycle


ad storage


- 600 x 450 p Tee


far sedimen(— 200 mm (hick concrete bose—”


C Access road


C Reclaim barge channel


Original ground


10 m


A
DETAIL 1625.713


SEEPAGE COLLECTiON AND RECYCLE S)Z’7E41
Scale 8


see


ELEVATION MAiN PERIMETER
EM8ANKAIENT EMBANKMENT


A 908.0 9250
8 906.5 926.0


C 909.5 927.5
U 911.0 9X.O


Stripped ground


depth J.0i,


DIAGNO.
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Armco model 5-00 GEWvoned Steel She
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WALL R7NFCWCEA1LWT
Scale 8


1. Plow control structures No. 1, 2 ond 3 have I overflow
culver4 No. 4 has 2 overflow culveris.


—


8 1 0.5 0 1
1_j 0 10


I I


Overflow culverts 900 dia.
CUP, see Note I
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Scale A


Crest a! Ouch Plug Embankment
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Scole 0


Gate. 900x900. frame height 3.0
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Scale C
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DETAIL A
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IMPERIAL METALS CORP.


MT. POLLEY PROJECT


REPORT ON PROJECT WATER MANAGEMENT


(REF. NO. 1624/1)


SECTION 1.0 - INTRODUCTION


This report provides an overview of the source and fate of all water associated with


the Mt. Polley Project. An overall project water balance was completed by


integrating the water balances for the mine site with the tailings facility. The


objectives of the water balance analyses are to demonstrate that the tailings facility


and open pit can be operated to ensure that no surface discharge of excess water


will be required, and by selective addition of surface runoff from waste dumps and


undisturbed catchment areas, the make-up water requirements from Polley Lake can


be minimized.


A probabilistic water balance analysis using @RISK was developed to describe the


effects of a statistical range of precipitation conditions over the entire life of the


project. From the corresponding results, estimates were made of the probable


requirements for fresh make-up water, probable tailings pond volume and probable


volumes of additional water to be diverted out of the project area.


The @RISK Analysis and Modelling program is a software package that allows the


input of a statistical distribution to describe an uncertain quantity. Instead of using


a finite value to describe a particular quantity, individual values are repeatedly


selected from a specified statistical distribution describing that quantity. These


selected values are then used in subsequent calculations to generate a distribution of


results that accounts for the uncertainty in the initial quantity.
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SECTION 2.0 - HYDROMETEOROLOGY


2.1 GENERAL


The hydrometeorological information used for the preparation of this report was


taken from the most recent information incorporated in the Mine Development


Certificate. A summary of the data is given in Table 2.1.


This section provides an overview of the applicable hydrometeorological


information and how it was used to complete this analysis.


2.2 PRECIPITATION


A normal probability distribution was used to model the expected seasonal


variability in precipitation data as shown in Figure 2.1. This distribution was


chosen after using the software package BESTFIT to determine the underlying


distribution of long term annual precipitation records for relevant AES stations in


the region.


Since precipitation data at the site is limited, mean precipitation records for


climatologically similar stations in the area were used to estimate a mean annual site


precipitation of 755 mm. A coefficient of variation of 0.16 was determined for the


standard deviation of 121 mm. These conditions were applied to the tailings facility


and adjacent additional tailings catchment areas. To account for higher elevation,


the waste dumps, pit area and mill site were modelled with a mean precipitation of


810 nun, a coefficient of variation of 0.16 and a standard deviation of 130 mm.


The increased precipitation value is consistent with elevation correlations previously


presented in the Stage I application documents. This data is summarized on


Table 2.1.


2.3 SNOWMELT


Snowfall at the site was considered to melt only during the months of September,


April and May. All snowfall in September was assumed to melt during the month
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and all snowfall accumulated during the remainder of the year was assumed to melt


equally in April and May.


2.4 EVAPORATION


Evaporation data is consistent with previous analyses incorporated in the Mine


Development Certificate (MDC). The annual evaporation rate of 423 mm at the site


has been assumed to be constant for all years of operation and precipitation


conditions.


2.5 RUNOFF


Runoff coefficients used in this analysis are consistent with values used in the Mine


Development Certificate and included variable runoff coefficients based on dry,


average and wet years. Dry years were defined as years when the total precipitation


was less than or equal to 1.3 standard deviations below the mean (10 year dry), and


wet years were defined as years when the total precipitation was at least 1.3


standard deviations above the mean (10 year wet). Runoff coefficients are


presented in the following section.
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SECTION 3.0 - PROJECT COMPONENTS


The overall project components and development sequence are described in


previous documents incorporated in the MDC. The main mine components


incorporated in the model are illustrated on Figure 3.1 and include disturbed and


undisturbed areas at; open pits, waste dumps, mill site, tailings facility, and also the


additional undisturbed catchment areas (Areas A and B) immediately upgradient


from the tailings area.


The project water balances consider the staged development of the various


components of the project as summarized in:


• Table 3.1 - Open Pit Development


• Table 3.2 - Waste Dump Development


• Table 3.3 - Tailings Storage Facility Development


In addition, specific assumptions incorporated in the water balance analyses are


included in Table 3.4. These assumptions are consistent with those used in previous


water balances for the tailings impoundment and mine site conducted in 1991.
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SECTION 4.0 - WATER BALANCE AND MAKE-UP WATER SUPPLY


4.1 GENERAL


The updated Water Management Plan for the Mt. Polley Project includes the


following objectives:


• To minimize the volume of fresh water abstracted from Polley Lake.


• To limit the period of water removal from the Polley Lake/Hazeltine Creek


system to high flow periods.


• To regulate additional surface water runoff into the tailings pond.


• To prevent the accumulation of excess water within the tailings


impoundment so that the impoundment and open pit can be operated as a


closed system with no surface water release.


• To supply make-up water for the milling process from within the project


catchment area.


• To minimize the requirement for regulated discharges of surface runoff


from the waste dumps.


These objectives will be managed simultaneously during operations by provision of


surface water collection ditches around the project perimeter and by judicious


transfer of “fresh” surface runoff from designated undisturbed catchment areas


adjacent to the tailings impoundment.


The Starter Dam for the tailings impoundment will be constructed approximately


one year prior to mill start-up, and will entrap the freshet runoff so that adequate


quantities of water are available for mill start-up and the first years of operation.
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During on-going operations, the size of the tailings supernatant pond will be


controlled, to a large extent by mine operators, by the annual precipitation and


evaporation regime and by the water released from the settled tailings. Process


fresh water make-up requirements from Polley Lake will be minimized by


utillzation of water sources in the following priority:


• Tailings supernatant.


• Open pit dewatering.


• Open pit groundwater depressurization wells.


• Mill site and waste dump runoff.


• Runoff diversion structures will be operated to provide supplementary


water from diverted catchment areas A and B upslope of the tailings


impoundment.


• Transfer of excess stream flow from Polley Lake/Hazeltine Creek during


peak flow periods.


A series of water balances have been carried out to evaluate the annual process


requirements for fresh make-up water and the overall water surpluses or deficits for


the Mt. Polley Project. Water balances have been carried out for all 14 years of the


project life, under a range of hydrometeorological conditions and for the various


catchment areas.


The monthly water balance incorporates inflows from the open pit into the tailings


storage facility. Additional surface runoff from the millsite, the various waste


dump areas and additional undisturbed catchment areas have also been determined


separately. Runoff collection ditches are assumed to control the addition of surface


runoff into the system.
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Linked water balances have been carried out for all 14 years of the mine life. An


example of the linked water balances for average precipitation conditions are


included in Appendices A and B. Appendix A includes the tailings facility and open


pit as per the existing MDC, and Appendix B includes separate water balances for


the mine site area plus the additional undisturbed catchment area A immediately


upgradient from the tailings impoundment. The information in these two sets of


tables is linked, and when the tailings pond volume drops below a minimum


specified volume of 1.5 million m3, all available surface runoff is diverted into the


process. Catchment Area B is not included in the water balances and is therefore


considered to represent a contingency source of additional water to compensate for


any process shortfalls.


4.2 WATER BALANCE


The fundamental objective of the overall Water Management Plan is to operate the


project so that surface discharge of excess water from the tailings impoundment and


open pit will not be required. Table 4.1 summarizes the various components of the


water balance for average precipitation conditions (as shown in Appendices A and


B) over the life of the project assuming Catchment Area B will not be required.


The main components of the water balances are illustrated graphically on Figure 4.1


for the Year 1 water balance previously presented in 1991 and on Figure 4.2 for the


current 1995 Year 1 water balance which minimizes make-up water recovery from


Polley Lake. The main difference between the two options is that in the 1995 water


balance model, the make-up water requirements are reduced by incorporating


additional runoff water collection from waste dumps and the additional catchment


area at the tailings facility, plus it utilizes ponded water that is contained in the


tailings impoundment at start-up.


The annual water balance summaries for Years 1 and 14 previously developed in


1991 are compared to results from the updated water management plan in Tables


4.2 and 4.3. The updated values presented in this table were developed using


similar water balance tables to those in the MDC and were conducted separately


from the linked water balance results included in Appendix A, in order to provide


an independent check on the @RISK water balance results.
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The variation in the volume of the tailings pond for average precipitation conditions


is illustrated on Figure 4.3. The pond volume reaches a minimum during the winter


months when there is little surface runoff and reaches a maximum volume in the


summer after the freshet. Figure 4.3 also includes a smoothed average curve which


tracks the tailings pond volume at the end of September in each year. The 50th


percentile curve for September pond volumes, as determined in the @RISK


analyses is also included for comparison.


The computer program @RISK was used to assess the risks of:


• accumulating too much water in the tailings impoundment over the life of


the project,


• depleting the volume of water in the tailings pond so that an external source


of make-up water would be required.


The @RISK program randomly selects separate annual precipitation values for each


of the 14 years of operation and linked water balances are conducted. The water


balances “link” the tailings facility and mine site water balances and also link the


pond volumes from year to year. This process was repeated for 1000 iterations in


order to provide estimates of the tailings pond volume, runoff water and make-up


water requirements for various extreme combinations of wet and dry precipitation


years. These results are illustrated on Figures 4.4, 4.5 and 4.6, and are discussed


in the following section. It is evident that the updated water management strategy


will achieve the permitted requirements for prevention of surface water discharge


from the tailings facility and open pit, while minimizing the amount of make-up


water removed from Polley Lake.


4.3 MAKE-UP WATER REOUIREMENTS


A fundamental requirement for the updated project water balances is that an


adequate volume of water has to be stored at the tailings impoundment to


compensate for low runoff periods during the cold winter months and during dry
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summer months. It has been estimated that a minimum volume of 1.5 million m3 of


water will need to be in storage prior to mill start-up. It is intended that this water


will be obtained by constructing the tailings impoundment at least one year prior to


mill start-up to allow capture of one year of direct surface runoff including the


freshet. The amount of surface runoff which will be collected prior to start-up for


various precipitation conditions is presented on Tables 4.4 to 4.7 and summarized


as follows:


Summary of Water Available at Start-Up


Precipitation Surface Runoff Water (m3) Available


Condition with Catchment Area A with Catchment Areas A & B


Average Year 1,455,000 1,992,000


10 Year Dry 1,084,000 1,445,000


50 Year Dry 921,000 1,220,000


10 Year Wet 1,900,000 2,657,000


These results indicate that if extremely dry conditions are encountered, up to


300,000 m3 of water may also need to be abstracted from either Polley Lake or


Hazeltine Creek during peak freshet flows to supplement stored water in the first


year of operation as 1.5 million m3 of water must be stored prior to start-up.


The tailings pond volumes determined by the @RISK analyses for the linked water


balances extending over the 14 year project life are shown on Figure 4.4. An initial


pond volume of 1.5 million m3 has been included at start-up and runoff from waste


dumps and catchment Area A have been included when necessary to provide


adequate water for milling. The monthly fluctuations in the volume of the tailings


pond have not been included on this summary figure. Figure 4.5 illustrates the


amount of excess surface runoff from all waste dumps plus the 240 ha of Catchnient


Area A that is not diverted into the mill process. It does not include for additional


runoff available from Catchment Area B.


Comparison of Figures 4.4 and 4.5 illustrates that virtually all available runoff is


diverted into the process under average and dry precipitation conditions for the first
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two to three years. The volume of stored water in the tailings impoundment is also


reduced during this period. However, the analyses indicate that no additional make


up water will be required from Polley Lake except during the most extreme


combinations of dry years. Figure 4.6 illustrates that there is about a 5% chance


that some minor amount of additional make-up water will be required.


In practice, there is also a minimum pond volume which must be maintained in the


tailings impoundment in order to compensate for ice accumulation in winter and to


allow trouble free operation of the reclaim barge. Therefore, it will be necessary to


include contingency provisions to transfer additional water into the tailings


impoundment during operations. This additional water can be obtained from:


• selective diversion from Catchment Area B upgradient from the tailings


impoundment, and/or


• transfer of excess flows from Polley Lake or Hazeltine Creek during peak


flow periods. Minimum stream flows for fisheries releases would be


maintained during any pumping period.


4.4 WATER MANAGEMENT PLAN


The objective of the project Water Management Plan in the early years will he to


route all project water flows from disturbed areas into the process or into associated


mine site activities such as dust suppression. An additional objective is to


selectively route runoff from upslope Catchment Areas A and B into the tailings


impoundment in order to eliminate the need for an external source of make-up water


from Polley Lake. In the later years of operation the objective will be to monitor


and release selected surface water inflow components which meet the required


quality standards in order to manage the final volume of ponded water in the tailings


impoundment at closure. The following activities will be incorporated in the Water


Management Plan:
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(i) Maximize the capture of surface and groundwater flows from within the


project area.


(ii) Maximize the use of the poorest quality water recovered from within the


project area in the milling process and in associated activities (such as dust


suppression).


(iii) Minimize the deliberate introduction of excess clean fresh water from Polley


Lake and Hazeltine Creek.


(iv) Monitor the quality of surface runoff from disturbed areas and groundwater


flows within the project site.


(v) Release only the best quality water from within the project boundaries and


in accordance with permitted requirements, as is necessary to maintain an


overall project water balance under actual hydrometeorological conditions.


(vi) Manage the operation of the tailings supernatant pond to optimize the


volume of water stored on the tailings surface during operations and at


closure.


(vii) Develop and maintain a detailed data base to allow water balances for the


site to be as accurate as possible and thereby become useful tools for


predicting annual make-up water requirements and for scheduling releases


of clean surface runoff water as appropriate.
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SECTION 5.0 - SUMMARY AND CONCLUSIONS


A revised water management plan has been developed for the Mt. Poiley project.


Detailed water balances have been conducted for each year of the project using


average precipitation conditions. Water balances have also been developed for 1000


different 14 year combinations of annual precipitation in order to assess the risk of


either accumulating too much water in the system or increasing the make-up water


requirements. These revised water balances indicate that:


(i) Discharge of excess water from the tailings facility and open pit will not be


necessary. These results confirm the findings of the previous project water


balances conducted in 1991.


(ii) It is possible to eliminate the requirement for a water supply dam on Polley


Lake.


The updated water management plan requires early construction of a starter dam at


the tailings impoundment in order to capture surface runoff for one year prior to the


projected early start-up in October, 1996. Surface runoff from undisturbed


catchment areas immediately adjacent to the tailings impoundment will be routed


into the facility in order to provide a minimum pond volume of 1.5 million m3 prior


to start-up. This initial volume of water is projected to be drawn down during the


first few years of operation, even if all mine site runoff and runoff from the


additional Catchment Area A is routed into the mill process. However, the amount


of surface runoff increases during the later years of operation when the waste


dumps increase in area and surface runoff also increases. Therefore, the amount of


surface runoff obtained from undisturbed catchment areas will decrease after the


first few years of operation.


The water balance has been evaluated for each year of the 14 year project life and


under various precipitation conditions. Water balances have been conducted for


over 1000 different combinations of mine life precipitation conditions and the risks


of significant water accumulation or depletion have been assessed. These


probability analyses indicate that it is extremely unlikely that any additional make
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up water, beyond the projected fresh water requirements of 24.9 m3/hr, will be


required from Polley Lake. However, it is recommended that a contingency water


supply of about 300,000 m3/yr be included in the revised permit application. It is


anticipated that this volume of water would oniy be removed from either Polley


Lake or Hazeltine Creek during high flow periods and would only remove water


which is not required for minimum fisheries flow releases.
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TABLE 2.1
IMPERI4L METALS CORPORATION


MT. POLLEY PROJECT
PRECIPiTATION DETAILS USED IN ANALYSIS


2/3/95 10:27


I:\TOB\DATA\1624/WATERBAL\STATWBAL.XLS


DESCRIPTION VALUE


Lower Elevations (ie. TSF)
Mean annual precipitation (mm) 755
“Dry” annual precipitation (mm) 601
“Wet” annual precipitation (mm) 909
“Max.” annual precipitation (mm) 1050
“Mm.” annual precipitation (mm) 450
Mean annual rainfall (mm) 451
Mean annual snowfall (mm) 304
Coefficient of variation 0.16
Standard deviation (mm) 121


{igher Elevations (ie. mill site, waste
dumps, etc.)
“Elevation” factor 1 .0728 5
Mean annual precipitation (mm) 810
“Dry” annual precipitation (mm) 645
“Wet” annual precipitation (mm) 975
Coefficient of variation 0.16
Standard deviation (mm) 130


Proportions of Total Precipitation:
Rainfall 0.60
Snowfall 0.40


vlonthly Proportions of Precipitation:
Rainfall Proportion Snowfall Proportion


(mm) as Rainfall (mm) as Snowfall


Oct 48.3 0.11 12.1 0.04
Nov 17.3 0.04 40.0 0.13
Dec 7.6 0.02 67.2 0.22
Jan 6.8 0.02 68.7 0.23
Feb 6.0 0.01 52.1 0.17
Mar 6.0 0.01 38.5 0.13
Apr 24.2 0.05 18.9 0.06
May 45.3 0.10 5.3 0.02
Jun 81.5 0.18 0.0 0.00
Jul 65.7 0.15 0.0 0.00
Aug 83.1 0.18 0.0 0.00
Sep 58.9 0.13 1.5 0.00


Total (mm) 450.7 304.3
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TABLE 3.1
IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT
OPEN PIT DEVELOPMENT


2/3/95 10:22


J:\JOB\DATA’i624\WATERBAL\STATWBAL.XLS


END PIT CATCIIMENT AREAS (ha) TOTAL
OF CENTRAL NORTH WEST AREA


YEAR (ha)


0 0.0 0.0 0.0 0.0
1 17.6 0.0 0.0 17.6
2 17.6 0.0 0.0 17.6
3 25.5 0.0 0.0 25.5
4 25.5 0.0 0.0 25.5


5 25.5 14.9 0.0 40.4


6 25.5 14.9 0.0 40.4
7 25.5 14.9 24.3 64.7


8 25.5 14.9 24.3 64.7


9 25.5 14.9 24.3 64.7
10 25.5 14.9 24.3 64.7
11 25.5 14,9 24.3 64.7


12 25.5 14.9 24.3 64.7


13 25.5 14.9 24.3 64.7
14 25.5 14.9 24.3 64.7


Notes:
1. Pit areas in italics are conservative estimates only.
2. Pit areas measured from mining sequence plans


do Wright Engineers (“Feasibility Study”, Vol. 1 of 5).
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TABLE 3.3
IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


2/3/95 10:29


TAILINGS STORAGE FACILITY DEVELOPMENT


Area of total impoundment = 230 ha


J:\JOBDATA\1624\WATERBAL\STATWBALXLS


END OF AREAS (ha)


YEAR UNPREPD TOT. PREP’D PREP’D BEACH BEACH POND


BASIN BASIN BASIN (mci. pond) ONLY


t=0 96 134 119 15 0 15


1 96 134 64 70 48.9 21.1


2 54 176 67 109 81.9 27.1


3 54 176 38 138 104.8 33.2


4 26 204 44 160 120.7 39.3


5 26 204 19 185 139.6 45.4


6 15 215 22 193 141.6 51.4


7 15 215 13 202 144.5 57.5


8 6 224 18 206 142.6 63.4


9 6 224 15 209 139.4 69.6


10 0 230 17 213 137.3 75.7


11 0 230 13 217 135.2 81.8


12 0 230 10 220 132.1 87.9


13 0 230 6 224 130.1 93.9


14 0 230 3 227 127 100


Notes: 1) Unprepd Basin Total Impoundment - Prep’d Basin.
2) Prep’d Basin taken from Filling Schedule and Staged Construction.


3) Prepd Basin has been increased by 5% in order to equal total
impoundment area after 10 years.
4) Beach (mci. pond) taken from D!A!C curve.
5) Pond volume varied linearly from lSha at t=0 to lOOha at end of year 14.
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TABLE 3.4
IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT
ASSUMPTIONS USED IN WATER BALANCE ANALYSIS


2/3/05 10:20


J:\JOB\DATA\1624\WATERBAL\STAV.VBAL.XLS


DESCRIPTION VALUE


General Details:
Daily ore throughput (tpd) 13,425
Tailings % solids 35 %
Tailings S.G. 2.78


Yr. 1 initial pond volume (m3) 1,500,000
Water content of ore 4%
Mm fresh water makeup (% of water in with slurry) 2.4%


Initial tailings dry density (tIm3) 0.9


Final tailings dry density (tIm3) Yr. 1 1. 1
Yr.2 1.2
Yr.3 - 14 1.3


Pit g/w infiltration (m3/month) 39,818
Beach evaporation factor 0.8


Dust control (m3lmonth) 25,000


Runoff Coefficients: y ave wet
Unprepared basin 20% 24% 29%
Prepared basin 90% 90% 90%
Tailings beach 90% 90% 90%
Pit area 45% 50% 55%
Waste rock 58% 60% 62%
Undisturbed catchment 20% 24% 29%
Mill site 65% 70% 75%
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2J6/95 15:29


TABLE 4.1
IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT
ANNUAL WATER BALANCES FOR AVERAGE


CONDITIONS - CATCITMENT AREA “A”


J:\JOB\DATA\1624\WATERBAL’STATWAL.XLS


YEAR WATER TAILINGS POND VOL. (m3) MAKEUP EXCESS
AVAILABLE MIN. MAX. WATER DiVERTED


(m3) REQ’D (m3) WATER (m3)


0 1,500,000 1,500,000 1,500,000
1 1,136,187 765,590 1,432,777 0 0
2 1,233,138 610,223 1,341,963 0 0
3 1,440,914 866,681 1,663,887 0 150,014


4 1,441,040 1,090,844 1,760,095 0 435,218


5 1,507,113 1,120,791 1,861,307 0 549,537


6 1,491,361 1,136,205 1,929,259 0 770,682
7 1,603,921 1,181,655 2,032,575 0 756,609
8 1,674,549 1,215,669 2,100,044 0 876,349


9 1,735,786 1,276,298 2,172,620 0 922,218
10 1,824,823 1,341,827 2,264,337 0 957,312
11 1,889,491 1,420,501 2,343,190 0 967,572
12 1,933,176 1,474,927 2,398,170 0 977,832
13 1,652,895 1,518,504 2,132,030 0 1,287,699
14 1,703,906 1,270,389 2,194,337 0 945,683


Note: Excess Diverted Water is surplus runoff diverted into tailings impoundment.
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TABLE 4.2


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


WATER BALANCE SIJMIVIARY - ANNUAL WATER SURPLUS


Aimual Surplus in Tailings Facifity (m3)


Initial Case (1991) New Case (1995)


Year 1 Year 14 Year 1 Year 7 Year 14


5oYearDry 0 0 0 0 0
l0YearDry 0 0 0 0 0
Average Year 0 3,856’ 0 0 0
10 Year Wet 0 440,148” 0 87,098 74,626
50 Year Wet 0 680,032(1) 0 311,451 309,400


Note:


1. The Initial Case (1991) does not include water usage for dust control or
enhanced evaporation losses (approximately 400,000 m3/yr). The New Case
(1995) includes for dust control (150,000 m3/year) but not enhanced evaporation
(250,000m3/year).
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TABLE 4.3


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


ADDITIONAL MAKE-UP WATER REQUIREMENTS


Precipitation Conditions Permitted Option: Scenario 2 - Total
Pit Inflow to Tailings Area or to


Process


1991 Model 1995 Model
(m3lyear) (m3lyear)


Year 1 -50 Year Dry 1,580,709 0
Year 1 - 10 Year Dry 1,490,936 0
Year 1 - Average Year 1,259,725 0
Year 1 - 10 Year Wet 973,150 0
Year 1 - 50 Year Wet 861,263 0


Year 14 - 50 Year Dry 646,609 0
Year 14 - 10 Year Dry 415,057 0
Year 14 - Average Year 0 0
Year 14 - 10 Year Wet 0 0
Year 14 - 50 Year Wet 0 0


Notes:


The additional make-up water required is in addition to the 4.6 percent
minimum fresh make-up water required (418,611 m3/yr) to the mill. Of
this, 200,000 m3/yr is water in ore, and the remainder is for fresh water
requirements (ie: potable water, etc.)


2. The new 1995 water balance model assumes that approximately 1.5 million
m3 of water is stored in the tailings impoundment in October of each year.


3. Year 1 water balances indicate that ponded water in the tailings facility may
need to be supplemented with additional make-up water if the tailings pond
volume becomes too low for practical o?erations. Therefore, a contingency
make-up water allowance of 300,000 m may need to be extracted during
freshet from the Polley Lake system under extreme dry start-up conditions
during the first few years of operations.
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SECTION 1.0 - INTRODUCTION


1.1 PROJECT DESCRIPTION


The Mt. Polley project site is located in central British Columbia approximately 56


kilometres north-west of Williams Lake, as shown on Figure 1.1. The site is


situated on a topographic ridge located between Polley Lake and Bootjack Lake.


The Mt. Polley project involves open pit mining of an estimated 48.8 million tonnes


of copper and gold ore contained in three adjacent ore bodies. The ore will be


hauled from the open pit to the primary and secondary crushers where it will be


crushed and transported to the nearby concentrator for processing. The ore will be


processed by select flotation to produce a copper-gold concentrate at a production


rate of approximately 13,425 tonnes per day. An additional 26.2 million tonnes of


low grade ore will be stockpiled during operations for processing in the later stages


of the mine life.


After processing of the ore to produce the copper/gold concentrate, the tailings will


be discharged as a slurry into the tailings storage facility which has been designed to


provide environmentally secure storage of the solids waste. As the solids settle out


of the slurry, the solution is collected and recycled back to the mill for re-use in the


milling process. No surface discharge of any process solution from the tailings


facility is required or anticipated.


1.2 SCOPE OF WORK


A geotechnical site investigation program was carried out by Knight Piésold Ltd.


between January 11 and 17, 1995. The program comprised excavating a total of


thirty-nine (39) test pits to investigate the geotechnical characteristics and


foundation conditions at each of the proposed project component sites and to


evaluate the geologic factors affecting the design of these components. The


following project components were investigated:


• Mill site


1623\1,
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• Main access road


• Tailings storage facility, including the tailings basin and embankment


foundations, tailings/reclaim pipeline route, and potential borrow areas


• Polley Lake dam site (no longer included in mine plan)


The scope of work for the investigation program included the following:


• Pioneering of access trails with a Cat D5 dozer.


• Excavation of the test pits with a Hitachi X200 backhoe.


• Detailed geotechnical logging of each test pit, including photographs.


• Bulk sampling of the various strata.


• Backfilling and reclamation work for all of the disturbed areas.


The test pit locations and the overall site plan are shown on Drawing 1623.100.


Geological logs of each test pit are included in Appendix A, and detailed laboratory


test work results on select bulk test pit samples are included in Appendix B.


This report addresses the outstanding geotechnical issues from previous work


carried out at the Mt. Polley project site. The results of the previous geotecimical


program are presented in the following documents:


• 1989 tailings area test pits (also included in Appendix A)


• 1990 mill site test pits (also included in Appendix A)


• Knight Piésold Ltd. “Report on Geotechnical Investigations and Design of Open


Pit, Waste Dumps and Tailings Storage Facility (Ref. No. 1621/1)”, dated


February 19, 1990.


Test pit logs from the 1989 and 1990 geotechnical investigation programs have been


included in Appendix A. In addition, applicable laboratory test work results from


the 1989 tailings storage facility investigation program have also been included.
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SECTION 2.0 - GEOTECHNICAL RESULTS


2.1 GENERAL


A total of thirty-nine (39) test pits were excavated during the geotechnical site


investigation program to evaluate the type and distribution of surficial materials and


the near surface foundation conditions at the mill site, along access roads and


pipeline routes, at potential borrow areas, within the tailings basin and at the Polley


Lake dam site.


2.2 MILL SITE AND ACCESS ROADS


2.2.1 MiliSite


Eight test pits (TP95-1 to 8) were excavated in select locations at the


proposed mill site to provide additional information from the February,


1990 test pit program (TPMS9O-1 to 4). Dense, brown glacial till


comprising silty sand with some gravel and clay was encountered overlying


lapilli tuff bedrock throughout the mill site area. The bedrock was typically


heavily fractured for approximately 0.5 to 1.0 meters depth before


becoming more competent, which precluded excavation with the backhoe.


TP95-1, located at the fine ore stockpile site, encountered 5.5 metres of


glacial till overlying bedrock. Similar ground conditions were encountered


to the north and south in test pits TPMS9O-l to 3.


Test pits TP95-2,3,4,7 and 8 were located in the vicinity of the concentrator


site and encountered a variable thickness (1.2 to 3.6 metres) of glacial till


overlying bedrock. Bedrock was typically encountered at shallow depths


except in test pit TP95-7 where bedrock was not encountered.


TP95-5, located at the crusher site, revealed a thin, 0.5 meter thick layer of


glacial till overlying bedrock. Test pit TPMS9O-4, located to the north,


encountered a thick, 6. 1 + metre layer of till at a higher elevation.
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TP95-6 was located at the coarse ore stockpile site and encountered 5.0+


metres of glacial till. Although bedrock was not exposed during excavation,


angular rock fragments were present at the bottom of the pit which typically


indicate a close proximity to bedrock.


2.2.2 Bootiack Lake Road


Five test pits (TP95-9 to 13) were excavated along the side slope of an


existing access road above the west shore of Bootjack Lake. Test pits


TP95-9, 10 and 11 encountered coarser-grained, sand and gravel glacial till


at lower elevations, which became more silty and less gravel with increasing


elevation. The till encountered in TP95-12 and 13 was similar to the


material identified at the mill site. TP95-9 also encountered softer till, due


to a higher in-situ moisture content, at 2.5 metres depth. TP95-12


encountered a thin, 1.2 metre thick layer of till overlying bedrock.


2.2.3 Main access road


Two test pits (TP95- 14 and 15) were excavated to examine the regional


ground conditions along the existing Main access road and to identify


potential sand and gravel deposits. Test pit TP95-14 encountered 4.1


metres of sandy silt glacial till adjacent to Morehead Creek at kilometre 7.1.


Test pit TP95-15, located on top of a narrow ridge at kilometre 4.3, did not


encounter sand and gravel deposits as anticipated, rather 4.5 metres of


sandy, gravelly silt glacial till to depth.


2.3 TAILINGS STORAGE FACILITY


2.3.1 Tailings and Reclaim Pipeline Route


Four test pits (TP95- 16 to 19) were located north of the proposed tailings


storage facility and partially along the proposed tailings and reclaim pipeline


route. All four test pits encountered glacial till comprising silty sand to
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gravel and sand. TP95-17 encountered the water table at 3 metres depth.


TP95-l9, located along the steep hill slope, encountered angular rock


fragments at the bottom of the pit (6.4 metres), indicating a close proximity


to bedrock, and indicates that a thinner covering of till exists at higher


elevations.


2.3.2 Borrow Areas


Three test pits (TP95-29 to 31) were located on the ridge east of the tailings


facility to investigate potential borrow sources for future embankment


construction. All three pits encountered glacial till comprising silty sandy


gravel with trace clay to depths of 5.7, 5.5 and 5.8 metres, respectively.


The till in TP95-29 was drier than typically encountered in the other two


pits, and the water table was not encountered in any of the pits.


2.3.3 Embankment and Basin Foundations


Eleven test pits (TP95-26 to 29, 32 to 39) were excavated within the


proposed tailings storage facility. Glacial till was typically encountered in


the northern portion of the facility, whereas glaciofluvial/glaciolacustrine


deposits of silt, sand and clay were encountered in the south.


Test pits TP95-26, 27, 28 and 32, located in the northern portion of the


tailings basin and in the Perimeter Embankment footprint, encountered very


stiff to hard, low permeability glacial till to depths of over 6.2 metres.


TP95-28, excavated in a swamp, encountered dry till below 1.9 metres of


soft, saturated organics and silt/clay layers. Only localized, very low flow


seeps were encountered in TP95-27, and a perched water table was observed


in the lacustrmne deposits overlying the till in TP95-28.


Test pits TP95-33 to 39 were excavated in the southern portion of the


tailings basin and in the Main Embankment footprint. TP95-33, 34 and 35


encountered a 3 to 4 metre thick layer of low permeability, sandy silt glacial


till overlying layered silt and very fine-grained sand glaciofluvial!
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glaciolacustrine deposits. Localized, very low flow seeps were visible at the


contact between these deposits. TP95-33 also encountered 0.9 metres of


soft organics and silt/clay deposits at surface due to the close proximity to a


pond. A similar glacial till cap overlying very stiff to hard, low


permeability silt deposits interbedded with fine-grained sand was identified


in test pits TP95-36 and 38. A 0.6 metre thick layer of clean, saturated,


coarse-grained sand was encountered between the glacial till and the


interbedded silts and sands in TP95-36. TP95-39, located in close


proximity to TP95-36 and 38, encountered a 2.2 meter thick cap of low


permeability glacial till overlying a more permeable silt and fine-grained


sand deposit to 7.5 + meters depth. The water table was encountered at the


contact of these two deposits, and the silt and sand displayed very limited


cohesion due to a high moisture content. TP95-37, located up slope from


TP95-39, encountered 1.5 meters of glacial till overlying bedrock.


Geological sections through the tailings basin and along the Main


Embankment alignment are shown on Drawing No. 1623.103.


2.4 POLLEY LAKE DAM


Six test pits (TP95-20 to 25) were excavated along the south shore of Polley Lake to


investigate the foundation conditions for a potential dam site. Typical materials


encountered in these test pits were soft, saturated organics overlying lacustrine


deposits of fine-grained sand, silt and clays. Fresh water shells were typically


found in the silt layers. TP95-20 and 25, located at the east and west ends of the


lake, encountered hard, low permeability silty, clayey glacial till at 2.5 and 5 metre


depths, respectively. A geological section along the proposed Polley Lake Dam


alignment is shown on Drawing No. 1623.103.
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SECTION 3.0 - LABORATORY TEST WORK


3.1 GENERAL


Overburden materials comprising glacial till and glaciofluvial/glaciolacustrine


deposits were sampled at the mill site, along access roads, along the tailings and


reclaim pipeline route, in the tailings basin and borrow areas, and at the Polley


Lake dam site. Index testing was performed to characterize these materials,


followed by specialized testing to evaluate the various materials for suitability in


specific end uses. All test work was carried out by Golder Associates’ Testing


Laboratory using ASTM standard procedures for routine tests and procedures


specified by Knight Piésold Ltd.


A total of twelve (12) representative samples were selected from the various project


areas and were submitted for the following Index test work:


• Natural Moisture Content


• Atterberg Limits


• Specific Gravity


• Grain Size Distribution


Of these samples, eight (8) were selected for additional effective strength,


compaction and permeability test work as follows:


• C-U Triaxial Tests


• Modified Proctor Tests


• Falling Head Permeameter Tests


This section describes the test work performed and summarizes the results obtained.


Index test results are summarized in Table 3.1, and effective strength parameters,


compaction and permeability test results are summarized in Table 3.2. Detailed test


results are included in Appendix B.
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3.2 MILL SITE AND ACCESS ROADS


3.2.1 MiliSite


Two representative samples (TP95- I and 7) of glacial till were selected from


the mill site test pits for Index test work. The tills varied between a silty


sand with some gravel and clay to a coarser silty, gravelly sand with trace


clay. The moisture content ranged from 10.4 to 10.9 percent, and the


specific gravity test on the tine fraction was 2.78.


Laboratory compaction tests performed on a sample of glacial till from


TP95-7 yielded a Modified Proctor maximum dry density of 2192 kg/m3 at


an optimum moisture content of 8.9 percent. The Modified Proctor


optimum moisture content is 2.5 percent below the natural moisture content


of the till.


3.2.2 Bootiack Lake Road


One sample of glacial till (TP95—10) was selected from the Bootjack Lake


access road test pit for Index test work. The till comprised sand and gravel


with some silt and trace clay, and was representative of the coarser-grained


tills encountered along the road alignment. A natural moisture content of


12.6 percent was measured, which is slightly greater than measured in the


finer-grained tills encountered at higher elevations at the mill site.


3.2.3 Main access road


Due to the similarity of materials identified during the test pit program, no


samples from the Main access road were selected for Index test work.
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3.3 TAILINGS STORAGE FACILITY


3.3. 1 Tailings and Reclaim Pipeline Route


One representative sample (TP95-18) of glacial till was selected from the


tailings and reclaim pipeline route test pits for Index test work. The till


comprised sand and gravel with some silt and trace clay, and was similar to


the coarser-grained tills encountered at similar elevations along the Bootjack


Lake road alignment. However, the natural moisture content of 13.8


percent was slightly greater.


Laboratory compaction tests performed on this sample yielded a Modified


Proctor maximum dry density of 2130 kg/rn3 at an optimum moisture


content of 10.1 percent. The optimum moisture content is approximately


3.7 percent below the natural moisture content of the till. The maximum


dry density was the lowest of all the till samples tested from the various


project areas.


3.3.2 Borrow Areas


One sample of glacial till (TP95-31) was selected from the potential borrow


area on the ridge east of the tailings facility for Index test work. The till


comprised silty, sandy gravel with trace clay, with a moisture content of


11.0 percent.


Laboratory compaction tests performed on this sample yielded a Modified


Proctor maximum dry density of 2200 kg/rn3 at an optimum moisture


content of 7.6 percent. The optimum moisture content is approximately 3.4


percent below the natural moisture content of the till. The overall


compaction characteristics are very similar to the tills encountered in the


Perimeter Embankment foundation (TP95-27) and at the mill site (TP95-7).
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3.3.3 Embankment and Basin Foundations


(1) Glacial Till Samples


Two representative samples of glacial till (TP95-27 and 37) were


selected from test pits located in the Perimeter Embankment


foundation footprint and within the tailings basin for Index test


work. The tills comprised sand and silt with some gravel and clay,


with moisture contents ranging from 11.1 to 18.8 percent. The


higher moisture content in TP95-37 may be attributed to the close


proximity to fractured bedrock where seeps were identified. The


moisture content of the till in TP95-27 is typical of the fine-grained


tills encountered at the mill site and the potential borrow area.


Specific gravity tests on the fine fraction of TP95-27 yielded 2.73.


Laboratory compaction tests performed on the till sample from


TP95-27 yielded a Modified Proctor maximum dry density of 2200


kg/rn3 at an optimum moisture content of 8.0 percent. The optimum


moisture content is approximately 3.1 percent below the natural


moisture content of the till. The overall compaction characteristics


are very similar to the till encountered in the potential borrow area


(TP95-31).


Laboratory derived effective strength parameters were determined


on glacial till samples from TP95-27 and 37 using consolidated-


undrained (C-U) triaxial test work. The samples were compacted to


a minimum 95 percent Modified Proctor maximum dry density at the


natural moisture content, and confining pressures of 250 and 750


kPa for TP95-27 and 500 and 1000 kPa for TP95-37 were applied in


stages until failure developed. The triaxial test was done on both


samples and the results were combined to obtain a more


representative result of the shear strength properties of the glacial


till. The tests resulted in the following shear strength parameters:
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• O’=350


• c’=OlcPa


The effective strength parameters were determined from the


maximum deviator stresses and principal stress ratios at failure, and


are shown as p’ vs. q plots on Figure 3.3.


A detailed summary of the consolidated-undrained triaxial test


results is shown in Table 3.3.


Falling head permeameter test work was performed on sample


TP95-27 and yielded a permeability of 4 x 108 cm/sec. The


permeability was similar to the measured permeabilities on glacial


till samples from test pits TP95-31 (k=6 x 108 cm/sec) and TPB-13,


14 and 16 (k=2 x cm/sec).


(ii) Glaciofluvial/Glaciolacustrine Samples


Three representative samples of glaciofluvial/glaciolacustrine


materials (TP95-35, 38 and 39) were selected from test pits located


within the southern tailings basin for Index test work. The materials


varied from interbedded sandy silt to very stiff silt with some clay to


saturated silt and fine-grained sand. Moisture contents ranged from


16.5 percent for the interbedded sandy silt to 28.5 percent for the


dense silt and the saturated silt and sand. Specific gravity ranged


between 2.76 and 2.79.


Laboratory derived effective strength parameters were determined


on the silt and fine-grained sand sample from TP95-39 using


consolidated-undrained (C-U) triaxial test work.. The sample was


compacted to a minimum 95 percent Modified Proctor maximum dry


density at the natural moisture content, and confining pressures of


300, 600 and 1000 kPa were applied in stages until failure
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developed. The tests resulted in the following shear strength


parameters:


• ø’=330


• c’=OkPa


The effective strength parameters are determined from the maximum


deviator stresses and principal stress ratios at failure, and are shown


as p’ vs. q on Figure 3.4.


A detailed summary of the consolidated-undrained triaxial test


results is shown in Table 3.4.


Falling head permeameter test work was performed on samples


TP95-35, 38 and 39 and yielded permeabilities of 7 x i07, 3 x iO


and 2 x 106 cm/sec, respectively.


3.4 POLLEY LAKE DAM


Two samples (TP95-20 and 25) were selected from test pits located at the south end


of Polley Lake for Index test work. The dense glacial till sample from TP95-20


comprised silty, clayey sand with a trace to some gravel and a moisture content of


14.5 percent. This till sample has a higher clay content than typically encountered


tills, and the higher moisture content is attributed to the close proximity to Polley


Lake. TP95-25 encountered lacustrine layers comprising sand and silt with some


clay and gravel, with a natural moisture content of 17.1 percent.
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SECTION 4.0 - GEOLOGICAL FACTORS AFFECTING DESIGN


4.1 GENERAL


The results of the investigation program were used to evaluate the geotechnical


factors which may affect the design of the various project components. A summary


of results, conclusions and recommendations is provided below with respect to each


project component.


4.2 MILL SITE AND ACCESS ROADS


4.2.1 MiliSite


Glacial till was encountered in all eight test pits (TP95-1 to 8) at the


proposed mill site location. The glacial till ranges in thickness from 0.5 to


5.8+ metres and overlies lapilli tuff bedrock. The top 1 metre of bedrock


is typically very fractured and weathered near surface, however, it becomes


fresh and increasingly competent with depth.


An allowable bearing capacity pressure (qj of 250 kPa has been estimated


for the basal till, based on an assumed Standard Penetration Test (SPT)


value of (N1)60 = 25. The SPT value was estimated from excavation


conditions in the dense to hard glacial till. Therefore, the glacial till will


provide a suitable dense foundation material for footings supporting general


buildings and less settlement sensitive components. However, heavy


structures with dynamic loads should be founded on competent bedrock.


The allowable bearing pressure for competent rock (RQD >25 or as


approved by the Engineer) is 1500 kPa. For both cases, the allowable


bearing pressure will result in less than 25 mm (1 inch) of settlement in the


foundation, assuming the groundwater table is located below the base of the


footings.


The foundation must be stripped and grubbed and all organic material


removed prior to footing excavation. The exposed till surface must be
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inspected to ensure the material is competent and will support the design


loads. Any soft soils or saturated areas must be excavated to expose either


competent till or bedrock.


Foundations for heavy and/or vibratory structures such as at the crusher and


concentrator must be excavated to competent bedrock to support the loads.


The investigation program revealed a thin, 0.5 metre thick layer of glacial


till covering most of the proposed crusher site location, and a thicker, up to


3.6 metres thick, layer of till over the majority of the concentrator site.


This till cover and the upper fractured bedrock must be removed to expose


competent bedrock. Nearby drill holes indicate that competent bedrock is


present below the upper fractured rock. Any anchor systems that are


required for the mills or crusher can be designed to suit the projected


dynamic loadings.


Foundations for the crusher and concentrator must include provisions to


accommodate seasonal freeze/thaw while minimizing potential differential


settlement. Based on meteorological data, the depth of freeze is estimated to


be 1.25 metres (4 feet). Consequently, the foundations for all structures


must be covered with a 1.25 metre thick layer of free-draining, non-frost


susceptible (NFS) material such as clean gravel or coarse sand, as required,


to enhance drainage and prevent frost heave from occurring. The NFS


material required for frost protection will provide drainage around


foundation footings thereby depressing the water table and greatly reducing


the potential for the development of ice lenses which cause frost heaving. It


is recommended that 100 mm diameter corrugated polyethylene tubing


(CPT) be included to further enhance foundation drainage.


The crusher and concentrator sites must be well drained during construction


and operations to prevent standing water from ponding in the vicinity of the


foundations. The NFS drainage material and CPT pipework will provide


post-construction drainage at the sites. Surface runoff from building roofs


and access roads, etc. must also be diverted or directed well away from the


foundations to minimize seepage and infiltration into the foundation soils.
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Foundation conditions at the proposed coarse and fine ore stockpile


locations encountered 5.0+ and 5.5 metres of till overlying bedrock,


respectively. This till will provide competent foundation support for the


stockpiles as the amount of allowable settlement will be much higher than


for the crusher and concentrator.


4.2.2 Bootjack Lake Road


Glacial till was encountered in all five test pits (TP95-9 to 13) along the


proposed Bootjack Lake access road alignment. The glacial till ranges in


thickness from 1.2 to 6.3+ metres and overlies bedrock. Due to the high


water encountered in TP95-9 and 11, the softer material encountered at 2.5


metres depth in TP95-9, and the shallow depth to bedrock in TP95-12, it is


recommended that the road excavation does not exceed 1 metre, otherwise


difficulties may be encountered during construction. The surficial, coarse


grained till will be suitable for both excavation and use as fill for widening


the existing road.


4.2.3 Main Access Road


Glacial till was encountered in both test pits (TP95-14 and 15) along the


existing Main access road. This material will be suitable for both


excavation and use as fill for widening the existing road. The entire road


alignment should be inspected to identify any problem areas such as exposed


bedrock outcrops, seeps, etc. prior to construction.


4.3 TAILINGS STORAGE FACILITY


4.3.1 Tailings and Reclaim Pipeline Route


Glacial till was encountered in all four test pits (TP95-16 to 19) near and


along the proposed tailings and reclaim pipeline route. The till will be


suitable for use as fill in access roads and will provide a competent
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foundation for the pipelines. Excavations at lower elevations should not


exceed 3 metres depth due to the high water table near Bootjack Creek.


4.3.2 Borrow Areas


Laboratory test work on the glacial till sample from test pit TP95-31


confirmed that the till encountered along the ridge east of the tailings storage


facility will be suitable for use as embankment fill. Delineation of the


borrow area extents and calculation of the available quantities of material is


required.


4.3.3 Embankment and Basin Foundations


A 5 metre minimum thick cover of dense, low permeability glacial till


blankets the majority of the tailings basin and the Perimeter Embankment


footprint as encountered in test pits TP95-26 to 28, 32 and in existing test


pits. However, in the southern portion of the basin, the till becomes thinner


(3 to 4 metres thick) and is non-existent over a portion of the Main


Embankment footprint. A low permeability glacial till liner will be required


in the tailings basin where the in-situ glacial till is less than approximately 3


metres thick. The till liner will act as a seepage barrier to prevent the


migration of water out of the tailings facility and into the foundation. In


addition, this liner will be thick enough to provide frost protection for the


glacial till. The till liner will tie into the low permeability glacial till core of


the Main Embankment, thereby providing a continuous seepage barrier for


the facility.


4.4 POLLEY LAKE DAM


The foundation conditions at the south end of Polley Lake comprise saturated, soft


organics and lacustrine deposits overlying low permeability, very stiff glacial till as


encountered in test pits TP95-20 to 25. At the south-east and south-west ends of the


lake, the soft organics and lacustrine deposits vary in thickness between 2.5 and 5


metres, respectively. In between these pits, the deposits increased to more than 6.5
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metres thick. During the excavation of the test pits, significant seepage was


observed from the organics and the sandy layers of the lacustrine deposits, due to


the close proximity to Polley Lake.
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jjght Piésold Ltd.
CQNSULTNG EN6NEERS TABLE 3.3


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


TAILINGS STORAGE FACILITY


RESULTS OF CONSOLIDATED-UNDRAINED TRIAXIAL TESTS
ON GLACIAL TILL SAMPLES


:::.Tdai Tesg..StagesS..:. SarnpIC!No.
and Soil Parameters LJmts TP95-27 TP9-37 TP95-27 TP95-.37


(Test ) (Test 2) (Test 3) (Test 4)


Initial Parameters
Sample diameter (cm) 3.77 3.72 3.75 3.72
Sample length (cm) 14.68 15.35 15.21 15.35
Moisture content,w (%) 7.9 9.3 7.6 9.1


Dry density, 7d13’ (kg/rn3) 2168 2072 2079 2063


Bulk density, Ybu (kg/rn3) 2339 2265 2237 2251


Voidratio,e 0.259 0.342 0.313 0.348
B-value 0.965 0.985 0.954 0.997


Consolidation Stage
Cell pressure (kPa) 772 979 1220 1374
Back Pressure (kPa) 484 481 476 412


Final effective consolidation pressure, a3’ (kPa) 287 498 745 962
Finalmoisturecontent,w (%) 9.7 9.8 9.8 9.9
Final dry density, y (kg/rn3) 2207 2183 2161 2180


Final bulk density, Ybuik (kg/rn3) 2421 2397 2373 2396
Final void ratio, e 0.237 0.274 0.264 0.275
Coefficient of consolidation, c (cm2/s) 2.7x102 7.4x104 2.3x102 1. 1x103


Shearing Stage
Effective consolidation pressure, 03c’ (kPa) 287 498 745 962


Principal stress ratio, P.S.R. (ai’/a3’)max 4.25 3.74 3.60 3.38
Strain at maximum P.S.R. (%) 1.85 2.09 11.67 7.42
a1’ at maximum P.S.R. (kPa) 823 1202 1012 2216
a3 at maximum P.S.R. (kPa) 194 321 282 657
AU at maximum P.S.R. (kPa) 94 177 463 305
AfatmaximumP.S.R. 0.15 0.20 0.63 0.20
Maximum deviator stress, (ad’)max (kPa) 1416 1268 812 1624
Strain at (ad’)ffl, (%) 17.66 21.14 21.04 20.02
a1’ at(ad’)max (kPa) 1946 1843 1135 2354
a3 at (ad’)fflax (kPa) 531 575 323 730
AU at (ad’)max (kPa) -243 -77 422 232


Afat(ad’)mpx 0.17 -0.06 0.52 0.14


Association Association
of Consulting des lngénieurs
Engineers Conseils
of Canada du Canada







jght Piésold Ltd.
CONSULTING ENGINEERS


TABLE 3.4


IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT


TAILINGS STORAGE FACILITY


RESULTS OF CONSOLIDATED-UNDRAINED TRIAXIAL TESTS
ON SILT AND FINE-GRAINED SAND SAMPLES


TriaxiaI Testing Stages •... ::.:: .: :,, ::...... ::::$amLe No.
and Soil Parameters Units TP9S-39


(T 1 . (Test 2) . .Cre 31


Association
of Consulting
Engineers
of Canada


Assocation
des lngenieurs.
Conseils
du Canada


Initial Parameters
Sample diameter
Sample length
Moisture content, w
Dry density, Ydry


Bulk density, Ybtilk


Void ratio, e
B-value


(cm) 3.75 3.72 3.69
(cm) 14.81 14.94 14.86
(%) 16.3 16.6 16.7


(kg/rn3) 1693 1639 1558
(kg/rn3) 1969 1911 1818


0.630 0.684 0.772
0.955 0.953 0.963


Consolidation Stage
Cell pressure (kPa) 779 1077 1306
Back Pressure (kPa) 483 482 415
Final effective consolidation pressure, a3’ (kPa) 296 595 891
Final moisture content, w (%) 19.2 18.6 19.9
Final dry density, (kg/rn3) 1803 1807 1756
Final bulk density, Ybulk (kg/rn3) 2149 2143 2105
Final void ratio, e 0.53 1 0.528 0.571
Coefficient of consolidation, c,,, (cm2/s) 2.2x102 5.9x102 3.8x102


Shearing Stage
Effective consolidation pressure, 03c (kPa) 296 595 891
Principal stress ratio, P.S.R. (ai’/a3’)max 4.06 3.60 3.43
Strain at maximum P.S.R. (%) 9.62 7.72 11.95
a1’ at maximum P.S.R. (kPa) 293 502 858
a3 at maximum P.S.R. (kPa) 72 140 250
AU at maximum P.S.R. (kPa) 224 455 641
Af at maximum P.S.R. 1.01 1.25 1.06
Maximum deviator stress, (ad’)max (kPa) 228 364 615
Strain at (ad’)max (%) 6.63 12.10 3.96
a1’ at (d’)max (kPa) 303 507 1008
a3 at (ad’)max (kPa) 75 143 393
AU at (ad’)max (kPa) 221 452 498
A at (ad’)max 0.97 1.24 0.81
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APPENDIX B


DETAILED LABORATORY TEST WORK RESULTS


Association Association
of Consulting des lngénieurs
Engineers Conseils
of Canada du Canada
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GOLDER ASSOCiATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No. : 9521018 Client : Krgrt Pesc Lta. Test Pit : TP95-25


Date : .02109/95 Project : Job No. 1623/1 Sample


Lab Work: LL Location: Burnaby Depth


1 ST SIEVING Hydrometer: (Minus 10) Residua’ 4200 0.1
Total Weight 2733.1 Before Wash 75.0 Tota’ -200 45.4


After Wash 29.7 Gs 2.78


Size Weight % Retaid ... VVeigiit Ia Retained % Retained Diameter . % Passpg
(USS) Retained Retained Tota’ (mm)


:.
...::..:.:.. 100.0


6 00 1524 1000


3” 00 76.2 100.0


1 1/2” 0.0 : .
.• 38.1 100.0


1” 66.5 2.4 ... s 2.4 25.4 97.6


3/4 463 1 17 17 191 959


1/2 664 24 24 127 934


318 74.6 1 2.7 :• 2.7 9.52 90.7


#4 151.9 5.6 : 5.6 4.76 85.2


#10 152.9 L 56 5.6 2.00 79.6


#20 .:.:..:Fj;: 5.7 7.6 6.0 0.840 73.5


#40 5.5 7.3 5.8 0.420 67.7


#60 50 67 53 0250 624


#100 ç./c//: 5.1 6.8 5.4 0.149 57.0


#200 8 3 1 1 1 8 8 0 074 48 2


Pan 454 605 482 I


HYDROMETER ANALYSIS
:: Tfrne . Hydrometer .Téthperatt.ire[ Composite Hydrorneer Piameter %.F.assing


cmin) Readrng (C) j Correction Corrected (mm)


0.5 47.0 20.1 -3.76 43.2 0.0645 44.6


1 42.0 20.1 -3.76 38.2 0.0478 39.4


2 38.0 20.1 -3.76 34.2 0.0350 35.3


4 36.0 20.1 376 32.2 0.0251 33.3


8 34.0 20.1 -3.76 30.2 0.0181 31.2


15 32.0 20.0 -3.77 28.2 0.0134 29.1


30 30.0 20.0 -3.77 26.2 0.0096 27.1


60 26.0 20.0 -3.77 22.2 0.0070 22.9


120 23.5 20.0 -3.77 19.7 0.0050 20.3


240 21.5 20.0 -3.77 17.7 0.0036 18.3


360 20.0 20.0 -3.77 16.2 0.0030 16.7


1440 18.0 19.9 -3.77 14.2 0.0015 14.7







GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No.: 9521018 Client : Krght P!escld Uc. Test Pit TP95-31


Date : 02/09/95 Project : Job No. 1623/ Sample


Lab Work: LL Location: Burnaby Depth


1 ST SIEVING Hydrometer: (Minus #10) Residual #200 0.5
Totai Weight 2916.2 Before Wash 75.0 Total -2CC 42.9


After Wasn J 32.6 Gs 2.78


Size Weght % Retained Weight %:Retain :% Retained Diameter % Passing
(USS) Retarned Retained Totat (mm)


.:... . 100.0


6” 0.0 :..: ..::::: 152.4 100.0


3 — 00 —_______ 1000 —


1 1/2 5057 173 173 381 827


1 2840 97 97 254 729


3/4 312 11 11 191 719


112’ 148.2 5.1 5.1 12.7 66.8


3/8” 79.5 2.7
•..•


2.7 9.52 64.0 —-


#4 158.8 5.4 .?.: 5.4 4.76 58.6


#10 105.9 36 3.6 2.00 55.0


#20 6.1 8.1 4.5 0.840 50.5


#40 . . . 5.3 7.1 3.9 0.420 46.6


#60 :.. 5.0 6.7 3.7 0.250 42.9


#100 :. 6.3 8.4 4.6 0.149 38.3


#200 . 9.2 12.3 6.7 0.074 31.6


Pan . :. :::.. 42.9 57.2 31.4


HYDROMETER ANALYSIS
Ttrne CT6 Tértpevature Composite. Hydrometer Diameter % Passing


.:


Reading . (C) . Correction Corrected . (mm)


0.5 44.0 20.1 -3.76 40.2 0.0664 28.7


1 39.0 20.1 -3.76 35.2 0.0491 25.1


2 35.0 20.1 -3.76 31.2 0.0359 22.3 —


4 31.0 20.1 -3.76 27.2 — 0.0261 19.4


8 28.0 20.1 -3.76 24.2 0.0189 17.3


15 26.0 20.0 -3.77 22.2 0.0140 15.8


30 24.0 20.0 -3.77 20.2 0.0100 14.4


60 20.0 20.0 -3.77 16.2 0.0073 11.6


120 18.0 20.0 -3.77 14.2 0.0052 10.1


240 16.0 20.0 -3.77 12.2 0.0037 8.7


360 15.0 20.0 -3.77 11.2 0.0031 8.0


1440 13.0 19.9 -3.77 9.2 0.0015 6.6







GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZEANALYSIS OF SOILS ASTM D 422-63
Project No.: 9521018 Client : Knight Piesold Ud. Test Pit TP95-35


Date : 02109/95 Project : Job No. 1623/1 Sample


Lab Work: LL Location: Burnaby Depth


1ST SIEVING Hydrometer (Minus 10) Residual #200 0.5
Total Weight 2546.3 Before Wash 75.0 Total -200 59.3


After Wash 16.2 Gs 2.78


Size Weght.,.c .%Retained Weight, % Retatned % Retane Oiameter:,% Passing
(USS) ‘‘ Reaine ...


:“. Retained . Tota[ (mm) 1.
.‘‘


. ‘. ‘.
100.0


6” 0.0 ‘ ,, : 152.4 100.0


3” 0.0 -_________ . . . . . —______ — 76.2 — 100.0


1 1/2” 0.0 .
‘. 38.1 100.0


1” 0.0 ‘‘
‘•.•. 25.4 100.0


3/4 00 191 1000


1/2 129 05 05 127 995


3/8’ 132 05 05 952 990


#4 22.7 0.9 “‘ .


‘ “


‘ ‘
,“:‘ 0.9 4.76 98.1


#10 19.2 ?::‘.‘ . ‘


‘ .: 0,8 2.00 97.3


#20 0.7 0.9 0.9 0.840 96.4


#40 . ‘. 1.0 1.3 1.3 0.420 95.1


#60 ‘ “ ,‘ 1.4 1.9 1.8 0.250 93.3


#100 ,.. 3.4 4.5 4.4 0.149 88.9


#200 “ 9.6 12.8 I 12.5 0.074 76.4


Pan 593 791 [ 770


,,.
,. ..:.E’.’ , :‘. “


‘.“ ‘HYDROMETER ANALYSIS ‘‘


‘
‘ ‘:


Hydrometer Temperatue Cemposite Hydrometer Diameter “% Passing


. (miñ)H “ “ Reading (C) ““ Correction Correded (mm)


0.5 55.0 20.1 -3.76 51.2 0.0593 64.7


1 49.5 20.1 -3.76 45.7 0.0445 57.7


2 45.0 20.1 -3.76 41.2 0.0329 52.0


4 41.5 20.1 -3.76 37.7 0.0240 47.6


8 37.5 20.1 -3.76 33.7 0.0176 42.6


15 34.0 20.0 -3.77 30.2 0.0132 38.1


30 30.0 20.0 -3.77 26.2 0.0096 33.1


60 24.0 20.0 -3.77 20.2 0.0071 25.5


120 20.0 20.0 -3.77 16.2 0.0051 20.5


240 16.0 20.0 -3.77 12.2 0.0037 15.4


360 14.0 20.0 -3.77 10.2 0.0031 12.9


1440 12.0 19.9 -3.77 8.2 0.0015 10.4







GOLDER ASSOCIATES Ltd.
CONSUL11NG ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No.: 9521018 Client : Knight Piesald Ltd. Test Pit : TP95-37


Date: 02109/95 Project: Job No. 162311 Sample


Lab Work: LL Location: Burnaby Depth


1ST SIEVING Hydrometer: (Minus 1C) Residual 200 0.2
Total Weignt 1926.0 Before Wash 75.0 Total -2CC 41.9


Arter Wash 33.3 Gs 2.78


• Size Weigtit % Retained, ..: .Vegt .%. Retained % RetaneØ Diameter % Passing
(USS) Retarned Retained Tota’ (mm)


: :.. 100.0


6” 0.0 152.4 100.0


3” 00 c cccc... — 76.2 100.0


1 1/2” 0.0 . 38.1 100.0


1” 65.0 34 •. 3.4 25.4 96.6


3/4” 35.1 1.8 . . 1.8 19.1 94.8


1/2 347 18 18 127 930


3/8 43 1 2 2 2 2 9 52 90 8


#4 86.5 4.5 ::. 4.5 4.76 86.3


#10 63.2 3 3 : 3.3 2.00 83.0


#20 . 7.9 10.5 8.7 0.840 74.2


#40 .. . . 6.4 8.5 7.1 0.420 67.2


#60 .:
:.. . . 5.3 7.1 5.9 0.250 61.3


#100 ..: •. 5.2 6.9 5.8 0.149 55.5


#200 . — . ...• 8.3 11.1 1 9.2 0.074 46.4


Pan . . . .. .. .. 41.9 55.9 f 46.4


HYDROMETER ANALYSIS
:.Tjrns::. Hydrcmeterte.mpecatre. .: Composite Hydrometer .pjametef:: %Passing


cmin) Reading . . Corrcton Corrected. .....


0.5 42.5 20.1 -3.76 38.7 0.0673 41.7


1 38.0 20 1 -3.76 34.2 0.0495 36.8


2 35.0 20.1 . -3.76 31.2 0.0359 33.6


4 32.0 20.1 -3.76 28.2 0.0259 30.4


8 30.0 20.1 -3.76 26.2 0.0186 28.2


15 28.5 20.0 -3.77 24.7 0.0137 26.6


30 26.0 20.0 -3.77 22.2 0.0099 23.9 —


60 22.0 20.0 -3.77 18.2 0.0072 19.6


120 20.0 20.0 -3.77 16.2 0.0051 17.5


240 17.0 20.0 -3.77 13.2 0.0037 14.2


360 16.0 20.0 -3.77 12.2 0.0030 13.2


1440 13.0 19.9 -3.77 9.2 0.0015 9.9







GOLDER ASSOCIATES Ltd.


CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63


Project No. : 9521018 Jlient : Knight Pesold Ltd Test Pt : TP95-38


Date :02109/95 JProject : Job No. 1623/1 Sample


Lab Work: LL }Location: Burnaby Depth


1ST SIEVIN’ Hydrometer: (Minus 1C) Residual #200 0.1
Total Weight 2160.0 Before Wash 75.0 Total -2CC 70.3


After Wash 4.8 Gs 2.79


3j c Weight 96 Retathed Wig. ..% Retained .. % Retained Diameter % Passing
(USS) Retarne Retained Tota’ (mm)


:: :. 100.0


6 00 1524 1000


3’ 00 762 1000


11/2 00 381 1000


1 323 15 15 254 985


3/4 114 05 05 191 980


112 00 127 980


3/8” 7.4 0.3 . . .


.
0.3 9.52 97.6


#4 9.4 0.4 . . . 0.4 4.76 97.2


#10 11.0 0.5 0.5 2.00 96.7


#20 : 0.7 0.9 0.9 0.840 95.8


#40 0.6 0.8 0.8 0.420 95.0


#60
•.•


. 0.6 0.8 0.8 0.250 94.2


#100 . . : 0.8 1.1 1.0 0.149 93.2


#200 . 1.9 2.5 2.4 0.074 90.8


Pan . .. .


. . 70.3 L__93.7 90.6 J I
HYDROMETER ANALYSIS


•. . Hyrocneter TerñPátUref. •:.. .. . .. composite Hydrometer .Diameter: .. Passing.
. :(ininY:(: Reading ... ::. : . Correëtion : Corrected . (nm)* .


0.5 66.0 20.1 -3.76 62.2 0.0511 77.9


1 63.0 20.1 -3.76 59.2 0.0377 74.1


2 59.0 20.1 -3.76 55.2 — 0.0282 69.1


4 55.0 20.1 -3.76 51.2 0.0209 64.1


8 50.0 20.1 -3.76 46.2 0.0156 57.9


15 46.5 20.0 -3.77 42.7 0.0118 53.5


30 41.0 20.0 -3.77 37.2 0.0088 46.6


60 35.0 20.0 -3.77 31.2 0.0065 39.1


120 30.0 20.0 -3.77 26.2 0.0048 32.8


240 25.0 20.0 -3.77 21.2 0.0035 26.6


360 22.0 20.0 -3.77 18.2 0.0029 22.8


1440 15.0 19.9 -3.77 11.2 0.0015 14.0







GOLDER ASSOCIATES Ltd.
CONSUL]1NG ENGINEERS


PARTICLE SIZE AI4ALYSIS OF SOILS ASTM D 422-63
Project No. : 9521018 Client : Knigrt Piesoid Lto. Test Pit : TP9S-39


Date: 02109/95 Project: Job No 1623/1 Sample


Lab Work: :LL Location: Burnaby Depth


1ST SIEVIN Hydrometer: (Minus #10) Residual #200 0.7
Total Weight 1001.4 Before Wash 75.0 Total -200 44.3


After Wash 31.4 Gs 2.79


• :.: Size : Weight. •. %etaied, .
.


::iameter :% Passing
(USS) Retatned Retained Total: (mm)


1000


6 00 1524 1000


3 - 00 762 1000


11/2 00 381 1000


1 00 254 1000


3/4 00 191 1000


1/2 00 127 1000


3/8 00 952 1000


#4 00 476 1000


#10 00 200 1000


#20 01 01 01 0840 999


#40 03 04 04 0420 995


#60 07 09 09 0250 985


#100 93 124 124 4 0149 861


#200 198 264 264 0074 597


Pan 443 591 591


Time Hydrometer Tempevaturej Compasie Hydrometer Diametei % Passing
(mm) Reading (C) J Carrection Corrected (mm)


0.5 44.0 20.1 -3.76 40.2 0.0662 52.1


1 40.0 20.1 -3.76 36.2 0.0485 46.9


2 38.0 20.1 -3.76 34.2 0.0349 44.3


4 36.5 20.1 -3.76 32.7 0.0250 42.4


8 35.0 20.1 -3.76 31.2 0.0179 40.4


15 34.0 20.0 -3.77 30.2 0.0132 39.1


30 33.0 20.0 -3.77 29.2 0.0094 37.8


60 29.0 20.0 -3.77 25.2 0.0068 32.6


120 26.0 20.0 -3.77 22.2 0.0049 28.8


240 21.0 20.0 -3.77 17.2 0.0036 22.3


360 18.0 20.0 -3.77 14.2 0.0030 18.4


1440 12.5 19.9 -3.77 8.7 0.0015 11.3







GOLDER ASSOCIATES Ltd. Project No. 9521018


CONSULTING ENGINEERS Date: 219/95


.SPEClFICGRAVITYOF.SOILS .::.... ... ..


DETERMINATION NUMBER 1 2 3 4


BOTTLE NUMBER 1 3


AIR REMOVAL METHOD LVacuum I Vacuum


WEIGHT OF BOTTLE . gm. 179.54 173.97


INITIAL WEIGHT OF BOTTLE SOIL, gm. 279.54 J 273.94


INITIAL WEIGHT OF SOIL, gm 1 00.00 99.97


WEIGHT OF BOTTLE + SOIL WATER, gm. W 741 .29 735.22


TEMPERATURE,°C T 19.6 19.5


WEIGHT OF BOTTLE WATER. gm. W2 678.08 672.43


EVAPORATING DISH NUMBER 7 1 17


WEIGHT OF DISH + DRY SOIL. gm 468.58 457.71


WEIGHT OF DISH, gm 370.20 359.46


WEIGHT OF SOIL, gm W 98.38 98.25


SPECIFIC GRAVITY OF WATER G- 0.9994 0.9994


GTW$ 98.32 98.19


W - W2 63.21 62.80


W-(W-W2) 35.17 35.45


SPECIFIC GRAVITY OF SOIL G L796 2 T&9


G5 (GT*Ws)/((Ws_(’vV1_W2)) = 2.78 (average value)


REMARKS:
(1) Method A - Oven Dried Procedure
(2) Passing the #10 sieve (2.00 mm)


.:...Test pjt 95...7 . .:.:


.:.. . . .


•. ..
. •.:


.: LL


Sample Calculated By LL


%DePttl Checked By IL
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GOLDER ASSOCIATES Ltd. Project No. 9521018


CONSULNG ENGINEERS Date: 219/95


r . SPECIFIC GRAVITY OF SOILS .::.:.:.....
..


ASTMDSS4-92 .


DETERMINATION NUMBER
]_______


1 2 3 4


BOTTLE NUMBER I 1 3


AIR REMOVAL METHOD Vacuum Vacuum


WEIGHT OF BOTTLE . gm. 1 79.54 1 73.97


INITIAL WEIGHT OF BOTTLE + SOIL, gm. 279.54 273.97


?NITIAL WEIGHT OF SOIL. gm 100.00 100.00


WEIGHT OF BOTTLE + SOIL + WATER, gm. W, 741.45 735.71


TEMPERATURE,°C T 20.3 20.4


WEIGHT OF BOTTLE + WATER. gm. I W 678.02 672.33


EVAPORATING DISH NUMBER 18 27


WEIGHT OF DISH + DRY SOIL. gm. 464.33 451.53


WEIGHT OF DISH, gm. 365.41 352.61


WEIGHT OF SOIL, gm. W 98.92 98.92


SPECIFIC GRAVITY OF WATER G. 0.9994 0.9994


GTWs 98.86 98.86 —_____


W1-W I 63.43 63.38


W-(W.-W2) . . 35.49 35.54


SPECIFIC GRAVITY OF SOIL G 2 786 2 782


G5 = (GT*VVS)!((VVS_(VV1_W2)) = 2.78 (average value)


REMARKS:
(1) Method A - Oven Dried Procedure
(2) Passing the #10 sieve (2.00 mm)


Test Pit: 95-35 Tested By:: LL


Sample : . CalculatedBy: LI.


Depth : . CheckedBy: LL
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DETERMINATION NUMBER 1 2 3 4


BOTTLE NUMBER 1 3


AIR REMOVAL METHOD Vacuum Vacuum


WEIGHT OF BOTTLE gm. 179.54 173.97


INITIAL WEIGHT OF BOTTLE SOIL, gm. 279.54 273.97


INITIAL WEIGHT OF SOIL, gm 100.00 100.00


WEIGHT OF BOTTLE + SOIL + WATER, gm. W 740.86 735.04


TEMPERATURE,°C T 20.0 20.0


WEIGHT OF BOTTLE + WATER. gm. W 678.05 672.38


EVAPORATING DISH NUMBER 5 31


WEIGHT OF DISH + DRY SOIL, gm. 220.97 209.10


WEIGHTOFDISH,gm. 122.61 110.71


WEIGHT OF SOIL, gm. W 98.36 98.39


SPECIFIC GRAVITY OF WATER G- 09994 0.9994


GW 98.30 98.33


W, - W2 62.82 62.66


W-(W-W2) 35.54 35.73


GOLDER ASSOCIATES Ltd
CONSULTING ENGINEERS


SPECIFIC GRAVITY OF SOILS
ASTM D 854-92


Project No. 9521018


Date: 219195


SPECIFIC GRAVITY OF SOIL f 2 766 2 752. j I
G5 (GT*VVs)/((Ws_(V\Jl_VV2)) 2.76 (average value)


REMARKS:
(1) Method A - Oven Dried Procedure
(2) Passing the #10 sieve (2.00 mm)


rest Pit 95-39 Tested By U.
Sample. Calculated By Li.
Deptft’ Checked By LL
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Consolidated Undrained Triaxial Compression Test on Cohesive Soils


ASTM D 4767-88
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Consolidated Undrained Triaxia! Compression Test on Cohesive Soils Ficiure
ASTM D 4767-88
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GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63


Project No. : 9521018 Client : Knight Pesoio Ltd. Test Pit : TP95-1


Date: 02109/95 Project: Job No. 1623/i Sample


Lab Work: LL Location: Burnaby Depth


1ST SIEVING Hyoroneter: (Mcnus 0) Residual #200 0.7
Total Weight 3468.7 Before Wash 75.0 Total -200 38.0


After Wash 37.7 Gs 2.78


Size Wegt. .% Retaiied Weig •%Retaned .% Retatne Diameter % Passing
(USS) RetaLned Retained Total (mm)


100.0


6” 0.0 : .


. ..:. 152.4 100.0


3 00 762 1000


11/2 00 381 1000


1 418 12 12 254 988


3/4 874 25 25 191 963


112’ 172.3 5.0 .


. 5.0 12.7 91.3


3/8” 127.0 37 . . ... . 3.7 9.52 87.6


#4 308.0 8.9 ‘.:: . . 8.9 4.76 78.8


#10 294.9 8.5 .
S 8,5 2.00 70.3


#20 .


:,, 8.9 11.9 8.3 0.840 61.9


#40 “‘‘ 9.3 12.4 8.7 0.420 53.2


#60
:‘


.


‘//::“ :“ 6.6 8.8 6.2 0.250 47.0


#100 .


“‘‘“ 5.9 7.9 5.5 0.149 41.5


#200 .
. ‘:.‘1 “ 8.9 11.9 8.3 0.074 33.2


Pan :5’:’, :.


:.‘.‘.*.. 38.0 50.7 35.6


HYDROMETER ANALYSIS
lime” Hydrometer .TenpSèrature .. Composite .Hydromete :.Diameter.. % Passing


.


“ iiii)::”.’ ‘,:, Reading ‘


:‘ (C)
‘..:


‘‘ :‘ CETectiOn’ . corted” (mm)


0.5 38.0 20.1 -3.76 34.2 — 0.0700 31.2


1 34.0 20.1 -3.76 30.2 0.0511 27.6


2 30.0 20.1 -3.76 — 26.2 0.0372 23.9


4 27.0 20.1 -3.76 23.2 0.0269 21.2


8 24.5 20.1 -3.76 20.7 0.0194 18.9


15 23.0 20.0 -3.77 19.2 0.0143 17.5


30 20.0 20.0 -3.77 16.2 0.0103 14.8


60 17.0 20.0 -3.77 13.2 0.0074 12.0


120 15.0 20.0 -3.77 11.2 0.0053 10.2


240 13.0 20.0 -3.77 9.2 0.0038 8.4


360 12.0 20.0 -3.77 8.2 0.0031 7.5


1440 10.0 19.9 -3.77 6.2 0.0016 5.7


I







GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


:PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No.: 9521018 Client : Knight Pesoid Ltd. Test Pit: TP95-7


Date : 02109/95 Project : .(ob No. 1623/1 Sample


Lab Work: LL Location: Burnaby Depth


1 ST SIEVING Hydrometer: (Minus #10( Residual 2OO 0.1
Total Weight 2807.3 Before Washj 75.0 Total -2CC 43.3


After Wasn 31.8 Gs 2.78


. Size Weight % Retained eight % Retained % Rezned Diameter . % Passing
.(USS) : Retained . ..etaine4. : Total (mm)


.‘ 1000


6 00 1524 1000


3 00 762 1000


11/2 00 381 1000


1 00 254 1000


3/4” 120.2 4.3 :..
. 4.3 19.1 95.7


1/2 74.8 2.7 2.7 12.7 93.1


318’ 71.4 2.5
. ...


2.5 9.52 90.5


#4 182.0 6.5 :::* 6.5 4.76 84.0


#10 177.5 6.3 . 6.3 2.00 77.7


#20 6.4 8.5 6.6 0.840 71.1


#40 : 5.9 7.9 6.1 0.420 65.0


#60 4.8 6.4 5.0 0.250 60.0


#100 .: ...
.. 5.1 6.8 5.3 0.149 54.7


#200 .: 9.3 12.4 9.6 0.074 45.1


Pan 43.3 1 577 44.9 f 1.
HYDROMETER ANALYSIS


Hydrometer Ternpéatir Compoe Hdrometer Diametersi % Passing


min . Reading . (C) : Correction corrected (mm)


0.5 44.0 20 1 -3.76 40.2 0.0664 40.5


1 38.5 20.1 -3.76 34.7 0.0493 35.0


2 35.5 20.1 -3.76 31.7 0.0357 32.0


4 33.0 20.1 -3.76 29.2 0.0257 29.5


8 30.0 20.1 -3.76 26.2 0.0186 26.4


15 28.0 20.0 1 -3.77 24.2 0.0138 24.4


30 25.0 20.0 -3.77 21.2 0.0100 21.4


60 21.0 20.0 -3.77 17.2 0.0072 17.4


120 19.0 20.0 -3.77 15.2 0.0052 15.3


240 17.0 20.0 -3.77 13.2 0.0037 13.3


360 15.0 20.0 -3.77 11.2 0.0031 11.3


1440 12.5 19.9 -3.77 8.7 0.0015 8.8







GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No. : 9521018 Client : Knight Pesod L:d. Test Pit : TP95-10


Date : 02109/95 Project : Joo No. 162311 Sample


Lab Work: LL Location: Burnaby Depth


1ST SIEVING Hydrometer (Minus 10) esiduai#2C0 0.1
Total Weight 2183.6 Before Wash 75.0 Total -200 37.2


After Wash 37.9 Gs 2.78


Size Weight :.%Reained’ “Weight ... ::%Retned: %.Retaine Diameter. :%‘PaSSiflg
(USS) Retained Retaired Tota’ (mm)


:.:‘.( ‘


. 100.0


6” 0.0 I’( ‘‘(‘((1
‘. : 152.4 100.0


3 00 762 1000


1 1/2” 0.0 ‘,, ‘


“:“ 38.1 100.0


1” 158.4 7.3 . ‘.‘. 7.3 25.4 92.7


3/4” 79.7 3.6 :“ :....:.: 3.6 19.1 89.1


1/2” 1904 ,


:..


. 8.7 12.7 80.4


3/8” 119.2 5.5 . . . 5.5 9.52 74.9


#4 290.9 13.3 . . ‘,,


.‘.: .


“ 13.3 4.76 61.6


#10 201.3 9.2 :.“‘“ 9.2 2.00 52.4


#20 9.3 12.4 6.5 0.840 45.9


#40 . . 9.0 12.0 6.3 0.420 39.6


#60 62 83 43 0250 353


#100 55 73 38 0149 314


#200 . “‘. “ ‘.‘..


.. 7.5 10.0 5.2 0.074 j 26.2


Pan ., “


. :(, (‘•‘.
, 37.2 49.6 26.0


HYDROMETER ANALYSIS


: Time Hydrometer Temper iNj:
. composite Hydrometer Diameter ‘Passig


(mm) RedTh ‘ (C) [ . Correction Corrected (mm)


0.5 40.0 20.1 1 -3.76 36.2 0.0688 24.6


1 35.0 20.1 -3.76 31.2 0.0507 21.2


2 32.5 20.1 -3.76 28.7 0.0366 19.5


4 30.0 20.1 -3.76 26.2 0.0263 17.8


8 27.5 20.1 -3.76 23.7 0.0190 16.1


15 26.0 20.0 I -3.77 22.2 0.0140 15.1


30 24.0 20.0 -3.77 20.2 0.0100 13.7


60 20.0 20.0 -3.77 16.2 0.0073 11.0


120 18.5 20.0 -3.77 14.7 0.0052 10.0


240 17.0 20.0 -3.77 13.2 0.0037 9.0


360 15.5 20.0 -3.77 11.7 0.0031 8.0


1440 14.0 19.9 -3.77 — 10.2 0.0015 6.9







GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No. : 9521018 Client : Knignz Piesold Ltc Test Pit : TP95-18


Date: 02109/95 Project: Job No. 1623/1 Sample


Lab Work: LL Location: Burnaby Depth


1ST SIEVING Hydrometer; (MinuS O) Residual #200 0.2
Total VVeight 21 89.2 Before Wash 75.0 Total -200 50.0


I After Wash 25.2 Os 2.78
:Size


. Weight % Retarned Weigt. . .
:%...Retned. Diameter % Passing


(USS) Retained Retained Tota (mm)
. 100.0


6 00 1524 1000


“ 00 I 76.2 100.0


1112 00 381 1000


1 00 254 1000


3/4 00 191 1000


1/2” 5.1 0.2 0.2 12.7 99.8


3/8” 19.5 0.9 0.9 9.52 98.9


#4 44.0 2.0 .


: 2.0 4.76 96.9


#10 59.5 2.7 . 2.7 2.00 94.1


#20 . : . 3.5 4.7 4.4 0.840 89.8


#40 . .
.. . 3.8 5.1 4.8 0.420 85.0


#60
/


41 55 51 0250 798


#100 49 6 62 0149 737


#200 84 1 112 105 0074 631


Pan . . . .•.
. 50.0 66.7 62.8 1


HYDROMETER ANALYSIS
Time Hornetêr Hydrometer :.Diametei I 0Pássihg


(mm) . Reading
.


: I:__:II:Otio Corrected . (mm)


0.5 49.0 20.1f -3 76 45.2 0.0633 55.2


1 44.0 20.1 -3.76 40.2 0.0470 49.1


2 41.0 20.1 -3.76 37.2 0.0341 45.5


4 38.0 20.1 -3.76 34.2 0.0247 41.8


8 35.0 20.1 I -3.76 31.2 0.0179 38.1


15 33.0 20.0 -3.77 29.2 0.0133 35.7


30 30.0 20.0 -3.77 26.2 0.0096 32.0


60 27.0 20.0 -3.77 23.2 0.0069 28.4


120 23.0 20.0 -3.77 19.2 0.0050 23.5


240 20.0 f 20.0 -3.77 16.2 0.0036 19.8


360 18.5 20.0 -3.77 14.7 0.0030 18.0


1440 15.0 19.9 -3.77 11.2 0.0015 13.7







GOLDER ASSOCIATES Ltd.
CONSULTING ENGINEERS


PARTICLE SIZE ANALYSIS OF SOILS ASTM D 422-63
Project No.: 9521018 Client : KnghtPiesoid Ltd. Test Pit: TP9S-20


Date: 02/09/95 Project: Job No. 1623/1 Sample


Lab Work: LL Location: Burnaby Depth


1ST SIEVING Hydrometer: (Minus #10) Residual #200 0.2
Total Weight 3344.7 Before Wash 75.0 Total -200 46.6


After Wash 28.6 Gs 2.78


Size WeghtH. .%Retapd. :.%.Retatned Diameter %Passing
(USS) Retarned Retane Tota (mm)


x::::. 100.0


6” 0.0
:.:.::.. 152.4 100.0


3 00 — 762 1000


1 112” 0.0 38.1 100.0


1” J 51.7 1.5 1.5 25.4 98.5


26.8 0.8 0.8 19.1 97.7


1/2” 46.0 1.4 1.4 12.7 96.3


3/8” 34.6 1.0 1.0 9.52 95.2


#4 192.4 5.8 5.8 4.76 89.5


#10 221.1 6.6 6.5 2.00 82.9


#20 6.3 8.4 7.0 0.840 75.9


#40 . .. . 5.2 6.9 5.7 0.420 70.2


#60 . 4.6 6.1 5.1 0.250 65.1


#100 . 5.2 6.9 5.7 0.149 59.3


#200 . 7.2 9.6 8.0 0.074 51.4


Pan 46.6 62.1 51 5


HYDROMETER ANALYSIS
Tirre HydrämEter. Temperature Composite Hydrometer oimet; % Passing


(mu) Reading (C) . Correction Corrected (mm)


0.5 47.0 20.1 -3.76 43.2 0.0645 46.5


1 42.5 20.1 -3.76 38.7 0.0476 41.6


2 39.0 20.1 -3.76 35.2 0.0347 37.9


4 36.5 20.1 -3.76 32.7 0.0250 35.2


8 34.0 20.1 -3.76 30.2 0.0181 32.5


15 32.0 20.0 -3.77 28.2 0.0134 30.3


30 30.0 20.0 -3.77 26.2 0.0096 28.2


60 26.0 20.0 -3.77 22.2 0.0070 23.9


120 23.0 20.0 -3.77 19.2 0.0050 20.7


240 21.0 20.0 -3.77 17.2 0.0036 18.5


360 19.5 20.0 -3.77 15.7 0.0030 16.9


1440 17.0 19.9 -3.77 13.2 0.0015 14.2







GOLDER ASS OCATES Ltd.


CONSULTING ENGINEERS


S a
Project No. : 9S21C1 Ciient : K-ght PesoTti L Test Pit !TP97


Date : C2J11/5 Project : Jb No 23/ Sample :


LabWork_ LL Location: 8uraby Depth :


1ST SIEViNG riydrcmete (MinUs O R&#2CQ 1.5
•rct& Weight 428.7 efor ‘tas’ 750 Total -200 453


terW3sh 312 Gs 273


SiZe . Wett
.


% Ree % R€ted Darieter % Passi
(JS) Retarne tacici


I
>.< 1000


6 00 1 1524 1000


3” 00 762 1000


11/2” 122 4 3 0 3 0 38 1 97 0


1 81 20 20 254 951


3/4” 145 7 3 6 3 6 19 1 91 5


1)2” j 97 9 2 4 , 2 4 127 89 1


3/8” 134 4 3 3 3 3 9 52 85 9


#4 2046 I 50 ‘ 50 476 809


#10 3443 83 83 200 726


#20 .. 45 60 44 0840 682


#40 5 0 6 7 4 8 0 420 63 4 —


#60
44 45 60 44 0250 590


#100 56 75 54 0149 536


#200 10 1 13 5 9 8 0 07’4 43 8


Pan “ 45 3 60 4 43 8 j
fJYDROMElFR ANA.Y$I


tte Copos Kyn,er jfl1eter %. asiA
4cm LJ C) Cectb cce


0.5 45.5 19.5 -3,84 41.7 0.0665 39.6


1 41.5 19.5 -3.84 37.7 0.0488 35.8


2 37.0 19.5 -3,84 33.2 0.0358 31.5


4 33.0 19.5 -3.84 29.2 0.0261 27.7


8 30.0 19.5 -3.84 26.2 - 0.0189 24.9


15 28.0 19,5 -2.84 24.2 0.0140 23.0


30 25.0 — 19.5 -3.84 21.2 0.0101 20,1


60 22.0 19.5 -3.83 18.2 0.0073 17.3
120 20,0 19.8 -3.80 16.2 0.0052 15.4


240 17.5 19.8 3.80 13.7 0.0038 13.0


360 16.0 19,8 -380 12.2 0.0031 11.6
1440 14.0 — 20.0 -3,80 10.2 0.0015 9.7


. ...__.._.1_ — —.







GOLD ER ASSOCIATES Ltd. Project No. 9521018


CONSULTING ENGINEERS Date : 1/26/95


Laboratory Determination of Water Content of SoH and Rock


ASTM 0 2216-92


““‘•


tpgs-’l: ‘‘TP95-.7J• .tP95-1OL TPg5-18 ‘TP952O TP95-25”


SAMPLE P4UMB’,:f
.:.:.:


:
.:.:,.


•‘. ‘: . . .:. ‘ ‘


DEPTH OF SAMPtE •‘.“‘:‘:.‘.‘


: ‘ .‘ •:
:


‘:


CONTA1NER NUMBER


MASS WETSOILTARE 8547.7 9217.5 6633.9 3836.5 8948.7 7546,4


MASSDRYSOILTARE 7876.2 8452.1 6049.8 3537.7 7961.0 6650.8


MASSOFWATER 671.5 765.4 584.1 298.8 987.7 895.6


MASSOFCONTAINER 1426.5 1414.0 1427.8 1378.4 1130.6 1414.3


MASSOFDRVSOIL 6449.7 7038.1 4622.0 2159.3 6830.4 5236.5


WATERCONTENTW{% 10.4 10.9 / 12.6’ ‘ 13.8 14.5 17.1 -


BOREHOLE NUMBER TP95-.27 TP95-31 TP9S-35 tP95-37 TP95-38 TP95-39


SAMPLE NUMBER ‘. s.’. ‘:: ‘,,‘,:: ,,:“ ‘.: “
‘‘““ ‘


:“ ‘.


,.


DEPTH OF SAMPLE (m ‘.
‘“ ‘: ‘


“ .“,
.‘:‘“


:,:‘.


CONTAINER NUMBER


MASS WETSOIL+TARE 5937.6 8386.3 7978.9 7623.2 8130.7 7168.1


MASS DRY SOIL • TARE 5481.6 7669.7 7036.9 6654.4 6637.4 5794.5


MASS OF WATER 456.0 716.6 942.0 968.8 1493.3 1373.6


MASSOFCONTAINER 1380.1 1177.8 1344.6 1494.2 1383.6 974.9


MASSOFDRYSOIL 4101.5 6491.9 5692.3 5160.2 5253.8 4819.6


WATERCONTENTWL%. 11.1 11.0 16.5 2’.. 28.5


BOREHOLE NUMBER .
.. ... “ . “ ‘ , :: :ç:’f. ‘.. ;‘. ...


,


SAMPLE NUMBER , “ ,


,,:,;
‘:
:.•‘


,


‘:‘ ‘,:‘: ‘


DEPTH OF SAMPLE (m ‘..


‘. :, ..$.:.“...:: .‘.‘ ‘ ‘


‘ ‘


. ::‘


CONTAINER NUMBER


MASS WETSOIL+TARE


MASS DRY SOIL + TARE


MASSOFWATER


MASS OF CONTAINER


MASS OF DRY SOIL


WATER’CONTEN.TW(% ‘f’ “‘ . ff,:’.A::f ‘7.







LABORATORY TEST SHEET - ATTERBERG LIMITS


Lab Work /22 Project # 1/ Date J2


Type of Test LI IL IL LI Nat MC


Container # 3 27


Number of blows 25 / /7 33


Wt.sample wet + tar 3/. 3’o 3/,/7


Wt.sample dry + tar 2 7 2-7.7 c’ 23’.?


Weight of water ‘z c-z 2


Tare


Wt. of dry soil /‘2- /? 3 /5 ,


Water content % 22• v ( 21.0 v


Type of Test PL P1 Borehole #


Container # Sample # —


Wt.sample wet + tar Depth —


Wt.sample dry + tar 2c O7 Liquid Limit


Wt of water / I L/
‘ Plastic Limit / 3 c


Tare /“4’ /2’ Plasticity index


.‘eight of dry soil /j <3 // 23 MoIsture content /0 /


ater content 1 /2 / i . V Liquidity Index
— . j


EEEEEEEEEEEEH ‘
SANFLE DEsc:.IPTIoN


EE:EEEEE:::::::: :


zI===zz:::::::::.


+) — — — — — - - - - -


— — — — - - - - -


a)-? — — — — — — — — — — — — . .


+‘- — — — — — — — — — — — -


— —— —— -.— -


0 — — — — — — — — - - - - - - .


0 — —— ——— —— -


Q) —


+‘ — — — — — — - -


aS ——————-----.- -


2I___________--——-.. - -


i°ZEZEEE:::


5 0 20 2 30 35 40 4550
Nuznber of blows


Golder Associates







LABORATORY TEST SHEET - ATTERBERG LIMiTS


Lab Work C) project # Z Date


C
!Type of Test LI1 LL LL LL


I Container #
INumber of blows / /.
JWt.sample wet + tar 3 3/ -‘2 3
Wt.sample dry + tar 2.0d7 3 i/


IWeight of water 3 5 — 3 2 3 Z


fTare /3 /“5 /3:


!Wt. ci’ dry soil 13 / /‘-‘ O2 /3 )
IWater content % 2. 1-” 2 ‘/ 2’ / Z


¶Te of Test PL PL 3orehole #


Container # Sample #
‘Wt.sample wet + tar 2 Depth


Wt.sample dry + tar 2L/ / Liquid Limit c1 /
IWt of water / 7 j / Plastic Limit —


LTare /323 /472 Plasticity index /0
iWeight oI’ dry soil ,‘3 Moisture content /0


1ater content v /3 ‘
iquidity Index -. 2 —


—zr===zzr:-’:-’ :: : S.U2LE DEsCRIPTION


— — — — — — - - - - -..


-


+z — — — — — — — - - - - -


— — — — — —
-


,s__—_________—....


I


z=z::::::


C. : 0 20 2) 30 35 40 4550
Number of blows


Nat YC


Golder Associates
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LABORATORY TEST SHEET - ATTERBERG LIMITS


iab Work Project # !- I Date ‘‘
—


t/


!Type of Test LI LL LL LL Nat MC


I Container #
INuinber of blows /7 /..
fWt.sample wet + tar


lWt.sample dry + tar 2S3- Z 2S
iWeight of water


!Tare /37
Wt. of dry soil //‘7 / /2?7 / /—7
Water content % — 27 /
Type of Test PL - PIJ Borehole #


IContainer # Sample # —
iWt.sample wet + tar zZi-’ Depth


iWt.saple dry + tar Z7 Z3-
- Liquid limit V


Wt of water // 7.37 1astic Limit


Tare J± /. Plasticity index


Weight of dry soil Moisture content /-
.iter content /..3. 1 /3:’ Z Liçuidity Index


-==z:::::::::: : : S-ULE DESCRIPTION


==zz:::::: :


F;=:EEEiEEE


EEEEEEEEEHE


2 — ——— — -- -- - --


C 0 20 2 30 35 40 4550
Number of blows


Golder Associates







j LABORATORY TEST SHEET - ATTERBERG LIMITS


! Lab Work____________ oject # ‘Z Date \. “


‘Ji i€


Type of Test IL LI LI IL Nat MC


jContainer # i/4 </o


Number of blows / /7, I — 27
Wt.sample wet + tar 2 3O\/ 3/’


j Wt.sample dry + tar 2-7. 3’ z


iWeight of water 3./b 3 I
[Tare /21


j Wt. of dry soil 1/ ‘7’ /3 o’ /22- /3
./ /


Water content % 2 ) 2/ / 2 .


Type of Test P1 FL Borehole # 2


I Container # ‘ 7o Sample # —


IWt.sample wet + tar 33 Depth


IWt.samole dry + tar / ¶3 22 S Liquid Limit 7


IWt, of water /‘‘3 Plastic Limit /3 . / —.


ITare ‘‘ /5oQ’ Plasticity index /3 v


‘teight of dry soil ,3.3 ‘,3 ) Moisture content ,i ç v


hater content i3 1 13 1 ‘ Liquidity Index // v


-==zz:z:::::::: :‘ s.ui DESCRIPTION


. — — — — — - -


0
• C) ———_____ .


2zrz—-——--. .
a) — — — — — — — - — — - - -


4’ -— — -— — — - — - - - - -
a — — — — - — - - - - - - -.


,. =ZZ2:::: :


-, - — — — — — — - - - - .


:
5 .0 1, 20 2 30 35 40 4550


Number of blows


Golder Associates







LABORATORY TEST SHEET - ATTERBERG LIMITS


Lab work project # ;/) Date /f


c J3


Type of Test LL LL LL Ii Nat MC


, Container # / Z_..


Number of blows 10
Wt.sample wet + tar 5’, c7 57, 7’ ce7 7
Wt.sgjple dry + tar -J7


Weight of water 6-Z 7..9


Tare / 7S /c’c.D 4..? € Z /J,


Wt. of dry soil JS7L.. 36,2


Water content % 2.z__..-. a’
Type of Test PI PL Borehole # -


Container # S / Sple #
Wt.sample wet + tar 7cCJ Depth


Wt.sample dry + tar Z-7O aciS L±quid Limit ?-f-Zo S—


Wt of water . Z Plastic Limit


.Tare /-.y / Plasticity index


Weight of dry soil Moisture content ii


ater content / ?— /2.l ‘ Liquidity Index —-t-.2z


Hi—


I I I


EEEE EEEEEEEEEE Hii SJLE .LJESCRIPTIO


: : : :4f: —---‘


— — — — — — - - — - -. 1-1-H
= = = : : : i


— — — — — — — — — - -


- NH r 44H4ThIIW1 C’ v’7
4.) — — — — — — — — — . . • 44 4 4
_zzz::::::ttFt iHltHl±Ht. /7’ J—’


1II1I


z==zz:::::::: : -


C) — — — — — — — - — - - - - -


.) — — — — — - - - - -
Ce —— — —— —— - --- -


, — — — — — — — — — — — —


(,, 5 : 0 1, 20 2) 30 35 40 4550
Number of blows


Golder Associates







LABORATORY TEST SHEET - ATTERBERG LIMITS


Lab Work____________ Project # 75 ;/ Date


C
Type of Test LL LL IL IL Nat MC


Container #
Number of blows - Z /
Wt.sample wet + tar


Wt.sample dry + tar &/ •3
Weight of water -, 9 23 -


Tare /-


Wt. of dry soil /2 ,‘3’ 5-’ /‘


Water content 3 /
/ 2y


Type of Test P1 P1 Borehole. # ‘—1--p —--


Container # Sample #
Wt.sample wet + tar ‘7:- Depth


Wt.sample dry + tar 2 ‘O 2O Liquid Limit z 2. —
Wt. of water / 2 / C Plastic Limit


Tare / Plasticity index


Weight of dry soil // 2 ‘ 3 Moisture content / . / .V


ater content Liquidity Index -


-=zz:z:::::::: : SA!IE DESCRIPTION


‘z7E E HH
—— — —— — — —— . .
— — — — — — — — —


2<==z:::,


ZLf-———————-—..” -
ci) — — — — — — — — — — - - - - -.


+ ———————------...-
ct: —— — —— ——- --


————--.——--------“


2=ZZ___:.:: -


if’
2. 0 20 2 30 35 40 4550


Number of blows


Golder Associates







LABORATORY TEST SHEET - ATTERBERG LIMITS


(Lab Project # — ate


fType of Test LL I LL LL ‘ IL Nat MC


; Container #


!Nuber of blows 2


IWt.sample wet + tar ‘‘‘/


fWt.sample dry + tar 7 2 5/


iWeight of water ‘


!Tare /z’


Wt. of dry soil 13 Z /5JL/ /2/


iWater content % 22.3’


TyDe of Test PL P1 Borehole # TA7— /
Container # Sample #
Wt.samole wet + tar c’y 37.2 Depth


TWt.sample dry + tar 2.’iç Liquid Limit 2/


Wt, of water 2 Plastic Limit i’/ 0


Tare Plasticity index 7


‘eight of dry soil ,/ ç3 i’’. 2/ Noisture content // V


:ater content /‘-7’ / - /2 <‘ Liquidity Index
- c.’/Q —


SA1LE DESCRIPTION


———————-------.


-


‘so — — — — — - - - - -. -


4-’ — — — — — — - - - -


— ——— — — — —— - - - - 4 ..


)-L—.—— ——— — —— — •


4-’_ — — — — — — - - - -


--


0 — — — — — —— - - - - - - - -


— — — — — — - - - - . . -


—— — —— —— --


0) ——————————


+) — — — — — — — - -


c —————--—------- -


2’-——————————--” -


C : 0 1, 20 2t 30 35 40 4550
Number of blows


Golder Associates







LABORATORY TEST SHEET - ATTERBERG LIMITS


Lab Work oject # ‘/ Date
-


Type of Test LI IL LI IL Nat MC


Container# -


Number of blows 17
Wt.sample wet + tar 3/ 7 /\/


Wt.sample dry + tar 2’ 73 2 2-/ 2. 2/


Weight of water 2 .? 2 3c3
Tare /<
Wt. of dry soil /‘—/ / 3 / ‘-/ S /4/a a
Water content 0 2 / S 2 . 2/. ‘/ 2 o 7
Type of Test P1 P1 Borehole


Container # Sample #
Wt.sample wet + tar Depth *


Wt . sample dry + tar 2 3 L 2 / Liquid limit z o
[Wt of water / / Plastic Limit ,‘‘ / —


Tare / Plasticity index ‘‘ —


Weight of dry soil /C V Moisture content /


•.ater content / f-/ . /1 Q Iiuidity Index 3


- = = = = :.-4 i:t l FfR1RI su1:EI DESCRIPTION
— — — — — — — — — — - - - . 1.[t ifi 4T4Tfl
———————------.-


-


,Z(==::::::


4.’ — — — — — — — - - - -


—— — ——— ——— - -c’zI-—————------
—— — ——— - -- - -


0 —————————-- -
— — — — — - - - -


l’———————-—-—-—.”.


- -


5 0 1. 20 2 30 35 40 4550
NuDber of blows
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LABORATORY TEST SHEET - ATTERBERG LIMITS


ab Work - Project #


Type of Test LI - — LI - LI LI Nat NC -


-


Container # —
9 1 • -


urnber of blows I — - —


Wt.sample wet + tar
--- c


Wt.sample dry + tar ZS 5- 3o,
Weight of water


Tare


Wt. of dr soil 7) 13c
Water content ‘-V 2ç7 Ib
Trpe of Test P1 P1 Borehole # j—j 7


Container # 4- Sample #
Wt.sample wet + tar 17. 17. I4- Depth


W.samole d’y+ iS Liquid Limit 2.c ‘/


Wt of water Plastic Limit
, t


Tare 2. Plasticity index
- jO,


ight of dry soil L’..’t..’ - IISI Moisture content IS.
Water content LiuidityIdex -


- 23


j—zzzz:z:’:::::: : sisciic


-


— — — — — - - -


., a — — a — — — — — — — — — I I


— — — — — — — — — — — I


c:: — —— —— —— - —:--- -


0 ———-—-————————.••-


( — — — — — — — — — - - - - . .-.


i.=zzzE::E::::. -
c.J — — — — — - - - - - - - - -


+
0 20 2 30 35 40 4550


Number of bjows
- -J
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LABORATORY TEST SHEET - ATTERBERG LIMITS


lab Work____________ Project # Date ‘ /?


tz


Type of Test LI — I IL LI IL Nat MC


Container # ( r’


Number of blows Jo
Wt.sample wet + tar ‘5 o Sc.. / / S/-/ ..?‘O


Wt.sarnple dry + tar LfI1D5 +310 SJOS
Weight of water G7 7o3 Ic-aS
Tare ‘-‘
Wt. of dry soil 2.9o 22Y3 23l-
Water content % O9


Type of Test FL FL Borehole #


Container # Sample #


Wt.sample wet + tar Z.5./c .79i Depth


Wt.sarnple dry + tsr Licuid Limit


Wt of water Plastic Limit .7


Tare /7- 77 Z-J- Plasticity index I3I


Weight of dry soil Moisture content


1.ater content -/ I’+ Liquidity Index O.70 —
SJIE DESCIPTIO


.j- : Cy --‘“


M izEIE:E:::::.;: i


I
5 0 20 2 30 35 40 4550


Number of blows


Golder Associates







LABORATORY TEST SHEET - ATTERBERG UMETS


Lab Work - o j e ot # (0 / Dat e ‘Y


Pyoe of Test LI LI LI - IL .NatMC


Container # / Z.


Number of ‘ol ows -3 — 2.7 2-- ( -
—


Wt.sample wet + tar VSJ 52_ 58


Wtsaple dry+ tar -73 6’2o --


Weight of water - Sc
- 2-37


Tare /9.2.2 /‘/7


Wt.of dry soil - Z6-’’ - 240 L7.°S —


Water content % ai. “ zz.o / Z3-2_


Type of Test FL —— Borehole #
Container # ‘o ? Sample #
Wtsamp1e wet + tar Depth —


Wt.sample dry + tsr L2. 9O Liquid Limit aa-
Wt. of water 7J Plastic Limit /3 7


Tare yjy Plasticity index


ight of dry soil -& Moisture content


Water content (9- / ‘.o’ Liouidity Index —O.’2,


EEEEEEEH.H I SAMPLE DESCRIPTION


EEEEEEE 1L “- r


==z:::::::::: : Zt
— — — — — — — - — - .LLNU .IW4l1
— — — - .. . 44NW 44f


aY — — — — —


‘ —— —— — —— — —————
+ ——————————--——.‘ •
:: — — — — — — - - - +
3-z.z::::::::: : - —- -—


0 ———————------.. .•
0 — — — — — •• .
?- — — — — — — — — — - - - - U U - —


s-I — —— ——— —- -- ---U.


— — — — — — - U. U- U


+‘ ———————---.----.. U


-
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Number of b]ows
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APPENDIX C


TESTWORK ON TAILINGS


PHYSICAL CHARACTERISTICS* AND


GEOCHEMICAL CHARACTERISTICS**


Taken from “Mt. Policy Project, Report on Geotechnical Investigations and Design


of Open Pit, Waste Dumps and T.S.F”, dated February 19, 1990


* Appendix D: Laboratory Testwork on Tailings
** Appendix E: Geochemical Tests on Tailings
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IMPERIAL METALS CORPORATION


MT. POLLEY PROJECT


APPENDIX D


LABORATORY TESTWORK ON TAILINGS


SECTION 1.0 - GENERAL


A series of laboratory tests were carried out on tailings samples obtained from


Coastech Research Inc. The performance of the tailings slurry was evaluated at


different solids contents and using different deposition techniques.


The following tests were carried out:


- Particle size distribution by sieve and hydrometer


- Solids specific gravity


- Particle diameter versus settling velocity


- Undrained settling tests


- Drained settling tests


- Permeability tests on drained and settled tailings


- Air drying of tailings to determine the densities achievable and the reduction


in saturation levels.
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SECTION 2.0 - TAIUNGS SOLIDS CHARACTERISTICS


The specific gravity of the tailings solids was measured to be 2.78. The particle size


distribution was determined using sieve and hydrometer analyses. The tailings


gradation is shown on Figure Dl. The tailings material is a non plastic, yellow-grey,


fine grained material with 6 percent clay, 64 percent silt and 30 percent fine sand.
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SECTION 3.0 - TAJUNGS DEPOSiTION AND WATER


RECOVERY CHARACTERISTICS


Drained and undrained settling tests were carried out on three slurries at 25 percent


solids, 35 percent solids and 45 percent solids.


The undrained settling tests indicate the water recovery and settled densities of


tailings deposited underwater while the drained settling tests indicate the increase


in density and water recovery resulting from drainage. The results of the tests are


given on Figures D2 and D3 and in Tables Dl and D2.


The tailings solids settled rapidly and a pronounced segregation was observed. The


sandy materials settled first and were overlain by progressively finer fractions of silt.


The supernatant water remained quite cloudy as the fine colloidal clay fraction


remained in suspension.


Additional slurry samples were allowed to settle and surface water was decanted.


When settling was complete the water losses and sample volume changes due to


evaporation were recorded. This was continued until the tailings reached the


maximum density achievable by air drying.


The dry densities achieved by undrained settling, drained settling and by air drying


of the tailings are shown on Figure D4 and summarized as follows:


Initial Solids Content 25% 35% 45%


Dry Density


Undrained Settling 0.84 t/m3 0.89 t/m3 0.96 t/m3


Drained Settling 1.12 tIm3 1.10 t/m3 1.19 t/m3


Air Drying 1.44 t/m3 1.49 t/m3 1.33 t/m3
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On the basis of the above tests and for an initial solids content of 35 percent, it is


predicted that the tailings will settle on deposition to a dry density of 0.9 t/m3


yielding 1.18 m3 of supernatant per tonne of deposited tailings. The tailings could


then be expected to drain and consolidate to 1.1 tim3. Continued consolidation, air


drying and freeze-thaw consolidation will further increase the tailings density thereby


reducing the tailings storage requirements. On-going monitoring will determine the


actual densities achieved by the tailings. This will allow accurate planning of the


construction of future stages of the tailings facility.


Association Association
of Consulting des lngdnieurs
Engineers Conseils
of Canada du Canada







jJght Piésold Ltd.
CONSULTING ENGINEERS 5


SECTION 4.0 - TAILINGS PERMEABILITY


Falling head permeability tests were carried out on the settled and drained tailings


slurry after completion of the settling tests. The results are summarized as follows:


Initial solids content (%) 25 35 45


Drained density (tIm3) 1.12 1.10 1.19


Permeability (cm!s) 1.4 x i0 2.0 x i0 2.4 x i0
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SECI1ON 51) - PARTICLE SETTLING VELOCITY ANALYSIS


Particle settling velocities are used in conjunction with particle specific gravity, solids


content, flow data, etc. to determine friction losses in slurry pipelines. Settling


velocity as a function of particle diameter is plotted on Figure D5.
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MT. POLLEY


TAILINGS STORAGE FACILITY


RESULTh OF DRAINED SETTLING TES1S ON TAILINGS


Solids content of


initial slurry (%) 25 35 45


Pulp density of


initial slurry (t/m3) 1.19 1.26 1.37


Water to supernatant


(% of total water) 72.9 63.6 49.8


Additional water recover


ed with underdrainage


(% of total water) 9.1 8.4 12.2


Total water recovered


(% of total water) 82 72 62


Void ratio of


drained slurry 1.48 1.53 1.34


Bulk density of


settled slurry (tim3) 1.46 1.70 1.76


Dry density of


settled slurry (t/m3) 1.12 1.10 1.19
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TABLE Dl


MT. POLLEY


TAILINGS STORAGE FACILITY


RESULTS OF UNDRAINED SETTLING ThS1S ON TAILINGS


Solids content of


initial slurry (%) 25 35 45


Pulp density of


initial slurry (tIm3) 1.19 1.26 1.37


Water to supernatant


(% of total water) 72.9 63.6 49.8


Void ratio of


settled slurry 2.33 2.12 1.90


Bulk density of


settled slurry 1.54 1.57 1.62


Dry density of


settled slurry (tim3) 0.84 0.89 0.96
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SUMMARY


Acid base accounting, humidity cell weathering tests and
special waste tests have been conducted on the tailings from the
Phase V locked cycle tests. In addition, a 10 foot column settling
test at natural pH was performed. The principal findings and
conclusions are as follows:


(a) acid base account test shows the tailings to be net acid
consumer with a NET NP value of 24.7 kg CaCO3 (equiv) per tonne of
tailings.


(b) the results from both the acetic and carbonic acid tests
indicate that the tailings from the locked cycle tests did not
exceed the B.C. Waste Management Branch regulations for special
wastes.


(C) humidity cell testing demonstrated that the tailings exhibit
very low reactivity, with very low sulphate, acidity and
conductivity values, and the pH remained stable at above 7.0. The
ICP data showed no significant leachability of any metals.


(d) the ultimate solids density was reached after a period of 14
days at natural p1-I and was calculated at 69.7% (w/w). The decant
solution remained turbid at the end of the test. Previous testing
indicated that pH adjustment (6.0) with acid is required to clarify
the tailings decant solution.
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1.0 TERMS OF REFERENCE


This is an addendum to Coastech Report No.4, Project No.
92105, September 6, 1989. This report presents the results and
conclusions of the acid base account, humidity cell test,
special waste tests and a 10 foot column settling test. These
tests were performed on the tailings from the locked cycle
tests in the Phase V testwork.
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2.0 METHODS AND PROCEDURES


2.1 Acid Base Account Test


A description of the test procedure is provided in
Appendix 1. In summary, excess hydrochloric acid was added to
a 2.Og sample and the pulp was agitated for 24 hours at
ambient temperature. Titration of the residual acid with 0.lN
NaOH was then carried out to pH 8.3 to determine the
neutralization potential of the tailings. The head sample was
submitted for sulphide-sulphur analysis to determine the acid
potential.


2.2 Humidity Cell Test


A bed of tailings from the locked cycle tests
(approximately 1.0 kg) was subjected to alternating cycles of
dry air (3 days), moist air (3 days), and leaching (1 day).
The leachates were then analyzed for a number of parameters
typically including pH, redox (my), acidity, alkalinity,
sulphate, conductivity, and dissolved metals by ICP. The test
was run for 10 weeks. A description of the test procedure is
presented in Appendix 1.


2.3 Special Waste Test


2.3.1 Acetic Acid


The test was conducted in according to the procedure
published by the B.C. Ministry of the Environment, entitled
“B.C. Special Waste List”.


The tailings from the locked cycle test (approximately
35% solids) was dewatered by vacuum filtration. The filtrate,
referred to as “pore water”, was retained for subsequent
analysis. 100 g of the filtered cake was then mixed with 1600
mL of distilled water and the pH was maintained at 5.0 for a
period of 24 hours with dilute acetic acid. The pulp was
agitated throughout the test.
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At the end of the test, more distilled water was added
so that the total volume (acid + water) was 2000 mL. The pulp
was then filtered and the filtrate, referred to as “extract”,
together with the pore water were submitted for analysis.
Total metals analyses are presented in Appendix 2.


2.3.2 Carbonic Acid


The test was conducted in accordance with the ASTM D3987
procedure.


Dilution water was prepared by bubbling carbon dioxide
into a beaker of distilled water until the pH of 5.5 was
obtained.


The tailings from the locked cycle test was dewatered by
vacuum filtration. The filtrate (pore water) was retained for
subsequent analysis. Sufficient freshly prepared dilution
water was then added to the filtered cake to give a 4:1 liquid
to solid ratio (i.e. 20% of solids by weight). The pulp was
agitated for 20 hours prior to filtration and the filtrate
(extract) , together with the pore water were submitted for
analysis (Appendix 2).


24 Settling Tests


A settling test was conducted on the tailings from the
locked cycle tests at approximately 30% solids (w/w) in a 10
foot settling column to determine the ultimate settled density
under hydraulic load.


COASTECH


___—







3.0 RESULTS AND CONCLUSIONS


(a) Acid base accounting (Table 1) shows the tailings to be
a net acid consumer with a NET NP value of 24.7 kg CaCO3
(equiv) per tonne of tailings. With a sulphur content of
only 0.02%, acid generation from this material is very
unlikely.


(b) Tables 2 and 3 show the calculated values (ug/g) of the
filtered cake from both solutions, pore water and
extract, as required by B.C. Waste Management Branch
regulations for special wastes. The results from both the
acetic and carbonic acids indicate that the tailings from
the locked cycle tests did not exceed the B.C. Waste
Management Branch regulations for special wastes and are
therefore exempt from classification as special waste.


(c) Humidity cell test results, shown in Tables 4 to 6 and
Figures 1 to 4, demonstrate that the tailings exhibit
very low reactivity, with very low sulphate, acidity and
conductivity values, and the pH remained stable at above
7.0. The ICP data show no significant leachability of any
metals.


(d) The settling test was allowed to run for a period of 30
days and the ultimate solids density was reached after
a period of 14 days at natural pH. The solids density was
calculated at 69.7% (w/w). The decant solution remained
turbid at the end of the test.
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IMPERIAL METALS CORPORATION
MOUNT POLLEY PROJECT


PHASE V TESTWORK


TABLE 1
ACID-BASE ACCOUNT


I I
SULPHUR PASTE ACID NEUT. NET NEUT.


j SALE I pH POTENTIAL POTENTIAL POTENTIAL


I I (%) (kg CaCO3/t) (kg CaCO3/t) (kg CaCO3/t)


I I


ILocked Cycle I 0.02 8.22 0.6 24.6 24,0


I Tailings I


NOTE: A negative Net Neutralization Potential (Net NP) indicates
that the sample is a potential source of acid mine drainage.







Sample Locked Cycle Tailings


IMPERIAL !TALS CORPORATION
MOUNT POLLEY PROJECT


PHASE V TESTWORK


Table 2


= less than


Test conditions:


Paste pH =9.3


Volume of O.SN acetic acid required o maintain @pH S.D = 58.0 ml.


Volume of water + acetic acid added 2.0 Litre


Special Waste Test (acetic acid)


I Concentration
Element as ug/Litre


Pore Water


Concentration
as ug/Litre


in Extract


Concentration
as ug/gram in
dewatered samplein


Antimony I
Arsenic
Bismuth I
Cadmium
Chromium
Cobalt I
Copper
Lead
Mercury
Nickel I
Zinc


B. C. Waste Management Branch
Regulations (as ug/g of


dewatered sample)


3.0 36.0
10.6 190.0


<4.0 < 4.0
< 1.0 2.0
<2.0 < 2.0
<2.0 8.0


6.0 I 1360.0
8.0 16.0


< 2.0 i.D
< 2.0 46.0


10.0 56.0


0.73 10
3.82 I 10


< 0.09 J —


< 0.04 1
< 0.04 I 10
< 0.16 -


27.21 I 30
0.34 I 10


< 0.02 1
< 0.92 I 10


1.14 500


Weight cf solids 100.0 g







IMPERIAL TALS CORPORATION
MOUNT POLLEY PROJECT


PHASE V TESTWORK


Table 3


‘MODIFIED TEST FOR SHAI EXTRACTION OF SOLID WASTE WITH WATER” ASTM d3987


Sample : Locked Cycle Tailings


< less than


Test data:
Paste pH 9.2


Weight of solid


Volume of dilution water added:


117.0


0.45 L


I I
Concentration IB.C. Waste Management Branch
as ug/gram in Regulations (as ug/g of


dewatered samplel dewatered sample)


I I Concentration I Concentration


I Element as ug/Litre as ug/Litre
in Pore Waterlin Extract


_____


I


________ ________


I I I
Antimony 36 I 16
fArsenic 363 97.3


Bismuth I < 1 < 1
ICadmium < 1 < 1
Chromium < 10 < 10


fCobalt < 2 < 2
ICopper I 2 6
Lead 2 <


JMercuj <0.1 < 0.1
JNickel I < 2 I < 2
Inc I 4 I S


_____


I


________ ________


0.13 10
1.06 10


<0.01
—


<0.01 I 1
<0.06 10
<0.01 —


0.03 I 30
<0.01 10
<0.00 1
< 0.01 10


0.04 500


Volume of extract 0.33 L
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Other Weathering Tests


Other AMD prediction tests which provide a simulation of
the long term weathering characteristics of mine waste
materials have been shown to be effective and, for certain
types of waste and modes of deposition, might be more useful
than the humidity cell test. Such methods include soxhiet
extraction tests and shake flask tests (non-biological). These
and other tests can be carried out at Coastech to meet specific
requirements.


DISCUSSION


Static and kinetic procedures can provide a good
prediction of the field behaviour of many of the tailing and
waste rock samples. However, static test procedures alone are
not likely to provide a definitive assessment of whether a
particular sample is going to produce AND. It is more likely
that a combination of static and kinetic tests will provide a
more confident assessment but even then, for some samples,
prediction might be uncertain. The prediction of long term
weathering characteristics of a tailing or waste rock will
always have some uncertainty factor if the prediction test is
carried out on a convenient time scale in the laboratory.
Longer term testwcrk can be carried out for larger waste rock
sizes using column leach tests or other larger scale apparatus.
Such tests can include the evaluation of various waste
management scenarios such as waste rock blending and the use of
till covers to minimize AND formation and impact.
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TIlE PREDICTION OF
THE ACID GENERATING POTENTIAL


OF MINE WASTE MATERIALS


INTRODUCTION


The disposal of mining and mineral processing wastes
can have a significant environmental impact. Acidity and
associated heavy metal contamination in run—off and seepage
water from waste rock and tailings containing the suiphide
minerals pyrite and/or pyrrhotite is a common and costly
problem to mining operations throughout the world, often
requiring costly remediation measures.


For new mines and new developments in existing operations,
it is necessary to characterize tailings and waste rock
materials prior to production to predict if AND will be
generated. Accurate prediction would reduce environmental
damage and costs to the industry by allowing the implementation
of sound waste management practices to both prevent acid
generation and to maximize containment and effective treatment
if AND cannot be avoided. Regulatory agencies are now requiring
verification that waste materials have been characterized and
that AND control measures will be implemented before permits
are issued. Since AMID predictive procedures and their
interpretation are by no means definitive, Coastech is involved
with the development of procedures and special equipment for
more reliable prediction. In this endeavour, discussions and


consultation with AND specialists from research, environmental
consultants, industry, and the regulatory authorities is
ongoing. The results of recent Coastech work and a discussion
on prediction methods can be found in the proceedings of the
Symposium on Tailings and Effluent Management held in Halifax,
Nova Scotia, August 19891.


Predictive techniques include static tests which examine


the balance between the acid producing and acid consuming


components in a waste material, and kinetic tests which attempt
to predict drainage quality over time. The data obtained is
useful in characterizing waste materials for waste management


planning, and can be used to support permitting applications.
At the present time, we use a modified version of the widely


used EPA acid—base account method as our standard static test,


-Lawrence, R.W. et al (1989) . Assessment of Dredictive


methods for the determination of AND potential in mine tailings


and waste rock. Proc. Intl. SyTnp. on Tailings and Effluent


Management, Halifax, August, Pergamon Press, New york, 317-fl.







although we are familiar with and experienced in other methods
if these are requested.


Kinetic tests are usually only carried out if static
testing indicates that a sample is potentially a source of AMD.
However, we recommend that kinetic tests are also performed for
samples which are marginal net acid consumers. Currently we are
recommending that kinetic tests such as humidity cells are used
as they provide a reasonable simulation of the weathering
process and appear to provide an accurate prediction of the
field behaviour of tailing and waste rock. On a larger scale,
column leach or lysimeter tests can be carried cut. We can also
perform biological shake flask oxidation tests to confirm the
AMD potential predicted by static procedures. This type of
procedure has been widely accepted in Canada for a number of
years. However, the method does not address the weathering and
oxidation characteristics in the approximate pH range of 7 down
to 2, nor does it provide kinetic and leachate quality data.


TEST PROCEDURES


Determination of Neutralization Potential (Acid—Base Account)


Acid—base accounting procedures based on those recommended
by the U.S. Environmental Protection Agency are currently the
methods of choice at Ccastech2. The method examines the
balance between acid producing components (primarily pyrite,
FeS2) and acid consuming components (carbonates and other rock
types capable of neutralizing strong acids). One week is
required to obtain all test and assay data


The first part of the procedure involves the determination
of the paste pH of the sample and an preliminary indication of
the quantity of acid consuming constituents of the sample.
Excess hydrochloric acid is then added to a known weight of the
sample. Once the reaction between the acid and acid consuming
constituents of the sample are complete, the amount of acid
consumed is determined by titrating the residual acid with
alkali. This allows calculation of the neutralization capacity
of the sample which can be balanced against the theoretical
acid producing potential derived from sulphur assays, to give
the net neutralization potential.


The EPA methods have been modified to reduce a perceived
bias towards the alkaline side by carrying out the acid


2 Sobek, A.A. et al (1978). Field and laboratory methods
applicable to overburdens and ininesoils. EPA 600/2—78—054,
203pp.







digestion at ambient temperature for 24 hours. Titration of the
residual acid is carried out to pH 8.3 arid also to pH 3.5 and
pH 2.0 to allow better interpretation of kinetic oxidation
tests. In addition, suiphide—suiphur analyses are used to
calculate the acid potential to avoid error in assessment by
neglecting the presence of suiphates such as gypsum.


Humidity Cell Tests


The humidity cell test is a kinetic test which aims to
model the processes of geochemical weathering of a mining waste
material. A special apparatus is used to provide simple control
over air, temperature and moisture, while allowing for the
removal of oxidation products which are collected and
monitored. Humidity cells have been developed at Coastech to
promote more rapid oxidation of sulphides contained in the
waste sample. The cells allow the good aeration up through or
across the sample bed of tailing or waste rock during
sequential dry and moist aeration cycles, and thorough solution
contact during the leach cycle.


The test procedure comprises subjecting a bed of the
sample in a humidity cell to alternating cycles of dry air (3
days), moist air (3 days), and leaching (1 day). The leachates
can then analyzed for a number of parameters typically
including pH, redox (my), acidity, alkalinity, sulphate,
conductivity, and dissolved metals by ICP. The test generally
is generally specified to run for 10 weks although it is our
experience that a longer time period is required to establish
the weathering characteristics of many samples.


Lysi]neter and Column Leach Tests


Lysimeters and leach columns are used to provide
weathering data for waste rock and tailings on a larger scale
and are often used to confirm leaching characteristics or to
evaluate AND control methods (blending, covers) on a larger
scale following initial characterization in humidity cells or
other kinetic test procedure. Column leach tests are usually
conducted in PVC columns of 10 cm diameter x 150 cm high or
larger and involves the addition of water at a specified rate
to the top of the sample contained in the column. Effluent
emerging from the bottom of the column is collected for the
analysis of parameters such as listed for humidity cell
testing. Lysiineters are columns or rectangular boxes, generally
of larger surface area and shallower depth than leach columns,
and are sometimes more suitable for the testing of larger
quantities of material while evaluating the effect of covers,







simulated water tables and other variables during weathering
cycles. For larger lysimeters, the evaluation of changes in
mineralogy of the sample with depth and the determination of
effluent quality profiles is possible.


Shaice Flask Biological Oxidation Test


The shake flask biological oxidation test determines if
acid produced due to biological oxidation is sufficient to
overcome the acid consuming components of the sample. The test
utilizes naturally occurring suiphide-oxidizing bacteria which
have the capability of breaking down minerals such as pyrite.
These bacteria are maintained as stock cultures in conditions
of high activity in the Coastech laboratory and facilitate the
rapid assessment of the acid generating potential of a waste
material. Usually four weeks is required to complete this
test.


The oxidation tests are carried out using procedures
based on many years of extensive experience in biological
mineral oxidation systems. This ensures optimum test
performance through proper selection of test conditions,
availability of a selection of bacterial cultures for different
waste types, and experienced interpretation of results.


The oxidation test involves the addition of suiphide—
oxidizing bacteria to a slurry of the waste material at an
acidic pH chosen to promote the rapid development of suiphide
oxidation. The progress of oxidation is monitored by measuring
pH changes which occur as pyrite is oxidized. The test is
continued until oxidative activity is complete. At this time
more waste sample, equal to the original weight, is added. If
the pH remains within the range suitable for biological
oxidation, the acid produced from the pyritic component was
more than the alkaline components could consume and the sample
is classified as a potential source of AND. If, however, the
acid produced is consumed so that the final pH rises to be
outside the range considered to be the limit for biochemical
oxidation, the sample is classified as a non—acid producer.


The test is similar to the B.C. Research Confirmation Test
but has several procedural differences which have been
introduced to overcome some perceived shortcomings in technique
and to aid in the interpretation of the results and in the
predictive assessment.







APPENDIX 2
PORE WATER AND EXTRACT: TOTAL METALS ANALYSIS


Sample # Acid used Sample


H5002 Acetic Pore Water
H5003 Acetic Extract


J2193 Carbonic Pore Water
J2194 Carbonic Extract


COASTECH







lo
.


S
IE


C
II


R
E


S
E


rR
C


Ii
IN


c


N
IO


B
E


S
T


.
N


O
R


T
H


V
A


N
C


O
U


V
E


R
B


C
V


u
2
C


’
I,


o
)


C
I I


A
51


(I
N


(
F


(
T


A
9


2
(i


7
7


r,
Io


.


1
o
i


I’
a
I.


[a
t


e


In
v
o
ic


e
ii


P
0


E
_
C


E
R


T
IF


IC
A


T
E


O
F


A
N


A
L


Y
S


IS
A


8
9
2
3
8
7
6


1


C
hm


ex
L


ab
s


L
td


.
A


a
Iy


IV
.I


h
I
r
I
3


I
.


,I
II


3
t


•
R


f
.
I
1


2
)


2
II


B
I,


O
K


S
I)


A
N


K
\


N
O


R
T


h
‘A


N
(.


I)
(I


F
K


IT
I


51
4


C
O


l
I ‘


M
I)


.
C


A
N


A
L


IA
V


7
I—


I


Ih
IO


N
F


I’
9


ff
-I


-—
P


2
2


.A
M


P
L


E
I)


E
S


C
R


I
P


T
IO


N


II
5
o
0


,P
o


J6
II


S
O


03


r
1) u
g


/L
Z


n
II


g
/L


u
&


;L


24
—


.U
G


-;
1-


—
1’


.I2
S


7
(


N
O


N
E


1
0
0


<
2


,
<


2
0


<
2


0
10


I2
0


5
6


-t
O


,
‘c


4
<


4


F
e


C
r


m
g
/L


u
g
/L


u
g
jL


rn
g
/L


8 16
2


9
2


0
0
.2


18
1


<
2


.
1
.2


0
.8


10
20


<
2


3
.0


P
R


E
P


C
O


I)
E


4
6


(I
R


T
II


R
A


T
II


IN





		01 imp.met 00-Appendix A

		02 imp.met Appendix B

		03 imp.met Appendix C



