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IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

RESPONSE TO REVIEW COMMENTS 

ON TAILINGS EMBANKMENT DESIGN 

(REF. NO. 1625/6) 

SECTION 1.0 - INTRODUCTION 

We are pleased to provide the following responses to the comments made by Mr. 

C.O. Brawner with respect to his review of the Mt. Polley Tailings Embankment 

design. Several of the points raised by Mr. Brawner have previously been discussed 

with Mr. G. Headley of the Ministry of Energy Mines and Petroleum Resources 

(MEMPR) - Geotechnical Division and have already been included in the detailed 

design drawings and technical specifications which may not have been made available 

for Mr. Brawner's review. 
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SECTION 2.0-RESPONSES 

Mr. Brawner's comments are presented in italics and are discussed in the order of his 

presentation. 

General 

The plan is to develop three pits. From environmental, volume storage and tailings 

dam height considerations it is recommended that Imperial Metals be requested to 

review in detail the potential to mine the pit sequentially and place tailings in them 

Oil completion of Pit 1 followed by Pi.I 2. The stability and environmental benefits 

are significant. There may also be a cost saving. 

The Mt. Polley deposit is a complicated ore body which requires mining from all 

three pits at various times in order to optimize grade and recovery. The mine plan is 

being developed by Imperial Metals Mine Engineering staff who are considering 

various development and waste storage options including in-pit storage of waste and 

possibly tailings. Knight Piesold consider in-pit tailings disposal to be a viable 

concept, but this should only be evaluated later on in the mine life, once the open pit 

development schedule is well defined. Therefore, in-pit tailings disposal is considered 

to be a possible opportunity for future mine development. We feel it is conservative to 

ignore this possible option at the present time and continue to plan for secure surface 

disposal of all tailings solids. 

Site Investigation 

Only one drill hole appears to have been drilled in the main embankment area. In 

B. C. valleys there is always the possibility of buried high permeability zones. It is 

recommended that 2 more boreholes to expand the geotechnical information be 

drilled and tested. 

One hole has been drilled in the Main Embankment area (MP89-234), as noted by 

Mr. Brawner. It has previously been discussed with Mr. Headley (MEMPR) and it 

was agreed that three additional holes will be drilled, logged and sampled by a 

geotechnical engineer during the initial stages of construction as part of the 

embankment instrumentation and monitoring requirements. The holes are specified in 
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the Technical Specifications and shown on Drawing Nos. 510-77-01-1625.220 and 

1625.221. They will be drilled to about 15m depth and will be located in the bottom 

of the main valley, where significant overburden is known to be present. Lab testing 

will be conducted on the samples as required and vibrating wire piezometers will be 

installed in the embankment foundation for long term water pressure monitoring. 

GlaciQ/luvial Sediments in the Tailings Basi_n 

It is noted that obtaining good compaction and density of the till liner over the 

sediments will be difficult due to poor underlying support of the sediments. 

Has removal of the sediments been considered so the liner is not required? 

We do not consider total removal of the sediments to be a viable option, as these 

materials are suspected to underlie the dense low permeability glacial till within the 

basin. The glacial till materials were deposited when a glacier extended over the area, 

and it was this glaciation which caused the heavily over consolidated nature of the 

underlying sediments. Therefore, the basin liner is merely an extension of this natural 

low permeability glacial till cover and is only required in those areas where the 

natural glacial till deposit has been removed by recent surface erosion which has 

locally exposed the glaciolacustrine sequence in the vicinity of the proposed 

embankment and further downstream. 

In early October, 1995, a total of 34 additional test pits were excavated and logged at 

the Main Embankment area. In addition, 6 test pits were excavated and logged at the 

Seepage Collection Pond area. This information has previously been submitted to 

Mr. Headley (MEMPR, Geotechnical Branch) and is included in Appendix A. The 

investigations are summarized below : 

• The test pits were typically 6 m deep. 

• Test pit excavations started in the centre of the valley and progressed toward 

the left (east) abutment at 25 m centres. These test pits encountered 2 to 3 m 

of dense, moist to wet till overlying stiff to very stiff, overconsolidated silt 
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and silty sand (glaciolacustrine sediments). No sections of loose wet 

sediments were identified. 

• Test pits were then excavated progressively toward the right (west) 

abutment at a 25 m spacing. Similar stratigraphy was encountered for 

approx. 125 m. At TPME-15 loose wet sand was encountered below the till. 

This material extended on the embankment centreline for approx. 125 m, to 

TPME-20. Over this area, the till cap varied from 1.7 m to 3 m thick, with 

loose glaciofluvial sediments underlying the till. At the upstream toe of the 

embankment this zone was approx. 100 m wide. It was approximately 130 

m wide at the Stage lb and Final downstream toe locations. 

• The test pits excavated at the Seepage Collection Pond area were required to 

define the limits of the fine till and glaciolacustrine sediments in which the 

pond could easily be excavated. It was found that only the southwest corner 

was underlain by loose sediments. The rest of the pond has stiff silt and 

silty sand (glaciolacustrine sediments) below a till cap. Both of these 

materials are suitable for excavation of the pond. The pond will be 

relocated to avoid construction in any area with loose sediments. 

Mr. Brawner has indicated that placement and compaction of the till basin liner will 

be difficult because of poor underlying support of the sediments and he has suggested 

that consideration should be given to removing the sediments. However, the test pit 

excavations have shown that the underlying highly overconsolidated sediments have 

sufficient strength characteristics to allow placement and compaction of the liner 

provided that all loose, wet topsoil and glacial till at the topsoil/till contact (a 

maximum of about 30 cm) is removed prior to fill placement. We feel that it will not 

be difficult to obtain good compaction and density of the basin liner and do not 

consider that total removal of the sediments will be necessary. In fact, the additional 

site investigations have indicated that the extent of the basin liner can be reduced in 

area due to the excellent low permeability foundation materials encountered 

throughout most of the tailings basin. 
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If the liner is placed it is suggested that a seepage cut-off be excavated and 

backfilled through the sediments near the upstream toe of the main embankment. 

The nature and distribution of the geologic units, as described above and as shown on 

Drawing No. 1623.103, illustrate that it would be extremely difficult to construct a 

seepage cut-off at the upstream toe of the Main Embankment. In order for the cut-off 

wall to be effective, it must be extended to low permeability materials both vertically 

and laterally or else the seepage losses will merely be redirected to a different 

direction. Therefore, the seepage cut-off would have to be extended completely along 

the West Embankment. The seepage cut-off wall would be extremely difficult to 

construct and it is unlikely that it would provide any additional benefit and could 

actually result in a less efficient seepage control measures than the currently designed 

system. 

Excavate all weak soil to at least 10 m upstream of the upstream toe of the main 

dam. 

Any weak soils which could adversely affect construction activities, embankment 

stability or could compromise the efficiency of the seepage control measures will be 

removed and/or treated as specified in the Technical Specifications and as required by 

the Knight Piesold supervising engineers. 

Underdrains 

The design of all drain pipe must have sufficient strength to resist full earth load. 

All drain lines that exit the dams must be designed so they can be cleaned for 

distances of about 100 m. 

All culverts and drain lines must be designed or protected from icing up in the 

winter. 

The design of the embankment drainage pipeworks is illustrated on Drawing No. 510-

14-03-1625 .202. The drainage pipeworks consist of CPE embankment foundation 

drains and DRl 7 HDPE pipework for the toe drains which pass through the 
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abunnents at the Main Embankment. The perforated CPE foundation drains are not 

required to resist full earth loads as the drains include a gravel surround which 

provides contingency flow capacity. The HDPE toe drains pass below the core zone 

and have been designed to withstand ful l earth loads from the ultimate embankment. 

The HDPE drains could be cleaned out as recorrunended by Mr Brawner, and 

additional toe drains can also be installed during future embankment raises, if 

necessary. 

A series of perforated CPE drain pipes surrounded by gravel and filter fabric were 

previously included for control of groundwater during construction of the partial basin 

liner and for long term monitoring. However, the additional site investigation test pits 

described above and in Appendix A, indicate that the extent of the constructed basin 

liner will be reduced and the comprehensive drainage network will not be required. 

Therefore, the basin groundwater drains have been removed from the current Detailed 

Design Drawings. 

All embankment drainage pipes will be covered by a minimum of 1 m of soil to 

prevent freezing. Buried pipeworks downstream of the embankment also include a 

cover berm, both for protection from icing and for easy identification and location of 

the pipes . The outlet pipeworks discharge to a covered drainage sump prior to 

discharge below the water (or ice) surface of the seepage collection pond. 

Sediment control pipeworks, culverts and flow control structures associated with other 

components of the tailings storage facility also include standard provisions for cold 

weather operations. 

Seepage Collec#on Pond 

In the event that Imperial Metals may find more ore and tailings volume increases, 

the dam should only be increased in height by the downstream method. To allow 

for this the seepage collection pond should be located so such change will not 

encroach on the pond. 

The design currently incorporates a buffer zone of approximately 35 m immediately 

downstream of the toe of the final embankment limits. The storage capacity of the 
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tailings impoundment could be easily expanded to accommodate over 30 million 

additional tonnes of tailings by raising the final embankment crest by about 17 m 

using the centreline constmction method. Furthermore, it would be a relatively simple 

exercise to relocate the seepage collection pond further downstream to provide 

additional space for further extension of the downstream toe of the embankment 

should this be necessary in the future. 

Filter Design 

Filter gradation is required to be shown. The design must be conservative. 

Filter gradations for construction materials are shown on Drawing No. 510-14-03-

1625.212, which is taken from part of the Technical Specifications. The gradation of 

the tailings is shown on Figure 1 (from Tailings Storage Facility Design Report, Ref. 

No. 1625/1, May 26, 1995). 

The filter materials are considered to be 'non-critical' as defined by Sherard et al 

(Sherard, J.L., Dunnigan, L.P. and Talbot, J.R., 1984. "Filters For Silts and Clays", 

ASCE Journal of Geotechnical Engineering, Vol. 110, No. GT6), as they are situated 

upstream of the core zone. However, the specified filter gradations have been 

conservatively designed to meet the more rigorous criteria for 'critical' filters. 

Therefore, the specified filter gradations meet or exceed conventional filter 

requirements for both the glacial till core zone and for the tailings solids. 

Index tests on the bulk tailings sample shown on Figure 1 indicate that the material is 

non-plastic and fine grained, with 6 percent clay, 64 percent silt and 30 percent fine 

sand. The operations of the tailings spigotting system will lead to some separation of 

the tailings adjacent to the embankment, whereby coarser materials will settle out 

rapidly and finer materials will be transported further out into the pond. The result is 

that additional filter relationships will be developed between the fine and coarse 

tailings as well as between the coarser tailings and embankment fill materials. In the 

event that cracks develop on the embankment from the upstream side, it is anticipated 

that the tailings will also function as a crack stopping filter medium. 
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Random Fill 

Provide the range of acceptable gradation. 

Gradation envelopes for embankment fill materials are also included on Drawing No. 

510-14-03-1625.212. 

Comvaction 

Substantial direcffon is made to the use of vibrating compactors. This method 

usually develops a moisture profile in the lift and brings fines to the surface. 

Whenever vibrating compactors are used the surf ace must be scarified prior to 

placing the next lift. 

Where soils to be compacted contain a moderate clay fraction it is better to use a 

heavy grid or club foot compactor. The grid roller is the most versatile, being 

suitable to all soil and gradations and can be pulled at a faster speed than other 

types for equivalent density. 

We disagree with Mr. Brawner' s comments about vibrating compactors and we have 

specified in the Technical Specifications that a self-propelled 10 ton (minimum) 

vibratory wedge foot roller be used to compact the glacial till. This compactor is 

excellent for glacial till as it combines the kneading properties of a sheepsfoot (or club 

foot) roller with the high compactive energy provided by a vibratory roller. The 

wedge foot compactor leaves a rough, pitted surface which does not require 

scarification. Vibratory rollers can produce a "moisture profile" when operating on 

materials that are significantly wet of the optimum moisture content. However, it is 

intended that any materials which are so wet as to interfere with proper compaction 

will not be permitted. The specified wedge foot roller could be operated in the static 

mode (no vibration) if wet materials were approved for placement in the embankment 

fill zones. Moisture Content - Density relationships for compaction equipment are 

discussed further under Compaction Tests below. 
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Groundwater Monitoring Wells 

Provide the location of these wells. Several must be downstream. List test 

requirements. 

Three permanent groundwater quality monitoring wells have been specified in the 

detailed design of the Tailings Storage Facility. The locations are shown on Drawing 

No. 510-12-02-1625.205. Additional monitoring wells will be installed as required 

during operations and as outlined in "Groundwater Monitoring Design Document" 

(Knight Piesold Ltd. Ref. No. 1625/5, May 19,1995). 

All monitoring wells will be installed in accordance with the industry standards and 

regulatory requirements, including proper well development and regular sampling and 

testing. The installation and monitoring requirements are also described in detail in 

"Groundwater Monitoring Design Document" (Knight Piesold Ltd. Ref. No. 1625/5, 

May 19,1995). 

Compaction Tests 

Why is Modified Proctor density used as the reference? Standard Proctor demity is 

more common. A higher moisture content can be tolerated with Standard Proctor 

criteria. Over-compaction results in a brittle dam structure with limited flexibility to 

deal with differential settlement. 

Mr. Brawner's statements reflect a common misconception within the earthworks 

construction industry. As indicated on Figure 1, there are different moisture-density 

relationships depending on the level of compactive effort applied. The Standard 

Proctor energy is lower than for the Modified Proctor test and, for the given example, 

the machine compaction energy is still higher. 

It is evident from Figure 2 that if one only considers the individual test results , the 

'maximum' density decreases as the compaction effort is reduced, and the 'optimum' 

moisture content also increases as the compactive effort is reduced. However, the 

theoretical moisture content - density relationship for a soil is defined by the zero air 

voids line, but we generally find that the 2 % air voids line is usually the control in 

practice. Consequently, if the Standard Proctor moisture density criteria are 
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specified, a lower density fill with a higher permeability and greater compressibility 

can result. Also, if the contractor attempts to place the fill at the standard proctor 

optimum moisture content with the heavier compaction equipment, he will sometimes 

find that excessive rutting, weaving and pore pressure development (or moisture 

profiles) can occur in fine grained soils. Knight Piesold have therefore used the 

Modified Proctor test as the reference as it provides a moisture - density relationship 

which is closer to the relationship expected from the specified compaction equipment. 

The glacial till has a fairly low plasticity (PI = 10 to 14) and will be placed at near 

the optimum moisture content as defined by the Modified Proctor test. Placement at a 

higher moisture content and a lower density as suggested by Mr. Brawner would 

result in larger post construction fill settlements and would increase the likelihood of 

cracks fonning in the fill. 

Seepage Collecdon Pond Dam 

Consider a low penneability cut-off under the dam. 

The seepage collection pond will be constructed by excavation into low permeability 

glacial till and overconsolidated sediments and does not include a dam. The level of 

the pond will be maintained below the natural groundwater level and, therefore 

surrounding groundwater migrates toward the pond creating a hydraulic sink. This 

will prevent seepage losses downgradient. The Bootjack-Morehead connector road 

includes a small amount of fill for road subgrade immediately below the seepage 

collection pond, but is not intended to be a dam. A low permeability cut-off would 

not provide any additional benefit as discussed previously in "Glaciofluvial Sediments 

in the Tailings Basin". 

Stockpile Stabilisation Materials for Urgent Use 

Develop stockpiles of arti.ficial membranes, filter cloth, short horizontal drains, 

filter materials, sand bags etc., for use if unexpected events occur such as: 

• dam overflow control if massive precipitation or nmoff occurs; 

• piping or seepage control from the dam slope, toe or valley floor develops; 

• tension cracks develop in the dam. 
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The design basis for the tailings impoundment includes provisions for storage of the 

total runoff from the Probable Maximum Precipitation event. Also, the tailings 

facility will be carefully .designed, constructed and closely monitored during initial 

construction and over its lifetime. If any problems are identified during the course of 

construction or ongoing monitoring, appropriate remedial actions, contingency plans 

and materials stockpiles will be implemented. 

Modified Centreline Design 

The design proposed entails some of the compacted main dam to be constructed over 

loose to medium dense tailings. With this design variability in consolidation 

characteristics would be expected. This could lead to tension cracks near the top of 

the main dam and generally parallel to C.L. Stability analysis should allow for 

10 m deep tension cracks filled with water. 

Vibratory compaction of the beach should also be considered for the beach zone in 

the zone downstream of the S.O.L. to ensure low compressibility results. 

The modified centreline construction method is illustrated on Drawing 1625 .111. As 

in the centreline construction method, the embankment fill zones extend onto the 

tailings beaches during each staged expansion. The tailings beaches will be comprised 

of sandy materials with a very high coefficient of consolidation. The compressibility 

of these materials will also be low and any settlements which result from on-going 

expansion of the embankment occur relatively rapidly and are complete during the 

construction period. In fact, one of the design requirements for each of the staged 

expansions on to the tailings beaches is for monitoring with vibrating wire 

piezometers in order to identify the development and dissipation of any excess pore 

pressures during construction. It has been our experience that any excess pore 

pressures which develop in the tailings tend to dissipate relatively quickly and the 

technical specifications include provisions for monitoring to ensure that the pore 

pressures have dissipated (and consolidation is therefore completed) prior to 

placement of each successive lift. Vibratory compaction of the fust lift typically 

results in the largest pore pressure response in saturated tailings, after which 

successive lifts show progressively lower response to loading. The compressibility of 

the tailings decreases in response to the densification which results from loading and 
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compaction so that compression of the tailings during future staged expansions will 

not be significant. 

Based on our experience with similar construction methods and comparable tailings 

materials, it is highly unlikely that 10 m deep tension cracks can develop along the 

crest of the embankment. However, as suggested by Mr. Brawner, stability analyses 

have been conducted for a 10 m deep tension crack filled with water, as shown on 

Figure 3. The factor of safety for the water filled tension crack is higher than for the 

previously reported stability analyses. Therefore, the previously reported minimum 

factors of safety for the tailings embankment are unchanged even if a 10 m water 

filled tension crack occurs. 

An upstream slip surface for a 10 m water filled tension crack was also evaluated. 

The results showed that this case is also not critical as the factor of safety is well in 

excess of 1.5. 

Winter Operation 

Describe winter operation for disposal. 

The supernatant pond is expected to freeze and an ice cover of up to about 500 mm 

may result. This is a common occurrence for tailings impoundments situated in cold 

climates, and tailings sedimentation and process water reclaim will continue virtually 

unaffected by the ice cover. The primary consideration for winter operations is related 

to tailings deposition by spigotting during extreme cold conditions. The tailings 

discharge pipeworks will be managed in order to prevent low flows from freezing and 

glaciating which would result in large volumes of ice becoming entrapped within the 

tailings mass. Based on our experience at other cold regions tailings disposal 

operations, we do not feel that winter operations will be particularly difficult at the 

Mt. Polley site and the only modifications to the summer operating procedures would 

likely be the operation of fewer spigots in order to concentrate the tailings flows and 

thus prevent glaciation of the tailings discharge streams. 
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SECTION 3.0 - CLOSING COMMENTS 

In order to ensure that the above listed concerns and all other design objectives are 

met, all construction activities will be monitored by Knight Piesold geotechnical 

engineers. As part of the construction supervision program, a detailed Quality 

Assurance/Quality Control (QA/QC) program will be implemented. The QA/QC 

program will include Control Tests required for approval of construction materials 

and Record Tests on placed and compacted materials. 

The tailings storage facility has been designed for staged construction over the life of 

the mine. This allows the on-going performance of the facility to be continually 

evaluated. The design has flexibility and can be revised as required based on 

monitoring records, operating experience and updated mine planning. 
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. ~ 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

STATIC STABILITY 

10 m Tension crack 
f1'lled with water 

Potential slip surface 
(drained tailings strength) 
Factor of Safety = 1.5 

Potential slip surface 
(undrained t01'l1ngs strength) 
Factor of Safety = 1. 43 

Potential tension crack 
slip surface 
Factor of Safety = 1.59 

-1 

()I 
N 

"' > 
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KNIGHT PIESOLD LIMITED IMPERtAI. METALS CORPORATION 
s~!"flJIS - •N<C~ 1.c. ,_ __ M_T_._P_O_L_L_EY ___ P_R_OJ_E_C_T ___ -i 

TMJNGS STORAGE FACILITY 
GEOLOGICAL CROSS-SECTIONS 

OftQ, '"" 1623. 103 AEV. 0 
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IMPERIAL. METALS CORPORATION 

MT. POLLEY PROJECT 
TAILINGS STORAG£ FAC1UTY 

TAILINGS EMBANKMENT 
SECTIONS ~ DETAILS 

OftC, HO. 1625.111 •cv. 1 
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CClfSl.A. TVC r.HC:lfUJIS ... VJi.HCC'A/tlO.. 8.C. 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 
~-----~---------------! 

.. ,. JUNE 2. 1995 

TAILINGS STORAGE FACIUTY 
FOUNMTION PREPARATION AHO 

Bot.SIN LINER 
SECTIOH NIO DETAILS 

$CAl£......... -- '"'-510-15-01-1625.202 llCV. 2 
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IXTAIL A 
INSTAl..LATTON OF PIEZOMCTERS 

IN BOR£HOu:S 
N.T.S. 

SECTION 1 
~ SCCTTON 1HROfJGH Pl£ZOM£1ER IIAf) 

7R£NCH N PR£1W1£1J £JliWVKllEN1" FOf.IND4TTON 
OR IN ZON£ S ANO 8 F1U. 

N.T.S. 

&!JO ~ , 600 ~ '~" 
~ttow?IHI in bo:lilt """' O«ltliu.d 
Wit ul#/ I~ ~lilf11"'1 
Compote/I'd ,,. ll\M4 '11 tlittwl«I. 
SH S«,,_., .1 f'Mdt olfM I hMt 
~t•6bcb. 

.-....-111 
cOJN/f/'lfy JtllHH -·-c-

6()() I 1()1); 6()0 

~- CIH'ttnl• -· 
·~ -- + . 
• + -. - t . 

-· _.,., 
J/•" 
SIHI <ad 
,~ ,,,... 

OCTAL C 
n1'IC4L Pl£ZOM£TER INSTAUATION IN 

£Jl8ANIQl£NT" F'OIJNCMTTON DffAIN OR 10£ DfWN 
N.T.S. 

-

SECTTON 4 

PMSHMJ. FLUMC (2 FT. SIZC), DCTM. 8/1625.21$ 
fl.OW /ilF.ASIJRal£NT FOR INFl.QWS ro TNt.JNr;S STr>RACE F'ACltJTY 

AR£4 8 IH.NOff et:N.LECTION ANJ TM.INC$ ARl'4 ~ DfTCH£S 

0 

KHIGHT PIESOLO LIMITED 
CONSl.l.TIHO tN<»«CRS ... VAHCOVVER. a,c. 

Diilr:......,_ for ,..,INI' llvfM 
• "" Pwool. -id\l\ 11frstil 2 f..t. 

MPERIAI.. METALS CORPORATION 

MT. POLLEY PROJECT 
TAILINGS STORAGE FACILITY 

INSTRUMEHl'ATIOH 
SECTIONS ANO CCl'AILS 

oot JUNE 2, 1995 sc.L£ ... - ...... 510-77-02-1825.221 .... 1 
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Knight Piesold Ltd. 
CONSULTING ENGINEERS 

of <'.onsultiog 
Engineers @) Association 

of Canada 

APPENDIX A 

TEST PIT LOGS FROM 1995 

SUPPLEMENTARY INVESTIGATIONS 

Association 
des lngenieurs· 
Conse~s 
du Canada 
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1625..202 TNUNCS STOAAC( F>OUTY - FOUNDATION PREPARATION ANO 
~ UNER - 5£~ ANO DETAILS 

1~14 TM.JHCS ST~ F~ - S(t)!MO(T COHTROI. AHO SEIPACE 
COULCTION - SECTIONS AHO OE:TAA..S 

• OOI:. .... .... 

----·- --

NO 

I . 

2 . 

..1 

4. 

•29 - tt-1 q;" [ mb"11tm~/lf Te~tPih 
(ypq5ME-2Lf) . $(; 

• 5tJ - Ser-p&t,~ (otftctio" ~,.q Te sf p, b 8 
,; 

( Tf$21) A ~ 

A U 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS 

I 
SYMBOLS AND TERMS USED IN THE REPORTS! 

SHEET I of 3 I 

CLAY SILr SANO 

I [I] 
GRAllE"L 
0 oo 0 

0 .. () 
0 Q () 

0 0 a. 
oO~ 

ORGANIC 
SOIL 

~ 
rne symbols may be combined to denote vodous soil combinations, the predominant soil 
being heavier . 

RELATIVE PROPORTIONS CLASSIFICATION BY PART/Cl£ SIZE 

TERM RANG£ Boulder Over 8 11 

Cobble 3" - 8 11 

Trac11 o- /OX Grovel -
Coarse 3/4 "- 3 It 

Fins 114 -3/4,, Some 10 - 20% 
Sand -,, ,, 

y or 
,, 
sy 

,, 
20 - 35% Coarse 14 - #10 

Medium 1110 -1140 
and 35 - SOX Fine 1140 - 11200 

Silt If 200 •• 10.002 mm 
Is. CLAY - silty, trace sand Cloy Finer than 0.002mm 

NOTE means : Cloy so11 with 20X : o 35X s111 
and OX. lo !OX sand Slt1ttt1 sizt1s snown art1 U.S. standard 

DENSITY OF SANOS ANO GRAVELS 
D£SCRIPT/VE TERM RELATIVE DENSITY 

Very loose 0 - 15% 

Loose 15 - 35% 

Medium dense 35- 55·% 

Dense 65- 85% 

V11ry dfJnsfJ 85- 100% 

CONSISTENCY OF CLAYS AND SILTS 
UNCONFINED COMPRESSIVE 

STANDARD PENETRATION TEST 

O - 4 Blows per foot 

4 - 10 Blows per foot 

10 - 30 Blows per foot 

30 - 56 Blows per foot 

Over 50 Blows per foot 

STRENGTH N VALUE STANDARD 
DESCRIPTIVE TERM kPa TSF PENETRATION TEST REMARKS 

Vt-ry salt < 25 <Q25 Less lhfln 2 - Con p<1n<1lrttl• wilh !bl 

Soll 25- 50 0.25 - 0.5 ·2- 4 - Can indMI wilh /al 

Firm 50 - 101.' 0.5 - 1.0 4 - 8 - Can p<1n<1lrttl• wilh lhllldJ 

SI/ff 100 - 200 1.0 ":' 2.0 8 - 15 - Can irrdenl wilh l/lllldJ 

Vt1ry sl/11 200- 400 2.0 - 4.0 15 - 30 - Can indt:nl willl lhum/J-n~ 

Hard > 400 .> 4.0 Gn1aler than 30 - CawJOI indMI willt lhum/J·nd 

NOTES 
I. ~laHvtJ dt1n.sily tlt1/t1rmint1tl b)' 3/andard la/Joralor)' lesl.s 

2. N Valut1 - blow,/11. ol a 1401b. hflnvnt1r faHlng 30in. on a 2in. O.D • .split .spoon 

3. Unconfinfltl compn1s.siwr slrt1nglh = 2 J11 Undraint1d shttar s/111ngl/J, Cu 
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KNIGHT PlESOLD LTD. TEST PIT LOG 1!'95"'1£- / 
CONSULTING ENGINEERS SHEET J of I 

PROJECT /J1i · Po//'(~ PROJECT NO. I 6 Z. 5 
LOCATION OF TEST PlT /Jfa/n E>-t/Ja,,,.&~nt'n I 

--'--'--'-'-'-'-'--=-~'-'--'-'-~;_;_~~~-
GROUND EL. ___ _ 

DATE /lllllf!2/t.l'i 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

~ i~ch i 2.,,0o 
eitcava. br 

11 

DEPTH 
(Jn) 

GRAPHIC 
LOG 

LOGGED SY ,ti)€ /Aills 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

- --:·;~:~_i,_~ ~-: frl.1tc1ofbN1tiL/ fl'-~' t(}l.l/c "r7' 1/\l! s c-JJIM t:.IVT.! -
- ~,.Ft+~:: ;1/frtn"'fin1 /,.'Jn.! .r:;,,~snAJD/SIL.T/f;,.e S"trr.IO / 
_ ~ .. ~.~~.:; '/.~ CtX<IS( SJ'!rlD. co J/-ecft-4' 11' f he!J7 f".k,, !f'o-1 

2S - ·-··: · ).S l'U""'"J Jrt e;crovqfJOn .;,,loll) .!Jfeu·,10-/ 
- 'f,'/(. SILT /~;/.s 5ltoN~'!il:/t';1tr;' ~f;,d'uhlk 
- {)1Jffcp11.~a/itf#f fion, Ma /t-r1qfs l/J" 
- \ro//t*c.finj s)ll*lhy f1tbe som;)lr'· 
-

3.o-
-
-
-
-
-
-
-
-
-
-
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I 
KNIGHT PIESOLD LTD. 

CONSULTING ENGINEERS 

NOTES 

Groundwater level 
difficulty in di99in9, 
equipment used. etc. 

H-i-fa. c;,; zoa 
l: 'tr Cl vr>-h:J ' 

91CU31 TtJ6~ 
$1\'rnPU: 
Tt>ctsme --z.A 

-Grcthr""' 1/r 
T/cl5111£" - ZB 

DEPTH 
(I>) 

-
-
-
-

-
-
-
-
-

GRAPHIC 
LOG 

• TEST PIT LOG 
TEST PIT No. 

/_,,(Jq 5;1'! r: - 2 
SHEET / of / 

PROJECT NO. /6Zr 
GROUND EL. ___ _ 

LOGGED BY //~//!Jc.!' 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

&l.lfCIOFUlf//,f'{_ /tfL..lfCll.JUfCUS/"//N~ sUJµrevrr-
- 6-1'~7 lo 6/1.V ?I '<'j' ~/l-7 / ,t'A/J/J Y Iv 

C't.. ~ 'f£Y SI l-1 , /tltll::, T; t)~/"f d ""n.J't!' / 

OtJ t' f"t()n.!o/it:/,kd' .- 6r•b ~.i;tM ;"/I! 
('I)//' t'k~ r rfk;5~ E"-z 6). 
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KNIGHT PIESOLD LTD. TEST PIT LOG +~It!J;l4-J-

CONSULTING ENGINEERS SHEET / of I 

PROJECT mi · /Jo/k'! 
LOCATION OF TEST PlT 
DATE /!kj 15 /q5 

NOTES 
Groundwater level 
difficulty in di99in9. 
equipment used. etc. 

tl aoc h i Z..00 

G 't.C a \)~'-z, 1 

DEPTH 
(Pt) 

-
-
-
-
-

GRAPHIC 
LOG 

PROJECT NO. JiZC 
GROUND EL. ___ _ 
LOGGED BY J:iJE/mc 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

(71-l'tC 10 Fl.IA \J J ltl, / 6-l-/f'C I 0 L.,lf C l.f S. rtl1 /VE= S" EO ,¥17 QJ o 

-Fto""' :;1oto 31"'2 t HtOirf1 /it;nl #1cJ,.;l't ,t/"/1~ 
O#ff!Of\t;.tJlldet k-6( $11-T· 

-FtcJjt"t 1.z.. tv ~.u : ntOi5t 1 q1~7 bto"'1t) SIL-T ft> 
CL~'f cY ~1t-r 1 Vi''j de11.rsr1 Ornroruo/itlo.fr-,(. 



INVESTIGATION KP 1-11  32 of 500

. 
' 

!KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

77'15111€-'f 
SHEET I of I 

PROJECT IY/(. Polley 
LOCATION OF TEST PIT /11cu'n £,..,6a,,J:rn,.,,f ([ 

DATE Od . 5 I q ~ 

PROJECT NO. I ~ Z 5 I 
GROUND EL. I 
LOGGED BY - -K-o_t: _ _ I 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

lfom"+ .S '1 
Pc.. z.oo t. '
&cQ. ufA for 

f,t}flOf $~.:: p ,',. 

5::1"" lay1"1"S . 

V-tr f-i cal tu llC '1 
i..Jttll.> sfQble . 

I Phofus 1-'l , I-5 

DEPTH 

{,.,, ) 

-
-
-

7-
-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIF"lCATION 
OF MATERIAL 
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 
T.PCf)~ E -5 

CONSULTING ENGINEERS SHEET I of J 

PROJECT J\/H . Po/(~ y 
LOCATION OF TEST PIT M« i" Embc01~m~111 <P. 

~~~~~~~~~~--~---

PROJECT NO. l b Z-5 

GROUND EL. 
DATE Oct3 /q5 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

KomC<ts"' 

DEPTH 

Pc. z.oo ~ C -2.-
E-x cc. u a for 

fv\inot S-t~p floM 
$1.(lf~tf (CJl\Of( ~ l 
h>;:> o.f till· 

~i110• seep i" 
occ. saNJ r~~~r' 

~pr1 i tct l ftt'Nk 
walls s~.bte, 

-

p~of OS ( .. C:, / , .. 7' 

GRAPHIC 
LOG 

-----
LOGGED BY -"'--K-_D_,_€.___ 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

_ ·:t. ~-:_+:._.f.. &lac ictl I i II - &-re-e-11ish81 e 7 brown 5" / l.. TY 
I _ ·:·~·~:P-1- : Sl1 N D w;/J.i tl'cu-e ./vso""..- 6-~-:vct_ Cll"'ol 

· ·o:t.·.o.' COBISl...E.f, /YJois i fowe-f. . M'f'ol1uh1 d-rns,-
- ~:};~_+:J ctf-top(h> l.l~),o{t"ns-e h:i~r'fol.-nse 
~,f'..Q·.f.:.:·:J:: t-o l·'i?IYI . S 1,·,11+ S r-rp ct+ rop o-f' T i ll . 

-
1-

-
-
-
-
-
-
-
-
-
-
-
-

(rla.c lo la.cus iti/1"f / f'l wv i d I 5 't",/i m'l"nf-5 -
{rreenish i_I'''( brown iritu·b~t?l'Pl't!'eY SILT 
arid { t'nt' SlrtJD . mo;sf sh f~ to v..-;"

1 stiff', 5,'/f i S/)qrd/ 011!1 ronsohdt:¥~t{.. 
Occ0ts.iOnGt I ~i nof ~-eep if\ sorod /Cf,J't"fS . 

Glcuio /a.cusfr i n-r /f'luvia/ ~~ol/mra/1/-~ -
J:n kr b rdd~d S/LTa11 d f;r7e SA-NIJ.1 q J 

qbofJt", Color /£ 9r-ey8h hl<-1~ . tl/1if
i5 vet7stif( fofie1'clJ -:;t'lf cfeq,/j' 
()v(l{'Of'J SO/ idqfe-p( . OcrqsiOr\C.f ( miAOr
s~-ep Jl'I SCll'ttX /ay~r.J' 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

tf>GTS"ME -6 
SHEET I of J 

PROJECT /}1t, Po//-ey 
LOCATION OF TEST PtT /J1c,on l:mlx/ni"m..,,/7f l 
DATE Ocf.3 /tiS-

PROJECT NO. I '1 Z- c; 
GROUND EL. ___ _ 
LOGGED BY K De 

NOTES 
Groundwoter level 
difficulty in digging. 
equipment used, etc. 

fot JN:Jr i r-f loN 
o {IV t:Jf.. fe I t:I 'l t{ 
Sa.rd 1 ''ranl'li '1 
s~ltff.'' 

\}.trti cQ I ht" c.L. 
WCI I~ ~k' 4 . 

-

DEPTH 

( /Y)) 

-
-

7 -
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 

TPQSME-7 
CONSULTING ENGINEERS SHEET I of) 

PROJECT JY){. Po//~y PROJECT NO. I f2Z 5 
LOCATION OF TEST PIT !Yl(lin Em/Jo/Ji m.,-11-f <j_ GROUND EL. 
DATE Oc+. 3/Q) 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

t<oma+.su 
PCZOOLG 
E')(cavabr 

~er-heal trel\~ 
wal~ 1.5 ~bl -r 

-

DEPTH 

(m) 

b -
-
-
-

7-
-
-
-
-

-
-
-
-

-
-

GRAPHIC 
LOG 

LOGGED BY 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

}(DE 

J 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

·r;:,q5MF -S 
SHEET l of J 

PROJECT NO. lb ZS PROJECT /}JI.. . /) o / /-e'I 

LOCATION OF TEST PIT /Jai/1 C/116co,1:"1-r-nf rt.-_._ ___________ _ GROUND EL. ___ _ 
DATE Od - ~/cts 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

Korntt ts~ 
?C Zoo LG 
fY.Ca.vo. for 

S I ;"ht S-<...-p . 

~ '1ti;cq( tt!N'i 
WOl\\S stc,ob 1-e, 

. 

p~oro 1-11 11-1i-

DEPTH 

(,..,.) 

6-
-
-
-

7-
-
-
-
-
-
-
-
-
-
-

-

GRAPHIC 
LOG 

LOGGED BY Kf?c 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 

,-pqs"" E-~ 
CONSULTING ENGINEERS SHEET I o f ) 

PROJECT fl!l · fo / ~'1 PROJECT NO. \hZ.5 

LOCATION OF TEST Pir tt//o /n bn uo/I I~<,, I (; GROUND EL. 

~1 

DATE Oc. l . 'f I(/~ 
I 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

~om~1s4 
PG 2..00L c 
£xcf,\va+or 

1')cJ S~f.S 
-evidfn ( · 

•,J,r Ii ca I fu11c Ii 
~11 Us s h:t id fr · 

I Photo f- IS 

DEPTH 

( /t1) 

-
-
-

7 -
-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

LOGGED BY 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

tD£ 

6-laciQ/Till - /L~ °' b o v'- , ,,., iT>i So/1'?-r- 6/?/tVt=L 
a 11 d co i3B L-e s. f/qrd 1 r)t' r '1Pf"nse 1 '10 /.rl, 
Ou-ft' (0/1So//elaf ,-o(; 
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KNIGHT PIESOLD L TO. 
CONSUL TING ENGINEERS 

TEST PIT No. 
Tf'.'Gt5M t;-Jo 
SHEET J of f 

TEST PIT LOG 

PROJECT NO. Jb2-5 PROJECT Mt. Po//t'.'/. 
LOCATION OF TEST PIY tJ1oi,, Em/J~ntrn,-.Yrf rt_ 
DATE (}cf. ll /q~ --------'----- GROUND EL. ___ _ 

NOTES 

Groundwater level 
difficulty in digging. 
equipment used, etc. 

k'.'om.t:t 1-5"1 
P<: l.oo L c_ 
E Xca. "Cl. h:> r 

Occ. Mi" or s e-rf' 
011 saf'o'. '1 hotiwns. 

UutiCQ I frenc~ 
wed l.s sfq bl c . 

Pho!TJ ~ f-1 (,, 1-n, 
J-1 C/, I f - j q • 

DEPTH 

( m) 

GRAPHIC 
LOG 

LOGGED BY KDE 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

i-~.:r-; .. ;:.&.-· -t·. To pso\ I - D is+t.f r b t" el dut U. bf cJwfl h> la le. c ft , wt. t 
-~:· .. :·o~ S ILi Qrw1 (inr St\'"ND with 0/t.6 ANI £~, 

-\o-:"+'·· G-la.cicd 1111- 6-r~-eriisJ-i .Cf rey brown S1 L-:ry 
- : ..f: ·.'! :!- s AtJ o vJ ; th tte< '...- tz, ~om,_.. 6-~lt-tJeL- au.,,1 

\ - ·--v:'.+.··. coa BLe-s . fn"is i Iv ,,.J t { 1 m 'f,f i&1m /tJO!I' /-r; 
- :°'-+:-!': _:~~ cf rn sc. SI i'Jh t s-ee-p Q f /, S ~ 

-
-
-

7 -
-
-
-
-
-
-
-
-
-
-
-
-



INVESTIGATION KP 1-11  39 of 500

i . 
.!. 

I 

i 
~ 

:. 

~ 
~ .. 

KNIGHT PIESOLO LTD. TEST PIT No. 
TPctSM c - ll TEST PIT LOG 

CONSUL TING ENGINEERS SHEET I of I 

PROJECT mt . Po 11-e y 
LOCATION OF TEST PIT Ma in l:mbantm"'nt ct 
DATE fJcl . 4 /&IS' 

PROJECT NO. I b2- S 
GROUND EL. ___ _ 

NOTES 

Groundwater level 
difficulty in digging, 
equipment used. etc. 

tamafs'1 
p (., Z.00 L. c, 
~x.catJ&tfor 

~I ;5hrs~ e-p0t f
\-o? a NJ l)o#o)l1 
tJf d. -tn5t- ti JI . 

V-t>t-fice:t I +re1tc~ 
\)Jet I ls sfr::t J> 1 e ' 

-

PAofo 1-ZO -

s:z -

DEPTH 

(m \ 

GRAPHIC 
LOG 

LOGGED BY ~ D c 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

&la.c i a I I i Cl - f:rr-e"t"n is n q 1 ~ y bf ,;,.J"1 $ t L-T'f S .+NI) 
w:f;, tra(-< h:>som-r &~/'JtJEl o-"v t'a~RLE ~ -
,rYlois.f /7::J /Ne{ 1 m-<ol i u"" /oos-e . 

6-laciaf / /II- /f~C<botH J. wi111 bltu. piotffrq' 
a.1p ./CifQ r1' -( . BI (A~ JYI O+flt'S ().IC s AN o: 

ho1i 'COtJS. {)~11 st fo u e-f'"f dens~/ mo1s 1 · 
Ovt.r cot'ISolidaf-ee/. 5 li9ht s ~~ p ott t-opC(N/ 
P o Ko fY1 0 { u ~ ii · 

'i ~It-ff.+;+; ~lactolCicl.(Sf"r-il'f/flc.nJicd $-ed i m~nk -
- \': t ~:~_ l.'.._l: ,l ~· & Oc.Jfl I.Sh ca r ~-en I 1rfe rl Cl..j t' (' e d s I t-T er 11 d f ,''rle_ 
_ :tt.."ttT: StrNO. S i/t fa.:1as au h\tA&(e(~ 'rHowfl color 1 

-t+t-++.- 0 'l~ r conw(id a l-td Son<A y lay ti 5 Cf rf' [J 1 f'en 
5 --·:.:: ......... b1owf' co!of , l-c.'jt'fS +ypicaf.0J ft>6mm · 

-t:'-.t.!}: Moist ( d I 1 'tr tna,., up P"'' u,, 1 t) ' \J ~ ':J 
-t f ' t -i s t-; ff' . 
-tt:t+.+ 

b -ffi··t:4 TD=6·ZJ\'\ 
-
-
-

7 -
-
-
-
-
-
-
-
-
-
-
-
-
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KNIGHT PIESOLO L TO. TEST PIT LOG 
TEST PIT No. 

lj)q5ME-l 'Z.... 
CONSULTING ENGINEERS SHEET 1 of I 

PROJECT mt. Po I l-e '( 
LOCATION OF TEST PIT 

/ 
ll'lQill EmbetnKm~n f <l 

DATE Od · 4 /qS--

PROJECT NO. I <DZ. S 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

Kom(it tsG.f 
PC2..001-C 
B'tCol\J&i\ \-or. 

5 I i'1h+ s~ eP, a f
.Do tt>rn of ti If · 

DEPTH 

(m) 

JZ_ -

GRAPHIC 
LOG 

GROUND EL. _ __ _ 

LOGGED BY KPc 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

1-- .~~>.\:_~:~: G-laci al Till - 6-r-eentsh g1ty bl'own 
-· . ."0 i°:.:f· SI L • .'T Y S /\l\l CJ y.i; /Yi -f fa c ~ f-o Som~ 
= :t .. f~ 0 

•• • : ~AVE"/,. 04r.ol C 0 5BL£ .S • y'Ylo iS t J dlt111Sf" 

-:~(t· ·t ~-z to a.ppr oy . 2· 5 m °'NI IJ -e' 'I cl 11ns t!: lb 
3-·+:~·+ ·t· l-f.,lr11· 5.liqh f s-eep qf ~ot+o""' o/.. 

= : . ~+::o: p t-t1I t.A ,,,, + · 
t9.·+ -t - . -+«?.· .. Lf - . t-·, :,.. . . '1" 

~ trf1ccd t-r tnch 
i wa ll.s. s-k:tbf-e · 

-t-H-tt" &Jocio JacuSNJ·r~ /f'tuc1 ie1/ ~~djdJ.,.nfS -

=\~1!.~ . 61~1 ish b/1.;U Iv'} f-f-t-" btown 5JL.-T 
5 - t-+ttt Cf n cl s I {.....Ty s I\ N c. Fl(\<(> ) b (Ow,., 

-ftfff-i"° ff\"4.oltAj SI t,..T /a' Y'I s. t'j p/('a ft 'J 2-c111 
-tftr:': thtcfL; S/l-TY S/1.rVYJ /t:tj~rJ 'Z.~ 5mm · 

c,- ftt:++ mo;si, v~'lf st1f1 h:J flo.fel · ov-er -
~ lt.:trtt COf"ISO I id"t/.d . 

I . 
I -
: .. -

3. 7-
--.;. -

I:! -
-
-
-
-
-
-

P/1ofb t-Z I -
-
-



INVESTIGATION KP 1-11  41 of 500

KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

I P.<-t 5M e - I 3 
SHEET \ of ) 

PROJECT NO. I b 2. 5 PROJECT Wll. Pou~~ 
LOCATION OF TEST PIT Mlifin Em/Jct/Jf mfnf '
DATE Qd. 4 /qr 

GROUND EL. ___ _ 

LOGGED BY KDE 
I 

NOTES 
Groundwater level 
difficulty in digging. 
equipment used, etc. 

Komaisa 
PG Z.OOL.C 
& )(ca "crw r 

v~rhca/ ht'""' 
. woc\\c:. s ~'° l"r • 

DEPTH 

(m) 
GRAPHIC 

LOG 

5 ~ 't\+.._-tt .. t~ 
-t ·ttt:t.. 
-;, =;:-~ ·:r ~-
- . -.. · . .. "'· 

~ -f":fii~ 
-t+-ttt 
-
-

7 -
-

-
-
-

-

-
-
-
-

-

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

G-lllcicd ,-; II - 6-r-e.,.nish .!J'<(Y. brown 
SJl-TY SAN() w ;f}, tra('f' ft::)SOHJ-t' 

&!AtJEL and C0513L.€S · Wlol.si J 

\Je"J ci-ens-i-1 overro!'lsolidct+t9d· 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

PROJECT Ml ' /Ji!)/ It., 
LOCATION oF TEST Ir 
DATE fJC:t .l/ /_ct5 

NOTES 
Groundwater level 
difficulty in digging. 
equipment used, etc. 

)(omC1+.sC1 
Pc.. i.oe> '- c. 
EX(al)c.~t, 

5/~ltt~;; r.r ,f 
l;o/lt'J.., ()ff/II· 

-

DEPTH 

(l'fl\ 

TEST PIT LOG 
TEST PIT No. 

Tpc., }IY1 € - I tJ 

SHEET I or I 

PROJECT NO. /bZS 
/}/ain cm /Jet /J j m Y'/lf l- GROUND EL. 

GRAPHIC 
LOG 

..+:x. ·! . ..y·11. 
- .1..., • ~'o·. 

•ro· '· -. . +· - •• ()_ .o • . 
- :t .. " ·t- . 

. " ; . . . 
I - .~iJ ~:' -i- · 
-· ; I • ., • 

-
-
-

-
-
-
-
-
-
-
-
-
-
-
-

LOGGED BY 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

K.D€ 

G-ft:u;q/ T,"//- 6-l't'f'n/s.1t91~7 /ll'c;W~ $//--TY 5/f7'/L7 
IV / TJ-> -/l'P f 'f' /?) S e:J~ ....- 6-~/'fU/E(. p,,o/ I'd .44 t.e-$ · 
l'YJoisf fo v.H-l 1 .., ..-div-, #'l'-'ns--- s ... ..-p 
a f h~ ffc:,,.,.. tJ4' f/ I/. 

f:r/cuJ'I/ 7///-//~ abDv-e ~ W;f). J,/e,v "'101//.,-q' j 

a1;;-eu/an( ~· 1311.<..t 1,--e7 /l'fOl//-r~ /YI"-(!. i 
Sctlle/ 7 }/tJI' 1?;,ohS , \) ....- ' 7. o/T'n s _,,, 1 Jl"Je:JiS ~ 1· 

01)(1rc;/1solic/e,-f..,-c/. l}Joffl..,/ S"-'n~X I 
/J0/1"iClll S () /T' fh /n { fo z_,,,..,,...,) / W~ r_ · 
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KNIGHT PIESOLD l TD. 
CONSUL TING ENGINEERS 

TEST PIT No. 
TjllqSME -15 

SHEET l of I 
TEST PIT LOG 

PROJECT MI· Po ll~r 
LOCATION OF TEST 'P1r tf/lt11n &6011 e,,,,.,;1/ ([ 
DATE Q(f, I.{ /fl5 

PROJECT NO. I G. z.. 5 

GROUND EL. -----
LOGGED BY ~u ~ 

NOTES 

Groundwater level 
difficulty in digging, 
equipment used, etc. 

Ko~"' 
fJCZOOLL 
Excauc. ~" 

r. '' l 11 .;:;;o'" ~ 'I' "'"' ".> !; "'" . 

-

phob 1-z't, t-.z.s. 

DEPTH 

(!YI) 

JSZ--

_g_ 

-
-
-

7-
-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD L TO. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 
TPqSiV1 € ~ lb 
SHEET I of ( 

PROJECT WH . Po /le'J_ 
LOCATION 0 F TEST ~IT ---'-'Afc.;;..o..;....i 11~b:_m_b.;;;_o_:..;tt""""k'-'-rt1-'-tn_-l __ <t __ _ 

PROJECT NO. I~ .Z. 5 
GROUND EL. -----

DATE OcL4 (q5 

NOTES 

Groundwoter level 
difficulty in di99in9, 
equipment used, etc. 

~uWlats<A 
fl WO LC 
Eic~utthr 

5 er-p £. ljPlt\ · 

fl l v.111/ "J ~C{,J~' 

Photo l-2.,z.:3,2 ... t.t. 

DEPTH 

l~) 

GRAPHIC 
LOG 

7 -t tU:t· 
-
-
-
-
-
-
-
-
-
-
-
-

LOGGED BY t:D € 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

GLtlci o f/uv/al //a C'-f~frin,. S ~d//n.-~ls -
-A-5 a/Jo()e 1 mo1e- r-~7&1h/ly lay y-/~c-f -

lt-.1 Ofntl 511NIJY s 1'-T· /J'7PJS1/ 5'iitr. 
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KNIGHT PIESOLO L TO. TEST PIT LOG 
TEST PIT No. 
/t=XrSME-1 7 

CONSULTING ENGINEERS SHEET I of / 

PROJECT rYH . Po ( 1-t 1 
LOCATION OF TEST PIT Ma i11 ~rn ~a11 k-m 11d ct. 

PROJECT NO. I bZ5 
GROUND EL. 

DATE Ocf. Lf I qs 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc . 

K'om«+slf 
PGZOOL-C.. 
~K ("~ WA fz>I 

Till l"'ife s ofl· 

, , 
fu,,ni")faN' ~ 
e sf . Wt>f ff>r 1'/l { lu"? 
OfflO'{, "Z..jp~ 

Tr-eun cot (4psi"1 
i11, Set NI IC<.)"~ · 

. 

/)holt> 2-5, 2 -Gt· 

DEPTH 

[m) 

_tz_ --

GRAPHIC 
LOG 

-----
LOGGED BY -----

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

_ !;~J:~:t-.;...: &lac i<>fQCusf rifl r /flu 11 iq/ Sulimr-nts - :J,,f(.,.-/"' Y"/,.tf 
r.<·.:-- .- -... l i 'lllt /)1own, S t i ff, m o i.ff S/L/11,.#f/l-Ty !"AA!/). 

3 - ~~~ --::;-;.L~· 1......__&-Lqc;o F !utJ/ g / / /t1t« str//1 .,- Sen//n'f'n/3 - 81(),v,. 1 - :.· +~:o-: :·. *-• 1 -.....Joo>~ , ~ e f Sand. ~..,,~ « t ~I', l'u rll1/ltf ' 

- } .;..: __ " :} '.~laci o flut1it:t/ 5~d;,n.,.,.,fs - 1Yow11
1 
Net 511--ry 

-.·:;':•:·. · 1 " S/IND tl /lq' 6-1?/ltlEl.. I 

'i =·?·~~-~:·~.;: ~-~: 6-ff.uio/acustrln-e /rlu11/a/ s~dim..-nls -
_ ~fJ-J rt 810.v_n} }f f t j u/a l' /ajt'IJ ~ -/ /flt'RiUKJ 
_.-.: .. f r :: qrt11,,ed1 /tJosi-11Jef . sA~1;) a,,~s()A?'( 

5 _ :-_··-:·-::~f 5/l-f. JJa,lr-1 Sr'~,d'l'I? ~~SQn~1 ,.;IJ/eA iJ 
- : .: :·.- .-. ' ' fv/1nin7 ~ 
-~-:~.-+: +-":f" I O ::. 5' 7 A 
-

-
-
-

7 -
-
-
-
-
-

-
-
-
-
-
-
-
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r KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG I TEST PIT No 
j -rP9~~!="_:_/!3 
I SHEET I of I 

PROJECT /}1(. Pb//.,..7 , 
l OCATI 0 N 0 F TE ST PIT --<-~....:...::v;;....:1-'-·,,_C,::..:..df=.L...:::b:....:o:...c:/,_._1 .t.:...ft:=-,,,:...c' .,.:.....:'""-' .:._f__,,,rt=----

DA TE Oct I/ /q) 

PROJECT NO. /6'2-5 
GROUND EL. -----
LOGGED BY K/)€ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

x~IM" t C{ 1 c 
zoo L.l 
l::~ra110t fol' 

tit/tiff w<.~ 
loe;-se · 

Tr(llc/r vJO"f/J 

ctJ/lo/Si11J · 

DEPTH GRAPHIC 
LOG 

c~ ~ 

- ,. .. , .......... -... .. 
~ . .. ... . 

-
-
-

7 -
-
-

-
-
-
-
-
-
-
-
-
-

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TE ST PIT No. 
INS"llE.-/9 
SHEET I of J 

TEST PIT LOG 

PROJECT &{ · /Jo//~7 PROJECT NO. /67..5 
LOCATION OF TEST PIT t11ct//l E"mb'-'/l~mr'.nl ~ 
DATE Od l{ (Cl) 

GROUND EL. ___ _ 

LOGGED BY 1<tJE 

NOTES 

Groundwater level 
diff iculty in digging, 
equipment used, etc. 

Ko!UC{ f-54 
PG2..ooLC 
b. 'K ccrvortvr 

/Jo phok 

DEPTH 

(/ti\ 

-
-
-

7 -
-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD L TO. 
CONSUL TING ENGINEERS 

TEST PIT No. 
IJX:?Si11 c -Z....O 
SHEET I of I 

TEST PIT LOG 

PROJECT NO. J bZS-PROJECT /(/{, · Po //-ey 
LOCATION OF TEST PIT

1 
J!lo;/) [/111»/Ji//J.,,nf l 

DATE Ocf· t/ (qr 
GROUND EL. ___ _ 
LOGGED BY ~~ 

NOTES 

Groundwater level 
difficulty in digging. 
equipment used, etc. 

/(tJmCt fs'{ 
(JC lOOL.- C. 
Gxcavodvf 

~ardan Sttzts in 
$:(ti1 

-Shonj SU-f oiJ 
b~. o{ ~fQ.ttflj 
CJnd · 

- 'Jof t ~ ~ ( ~ ~ 
o(i5j-..... ft.of h'lf 

. 

DEPTH 

( 1'1 \ 

..s2. ·-

JZ_ 

1--

-

-
-
-

7-
-
-
-
-
-

-
-
-
-
-
-
-

GRAPHIC 
LOG 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

. 
I 
I 
I 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 

PROJECT Mt. Polf~ct 

TEST PIT No. 
T.PCt"'lMF-2. l 
SHEET I of / 

PROJECT NO. /~Z.5 

LOCATION OF TEST f1iT Medo E;m~nfc.m-<~t @:. 
DATE CJc{, lf lo< 

GROUND EL. ___ _ 

LOGG E 0 BY _ _._K....:..:.O__,€ __ - __ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

fomqfs(I 
/JC zoot.-c.. 
G'tcq vfX /vr 

~ ifncttlf Iv 
,/19 i 11 · 

-

{>hofo Z..-ll> 

J2. -

DEPTH 

(,, ') 

-
'f -

-
-
-

5-
-
-
-

G -
-
-
-

7 -
-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

G-!Cit c i"ot f II 11 - In f'(r *> i 't-f' t:I b 1'0/41/l ti! I q,.,I 
re.dolisJ, B~sul fi//. tlloi.s 11 t/t*r "IOI' t'n.S"e • 

6-IC<ciqf Till- f-eo<.d.tsJ,,, bro'"">" S/f'f'JtJQn.4 
"5 I L-T vJ :#-. >om e! 6-1' ltlJ!:l Cl" cl~ tJ/$ B LES , 
!Ho;~I /owe.f, Wr/ ()(-t'nS~, 5"/fNDYf/11 

TD ~3,7~ 
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KNIGHT PIESOLO LTD. TEST PIT LOG 
IEST PIT No. 
) PCf5J11E-2.Z 

CONSULTING ENGINEERS SHEET I of I 

PROJECT WJ{.. /)t:J/ l'f'y 
LOCATION OF TEST pif --=(J'-"-/.;;._) _/c_oe.. ____ ~---

PROJECT NO. I bl.. S 
GROUND EL. ___ _ 

OATE Od. 'ti q; /t{a;/I &nllart//l'/t"/JC LOGGED BY K~ 

NOTES 
Groundwater level 
di fficulty in digging, 
equipment used, etc. 

J.<' Omt:I fs« 
/)C ZOOl,C 

E ~ca vOf lot' 

lfu I -r eof {q pse.d 

. 

DEPTH 

(/Y'i) 

~ -

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

2-~ :: .. :~:: ~· ·., frlacio l'luvla/ / /qrusfr'l/11' S'ed/tni-nfs -
-.. ~ ·:_~r.~-1-:1_. !JtON", f'in '(" Iv #1 t'tf ;ti m J /()Ob-', . I 
}~ ~ . . Nt f S/rND w}/71 orcctsion~I /h1i1 

3 
~ : : : -~.:- . 14.'j ~ r (hi I r/11 ) of liyh f J1 tJW11; iJ, 
- ~ r i- r. .t: 5 ti f(, () fl't' fro,,$() I id OY'f'd s //, T. 

~ :··.~~t-·~· WCf HI S-Y-f'l""J i" 5' A"Nr.Jv,,,t-. 
lf - ~ :_. : . . ' . 

• r .. • ' 

- .':-. ~ :. TD = LJ.61'11 - - . 

-
s -

...: 

-
- . , _ 
-
-
-. 

7 -
-
-
-
-
-
-
-
-
-

-
-
-
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 
Ill~ 'i,r/ €-Zr 

CONSULTING ENGINEERS SHEET ; ·or J 
PROJECT /YI{· ~o/lc-r 

7 
PROJECT NO. 162..5 
GROUND EL. LOCATION OF TEST PIT ---""tl_._/_S____._JC-"-o_e. _____ _ 

DATE Orf. /../ /q5 tl1al11 bA/Jo11,hn7"/J/ 
----

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc . 

){ Oi'Yt (.( f?, tf 

fC zool c 
f xm c/Pr br 

DEPTH 

(m) 

SI;~~ w1,a.t- ~ 
b~~ t>t f-t II • 

Pholo ~-1° 

GRAPHIC 
LOG 

LOGGED BY J::OC' 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

- :-(-~-=:~·-.:_n _: b/aciof'luvicd (6/oc/o/acetsfr;;~,~ yd/m.P/Jr/s -
"f - ;-_:_=~ -:.·_: ·:: 8roJ#'1, m"f'di~l'r1 j/aintt:I wet S/t/l//) 

~ .. t~f_f~t· ;vi/71 oc(as10/7a/ fJ?;/J 1 t1.f'/1stirt= 
- :. ·-;~ -~~. -': 0 'Hf r~ rtSo/ 1d et? cf SJ L, T / cq~f , /{ct11/o,1t 

5~t~~-f:--~t: ~/S1ri ;VtfSttriD · 
- - .... 

• r • • ... • • ' 

.. ·". __ ._ ~:: ~ .. :·::. 

-
-
-
-
-
-
-
-
-
-
-
-
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No . 
TDq5'M t;-2.lf 
SHEET \ of I 

PROJECT If}-{ · /Jo//-e '/ 
LOCATION OF TEST pfr 1//5 7Qe 
DATE Cbt l/fq~ -m~~....-//;_6._._,c-..._n..._dt-~-n-~-:..z-:J-,....a-1,..---

PROJECT NO. /bZS 
GROUND EL. ___ _ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc . 

Korntrfs tt 
fe200L C 

EKcava /vr · 

DEPTH 

{m) 

.!Z.. 
;Ai11of ~orl -
bC(be <j f looser 
titl unJ · 

~erficcd 1tettcA 
wa tl.s s-fabte · 

-

GRAPHIC 
LOG 

LOGGED BY _ _,_~_J)_e'-=---

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

-~'.."~<:tJ. .:. G/ctcict/ 7///- 6-rct'//!5/r j/(7 b11~w/1, 
-:r ·.· *·:. 5 !& TY 5/tNtJ w 1 !h irarr- bsom r' 
- ~ -. C!. ·+' [;-,(/j UE'L ANO ('Or.!J8LE5- !Ht:dium 

I - :q .·~.:·_. ·: ci f 11&-< 1 ~/loi sf Iv vvd · 
- ,.i..q . ~·~: ' 

-. t :.-!_~.t~(. &lea io Ju ( llSt< i,.. f' /-f I U\J I~ I 5-eef i t1'1...-,,f's -
- :_.: .. ·:~:-:· ::. &re';{ is Vi Blown SIL. TCl,...()f S/c..,T'j.S.Jf7\JO 1 '7 - + ·t :-r·t= wet fv rn o is t 1 s T-i « t-o IJ'ef..J st1 « · 
_ ~ f . -t .t-. -ro =',JN\ . 

-
-

7-
-
-
-
-
-

P hm z..-rz.. -

-
-
-

-
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

1-pq 61~ E - Z C:, 
SHEET I o f J 

PROJECT NO. I bZ-5 PROJECT 1fH ·Po f/!J_ 
LOCATION OF TEST i=)1r Dis To~ 
DATE Oc-1 ·5 /q~ --=s"""'rn...._: ....... ~~I b_M_a_l_t7_bn_h_on-k1JV--1fi 

GROUND EL. -----

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

~om.a~q 
PG 200l-C 
Exca0~ h?r 

SI i~ht-&-eef a+ 
t'.)c{ a-e of h A' 

DEPTH 

(/r\ \ 

J2_ -

G 

GRAPHIC 
LOG 

LOGGED BY KDE 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

_ ·~ tj ~.~-·f._. ... &fa cia / 71_·11 - 6-t( r'n1sli 9/e7 61~wh 5 /t-T )' 
J- :r ·· f0~-=t: SANO wrfh trc:tr h>sem..,- G~l1Vt:l anQ/.(OfJ8lt:S 

_ ~':-; ·-. " /)"t'nSt' lvm~cl1v111 W/!5f', ;noJS i1 5/if/J T ~!' 
. t· . ~ · :0.1. af h4~ o/(/n; f , 

-
-
-

7-
-
-
-
-

-
-
-

IPhc+v 

I 

-
-
-
-
-

.• 
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 

/.O ct 51J1E -Z.'-
CONSULTING ENGINEERS SHEET I of f 

PROJECT #/{. fo //r'tf 
LocAT10N oF TEsr PIT /JIS ro~ ---------------

PROJECT NO. /c 2$ 
GROUND EL. ___ _ 

DATE Oct.5/c;r 5k9t' lb lf!c,//n E111/Jani'/TJt'.,,1T 
" 

LOGGED BY -----
NOTES 

Groundwater level 
difficulty in digging, 
equipment used, etc. 

Komai 5 lf 
PG200LC 
[; 'irnVCL for 

DEPTH 

(m) 
GRAPHIC 

LOG 
DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

-:·.:~-.::-:.__- G-/c:tcio !acusfri/l't' /-f'!Ullir:t/ ~r-dimT'nfs -
- ... ! .. _- .. l-i9h-I J:;/OWA > ~-f I .f'/11,,.. /vrn'°d/vm 

Lf < t-: ~<1:.:~ q /Cl in rt! it7 le/ lctj t' / f'c;{ S, /lN /) a_ntl 
-= ::~_ · ~.: •• 'SANDY S!l--T· OrLos1ondl1?11nor 
>·+"·· ·_. · ., ~pi f\ Sdrd ( ~51Y1) 1 Wt-I; Joo~ 

s ~ : .... t~+ bG(f t10-ftu!lfJlllj;q/frio11.~i-i 5a"r/ 
- ·_-: ..... -. ·~· is co{/qp sinj· 
~ --:.· :~~+ -.-t.: 

~-].:.: 
- :;::-.:: : : TD-:::- t; .lf M 
-
-

7 -
-
-
-
-
-
-
-
-
-
-
-
-
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 
Tvq6/YJF-Z..7 

CONSULTING ENGINEERS SHEET ) of J 

PROJECT ;rJI, Po//t'f 
LOCATION OF TEST

7 
PIT __.f)::.....<./5~1or';;..__ ______ _ 

DATE Ocl· 5/9) >IP~~//; /Jlqit?EmbC/af:.m.,,,/J f 

PROJECT NO. I b25 
GROUND EL. ___ _ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc . 

Komaf:su 
fJC'ZOO l.<
e'tca vcrfor 

( . ,11 
'' fu 1111i1 :x:trO 

/\Jo fa 5M.Uf./1 w~J-d 
as ~mhan~n.f 
ant-re fin"( . 

DEPTH 

(m'> 

"" 

GRAPHIC 
LOG 

LOGGED BY !<Oc 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

<.::ii.~ .. · x-~ l1.:1psoil- /JiS~/ br-d o/1vk b/oNr, /no1sf loW"f'f 
=;~o~(~.: /L-7Cl/1~ 6111' S/t"NIJ ~/th OH'6nN/t$;, . . 

-:0~~:. :-r~~ &/qcial -r;11- 6tt~11i5f?_ 11-(1 1;1/J?/n w/"lh 
I - ::. : ·: :· ;~ · q 1 <Ji51'1 l!lot//i'c/ AO/ 1:z 017 s . 5 Jt.. TY S" AlV(J 
.:::·-?-.0

-;:· v.; //' /rClt/ /o51JJM ~/ll!E!..arcr{0/58Lt::S. 
---·O· ':. r /}1-ediUJ11 /k/1~ ;?1oi>{ I .0.· .,6 . I 

~ :-:t:: .+:-;<· G/cuia/ -ri/1- A~ obCJH/ kJtrf /7/CJJSf-
- :~: .o_,_ · .·. fo ~t !11r'd1~m W/1¥ /l:J /00$-e- . 

··r.+ ·Q:=· ) 
- •• /J • • : • 
~ , . .. .. a . .. ·1 

3 -~~~.~~~::· fr/acio('fuufq/ 5edimm-fs - troP1/11 wrl 
-~-~:~:~ _u_:: 51iNO wi/?1 Som'l7 &;f_/1UcL · /J1ecl/u~ -.:~> .. <' .. : c(.111 ht' to loogJ/ S-eR I' 1 n 9 IP(/I'/ IJ v t"/J on s . 

~ ~ ·:· :~.~· ·:· :_ "< 6-!t.<C io1/ul//a/ ~ditn~/7(5 - /J7 edlrnn y1c~i/\P6'l 
-· '_.· •. ~~·:_. ... :·: (00~1 w-1 blOpjr' 5/tl'J./) . J.Je1 ~, ~A~i?~ I I 

5 ~ ·:· ·. ·. :-. 111 1 C'C1t1>17 511/IJJ) N ~a//c~ etr'c/ 'tun· 
_ • .• · · ~ ·. · :. · 5q11&f re;//o f5i/l!f 

,, . . . . - :·.· ~ .· : ... 

.! l t't' "~ ('O II 0 p~ i "5 
- I . t-. T-:. 1 "t · 0 .l· .. +· ~ ... 

... 

&IC? c!olocusft )n~ S'f'di111.,,nls - Li9hl f;1 r;w/>J 

mo1sl1 51-i frC il'rlr//Ctj'f"r~I S /~ T er /It/ 

-.;; 
.... 

P>iob l- 1'1, 
l-t71 Z.-IS · 

- 5ttN!JY SJL-T· 
-

7 - T.D::: G.6M 
-
-
-
-
-
-
-
-
-

-
-
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KNIGHT PIESOLD LTD. TEST PIT No. 
TPq 5M E -z.s TEST PIT LOG 

CONSULTING ENGINEERS SHEET I of/ 

PROJECT M·L Po 11-e.t PROJECT NO. I bzr; 
LOCATION OF TEST ~IT~J.l..1.::::/S::._-/-:.1.....:0:::::...:f' __ ---=-_____ GROUND EL. ___ _ 
DATE Orts /q5 Smq,... lb AAl1ill t.Mbaa :cn,,..td LOGGED BY K.DC-

1 1--~~~~~~...-~~~-,..~~·~~-.~~~~~~~~-l-~~~~~~~~~~~ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

Koma-fs4 
pc ioot-C 
E'tca uo for 

~ 1n SaruJ{ . 

DEPTH 

(rn) 

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

.. t '.r::.;- "f- 6-/c:aio(,u·(( 5fl',·,,, ,, I FtPlliq I ~q;m..,-ni:s - L!f,>,/-
-{-.;·~ i b10Nn 5/L-701t?t A/J ~5AND vJ1/n50mr' 6~/fVCL 

5 - : ~ :·a-:._ D~:· · q " d ro BBt....es. rYJoiyl 1 Vt'J''I shr-r /oht;-,-c:/ 
. ·t ·/i-.i i: Tt'J '> 5, 5 JV\ 
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KNIGHT PIESOLO L TO. TEST PIT LOG 
TEST PIT No. 
roq5ME -z°J 

CONSULTING ENGINEERS SHEET l of l 

PROJECT NO. /6z.S PROJECT Mi . Po/ 1--rr 
LOCATION OF TEST 1PIT __,_,,__D ........ 1.5'--'-ro_e---:--------
DATE Oc( 5 /qS Ano I .Nluil' bAfxn~ ~@/lf 

GROUND EL. ___ _ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

~OMc.ifSll 
PcZOoL.C.. 
eY.ca v~ tor 

.51ronq~ 
/11(0qi~ L 
$.Pdimt1n/S· 

phoro 2-zo. 

DEPTH 

(1+1) 

S2.. 

GRAPHIC 
LOG 

LOGGED BY k' D £ 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

· ·.- .. ""· 1' l.rl~cia/ 7//1· Asabotf"f',Nifl't b/WJ-9/ey \ 
- {.

0
. ~-t ~·:· /i'Jo/l!inj• /Y/oJs-11 (li'/Y ol'l'/JV low1ro11so/1t/oh-c{.J . z. -'. ~: + ~ ~-

- ----~----··: ;_ · .:· :_ b{ocio(C.uvial 5,.o1;.rn..,,.nfs - firt#Jn 1 ~f , 117~-t://f.1~ 
~ _ .. :~:.-~- ··:. /oo~ m-edlt/IY! 91a1n'f'ct S/1/1./D. 

. : .... 
3 _;~iiJ-~o Glacio(flfviu/ ~dim ... r;fs- BroW/J wcf 

' •• 'c)~ / 

-~ ~·-::- ·-.:- s ltJV f) / G/l./lfJ€l 0.>'1v/ ~OB6l£S, D t'/)J-e 

If: rt:'.:°: fo very cif/JY • Slronj ~, ap111 ax , 
_ ••• ·-:>· · ,~· Z- 3 (} p1>1, {oarv ffJCflP/ietl U'>Cf.t-r/f 
- -.·:· .. ·_.;_ · fv h;'I' o~ 3 ,5n o 8 t'low 3,5 m , 5A?VO 
-. t- +- r.: .c 

5 - :: -~- :': ·.-·.: w i s 017J-t! 5 IL-TI G-/?.!1Vr- L . 
- 0 • ti .,J : .. . .. 
- .. -

.' l' . - . . . .. 
J. ! .;.. t " - : ... ·: : . : - .... ~ - : .. . . · . 

• -f•,':J ....... • C>: .. . 

-
-
-
-
-
-
-
-
-
-
-
-

/3ttJtAI 11 7 fntJi5"/ S It-TY S l1rl lJ tJfnc:I 
G-!R/tllcl.. IJ.>n~ ID _ llY'l"y M -nw . 
fJroboh l'J_ 9/ari4'/ hi/ 

.,-.D ~ G. . 7,._ 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

/ {)q5111e- ..-3 0 
SHEET I of / 

PROJECT mt. Po/ft''! 
LOCATION OF TEST 

7 
PIT _/) ........ /:...='.5_-<...,,;/ Of'~,....-----,,,,-----,--

DATE Fl/lq/ ;f/ct1/ .1 £1!Jb?/)1Vr/Jt"n f 

PROJECT NO. I b 2- 5 
GROUND EL. -----

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

i(omabu 
PC 200L.G 
f 'K.ca vot to( 

frr:ttcA 7 fa yilt_J 
O~ · 

. 

/}/,olo Z.-Z./ 

11 

DEPTH 

( IY1) 

G -
-
-
-

7-
-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

LOGGED BY KDE"' 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD LTD. TEST PIT LOG 
TEST PIT No. 
Tpq$M E: -3 I 

CONSUL TING ENGINEERS SHEET lo f 1 

PROJECT JllJi·fo!l~r PROJECT NO. I bZ.5 
I 

LOCATION OF TEST PIT~J ........ /...x.S.....:..Tr.~cJ-~-------
OATE Oct ,5 /q5 Fi"tJa/ 1t/11;1'1 G /J'.1.f!v-;;.Y//:.<-'·/J'f 

GROUND EL. ___ _ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

t::omat"slf 
PC lOOLC 
E'(ca ua (-or 

~a.~/ s.upi"f in 
sand horiwn . 

. 

Pnofo Z-2-Z-

DEPTH 

(m) 
GRAPHIC 

LOG 

LOGGED BY /<{)£'" 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

-·_::t: : ·~ ·_.-,. f;/atto flu t1it1 I ~dim-r11/Jf.s - /:Jll:/W1?1 m~diu m /t?oV'/ 
: :~.-; :--:-._>; PH t Sl'tlt(fJ , JJe1f-t:.1 S P~/)lr1f / /1 1 ~P/lt/ 

~ _ ~. -: ' ·~- ~~-=·:· (tJ//tlfSl11r hc<cf/j', 
, -.. '"':..,. __ , --

-=;-~·~;; ·~ Gtac/of'U/111~/ ~(l';ni,,;>/)- firo191n 1 /oo~ 
5- ~·::·. : ./.·-: lp(fStf7Vr; N/f11 tJrcaSiOAK/ loJ.-y{/loZt/ll'd 

_ :.-... _··_::1· ·. o( o~rconsol i"d11~o' .Sl~T· 
:t t'"f -r+t - ---:., ... r:.,. • .. ,.... 

- -
{p- ~~;:·~~~ 

I• • • .. '"' •.,. .. -

-
-
-

7-
-
-
-
-
-
-
-
-
-
-
-
-

6tacio/acusfr;n -e ~~a';,,,,"~ - :r/lkr';tje/-eP/ 
/l'l/lf /JttJ111>t 11in"l6 SIL-TV SAA/Dc;,riPI /hulld/ 
hro111n dr1;c()1t>o/1dqfl'a' s11-r. ~-ef) 
sfi ft. 
TD::. "7·ZM 
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r KNIGHT PIESOLO LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

f. PROJECT tYif. Po /I-er 
LOCATION OF TEST pi"f ___ /) ____ / ...._.S -..£..70"""--c ______ _ 

ITA7S"M€'3'
SHEET I of I 

PROJECT NO. /bZ.S 
GROUND EL. 

I DATE Or.f: 5 /q) __.r;-'--', a;...s..;;;u~l-.:...!M~o:::...;.1...;.__" 11__;E,::;;...:;/...:....:.;'l1/;::<....l:r:1.:;..<..J'/lt..L-tL..LtllL~/J~t~_ 
- - - -

LOGGED BY kD£ 

' 

r: 

r 

r 

NOTES 
Groundwater level 
diff iculty in digging, 
equipment used, etc. 

P hofo i-i;, 

DEPTH 

(m\ 
GRAPHIC 

LOG 
DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

:· ,_:--r~-<O 6-lo ciq' T; 11- A-SQ loc> V"f, blw g1~1 co tor, SIMJPY,, 

4- ~ ~V-~_:_;;. w-c{, m~d '"M dt1t~. 
= ~E~·:.~0:.·;: 6-lacia/ Ti// - 6rt't'/li5h Cf/e7 blOW/1 

-. -~ ·-G·0:: co/01 t t1 Jct ho v-t · 5/ !-TY 5 /fJIJ/J 
s - :.r: :· ~;4 .: w/11' 1rar_~ 6-~tflJEL. 1 over-.1... , 

~ .-·'b:-'=;_~ .:: (onso/Jdqff>pr · ( fltar ~ ~t:/iflVht~ ~I 
= :·.t-/:.-.-~>i /!Joisf Iv ~{, df"n~ · S/Jfhf ~/J' 

. •O' ."O·.· 

" :~~·~:+-···· -

-
7-

-
-
-
-
-
-
-
-
-
-
-
-

6-la~;o/a cusft';/J,, ~di;?l;~/J - "7/7 k/IC!.J't'r~4 
/!f/1f /JtoWn fi1tc.. ~Jl-T'f )rtN// oN/ 
m u.tld'J h1o~r t1p.11ct7J150lidqH/ SIL-T. 
Moisf 1 st-1 f{'. 

ID ='1,Z1tt . 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TES}:, PIT No. 
I /J l.f5Jl'JE-33 
SHEET I of/ 

TEST PIT LOG 

PROJECT iYJ1 · /Jo//-e'/ PROJECT NO. /626 
LOCATION OF TEST PIT_, ...AC./J...__Y5"'--'-l?=-o.__r' ______ _ 

DATE ()ct5 (qr niJo/ #&/n Gz,itr.ukall'd' 
GROUND EL. ___ _ 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

Komals~ 
PC lOOll 

DEPTH 

("') 

£ '( (() Vt> hJ1 _Ji. 

flt/1101 ~af 
~J.J!of /l.70S.PI'" 

Ht!· 

f jJ hofo Z -Z'/-

1 

I 

-
-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

LOGGED BY /:IJE"' 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 
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KNIGHT PIESOLD LTD . 
CONSUL TING ENGINEERS 

PROJECT ((){ 1 Po//~7 
• 

TEST PIT LOG 
TEST PIT No. 

ltxlS-NJE-34 
SHEET f of I 

PROJECT NO. } b Z 5 
LOCATION OF TEST PIT p/~ To~ 
DA TE (2c f 1 / 'f) -8-//J'""-u,__l_~...:....'tr--'//!-:. _b,,_k_./JA-~-~t./.-'/J_-t __ 

GROUND EL. -----

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

J tJ/11/{/5 (/ 
/JC2()0LC 
Erca(}Q/or 

Sl'J'7f~ 

DEPTH 

(tn '> 

..2. -
-
-
-

7 -
-
-
-
-
-
-
-
-
-

-
-
-

GRAPHIC 
LOG 

LOGGED BY Ko.!( 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

6' /Cl cict{ Tit/- k~hoN" 1 vvifl- hl«HA 9'f'! 
1f"Ht-eclhoff-ton> 1 wh1c;tt av sa11d1c.oafi11.J.5 · 
ttAo;st to w~f, u~rj c:(ense, 

'f.__ _____ __._ ____ .__ __ ....__ _____________ - - - - -
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

PROJECT p!t · />o//-rr 
I 

LOCATION OF TEST PIT 
DATE $eel ll /ctr' 

NOTES 
Groundwater level 
difficulty in digging. 
equipment used, etc . 

:fD-6'10{)L( 

l?X ravo f-or 

DEPTH 

( .,,,) 

TEST PIT LOG 

~~ fo~ /JFrarn,.,,.. 
(~, o, p, 5 )q ) 

TEST PIT No. 
T.P -S 1q 

SHEET I of J 

PROJECT NO. I h 2-5 

GROUND EL. -----
LOGGED BY K-0 ( 

GRAPHIC 
LOG 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

2. -t-.f.~ ~ &r-e.'J -..:J'~er. h:>ar-ee,... browl"J 1 /J1olsl; 
~ . ~-~~- . V-<"f sfiff' 5/ 1,.T flV/!l, tra er f;'~ t9 S /llJD . 
+- ;-+ · Un ifor~ , ~lacio{ttAtJiAl /9Jaciol~cu.rfrl>tt 

3 = :~f-t s-eoOm"'t"rif3. Occasio,..,&< f 5'f>"f 
- - - - · b J er co~solidc.ko( 
-t-t- t'' . . . ... 

'1 =t-rt · 
-
-
-

.s -
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
- . 
-
-
-
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
T(ST PIT No. 
IP5 2-o 
SHEET / of J 

PROJECT m + . Po //-l 'f 
LOCATION OF TEST PIT Seepapr (oll~c/)o;r /?or./ 
DATE tJd. 7/Q r J5m wesl tJ f S 20 

PROJECT NO. lb Z-5 
GROUND EL. ___ _ 

LOGGED BY k DE 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

/(o /If(,/ Is(/ 
It totJli c.. 
Gr r11 vo /or 

)fiiV\t ~ p· 
52 -

DEPTH 

(JM\ 

GRAPHIC 
LOG 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

. :c_r.::--.- Gfqcio/orusfriN / Fluv1«f ~d/~ls -
' ~:..~:.f=:_~_ ·-l. · !fS«btJ,-.,/ h< 9µyish l;1own t'f/m/, lf/o;~ 

-_-: -.k _._ sf/ rr . -ro =--,,'! ,-, 
-
-

-
-
-
-
-

I fhoto3-I 

I 

-
-
-
-
-

I 
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KNIGHT PIESOLD LTD. TEST PIT No. 
TEST PIT LOG TPS20 .. s 

CONSULTING ENGINEERS SHEET I of J 

PROJECT m+ . Poll~~ PROJECT NO. I' z. $' 
LOCATION OF TEST Pit frep__~ (t;/4'cho/1 //o/)/ GROUND EL. ___ _ 
DATE (Jcf '3/qr B-,.~ 5 20 Is Z I . LOGGED BY /C//&-

1 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

~OMafsl{ 
PC ?OOl.C 
EY.caurxror 

DEPTH 

(m\ 

GRAPHIC 
LOG 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

S ~ fffi+ (rk~.c/olattt>fr;;u /rtuv/k/ ft~~ _ 

-f·rfH- 11-s aQoV1'1 7µ7/s),ot?/o"". 

/P? lea ( f,.,,.d. 
! w" tis s flt~ 

G ~ t~t{tt 
- Jftf:f. ID:-,. )M 

-

-
-
-
-
-
-
-
-
-
-
-
-

I 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

PROJECT ml. Poller. 
I 

LOCATION OF TEST PIT 
DATE Sep! Z.J /qr 

NOTES 
Groundwater level 
difficulty in di99ing , 
equipment used, etc. 

:::ro h~o o -Le.. 
e.'/. c~vai?:> r 

y..1({ktt$Pt"fi"J i,-, 
S&f n~j S-eol inir 11 & . 

l::n Ii rt 1-n,, c Ii 
co/IR/Se()(, !Vo 
~11,.,;1/tJr / n• 
1J() lt:>s . 

-

DEPTH 

<.. Yfl'l ) 

5 

~-

TEST 

~~ /tJ~d ., . .stJ 
(5.0.P, S2-I) 

-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

GRAPHIC 
LOG 

PIT LOG 
TEST PIT No. 
T P-SZ I 

SHEET l or 

PROJECT NO. 

f'ltJ/1 n~" GROUND EL. 
LOGGED BY 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

lb"2 5 

}(.De 

J 

. 
: . 
' ! 
i . 
: 

' I 
i 
i 
I 

) 
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KNIGHT PIESOLD LTD. 

CONSULTING ENGINEERS 

PROJECT t?J( ./lo/~r 
LOCATION OF TEST PIT 
DATE (Jcf 5/qr 

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc. 

KtJMa &t tJ c 
1 tJO lC. 
Err11t1alot 

DEPTH 

(JM) 

TEST PIT LOG 
TEST PIT No. 
7/)57 /,2-
SHEET I of / 

PROJECT NO. 16 Z..S 
k,#vy t'ol/t'&htY>-- .~J 

Eq cl t? r- 5" 7 I 
GROUND EL. -----
LOGGED BY ~DE 

. 

-· 

GRAPHIC 
LOG 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

{yf<u iol acu s~ iN ~d itN nts - 1-it;h I h10N":'.1 

J11kt/a~A. 5/(.,,711?nd f'IN 5-1N/}· /JI01s/1 
5ti(f 

~I 
I 

To :.. ~ .tJ,,, 
7· 

' ~, .:. 
t' 

I 
·
1 

Photo 5-; 

I 

-
-
-
-
-
-
-
-
-
-
-
-



INVESTIGATION KP 1-11  68 of 500

I . 
I .. 

~ 

.;; 
l:! 

l . 

KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 
-rp -.5 22-
SHEET I of J 

PROJECT /YJ{. Pa tl-e_'f. 
LOCATION 0 F TEST ~IT ~5_-e_c .p_ot_,j....-r-~8_o_f"_ol~7 _S_c_co.._1_/1_..-_r_ 
DATE 5Ppt ZJ I q5 (s. o, P. s 2-2.) 

PROJECT NO. J .62. S

GROUND EL. - - - - -

NOTES 
Groundwater level 
difficulty in digging, 
equipment used, etc . 

.JJ) 690 D - ~(.. 

EYca\Jctti::>r 

Occ- 5 W\C( LI s.a -e P 
; /1 b '" is h Jee. g -rt 
)) lJPM· 

-

DEPTH GRAPHIC 
LOG 

(m ') 

l+-++ - ... ~ . .. , . 
-t. + ++ 

2- - . i- ;,-· ~ 
- f . t-:t-t." 
-· tr~-++ 
-.. F+-t +-

3 - . . . 
.t-tt+-

: + tf+ 
-'.t· t-t-t 

LJ - . rt+ r.· 
- . t-: f:" 1· - ,... -· -· 
- .:_t~+-d· 

s -
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

LOGGED BY 1<.D€ 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

/}')otf/~A 1r<e/J j"'Y ft:, b tow /J 51 L..T t'I n t( 
s I LI y f/,, -r s 11-N D. l/.er7 sfi.f'f' j JYJ()iST. 
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TECHNICAL SPECIFICATIONS 

SECTION 1 - GENERAL TECHNICAL REQUIREMENTS 

1.1 ~ 

The general technical requirements specified in this Section shall, except as 

specifically excluded in the sections following, apply to all activities and 

operations relating to carrying out the Work as shown on the Drawings or as 

required by the Company Representative and/or the Engineer. 

The Work to be carried out under the Contract shall consist of supply of all 

labour, Plant and materials and performing all things necessary to construct 

the entire Work as defined in these Technical Specifications, on the Drawings 

or required by the Company Representative and/or the Engineer. 

A listing of the advance notice periods required of the Contractor is given on 

Table I, Page 1-73. 

1.2 Clearing. Stripping. Grubhina and Tupsoil Removal 

The Contractor shall clear, strip, grub and remove topsoil from all ground 

surfaces prior to excavation in any area, in areas which are not excavated but 

in which fill is to be placed, and over remaining areas of the tailings basin to 

the limits shown on the Drawings. 

In order to reduce erosion and contamination of the surface runoff to a 

minimum at all times, clearing, stripping, grubbing and topsoil removal shall 

be scheduled to be performed only as and when required to enable each 

portion of the Work to be carried out. 
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1.2.a Clearing 

Clearing the areas of the Site so designated on the Drawings or in the 

Technical Specifications shall consist of the felling of all trees, shrubs 

and vegetation to within eighteen inches of the ground. 

Felling of timber and removal from site of all merchantable timber 

will be carried out by Others under the direction of the Company 

Representative. 

As Work of this Contract, all non-merchantable timber and vegetation 

shall be disposed of by burning to reduce it to ashes or as otherwise 

approved by the Company Representative. Care shall be taken in 

burning debris to prevent the fire from spreading. Prior to starting 

any fires the Contractor shall notify the Company Representative and 

the governmental authority having jurisdiction with regard to fires and 

shall obtain written permission to proceed. 

General requirements regarding prevention and control of fires are 

covered in the General Conditions. At all times during which burning 

takes place, the Contractor shall have available in working order to 

control the fire, sufficient fire fighting equipment and personnel to 

operate such equipment. 

Any clearing which the Contractor elects to perform for his own 

purposes shall be subject to the approval of the Company 

Representative and shall be performed in accordance with the 

requirements of this Clause. Prior to the clearing of any area which is 

not required for the Work, the Contractor shall submit to the 

Company Representative for approval, full details of the proposed 

clearing. Clearing in any such area shall not be commenced prior to 

receipt of written approval by the Company Representative. 
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1. 2. b Stripping and Grubbini 

Stripping and grubbing of the selected areas of the Site shown on the 

Drawings shall consist of the complete removal of all vegetation and 

organic matter and grubbing to remove all roots and srumps. 

All vegetable matter, roots and srurnps so produced shall be disposed 

of in the same manner as that specified for non-merchantable debris in 

(a) above. Muskeg or material which cannot be burned shall be 

stockpiled in the designated topsoil stockpile area. 

1.2.c Removal of TQpsoil 

After an area has been cleared, stripped and grubbed and the debris 

removed, the Contractor shall remove the surface topsoil and stockpile 

this material in the areas shown on the Drawings. Organic matter 

shall be stockpiled separately from the oxidized rooting layer of 

mineral soil. 

The material is to be stockpiled in a neat workmanlike manner 

approved by the Company Representative such that it will be stable 

and protected from erosion. 

Areas of standing water and swampy ground which are of sufficient 

extent to prevent topsoil removal by normal construction methods will 

not require topsoil removal. These areas will be defined in the field 

by the Company Representative. 

1. 3 Open Excavation 

1. 3. a Classification 

Material excavated in open cut for the Work will be classified as 

follows: 
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1.3.a.i 

1.3.a.ii 

1. 3. b General 

Class 1 Excavation 

Class 1 excavation shall be in material excavated within 

the specified excavation limits which can be removed by 

hand or accepted mechanical excavation methods up to 

and including removal by ripping and bulldozing using a 

track mounted tractor, at least equivalent to a Caterpillar 

D9L in weight and horsepower and equipped with a single 

tooth articulated ripping attachment or, in confined areas, 

by a mechanical hydraulic shovel at least equivalent to a 

Caterpillar 225 fitted with a rock bucket of 1 cubic yard 

capacity. 

Class 2 Excavation 

Class 2 excavation shall be in material excavated within 

the specified excavation limits which cannot be removed 

by the methods specified in Sub-clause (i) of this Clause, 

and which would normally require recognized quarrying 

methods such as drilling and blasting. 

In the event of a dispute as to the classification of any 

excavated material, the decision of the Engineer will be 

final. 

The Contractor shall develop its excavation methods , techniques and 

procedures with due consideration of the nature of the materials to be 

excavated and shall take such precautions as are necessary to preserve 

in an undisturbed condition all materials outside the lines and grades 

shown on the Drawings. The Contractor will be permitted to carry 

out excavation, shaping etc. by whatever method it considers most 
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suitable, providing it is consistent with producing an acceptable end 

result as determined by the Engineer. The Contractor shall be solely 

responsible for the safety and adequacy of the methods employed. 

The Contractor shall also notify the Engineer after clearing, stripping 

and grubbing, and removing topsoil from an area, and obtain the 

Engineer's approval of the adequacy of the exposed surface prior to 

excavating below or placing material on the surface. 

The Contractor, in its scheduling of the Work, shall allow sufficient 

time in its construction schedule for the Company Representative's 

proper consideration thereof prior to his authorization to proceed with 

excavation in any area. 

Furthermore, in areas where the Contractor is excavating both Class 1 

and Class 2 materials, as hereinbefore defined, the Contractor shall 

obtain the Company Representative's written authorization to proceed 

with excavation of each Class before excavation begins. 

The Contractor shall not excavate beyond the lines and grades shown 

on the Drawings without the prior written approval of the Company 

Representative. Any additional excavation which is performed by the 

Contractor for any purpose or reason whatsoever, other than in 

compliance with a specific request from the Company Representative, 

shall be carried out at the expense of the Contractor. If such 

additional excavation, as defined herein, should in the opinion of the 

Company Representative, require backfilling in order to satisfactorily 

complete the Work, such backfilling shall be done by and at the 

expense of the Contractor to the satisfaction of the Company 

Representative and with material supplied by the Contractor at its own 

cost, and approved by the Company Representative. 

Where pipe, drain or culvert trenches are to be excavated in fill, 

excavation shall not commence until the elevation of the compacted 
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fill exceeds the nominal crown elevation of the conduit by at least 30 

centimetres. 

The Contractor shall provide, maintain and operate any temporary 

drainage and/or pumping facilities required to control ground and 

surface water in order to keep the excavations dry and in a stable 

condition. The Contractor's dewatering operations shall be 

accomplished in a manner that will not adversely affect the stability of 

the excavated slopes and will not cause erosion and softening of 

adjacent materials. 

The discharge from any dewatering system shall be directed to 

sediment ponds. 

When a section of excavation has been completed to the required lines 

and grades, the Contractor shall notify the Engineer who will inspect 

the Work. Excavated surfaces shall not be covered with pipe bedding, 

fill or concrete until the surface has been approved in writing by the 

Engineer. The Contractor shall uncover at its own expense, any 

excavated surface which has been covered prior to inspection and 

approval by the Engineer. 

The Contractor shall protect and maintain all excavations until 

completion of the Work or until such time as the adjacent placement 

of material has been completed. 

Material from the excavations, which meets, or can be processed to 

meet, the requirements for the construction materials specified in the 

Contract Documents, shall be either stockpiled for later use, or used 

directly for construction of the Work. In the event that the Contractor 

elects to stockpile fill material prior to placing it directly into the fill , 

the cost of double handling shall be at the Contractor's expense. 
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Excavated materials not suitable for use in construction shall be 

disposed of in spoil disposal areas as shown on the Drawings and as 

approved by the Company Representative. 

1.3.c Class 2 Excavation 

If the Contractor proposes to perform open excavation of Class 2 

materials using drill and blast techniques, the Contractor's methods, 

techniques and procedures shall be such that, by controlling the 

relationship among such factors as: the location, dimensions and 

sequence of excavation of various benches, lifts and rounds; the 

burden; the spacing and size of holes; the amount and type of 

explosive; the depth of charge and delay pattern; and by employing 

the most effective controlled blasting techniques, the peripheral 

surfaces of all completed excavations shall be smooth, sound and to 

the specified lines of excavation. 

Not less than 7 days prior to commencing Class 2 excavation for each 

part of the Work, and at any time it proposes to alter his methods for 

such excavation, the Contractor shall submit to the Engineer for 

authorization to proceed with the Work, complete details of the 

proposed plan for such excavation. Such plans shall include drawings 

and statements on all of the factors noted in the first paragraph of this 

Sub-clause and such other relevant data as are required by the 

Engineer to permit the Engineer to review the Contractor's proposed 

method of producing sound, smooth, excavated rock surfaces. 

If the methods, techniques and procedures of excavation adopted by 

the Contractor for any part of the Work are unsatisfactory in that they 

fail to conform to the Contractor's proposal as previously authorized 

by the Engineer or that they result in an excessive amount of 

excavation or overbreak beyond the specified lines or result in 

excavated rock surfaces which are not sound and smooth, then, 

notwithstanding the Engineer's prior authorization to proceed with the 

Work, the Contractor shall adopt at it's own expense such revised 
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methods, techniques and procedures as are necessary to achieve the 

required results. 

Except as otherwise specified, each bench of excavation in rock shall 

not exceed 6 m or such lesser height as may be directed by the 

Engineer in order to obtain satisfactory results. 

Whenever there is danger of causing damage or injury by flying rock, 

the shots shall be suitably blanketed. 

The Contractor will not be permitted to blast within 30 m of any 

concrete, grout or shotcrete which has been in place less than 2 days. 

Blasting within 30 m of concrete, grout or shotcrete that has been in 

place 2 days or more will be permitted only after submission by the 

Contractor and authorization to proceed with the Work has been 

granted by the Engineer of the Contractor's proposed blasting 

procedures together with an outline of precautions to be taken. 

The Contractor shall use non-electric blasting methods when 

conditions so require. 

Except as otherwise specified or directed by the Engineer, the 

Contractor shall use pre-shearing, cushion blasting or other smooth 

wall drilling and blasting techniques as approved by the Engineer to 

excavate rock surfaces in open excavation. 

Pre-shearing shall consist of drilling a line of holes not less than 38 

mm in diameter in the plane of the required rock excavation surface 

and charging them with the minimum amount of high velocity 

explosive which will shear the rock in a plane along the line of the 

drill holes without shattering the rock. The charging rate for these 

holes shall not exceed 360 gm of 75 percent Gelignite or equivalent 

per square metre of pre-sheared area. In the event that higher velocity 

powder is used the charging rate shall be decreased on a pro-rated 

basis. The distance between the drill holes for pre-shearing shall not 
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be greater than 0.6 m and such holes shall be drilled at closer spacings 

if the rock is being excessively shattered by the pre-shear blasting. 

All holes in a pre-shear plane shall be drilled, charged and detonated 

simultaneously prior to drilling the production blast holes and at least 

24 hours prior to detonating the production blast. The first row of 

production blast holes adjacent to the pre-sheared plane shall be lightly 

charged to ensure that the pre-sheared face will not be damaged when 

the main production blast is detonated. 

The maximum practical amount of uncxcavated burden shall be 

maintained between the pre-shear line and the open face. The bottoms 

of pre-shear holes shall not be positioned at a higher elevation than the 

bottoms of adjacent primary blast holes. 

Where the unexcavated burden is considered to be insufficient for pre

shearing, "cushion blasting" shall be utilized. Cushion blasting is 

defined as the technique of carefully drilling a line of closely spaced 

holes, as for pre-shearing, in the plane of the minimum line of 

excavation, lightly loading the holes with well distributed, completely 

stemmed charges and firing them after the production blast in groups 

of not more than 25 holes per delay. 

1.3.d Class 2 Surface Clean-Up 

The Contractor shall completely remove all loose, shattered and 

disintegrated rock, gravel or other deleterious material preparatory to 

placement of any earthfill, concrete, shotcrete or against rock 

surfaces. 

Such cleaning shall be done by the use of air and water jetting or by 

other methods approved by the Engineer for all surfaces beneath 

concrete, shotcrete or grout. Air and water jetting is defined as the 

use of such jets for the purpose of cleaning rock surfaces, removal of 
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incompetent material and cleaning out of seams, cracks, fissures and 

other depressions. 

Air and water jetting equipment shall be capable of delivering air 

and/or water jets at variable pressures up to 100 psi and shall be 

complete with a selection of nozzle sizes. Air and water jetting 

equipment shall be capable of delivering air, water or both air and 

water at the required pressure through one nozzle. 

In all areas of open excavation of rock, other than those intended for 

the placement of concrete, shotcrete or grout, the rock surface shall be 

cleaned and scaled using regular excavating equipment to achieve a 

surface which is in compliance with the provisions of this Clause. 

The use of hand tools will not be required for such clean-up except in 

cases where hand scaling is necessary to provide safe working 

conditions. 

1.3.e Tolerances in Class 2 Excavation 

The Contractor will be permitted to leave projections of solid rock 

inside the required lines of excavation provided that such projections 

cover an area not greater than 0.5 square metres, occur at not less 

than 3 metre centres at the planes of the required lines of excavation 

and do not project more than 10 centimetres inside such plane. 

1.3.f Revisions to Lines and Grades 

In the event that the Company Representative should in his sole 

discretion require the Contractor to excavate any part of the Work to 

lines or grades other than specified, previously directed by the 

Company Representative, or shown on the Drawings then: 

(i) if the Contractor is advised of such requirements before 

excavation to the lines and grades specified, previously 
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directed by the Company Representative, or shown on the 

Drawings, such required excavation will be paid for as per 

the applicable L.S. price entered for the excavation in The 

Schedule of Estimated Quantities and Prices; or 

(ii) if the Contractor is advised of such requirements after 

excavation to the lines and grades specified, previously 

directed by the Company Representative, or shown on the 

Drawings, all additional excavation so required will be 

paid for in accordance with "Changes in the Work" of the 

General Conditions. 

1. 3. g Stability and Protection of Excavated Surfaces 

The Contractor shall be solely and completely responsible, until 

completion of the Work, for the safety, stability, maintenance, 

support and protection of all Class 1 and Class 2 excavated surfaces, 

the excavation of which is carried out under the Contract, and for the 

safety of his work force and the forces of Others while they are in the 

Contractor's working areas including areas in the immediate vicinity 

of the excavations. The Contractor shall supply and install rock 

reinforcement and provide all temporary supports, bulkheads, 

canopies, sheeting and bracing, divert surface water, remove water 

from the excavations, and shall provide and maintain such drainage 

and pumping facilities as are necessary to stabilize and protect the 

excavations. Except as otherwise approved by the Company 

Representative, such temporary support and facilities shall be removed 

by the Contractor on completion of the Work. 

Immediately following each blast the Contractor shall scale and 

remove all loose or unstable material from surfaces exposed by the 

blast, including such material beyond the required line of excavation, 

and shall at all times maintain such surfaces free of loose, unstable 

and potentially dangerous materials. 
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The Contractor shall, wherever necessary, remove by scaling or other 

means all loose, overhanging or otherwise dangerous material situated 

on existing slopes that are located above excavations to be performed 

under this Contract. 

1. 4 Embankments and Berms 

1.4.a General 

The words "embankment fill", "fill materials", "fill" and "rockfill" 

shall be regarded as being interchangeable when used in the context of 

referring to the various zones of material comprising embankments 

and road fills. Similarly the words "backfill" and "bedding" shall be 

regarded as interchangeable when used in the context of referring to 

the various zones of materials comprising trench fill. 

At least 7 days prior to the scheduled commencement of fill placement 

the Contractor shall submit to the Engineer for authorization to 

proceed with the Work, complete details of the various stages, 

materials, equipment, methods and procedures he proposes to use for 

such operations. Notwithstanding that the Engineer has given the 

Contractor authorization to proceed with such procedures, the 

Contractor shall be completely responsible for the planning and 

execution of such procedures. 

The Contractor shall be liable for any damage whatsoever to property, 

caused by or resulting from his operations in performing the Work, 

including dewatering and/or drainage of embankment foundations. 

Such damage shall be fully repaired by and at the expense of the 

Contractor. 

The Contractor shall prepare the foundation for and construct the 

various zones of fill of embankments and berms to the lines and 

grades shown on the Drawings within the tolerances specified herein. 

Fill materials shall not be placed on any part of foundations until all 
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required excavation, dewatering and foundation preparation has been 

completed and written approval has been granted by the Engineer. 

1. 4. b Supply and Production of Fill Materials 

Fill material for constructing the embankments and berms and for 

trenches shall be supplied by the Contractor and will be obtained 

from: 

excavations required for the Work 

borrow areas 

other sources which may be proposed by the Contractor 

and approved by the Company Representative and 

Engineer 

The borrow areas and excavations contain sufficient material to 

complete the Work. However, the disposition of the material is 

random and heterogeneous in the borrow areas and excavations will 

require proper planning and operation to obtain suitable materials 

which meet the specified requirements for the various zones. 

The Contractor shall be wholly responsible for supplying materials 

which conform to the specified requirements for each class of material 

and shall take whatever measures and precautions are necessary to 

achieve this objective. Such measures shall include, but not be limited 

to, planned operation, drainage and selective excavation in the borrow 

areas and excavations, sorting, blending, screening, etc. 

In the event that the Contractor wishes to obtain any materials from 

sources other than those stipulated above, then it shall carry out, at it's 

own expense, investigations to show that the material contained in the 

alternate area are suitable for the intended purpose. Such 

investigations shall be sufficient, to establish that the material is 

suitable. Details of the investigations and the results thereof shall be 

submitted to the Company Representative and Engineer at least 
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twenty-one (21) days before the Contractor intends to commence 

production in the alternate area. Approval by the Company 

Representative and Engineer for the Contractor to obtain construction 

materials from alternative sources shall not relieve the Contractor of 

it's responsibility to produce materials which conform with the 

specified requirements. 

All borrow areas and excavations shall be cleared, stripped and 

grubbed prior to commencement of material production. 

1.4.c Material Requirements 

The Contractor shall provide all fill materials required for the Work 

and shall ensure that such materials meet the requirements specified 

herein or shown on the Drawings. The acceptability of such fill 

materials will be determined by the Engineer on the basis of quality 

control tests which will be made frequently on each material after it 

has been placed and spread in the embankments and berms. 

Wherever the terms "rock", "rock fragments" or "rockfill" are used in 

this Section to denote a fill material, they shall mean rock obtained 

from Class 2 excavation or natural talus either directly from such 

sources or from stockpiles. The term "sand and gravel", when used 

in this Section includes naturally occurring cobble and boulder content 

in the sand and gravel where such material meets the gradation 

requirements shown on the Drawings. 

Fill materials shall be durable, shall not, except as otherwise 

specified, contain more than a small proportion of thin, flat or 

elongated particles and shall be free from organic and other 

deleterious material. Except as otherwise specified, the particles shall 

be hard and resistant to breakdown during handling. 

Fill materials shall be well graded within the specified gradation 

limits, that is, they shall contain a good distribution of all sizes of 
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particles from the coarsest to the finest. The specified gradation limits 

shall apply to the materials when they are dumped and spread on 

embankments and berms or placed in trenches prior to any required 

compaction. 

Drain gravel shall be free of organic materials and other deleterious 

substances. The materials shall be uniformly graded and the gradation 

shall fall entirely within the specified gradation limits for each class of 

filter materials. The drain gravel shall be placed to form the zones 

shown on the Drawings in a manner such that segregation is avoided. 

Drain gravel shall be compacted as directed by the Engineer. 

Moisture conditioning will not be required when placing drain gravel. 

The required gradation envelopes for the various zones of fill and 

drain gravel are specified on the Drawings. 

The Contractor shall, as and when necessary, process materials to 

produce fill materials which meet the requirements specified for the 

various zones. Such processing shall, where necessary, include, but 

not be limited to, separating material into various sizes, blending one 

material with another, scalping off oversize material, screening and/or 

washing to remove fines, crushing or selective excavation of the 

materials. 

All oversize material shall be removed from the fill material either 

prior to its being placed in embankments, trenches or berms or after it 

is dumped and spread but before compaction operations are started. 

Material which is a by-product of the processing of materials for one 

zone may be incorporated in the fill for another zone provided that it 

satisfies the specifications for such latter zone either by itself or after 

it has been blended with other material. 

Stockpile locations shall be as approved by the Company 

Representative. The Contractor shall stockpile fill material such that 

excessive segregation will not occur. Before any area is used for 
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stockpiling, it shall be cleared and stripped as necessary to prevent 

contamination of the material. Stripping and topsoil removal shall be 

carried out in accordance with the provisions of Clause 1.2. 

1.4.d Fill Placement 

The Contractor's operations and procedures for placing fill shall be 

subject to the approval of the Engineer in accordance with the 

provisions of Clause 1.4.a. Furthermore, no fill materials shall be 

placed in embankments, berms or trenches until all foundation 

preparation in the fill area has been completed to the requirements of 

the appropriate section in this Technical Specification and has been 

approved in writing by the Engineer. 

The Contractor shall construct the zones of the embankments and 

berms only with materials meeting the specified requirements for such 

zones. The fill in each zone shall be free from lenses, pockets and 

layers of materials which are substantially different in gradation from 

the surrounding material in the same zone. 

Fill material shall be excavated, transported, placed and spread in 

such a manner that segregation is avoided. Any material placed which 

does not meet the specified requirements shall be removed or remixed, 

blended, disced, or otherwise reworked by and at the expense of the 

Contractor to produce a material which does satisfy the specified 

requirements of the zone, whether or not such material has been 

covered by other fill material. Except as otherwise specified, the 

Contractor shall construct each zone by placing spreading and 

levelling; and, where required, compacting the specified fill material 

in continuous lifts of the specified thickness. The surface of each lift 

shall be sloped only at such grades as are necessary to ensure at all 

times that adequate surface drainage is provided. 

Fill shall not be placed against concrete until a minimum of seven (7) 

days have elapsed after concrete placement. 
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Except as otherwise specified in the Technical Specification fill shall 

be dumped and spread in such a manner that no gaps are left between 

adjacent dumped loads of materials. The fill shall be levelled prior to 

compaction using a motor grader to obtain a smooth surface free from 

depressions. Except in areas where space is limited or as otherwise 

specified, fill shall be placed by routing the hauling and spreading 

units approximately parallel to the axis of the embankment and, within 

practical limits, the hauling units shall be so routed that they do not 

follow in the same paths but spread their tracks evenly over the 

surface of the fill. The equipment used for placing fill shall be such 

that it does not cause segregation of the material. 

For trench backfill or working around or near pipes, valves, 

instrumentation or structures, the Contractor shall exercise particular 

care in fill placement to avoid damage to the Work. Should the 

Engineer for any reason wish to reinspect components previously 

authorized for backfilling, the Contractor shall excavate and re-expose 

such Work to the satisfaction of the Engineer. If any fault in the 

Work is uncovered the Contractor shall make the fault good to the 

satisfaction of the Engineer and replace the backfill. Such excavation, 

repairs and backfilling shall be done at the expense of the Contractor. 

The Contractor shall have available during all working hours, 

sufficient heavy rubber tired graders or other equipment, approved by 

the Engineer in accordance with Clause 1.4.a., to level, re-level and 

otherwise maintain the uncompacted fill surfaces in a smooth and 

workmanlike manner. 

In earthfills which require moisture conditioning, the Contractor shall 

condition the material to the moisture content designated by the 

Engineer prior to placing the material on the fill zone. The 

Contractor shall adopt all measures necessary to achieve a moisture 

content within one percent of that designated, distributed uniformly 

throughout the layer of material being placed, immediately prior to 
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compaction. The Contractor shall adopt whatever measures are 

necessary to ensure that the designated moisture content is preserved 

after compaction, until the succeeding layer is placed. 

Wherever necessary, after a layer of fiH has been placed, the moisture 

content of the fill material shall be modified to ensure that it is within 

the range specified. 

If after placing, spreading and levelling any fill material which 

becomes too wet for proper compaction as determined by the 

Engineer, it shall be either removed from the embankment or berm or 

the moisture content reduced to a value acceptable to the Engineer by 

discing or other approved methcxis. Suitable disc harrows or other 

approved equipment shall be available during all working hours for 

use if required. 

Equipment used by the Contractor to apply water to fill material shall 

be designed to apply water uniformly and at sufficient rates to achieve 

the designated moisture content. Water tank trucks shall be equipped 

with positive shut-off valves so that no leakage will result from the 

nozzles when the equipment is not operating. In the event that leaks 

do occur, they shall be repaired immediately. 

Moisture conditioning shall be carried out in a manner that will avoid 

flow of water between zones. 

All zones in the embankments and berms are to be constructed in near 

horizontal lifts with each lift being completed over the full length and 

breadth of the zone before material is placed in the next lift. 

The maximum difference in elevation between adjacent zones in the 

embankments, permitted at any time during construction, shall be 

equal to the larger of the two lift thicknesses for the two adjacent 

zones. Except for this requirement, the Contractor will not be 
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permitted to form any construction joints in the embankments without 

the approval of the Engineer. 

1.4.e Compaction 

All fill material, after placing, spreading and levelling to the 

appropriate layer thickness, shall be compacted in accordance with the 

requirements of this Sub-clause and to the requirements of the 

appropriate section in this Technical Specification. 

Filter and drain materials shall be compacted with a minimum of 4 

passes of the specified compaction equipment appropriate to the zone 

under construction. Core material, Zone S, and basin liner fill shall 

be compacted to at least 95 % of Modified Proctor maximum dry 

density. Random fill, Zone B, shall be compacted to at least 90% of 

Modified Proctor maximum dry density. 

Compaction of each lift of fill shall proceed in a systematic, orderly 

and continuous manner such as to ensure that all of each lift receives 

the compaction specified. The compaction shall be carried out by 

routing the compaction equipment parallel to the axis of the 

embankment or berm, except that where such routing is impracticable, 

such as in roller turning areas, in areas adjacent to the foundations or 

at the lower elevations of the fill, in areas adjacent to concrete, and in 

trenches, the compaction equipment may be routed in any direction 

provided that all of each lift receives the compaction specified. 

Hand guided vibratory compactors shall be used to compact materials 

which cannot be compacted by the specified vibratory rollers because 

of location near pipes, valves, instrumentation, structures or 

accessibility. 

The Contractor shall take every precaution, when operating 

compaction equipment, to avoid damage to adjacent structures and 

instrumentation devices and their leads, and to avoid disturbing the 
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foundation. Any such damage or disturbance shall be repaired or 

remedied by the Contractor at its own expense. 

The rolling pattern at all zone boundaries or construction joints shall 

be such that the full number of roller passes required in one of the 

adjacent zones or on one side of the construction joint extends 

completely across the boundary or joint. 

Should the surface of the fill become rutted or uneven subsequent to 

compaction, it shall be regraded and recompacted, by and at the 

expense of the Contractor, before the next layer of fill is placed. 

All particles of dimensions such that they interfere with compaction in 

the layer thicknesses specified, shall be removed from the zone in 

which they were placed, either prior to or during compaction. 

The Contractor shall provide sufficient compaction equipment of the 

types and sizes specified herein as is necessary for compaction of the 

various fill materials. If the Contractor wishes to use alternative 

equipment, it shall submit to the Engineer for approval complete 

details of such equipment and the methods proposed for its use. The 

Engineer's approval of the use of alternative equipment will be 

dependent upon the Contractor's demonstrating, by constructing 

suitable test fills, to the satisfaction of the Engineer, that such 

alternative equipment will compact the fill materials to a density not 

less than that which would be produced by the equipment and number 

of coverages specified herein. 

Compaction equipment shall have sufficient power for the most 

adverse conditions to be encountered during compaction of the fill and 

when the compaction equipment is ballasted to the maximum weight 

specified for compaction of the fill. 

When vibratory rollers are operated in a multiple arrangement, all of 

the rollers shall be similar and similarly ballasted. 
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Compaction equipment shall be maintained in gocxl condition at all 

times to ensure that the amount of compaction obtained is a maximum 

for the equipment. The Contractor shall immediately make 

adjustments to the equipment to achieve this end whenever such are 

necessary. 

The Contractor shall, prior to shipping compaction equipment to the 

Site, submit to the Engineer, manufacturer's data giving all 

dimensions, weights and complete technical data, including 

descriptions and calculations of applied forces. 

Unless approved under the prior provisions of this clause all fill 

material shall be compacted using the following specified equipment: 

1.4.e.i Smooth Drum and Wedge-Foot Drum Vibratory Rollers 

Smooth drum and wedge-foot drum vibratory rollers shall 

be equipped with a suitable cleaning device to prevent the 

accumulation of material on the drum during rolling. 

Each roller shall have a total static weight of not less than 

9 tonnes at the drum when the roller is standing on level 

ground. The drum shall be not less than 1.5 rn in 

diameter and not more than 2 m in width. The vibration 

frequency of the roller drum during operations shall be 

between 1100 and 1500 vibrations per minute and the 

centrifugal force developed by the roller at 1250 vibrations 

per minute shall not be less than 17 tonnes. 

The power of the motor driving the vibrator shall be 

sufficient to maintain the specified frequency and 

centrifugal force under the most adverse conditions which 

may be encountered during compaction of the fill. 
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1.4.e.ii 

Propulsion equipment for the roller shall be adequate to 

propel the roller at speeds up to 6 km/h. 

For compaction by the vibratory roller, 1 coverage shall 

consist of 1 pass of the roller. A minimum overlap of 12 

inches shall be maintained between the surfaces traversed 

by adjacent passes of the roller drum. During compaction 

the roller shall be propelled at 3 km/h. 

Hand-Guided Vibratory Cmnpactors 

The Contractor shall adopt special compaction measures 

consisting of hand guided vibratory compactors to 

compact fill in trenches, around structures and in other 

confined areas which are not accessible to the larger 

vibratory roller. Such compaction shall be capable of 

compacting the material to the same density as that 

achieved by the larger vibratory roller. The number of 

passes of the hand guided vibratory compactors shall be 

dete~ed by the Engineer. 

1. 4. f Quality Control 

The Engineer will take samples of fill materials and perform gradation 

and moisture content tests and will carry out field density tests on the 

compacted fill and any other tests that he considers necessary to 

ascertain that the fill being placed or already placed meets the 

Contract requirements. The results of the tests carried out by the 

Engineer will be final and conclusive in determining compliance with 

the Technical Specifications. 

Samples for quality control will be excavated by the Engineer. 

Sample pits by the Engineer shall be backfilled by the Contractor 
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using fill material similar to that excavated and compacted using 

special compactors. 

The Contractor shall give the Engineer full co-operation in sample 

taking or making tests and shall render such assistance as is necessary 

to enable sampling and testing to be carried out expeditiously. Each 

lift of embankment fill will need to be approved by the Engineer prior 

to placement of further fill. The Contractor shall allow sufficient time 

for the Engineer to carry out the required test work in order to 

determine the acceptability of each lift. The making of such tests by 

the Engineer or the time taken to interpret their results shall not 

constitute grounds for a claim by the Contractor for additional 

compensation or an extension of time. 

Tests carried out by the Engineer will be performed in accordance 

with the principles and methods prescribed by the American Society 

for Testing and Materials (ASTM) and other such recognized 

authorities, such methods being modified to the extent necessary to 

take into account local conditions and the large particle sizes of the 

materials specified. 

Notwithstanding any quality control testing carried out by the 

Engineer, the Contractor shall be responsible for performing such 

tests as are necessary to control the quality of the materials prior to 

delivery to, and after incorporation in embankments and berms. 

Separate payment will not be made to the Contractor for any work 

involved in carrying out the tests specified herein or for backfilling the 

test pits excavated by the Engineer. 

Tests carried out by the Engineer for the purposes of quality control 

defined above will be as follows: 
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1.4.f.i 

1.4.f.ii 

Control Tests on Fill Materials Prior to Compaction 

Tests for gradation, and for moisture content where 

applicable, will be made on samples of fill materials taken 

from test pits after spreading and prior to compaction, at 

frequencies sufficient to ensure that the fill materials 

adopted for use are in full compliance with the Technical 

Specifications. 

The results of these tests will be made available to the 

Contractor on request as soon as the necessary 

computations have been completed and checked. 

Record Tests on Fill After Compaction 

Tests for density will be made on the fill compacted in 

place and samples of the fill will be obtained for related 

laboratory testing, at such frequency as the Engineer 

considers necessary for the proper evaluation of the 

properties of the fill materials after compaction. 

1. 4. g Sus.pension and Resumption of Operations 

In planning and implementing suspension and resumption of fill 

placement operations, the Contractor shall take into account the 

requirements for foundation preparation. 

The Contractor shall not place fill materials at such times that 

conditions for such operations are unsatisfactory due to excess rain, 

low temperatures or any other reason. The Contractor will be 

permitted to place fill at atmospheric temperatures less than 0°C only 

if it can be placed and compacted to densities equal to those which 

would be achieved in the same material if freezing conditions did not 

prevail. Free draining sand and gravel, cobbles and boulders, and 
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rockfill may be placed during freezing weather and on frozen fill 

surfaces provided that the materials in such surfaces were compacted 

as required by the Engineer before they became frozen and that the 

surface is free of snow and ice. 

If placement of fill is suspended because of precipitation or impending 

precipitation or for any other reason, the surface shall be graded and 

rolled smooth to seal the surface and to avoid unnecessary absorption 

of moisture. In order to achieve this, the Contractor may at his 

option, provide cross or crown slopes of up to 5 percent for drainage 

control. The runoff from fills in progress shall be directed to 

sediment control facilities to the satisfaction of the Company 

Representative. 

Where operations have been suspended, the effects of rain or other 

adverse conditions will be assessed by the Engineer before approval is 

given to resume placing. Equipment shall not be allowed to travel on 

the fill until the fill has dried sufficiently to prevent excessive rutting 

and to allow the equipment to be operated satisfactorily. 

1. 4 .h Protection and Maintenance 

The Contractor shall maintain any placed fill in a neat and 

workmanlike condition until completion of the Work. The Contractor 

shall take such steps as are necessary to avoid ponding of water on the 

fill or contamination of the fill by traffic or other causes, and he shall 

at all times keep the surface and slopes of the embankment free from 

rubbish, rejected or unsuitable fill, or waste materials. 

The Contractor shall do whatever is necessary to prevent surface 

runoff or water from any other source from eroding fill materials 

placed for the Work, and shall, at its own expense, immediately repair 

any damage resulting from such erosion. Any repairs shall be carried 

out using the same standards for quality and workmanship as defined 

in the Contract Documents for the portion of the Work being repaired. 
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Should any slide, including all movements of earth, rock, debris, or 

other material occur within or onto any part of the embankments or 

berms, the Contractor shall remove such materials and all other 

materials affected as directed by the Engineer, and any portions of the 

embankments or berms so removed shall be rebuilt in accordance with 

the Contract Documents. 

Unless shown otherwise on the Drawings buried pipework shall not be 

crossed by motorized vehicles until the specified backfill has been 

compacted to a depth of at least 30 cm above the crown of the pipe. 

In embankments or roadways subject to compacting equipment or high 

wheel loads the depth of cover shall be at least 60 cm above the crown 

of the pipe. Temporary crossings shall be adequately flagged . 

. 1. 5 Plain and Reinforced Concrete 

1. 5. a Code Req_ujrements 

Concrete to be incorporated in the work shall conform in all respects 

with the requirements of ACI Standard 318, ACI 304R, ACI 211.1 

and ACI 214, except in the case of conflict arising between the 

requirements of the Technical Specifications and those of ACI 

Standard, in which case the requirements of the Technical 

Specifications shall take precedence. 

1.5. b Concrete Composition 

1.5.b.i General 

Concrete shall be composed of Portland cement, water, 

fine and coarse aggregate, water reducing agent and air 

entraining agent. Concrete shall be designed to give a 
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practical combination of materials which will produce the 

required durability and strength in the hardened concrete. 

The strength requirements of all concrete to be used in the 

Work shall be a minimum strength of 30 MPA at 28 days. 

Lean concrete for blinding ("mud-slab") shall attain a 

minimum strength of 20 MPS at 28 days. 

1. 5. b . ii Concrete Workability 

Concrete delivered for placing shall, at the time of 

placing, have a maximum slump limit not exceeding 

75mm. 

The Engineer reserves the right to require a lesser slump 

wherever it is practical for concrete of such lesser slump 

to be transported, placed and consolidated. 

Where concrete is being placed by pump, the slump at the 

receiving hopper of the pump will be permitted to be 

25 mm more than that specified above. 

1.5.b.iii Mix Desi2n 

The responsibility for the design of all concrete mixes to 

be used in the work will rest entirely with the Contractor. 

The concrete supplied shall be in accordance with ASTM 

C94 Standard Specifications for Ready-Mixed Concrete. 

The Contractor shall cooperate with, and provide 

assistance to the Engineer in obtaining samples of 

aggregates and concrete and in maintaining quality control 

of all aspects of concrete production at the batch plant and 

at the point of placement of concrete. 
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1.5.c Materials 

The entrained air content of the mortar fraction of the 

concrete at the point of placement shall be maintained at 

six (6) percent and shall not vary by more than one (1) 

percent from this value. 

Except as specified otherwise or approved by the Engineer, Portland 

cement shall be Type IIA, conforming to ASTM Designation Cl50. 

Fine aggregate shall be processed natural sand. Coarse aggregate may 

be natural gravel or a mixture of natural and crushed gravel. All 

concrete aggregates shall be sound, free of harmful materials and non

reactive with the alkali that may be contained in the cement. 

Aggregates shall be properly graded and shall comply with ASTM 

Specifications C33, C131 and C136. The Contractor shall be 

responsible for the quality of all such materials used in the Work. 

Water used in mixing, clean-up and curing of concrete, as well as 

water used for spraying concrete aggregates, shall be fresh, clean and 

free from deleterious amounts of silt, organic matter, alkali, acids, 

salts and other impurities. 

Unless otherwise specified herein or directed by the Engineer, the 

following admixtures shall be employed: 

(i) An air-entraining agent, confirming to the requirements of 

ASTM Designation C260. 

(ii) A water reducing agent. The water reducing agent shall 

be "Pozolith 300N" manufactured by the Master Builders 

Company or equivalent conforming to ASTM C494. 
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1.5.d Sampling and Testing 

During the concreting operations the Engineer will sample and test all 

classes of concrete in accordance with ACI Recommended Practice 

311.4R-5. 

Tests carried out by the Engineer for the purposes of quality control 

will be as follows: 

(i) Coarse and fine aggregates properties 

Grading ASTM Cl36, Cll7 

Abrasion (coarse aggregate) ASTM Cl31 

Specific gravity and absorption ASTM C127, C128 

Friable particles ASTM C142 

(ii) Field Tests of Concrete 

Slump ASTM C143 

Temperature 

Air content ASTM C231 

Compression tests on cylinders ASTM C31, C39 

The Contractor shall provide and maintain at no separate cost to the 

Owner sufficient testing of the above parameters for its own quality 

control to ensure the aggregates and concrete continue to meet the 

requirements of the Technical Specification and shall make the results 

of such tests available to the Engineer. 

1. 5 .e Trans.port of Concrete 

The time elapsed between completion of the mixing of the concrete at 

the batch plant and its discharge at the forms shall not exceed 90 

minutes for concrete properly agitated while in transit. Under no 
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circumstances shall water be added to concrete during transit where 

such concrete has previously been batched with mixing water at the 

batch plant. 

If these basic limits cannot be met for concrete mixed at the batch 

plant consideration will be given to dry-mix batching with water and 

air-entraining admixture added in the transit mix truck prior to 

discharge. Extreme care shall be taken to ensure that only sufficient 

water and air-entraining admixture is added to provide the required 

slump and air content. 

1.5. f Eru:ms 

All formwork shall be in accordance with ACI 347 - "Recommended 

Practice for Concrete Formwork". 

A bond-breaking compound shall be used on all forms. 

1.5.g Construction Tolerances 

Except as specified elsewhere in this Clause formwork shall be erected 

and braced and the concrete placed such that the dimensions of the 

completed concrete structure fall within the following tolerances: 

Elevation 

Variation in plumb 

Variation in all structural 

dimensions 

Variation in location of inserts 

openings, embedded metalwork 

6 mm maximum deviation 

6mmin13m 

-6 mm to + 12 mm 

-6mm to +6mm 

Concrete work and embedded metal that exceeds the specified 

tolerance limits shall be remedied or removed by and at the expense of 

the Contractor. 
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1. 5 .h Preparation for Placement of Concrete 

1.5.h.i 

1.5.h.ii 

General 

Before the beginning of any concrete placement, the 

Contractor shall prepare the place of deposit in accordance 

with all requirements specified herein and elsewhere in the 

Contract Documents and obtain authorization from the 

Engineer, at least 24 hours in advance, for placement of 

concrete. 

Sub2fade Preparation 

Earth or granular foundations shall be thoroughly 

compacted and dampened prior to placing concrete. 

All rock surfaces against which concrete is to be placed 

shall be clean and sound. 

Construction joints, bedrock and earth subgrade against 

which concrete is to be placed shall be damp. 

Wetting of hardened concrete or bedrock shall begin 24 

hours prior to the placement of concrete unless otherwise 

directed by the Engineer. 

Concrete shall not be placed on frozen surfaces or into 

pooled water. 

1.5.h.iii Final Clean-Up and Check-Out Inspection 

Final clean-up shall comprise the removal of all mud, 

grease, snow, debris, wire, paper and other foreign matter 

from the surfaces on and against which fresh concrete is to 
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be placed, by means of air or water jets or hand retrieval. 

Free-standing water shall then be removed so as to leave 

the subgrade or joint in a saturated surface dry condition. 

Final clean-up shall be completed before the Engineer will 

make his check-out inspection for authorization to place 

concrete. 

1. 5. i Placement of Concrete 

1.5.i.i 

1.5.i.ii 

General 

The Contractor shall provide the Engineer with 24 hours 

notice stating when and where concrete is to be placed. 

Final check-out inspection for approval of concrete 

placement will be undertaken by the Engineer only after 

the setting of forms, placement of reinforcement and 

embedded metal and final clean-up have been completed. 

Concrete shall be placed only in the presence of the 

Engineer. 

Placing Procedure 

Concrete shall be deposited as closely as practicable in its 

final position in horizontal lifts not more than 50 mm 

deep. Lateral movement of the concrete by means of 

vibrators will not be permitted. 

Concrete shall be dropped vertically without lateral 

movement into formwork and without interference. 

Unconfined free fall shall be limited to 1.5 metres unless 

otherwise required or approved by the Engineer. 
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Methods and equipment used for the concrete 

consolidation shall be in accordance with the report of 

ACI Committee 309 - "Consolidation of Concrete". 

1. 5 .i .iii Supply of Concrete 

Concrete for the work shall be supplied by the Contractor. 

It is the responsibility of the Contractor to ensure that the 

concrete meets all of the above requirements. 

1.5.j Repairs to Concrete 

Repair of imperfections in formed concrete shall be completed as soon 

as possible after removal of forms. The Contractor shall keep the 

Engineer advised as to when repairs of concrete will be perf onned, 

and repairs shall be perfonned in the presence of the Engineer unless 

inspection is waived in each specific case. 

1. 5. k Curing and Protection 

During the period when concrete is protected by forms, the exposed 

surfaces of all concrete built up in lifts shall be initially water cured. 

After finishing operations have been completed, water curing shall be 

continued. 

1. 5 .l Edge Bevels 

Exposed edges of finished concrete which will not be subsequently 

covered with fill shall be provided with 45 degree bevels in all 

directions. The bevels shall be constructed using bevel fonning strips 

of 25 mm by 25 mm by 45 degree size. 
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1. 5 .m Steel Reinforcement 

1.5.m.i General 

1. 6 Pipework 

1. 6. a General 

All bars employed for the Work shall be deformed bars 

conforming to ASTM A615 grade 60 unless otherwise 

specified on the Drawings. 

Reinforcement fabric shall be welded steel wire fabric 

complying with the provisions of ASTM A185. 

At the time concrete is placed, reinforcement shall be free 

from loose rust, scale, oil, salt or other coating which 

could impair the bond to concrete. 

Minimum concrete protective cover for reinforcement, 

unless otherwise shown on the Drawings, shall be 50 mm. 

AU materials furnished by the Contractor shall be new, suitable and 

the best of their respective kind and shall be subject to approval by the 

Engineer. They shall comply with the latest applicable standards for 

the American National Standard Institute (ANSI) American Society of 

Mechanical Engineers (ASME), American Society for Testing and 

Materials (ASTM), American Water Works Association (AWWA) 

and the American Association of State Highway and Transportation 

Officials (AASHTO). Any contradictions between standards shall be 

submitted to the Engineer for decision. 
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1. 6. b Manufacturer's Information 

When specified, 2 copies of manufacturer's catalogues shall be 

provided at least 14 days prior to installation of the pipework. For 

pipe fittings and related pipework components, catalogues shall 

include detailed information on material specifications, dimensions 

and pressure ratings, storage and handling requirements, installation 

and joining procedures, name and location of manufacturers 

representative, corrosion protective coatings. For valves, gates and 

accessories the required information shall include, in addition, a 

replacement parts lists by catalogue number, operating and 

maintenance instructions and warranty documentation. 

1.6.c Pipe, Fittings and Couplings 

1.6.c.i High Density Polyethylene (HDPE) Pipe 

HDPE pipe and fittings shall be made from polyethylene 

resin compound qualified as Type III, Category 5, Class 

C, Grade P34 in accordance with ASTM D1248. 

Approved HDPE pipe material includes but is not limited 

to: 

Driscopipe 8600, with cell classification 

PE355434C or Driscopipe 1000 with cell 

classification PE345434C by Phillips Driscopipe. 

Poly pipe, with cell classification PE345434C by 

Poly Pipe Industries. 

Sclairpipe with cell classification PE345434C by 

KWH Pipe (Canada) Ltd. 

Plexco PE3408 with cell classification 

PE345434C by Chevron. 
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1.6.c.ii 

Cell classification shall be as defined in ASTM 03350 for 

PE3408 materials. 

Catalogues shall be provided in accordance with 

Clause 1.6.b. 

Fabricated HOPE fittings shall have a pressure rating 

equal to the pipe in which they are installed. Pipe used to 

fabricate fittings shall have dimensions in accordance with 

ASTM F714. 

Corrugated Pol.yetliyleoe (CPE) Drainage Tubing and 

Culvert Pipe 

Pipework shall be manufactured from virgin material Type 

III or IV, Class C, Category 5, Grade P33 in accordance 

with ASTM 01248. Pipework, including couplings and 

fittings, shall meet or exceed all requirements of 

AASHTO M-252. 

Catalogues shall be provided in accordance with 

Clause 1.6.b. 

Perforations for CPE tubing, where specified, shall be 

slotted and shall be in accordance with the requirements of 

AASHTO M-252 except that total inlet areas shall not be 

less than 85 cm2 /linear metre for tubing of diameter 20 cm 

or less. 

Couplings shall be split, snap-on or screw-on type, as 

supplied by the manufacturer of the pipework. Self 

coupling pipework may be supplied. 

Pipework in diameters of 15 cm and under may be 

supplied in continuous coils. 
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1.6.c.iii Steel Pipe 

Steel pipe shall be A WW A C200 manufactured to meet 

the requirements of ASTM Al39 Grade A or B. Wall 

thickness shall be standard weight (Schedule 40) unless 

shown otherwise on the Drawings. Pipe ends shall be 

butted if couplings are required bevelled if to be welded, 

or grooved if Victaulic type couplings are required. 

Steel pipe if indicated on the Drawings, shall be corrosion 

protected in accordance with Clause 1.6.c.xii or Clause 

1.6.e.i for buried or exposed conditions, respectively or as 

otherwise indicated. 

Steel pipe fitting dimensions for welding shall meet ANSI 

Bl6.9 or as otherwise approved. Fabricated fittings and 

specials shall be in accordance with ANSI/ A WW A C208. 

1.6.c.iv Plastic Dischaqte Hose 

Plastic discharge hose shall be Kanaflex Series 170 R or 

approved equivalent. 150 mm diameter hose shall have a 

minimum 100 psi working pressure rating and 250 mm 

diameter hose a minimum 50 psi working pressure rating. 

The hose shall be provided with a standard weight steel, 

hose nipple, rubber lined and secured with two "King" 

Double Bolt Clamps or similar. The hose nipple shall be 

grooved for attachment to a Class 150 flange with a 

Victaulic Style 741 "Vic-Flange" or similar. Hose 

diameters and lengths shall be as shown on the Drawings 

or required by the Engineer. 
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1.6.c.v 

Catalogues shall be provided in accordance with Clause 

1.6.b for hose specifications and dimensions only. 

Pipe Fittings and Cnuplings 

Grooved pipe fittings and couplings shall be ASTM A536 

ductile iron, or steel, as supplied or recommended by 

Victaulic Company of America, or approved equal. 

Gaskets and seals for grooved pipe where required shall be 

EPDM. All components including bolts and lubricants 

shall be provided by the coupling manufacturer. All units 

shall be shop prime painted. 

Catalogues shall be provided in accordance with Clause 

1.6.b. 

"Dresser" type compression couplings shall consist of a 

cylindrical sleeve with conical inner surfaces at each end, 

two wedge shaped resilient gaskets, two ring shaped 

followers and a set of high strength, low alloy, track-head, 

oval-neck rolled-thread bolts with heavy hex nuts. Sleeve 

lengths shall be 100 mm for pipe under 127 mm IPS, 127 

mm for pipe up to 355 mm IPS and 178 mm for pipe over 

355 mm IPS. Couplings for pipe over 355 mm IPS shall 

accommodate a total angular deflection at the joint of not 

less than 4 degrees. 

Flanged coupling adapters shall combine the features of a 

flexible compression coupling with a flange to create a 

compact flexible fitting to connect plain end pipe to 

flanged fittings. 

Compression couplings and flanged coupling adapters 

shall be shop primed and rated for a working pressure of 

not less than 150 psi. 
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Where indicated on the Drawings couplings shall be 

provided with a harness assembly, to prevent the pipe 

pulling out of the coupling, while maintaining full joint 

flexibility. 

All components including harness assembly and bolts shall 

be supplied or approved by the fitting manufacturer. 

Catalogues shall be provided in accordance with 

Clause 1.6.b. 

1. 6. c. vi Corru~ated Steel Pipe (CSP) Culvert 

CSP shall be fabricated with helical 68 x 13 mm 

corrugations from galvanized steel sheets meeting all 

requirements of ASTM A444 and shall conform to the 

requirements of AASHTO M-36. 

Unless otherwise shown on the Drawings, wall thickness 

shall be 2 mm for culvert pipe of diameter 0.91 m or less 

and 2. 77 mm for culvert pipe of larger diameter. Unless 

shorter lengths are required for installation, CSP shall be 

supplied in 6 m lengths. 

Catalogues shall be provided in accordance with 

Clause 1.6.b. 

Couplings for CSP shall be the hugger type (Armtec H500 

or approved equivalent) with rubber 0-ring gaskets as 

supplied by the pipe manufacturer. Couplers shall be 

galvanized, of similar gauge to or heavier than the pipe 

being joined and shall be supplied by the pipe 

manufacturer. 
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Fittings and sections and specials for CSP shall be shop 

fabricated from galvanized CSP conduits of similar or 

heavier gauge or as otherwise shown on the Drawings or 

approved by the Engineer. 

Seepage collars or diaphragms shall be galvanized 

corrugated steel sheet cut to fit snugly and symmetrically 

about CSP culvert. Collar dimension shall be at least 

0.6 m greater than the culvert diameter on all sides. 

All fasteners shall be galvanized, cadmium plated in 

accordance with ASTM B766, or stainless steel. 

Half-round culvert shall be manufactured, nestable, 

flanged or nonflanged galvanized corrugated steel pipe. 

Field cut culvert will not be acceptable for permanent 

installations. 

Half-round culvert shall be provided with sufficient 38 

mm diameter x 1830 mm long sharpened galvanized pipe 

stakes complete with caps and clip brackets, or equal as 

approved by the Engineer, for anchoring of the half 

section at 3 m intervals both sides. 

1.6.c.vii Precast Concrete Manholes 

Pre-cast reinforced concrete sections including lids and 

bases for use as valve chambers, wet wells or manholes 

shall be in accordance with ASTM C789, ASTM C850 or 

ASTM C478 for the installed conditions shown on the 

Drawings. Joints between sections, lids and bases shall be 

rubber gasketed in accordance with ASTM C443 or mastic 

sealed tongue and groove. Cut-outs may be factory 

formed or field located. Cut-out location and diameter is 

the responsibility of the Contractor. 
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Manhole step-iron rungs shall be 19 mm galvanized iron, 

or equal, 300 mm wide with a 50 mm drop, protruding 

150 nun from the wall and spaced 300 mm vertically. 

Locations shall be as shown on the Drawings. 

Manhole access frames shall be cast iron or ductile iron, 

510 mm diameter minimum opening, H20 rated, for 

embedding in pre-cast lids c/w cast iron cover. 

Access hatches shall be by Bilco as approved by the 

Engineer. 

Vents, where required, shall be standard weight 

galvanized steel pipe with 180° goose neck and heavy duty 

galvanized bird screen. Vents shall be attached to a 

flanged or grooved standard weight galvanized steel 

section embedded in the pre-cast lid or as otherwise shown 

on the Drawings. Vent heights and diameters shall be as 

shown on the Drawings. 

1.6.c. viii TatWing Sleeves 

Tapping sleeves for installation on HOPE pipelines shall 

be shop modified, Style 6626 stainless steel tapping 

sleeves by Robar Industries or as otherwise approved. All 

metallic components including fasteners, shall be Type 

304 stainless steel except the flange which may be ASTM 

A536 ductile iron. The branch shall be supplied without a 

test plug and shall be fully lined with rubber integrally 

bonded to the body gasket. The body gasket shall be a 

one piece rubber mat of grid pattern, fully lining the 

sleeve shell. The flange face shall be bare metal, flat 

faced, drilled to Class 150 pattern. 
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Tapping sleeve and offtake sizes shall be as shown on the 

Drawings or specified elsewhere. 

Tapping sleeves shall be rated for at least 75 psi. 

1.6.c.ix Flanges. Gaskets and Bolts 

1.6.c.x 

Unless otherwise specified or shown on the Drawings, 

steel flanges shall be Class 150 in accordance with 

ANSl/ASME Bl6.5 and cast iron flanges shall be Class 

125 in accordance with ANSI/ASME B16. l. Class 25 

flanges shall be in accordance with A WW A C207. Flange 

gaskets shall be full face, 1/16 in, fabric reinforced rubber 

or compressed asbestos. Flange assembly bolts shall meet 

requirements of ASTM A307 Grade A or Grade B, for 

cast iron flanges. Bolts shall be square or hex head. Nuts 

shall be heavy hex in accordance with ASTM A307. 

It shall be the Contractor's responsibility to ensure 

compatibility between flanges used for the work. 

All bolts and fasteners for intermittent or total 

submergence, or buried service or for embedment in 

concrete shall be type 304 stainless steel. All other bolts 

and fasteners shall be galvanized in accordance with 

ASTM A394 or cadmium plated in accordance with 

ASTM B766 unless otherwise approved. 

Rubber Llnjng of Steel Pipe and Fittings 

Where required, rubber lining of pipes and fittings, shall 

be Linatex natural rubber, Shore 40, Durometer A in 

accordance with ASTM 02240, of thickness 6.5 mm for 

pipe of 150 mm IPS or less and of thickness 9.5 mm for 
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pipe of larger diameter unless otherwise shown on the 

Drawings. 

1.6.c.xi Lining and Coating of Steel Pipe 

If indicated on the Drawings buried steel pipework shall 

be externally protected with Shaw polyethylene "Yellow 

Jacket", Specification No. 1, in accordance with 

A WW A/ ANSI C215. Joints and couplings in buried steel 

pipe or damaged protective coating shall be wrapped with 

"Canusa" heat shrink sleeves in accordance with 

A WW A/ ANSI C216 or a petrolatum tape system ( eg. 

Denso T-1), or as otherwise in accordance with AWWA 

C217 and approved by the Engineer. 

Lining of steel pipe as required shall be in accordance with 

A WW A C210 or as otherwise approved by the Engineer. 

Catalogues shall be provided in accordance with 1.6.b. 

1.6.c.xii Pipeline Guide Posts 

Unless otherwise indicated pipeline guide posts shall be 

vertical 2.4 m lengths of firmly embedded 64 mm 

diameter standard weight steel pipe c/w screw on cap, 

both hot dip galvanized. Posts shall either be concrete 

embedded to a depth of 1 m or sharpened and driven at 

least 1 m to firm embedment. At least a 1 m length of 

pipe shall remain above ground. 

1.6.c.xiii Pipe and Valve SUl)ports and Han~ers 

All pipes and valves shall be properly supported and 

anchored in accordance with normal practice and the 
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Drawings. Standard above ground hangers shall be of the 

clevis or clamp type, Wyatt Figure 124 or Figure 133. 

Chain or strap hangers shall not be used. Saddles shall be 

the adjustable pipe stanchion type with u-bolt yoke, 

Grinnell Figure 259/264 or similar. 

1.6.c.xiv PYC Pipe Well Screens and Casin2s 

PVC pipe shall be Schedule 40 or Schedule 80 in 

accordance with ASTM D1785, pressure rated pipe (SDR 

Series) in accordance with ASTM D-2241, or Drain 

Waste and Vent (DWV) Pipe in accordance with ASTM 

D-2665 as shown on the Drawings. Fittings for PVC pipe 

shall be in accordance with ASTM D-2466 for Schedule 

40 fittings, ASTM D-2467 for Schedule 80 fittings and 

ASTM D-2665 for DWV pipe. 

Well casing pipe and couplings shall be Schedule 40 PVC 

in accordance with ASTM F-480. Threads shall be 

ACME type. Slots for well screens shall be sized as 

indicated on the Drawings and shall be 25 mm minimum 

in length, with 6 mm spacing between slots. Slots shall be 

aligned in five vertical rows for pipe of 12 mm OD. 

Locking lids for wells shall be water tight PVC with 'O' 

ring compression seal and including pivot and hinge and 

hasp with snap latch. Lids shall be "Snap Cap" by 

Monitoring Wells Sale and Service or approved 

equivalent. Wells shall be complete with concrete collar 

surround, approved valve box or manhole c/w lid. 
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1.6.d Yalyes and Accessories 

Valve types and accessories shall be as shown on the Drawings and as 

listed below. Catalogues shall be provided with all valves and 

accessories in accordance with Clause 1.6.b. 

1.6.d.i 

1.6.d.ii 

Slide Gates 

Slide gates shall be Armco Model 5-00 galvanized steel 

slide gate or approved equivalent, handwheel operated, 

with mounting frame, suitable for flush mounting on a 

concrete headwall. Frame extensions and stem extensions 

shall be as shown on the Drawings. Where required, stem 

extensions shall be encased in oil filled 50 mm or 62 mm 

diameter standard weight galvanized steel pipe with upper 

and lower oil seals, suitable for prolonged exposure to 

sub-zero conditions and of lengths as shown on the 

Drawings or required to suit actual lengths in the field. 

The length of stem that will move through the seal 

packings shall be Type 304 stainless steel. Stem sections 

shall be joined by welded and pinned couplings acting as 

guides inside the casing pipe. Stem couplings shall have 

well rounded edges and be free of protruding components 

and slide freely inside the casing pipe. Stem couplings 

shall be located clear of joints in the casing pipe. Casing 

pipe lengths shall be joined with threaded galvanized 

couplings. 

Pinch Valves 

Manually operated, full metal body c/w back-up flanges, 

working pressure to 75 psi, double acting pinch 

mechanism, port area 100 percent of full pipe area, 

reinforced pure gum rubber sleeve with integral flanges 

drilled to ANSI Bl6.5 Class 150 standard, hand wheel 
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operated, 4: 1 ratio bevel gears on valves 8 inch diameter 

and above. Suitable for service with mine tailings slurry. 

Red Valve Series 7 5, RKL Series LHW or approved 

equal. 

1.6.d.iii Knife Gate Valves 

Manually operated, full port flow, all wetted parts Type 

304 stainless steel or ultrahigh molecular weight (UHMW) 

polymers, working pressure to 100 psi, heavy duty frame, 

UHMW body liner and replaceable wear seal rings, 

flanges drilled to ANSI Bl6.5 Class 150 standard, hand 

wheel operated, 4: 1 ratio bevel gear on valves 8 inch 

diameter and above. Suitable for service with mine 

tailings slurry. Clarkson KGA valve, L&M M-100, 

Rovalve ARL17 or approved equal. Valves above 450 

mm nominal size shall be provided with a hydraulic 

actuator. Valve supplier will provide one only portable 

power pack suitable for installation in a pick-up truck for 

operation of the hydraulic actuator. 

1.6.d.iv Butterfly Valves 

Manually operated, A WW Al ANSI C504 quality, wafer or 

lug type as shown on the Drawings for installation 

between ANSI Class 125/ 150 flanges. Suitable for buried 

or exposed outdoor application under sustained sub-zero 

conditions on pipelines carrying storm water drainage and 

mine tailings supernatant, which will contain suspended 

solids. Non-corroding bearings, heavy duty service. 

Butterfly valves will be required in the applications set out 

below and as shown on the Drawings. Where shown on 

Drawings valves shall include geared operator. 
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1.6.d.v Vacuum Breaker 

Vacuum Breaker valves for tailings slurry pipeline shall be 

Tech-Taylor Style Tl F4R-A3. 

1.6.d.vi Pressure Sensor Assembly 

Pressure Sensor for installation in HDPE slurry pipeline 

shall be Red Valve Series 42S, 1" diameter c/w good 

quality 3 1/2" glycol filled pressure gauge with 1 to 200 

psi range as approved by sensor supplier. Ball valves 

shall be supplied both above and below the gauge. 

Sensor body shall be PGR. Valves, bushings, nipples, 

plug and sensor body shall be stainless steel. 

1.6.d.vii Plu2 Valves 

Plug valves shall be DeZurik Series 100 for water service 

or as approved by the Engineer. Valves shall be 

completed with electric actuator and manual override. 

1.6.e Workmanship 

1.6.e.i General 

Wherever possible, pipelines shall be installed parallel to 

or at right angles to surface structures and roadways. 

The Contractor shall set the grade for every pipe length 

and shall ensure that the bed on which piping is to be laid 

is solid, well compacted and free of any dips, hollows, 

boulders or hard and sharp protrusions. 
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Installation of buried or ongrade pipework shall not 

commence until bedding conditions have been approved 

by the Engineer. 

Pipe and couplings shall be laid in accordance with this 

specification and the manuals of instructions issued by the 

manufacturers of the pipe or coupling in accordance with 

Clause 1.6.b. 

Pipe and fittings shall be checked before installation for 

defects or cracks that might prevent proper jointing or 

operation of the pipeline and shall be clean and free of 

foreign matter. All pipe, couplings and fittings etc., shall 

be lowered into place in such a manner as to prevent 

damage to the pipework. End hooks of any kind shall not 

be used. 

Damaged or defective pipe components shall not be used 

in the work unless repairs or modifications have been 

carried out with the approval of and to the satisfaction of 

the Engineer. 

Care shall be taken to ensure that no water, muck, silt, 

gravel or other foreign material enters the pipework at any 

time. Care shall be taken to properly align and support 

the pipe before joints are completed. 

Pipe shall be adequately supported during construction and 

on completion to prevent abnormal stresses being imposed 

on items of equipment such as pumps, flanges, valves etc. 

Whenever work is suspended for any reason all open ends 

of piping shall be plugged or otherwise suitably closed. 

Should any pipe become either partially or wholly clogged 

before final acceptance of the Work, it shall be cleaned out 
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1.6.e.ii 

by the Contractor or it shall be replaced by the Contractor 

at the Contractor's expense. 

HDPE Pipework 

Joining of HDPE pipe lengths shall be by thermal butt 

fusion or by Victaulic type Hugger couplings or flanges as 

shown on the Drawings or where otherwise required. 

Thermal butt fusion of HDPE shall be carried out by 

experienced technicians supplied by, or approved by, the 

pipe supplier or manufacturer and in general accordance 

with ASTM D2657 and the recommended procedures 

provided with the manufacturer's catalogue information. 

The Engineer may require fusion operators to perform test 

welds for destructive testing, prior to commencing work 

on any permanent component of the facility. 

Butt fusion equipment shall be in gocx:I repair and of 

appropriate size for the job, complete with all necessary 

clamps, controls, gauges, supports, ancillary equipment 

and operation/maintenance manuals. 

The Owner reserves the right to have non-destructive 

testing of all thermally butt fused HDPE pipe welds 

carried out at any time during the Work and to reject those 

that are unsatisfactory for any reason. Such joints shall be 

cut out and repaired at the Contractor's expense. 

If the Contractor elects to drag HDPE pipework into place 

all srub ends, flanges or offtakes and other components 

must be supported above ground on suitable skids or as 

otherwise necessary to avoid damage. The Contractor 

shall provide all necessary temporary guide posts and 

equipment to ensure pipework is not dragged across areas 
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of completed earthworks susceptible to damage. If 

damage occurs to pipeline components or to completed 

earthworks during pipeline installation, the damage shall 

be made good at the expense of the Contractor. Gouges, 

holes or abrasion of HDPE pipework such that the wall 

thickness is reduced to less than 80 percent of its 

manufacmred thickness shall be sufficient grounds for 

rejecting the pipe. Damaged sections of HDPE may be 

cut out and the pipe rejoined by butt fusion at the expense 

of the Contractor. 

Namral bends in HOPE pipelines shall not exceed 50 pipe 

diameters in radius. Pipelines shall not be bent to such 

radius until at least 6 hours after completion of any fused 

joints in the section of pipeline to be bent. 

1.6.e.iii F1an~ed Joints 

Flanged joints shall be made with gaskets accurately 

centred in the joint. Bolts, smds and nuts shall be 

lubricated with flange bolt lubricant so that the nuts can be 

run up by hand. Care shall be taken to prevent excessive 

initial tensioning of bolts and studs, and to ensure that 

tension is applied unifonnly . Rust preventive compound 

applied to the faces of flanges before shipment shall be 

removed before installation. Acid or tools that may 

damage finished surfaces shall not be used for cleaning 

flanges. 

1.6.e.iv Welded Joints 

Welded joints in steel piping shall be made by the electric 

arc process in accordance with ASME/ ANSI B3 l .1, 

Chapter V and A WW A C206. Welding shall be 
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1.6.e.v 

performed only by welders holding current, valid, welding 

tickets issued by the relevant Alaska authority. Prior to 

assembly and welding operations, pipe ends and all 

welding fittings shall be thoroughly cleaned and be free of 

foreign matter. Special precautions, including the 

provision of adequate protective shelters shall be taken 

when welding in cold or wet weather to avoid undue 

chilling of weld metal within the wne of welding 

influence. No welding shall be done without adequate 

preheating when the temperature of the metal is below 

50°F. Approved shop fabricated or butt welding fittings 

shall be used for all bends and connections. Srub-ins for 

branch connections will not be permitted without the prior 

approval of the Engineer. 

Backfilling 

Before fmal acceptance of pipework and before backfilling 

is completed the Contractor shall clean and flush all 

pipework and carry out hydrostatic pressure testing as 

required in accordance with Clause 1.6.e.vi. 

Pipe backfill materials and procedures shall be in 

accordance with Clause 1.4.d. and shall meet the 

gradation requirements shown on the Drawings. 

Movement of the pipe after the joint is made shall be 

minimized. 

1.6.e. vi Hydrostatic Pressure Testing of Pipework 

All steel and HDPE pipework and joints shall be pressure 

tested prior to backfilling or final acceptance. CSP 

corrugated polyethylene, PVC and Profile Wall HDPE 

will not require pressure testing. 
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Before testing is performed, the Contractor shall place 

sufficient backfill, pipe anchors and thrust blocks at bends 

in underground pipework or as otherwise required to 

prevent displacement of the pipe during testing. Pipe 

anchors and thrust blocks at bends shall be left exposed 

during the test. 

The Engineer shall be present during pressure testing of 

pipework and shall approve each length of pipe after it 

meets the requirements specified herein. Testing shall be 

performed on valved or capped sections of the pipeline so 

that each valve (except where specifically excluded) in the 

system is tested for leakage in the fully closed position. 

Unvalved sections of the pipeline shall be adequately 

plugged prior to pressure testing. The Contractor shall 

supply the test pump, pressure gauges and all equipment 

necessary for filling and draining the pipeline and for 

carrying out the pressure testing, including end caps and 

12 mm or 19 mm valves for venting excess air and for 

filling the pipe. 

Pinch valves, air release valves, check valves, gate valves, 

tapping sleeves and other items of pipework which in the 

opinion of the Engineer cannot be satisfactorily tested (eg. 

decant inlets) or could be damaged by testing shall be 

excluded from the test. 

The procedure for testing shall be as follows. The section 

of pipework to be tested shall be slowly filled and all air 

expelled. The pressure at the lowest point in the pipe 

section shall then be raised to the required pressure listed 

below. The quantity of water pumped into the test section 

to maintain the specified pressure over the period of the 

test shall be considered to be the leakage. The duration of 

1 - 52 DRAFT 1625/3 
March 22, 1996 



INVESTIGATION KP 1-11  125 of 500

the test shall not be less than 2 hours after initial filling 

and stabilization. 

Test pressure shall be as follows: 

Steel Pipe 

HDPE Pipe 

150 psi (minimum) 

300 psi (maximum) 

1.5 times the rated 

pressure of the pipe 

Pipe shall be tested in lengths such that no section of steel 

pipe sees less than the minimum test pressure and that no 

section of HDPE pipe sees more than the test pressure or 

less than 75 percent of the test pressure. Particular care to 

avoid overpressure must be exercised when testing HDPE 

pipeline placed on steep grades. 

No leakage will be allowed in steel pipework or HDPE 

pipework. 

Air pressure testing of pipework will not be permitted. 

In the event of leakage of the Contractor shall make good 

the faulty joint or coupling and re-test the pipe all at his 

own expense. 

It is the responsibility of the Contractor to supply all water 

and equipment necessary for pipe flushing, cleaning and 

pressure testing and to dispose of the water after the 

completion of such work in a manner compatible with 

Clause 1.10.e. 
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1. 6.e. vii Corruiated Polyethylene Drainage Tubing 

Installation of corrugated polyethylene pipework shall be 

in general accordance with ASTM D2321 and the 

manufacturer's instructions, with specific requirements as 

shown on the Drawings. 

Pipework shall be laid to the maximum extent, in long 

lengths to minimize the number of couplings required. 

Jointing of corrugated polyethylene pipework to other 

pipework shall be carried out as shown on the Drawings. 

1.6.e.viii Corrugated Steel Culvert Pipe CCSP) 

Joining of CSP to other pipework shall be as shown on the 

Drawings. 

Localized areas in which the zinc coating has been 

damaged by welding or other fabrication procedures shall 

be repaired by careful wire brushing followed by two 

applications of a zinc rich paint as specified in AASHTO 

M36, or approved equal. CSP or fittings with gross 

uncoated or damaged areas shall be removed from the 

Work and replaced at the Contractor's expense. 

1. 7 Miscellaneous Metalwork 

1. 7. a General 

The Contractor is advised that all the items of metalwork are not 

detailed on the Tender Drawings. The Contractor shall prepare 

complete shop and erection drawings of all miscellaneous metalwork 

to be supplied by him, showing in detail the sizes of each component 
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part, type and grade of metal, connection and welding details, method 

of assembly, hardware and anchorage or connections with other work. 

Each of such Drawings shall be submitted to the Engineer for review 

at least 30 days prior to fabrication or ordering of any item shown 

thereon. 

Before commencing fabrication, the Contractor shall verify the 

location and obtain all necessary measurement of adjacent work and 

structures which might affect the work. 

Design, fabrication and installation of miscellaneous metalwork shall 

be in accordance with the AISC Manual of Steel Construction, AISC 

Code of Standard Practice and ASTM A36, except as otherwise 

specified. 

All work shall be equal to the best modern practice in the manufacture 

and fabrication of materials of the type described herein or shown on 

the Drawings. All metalwork shall be carefully assembled in the most 

substantial manner to carry out the design caUed for, and reinforced 

where required. Built-up work shall be completely assembled in the 

shop and match marked for correct field erection. All frames shall be 

suitably braced to maintain alignment during shipment and erection. 

All work shall be rigid and true to line and grade. Individual 

members shall not be spliced except where shown on the Drawings. 

All embedded metalwork shall be accurately set in place before 

concrete is placed or, where shown on the Drawings, recesses shall be 

left in the concrete and the metalwork placed, anchored and mortared 

in place after the concrete has set. 

Where it is impractical to place anchors or anchor bolts by either of 

the foregoing methods, holes shall be drilled in the concrete and 

anchors shall be installed by the Contractor as directed by the 

Engineer. 

1 - 55 DRAFT 1625/3 
March 22, 1996 



INVESTIGATION KP 1-11  128 of 500

Anchor bolts shall be installed within the following tolerances unless 

otherwise shown on the Drawings: 

Variation of alignment 

Variation of bolt projection 

-1/8 inch± 

-1/4 inch± 

Exposed welds shall be ground smooth on all bearing surfaces where 

prominent welds would prevent proper seating or bearing of two 

members. Welding of galvanized steel will not be pennitted except 

where shown on the Drawings. 

Shop connections shall be welded. Field connections shall be welded 

or bolted. Bolted connections shall be made with either standard bolts 

or high strength bolts, as indicated on the Drawings. 

Concrete srud anchors shall be welded to the steel as shown on the 

Drawings in accordance with the stud manufacturer's instructions. 

1. 7. b Materials 

Except as otherwise specified or shown on the Drawings, materials 

shall conform to the following standard specifications: 

1. Strucrural steel shapes, ASTMA36and 

bar plates ASTMA6 

2. Floor plates ASTMA36 

3. Cast iron ASTM A48, Class 25 

4. Steel pipe ASTM A53 Grade A or 

B, Black, Schedule 40 

5. Bolts, nuts and washers 

- High strength ASTM A325 Type 1 

- Standard strength ASTM A307 Grade A or 

Grade B 

- Threads Coarse thread 

- Washers, hardened ASTM A325 
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- Washers, standard 

strength 

- Bevel washers 

Standard commercial 

quality 

Malleable iron or steel 

6. High strength tlueaded studs ASTM A449 

All bolts and fasteners for total or intermittent submergence shall be 

stainless steel. 

Unless otherwise shown on the Drawings, all exposed fastenings shall 

be of the same material, colour and finish as the metal to which they 

are attached. 

1. 8 Paintin2 and Galyanizin2 

1. 8. a Paintin2 

All metal surfaces to be painted shall be free of sharp edges or 

protrusions, solvent cleaned to SSPC-SPl, blast cleaned to SSPC-SP6, 

vacuum cleaned and shall be prime painted in the shop with inorganic 

zinc primer, except for galvanized surfaces, surfaces to be encased in 

concrete. Shop painting shall be performed in accordance with the 

provisions of the Steel Structures Painting Council. 

Finish coat shall be 2 part epoxy applied to miscellaneous metalwork 

in the field as specified on the Drawings or elsewhere herein. 

Field Painting of Welded Areas of Primed Steelwork 

The welded areas shall be cleaned of all rust, scale and weld flux by 

chipping and power wire brushing. 

Immediately after surface preparation is completed, the area to be 

treated shall be coated with one coat of an approved primer applied by 

brush or spray. The primer shall be overlapped onto the previous 

coating to the extent of about 20 mm on each side of the weld. 
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1.8.b Galvanizing 

All galvanizing shall conform to the following requirements: 

1. Galvanizing shall be hot dip in accordance with ASTM 

A385 and ASTM A153 unless otherwise specified. 

2. The coating shall be clean and smooth and free from 

defects. Repair of damaged hot dip galvanized coatings 

shall be in accordance with ASTM A780. 

3. Material shall be galvanized after all fabrication, 

machining and shop work is completed, except as 

otherwise specified herein. 

4. The galvanizing of bolts, nuts and washer shall be in 

accordance with ASTM A394. Nuts shall be tapped after 

being galvanized and the threads of nuts left bare. 

1. 9 Geosyothetjcs 

1. 9. a Filter Fabric 

The filter fabric required to be incorporated into the Work shown on 

the Drawings shall be non-woven needle punched polyester geotextile 

fabric at least equal to the following specifications: 

Property 

Weight 

Grab strength 

Elongation 

at break 

Tm 
Method 

ASTMD-3776 

ASTM D-1682 

ASTMD-1682 

1 - 58 

FUter Fabric 

'Iype 1 

8 oz/sq.yd. 

255 lbs. 

65 percent 
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Mullen burst ASTM D-3786 450 psi 

strength 

Permeability Constant Head 0.25 emfs 

EOS CW-02215 80 micron 

Puncture ASTM D-751 140 lbs. 

Trapezoidal ASTM D-1117 140 lbs. 

tear strength 

UV Resistance Not required 

The filter fabric type shall be Supac 8 NP as manufactured by Phillips 

Fibers Corporation or approved equal. 

1.9.a.i Shipment and Stora~e 

Fabric shall be packaged and shipped in standard roll 

lengths and widths. The geotextile shall be kept dry and 

wrapped such that it is protected from the elements during 

shipping and storage. At no time shall the geotextile be 

exposed to ultraviolet light for a period exceeding fourteen 

days. The fabric shall be labelled as per ASTM 04873. 

1.10 Contractor's Construction Schedule 

The Contractor shall complete the various items of the Work within the 

mandatory time requirements and dates specified in the Contract Documents. 

Key Dates 

The Contractor's Construction Schedule submitted with the Tender shall be 

based on the times specified herein and shall be used by the Contractor for 

planning, organizing and directing the construction of the Work and for 

reporting progress. The Construction Schedule shall be a detailed critical path 

method (CPM) schedule showing all principal activities relating to 
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construction of the Work. Such activities shall include the items of principal 

value in the Form of Tender. 

In accordance with the provisions of the General Conditions and of the Special 

Conditions the Contractor shall upgrade its Construction Schedule as 

necessary after commencement of and throughout the Work to meet the 

requirements of those Clauses as specified. 

1.11 Contractor's Plant 

1.11. a General 

Except as otherwise specifically provided for in the Tender 

Documents, the Contractor shall make all necessary arrangements for 

the provision, operation, security, maintenance and subsequent 

demolition, disposal or removal on completion of the Work of all 

Plant, including stationary construction facilities, of whatsoever nature 

required for the complete and satisfactory execution of the Work. 

Omission in the Tender Documents of specific requirements for any 

particular items of Plant shall in no way be construed to relieve the 

Contractor from its obligations under the first paragraph of this 

Clause. 

The Contractor shall give the Company Representative at least seven 

(7) days notice in writing of its intention to remove any particular item 

of Plant or any part thereof. 

1.11. b Site Arrangement Plans 

Within seven (7) days of award of the Contract the Contractor shall 

prepare and submit to the Company Representative and Engineer for 

authorization to proceed with the Work, detailed site arrangement 

plans showing the layout and details of all services and other 
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construction facilities which it proposes to install in its working areas. 

These plans shall include, but shall not necessarily be limited to, the 

following: 

(i) Construction access to the various work areas on the Site, 

including road connections to public roads. 

(ii) Contractor's administrative office, workshop, warehouse 

and storage facilities. 

(iii) Water supply, sewerage and waste disposal facilities. 

(iv) Borrow areas, spoil areas and stockpile areas. 

(v) Groundwater and/or surface water handling and sediment 

control facilities. 

Acceptance by the Company Representative and Engineer of the site 

arrangement plans shall in no way be construed to relieve the 

Contractor of its duties and responsibilities for the provision, 

operation and maintenance of adequate and suitable Plant. 

Whenever the Contractor proposes to make any additions or revisions 

to its roads and other stationary construction facilities, they shall be 

shown on relevant drawings and re-submitted to the Company 

Representative and Engineer for review before the additions or 

revisions are made. 

In considering the proposed location of stationary construction 

facilities, the Company Representative will, amongst other things, 

make due allowance for the requirements of others who shall be 

working on the Site from time to time. 

Site arrangement plans shall be kept up to date by the Contractor at all 

times. 
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1. 12 Availability and Use of the Site 

1.12.a General 

The Contractor is advised that the construction equipment, materials 

and labour forces of Others may be present on the Site during the 

course of the Work. The Contractor shall not locate any portion of its 

Plant where it will interfere with the work of Others and shall remove 

and relocate any such plant, at the Contractor's cost, should it 

interfere with the work of Others at any time during the course of the 

work of Others. Therefore, the Contractor shall not be entitled to 

exclusive use of any portion of the Site and shall cooperate with the 

forces of others as may be required by the Company Representative. 

Should the Contractor desire to make use of or occupy any land which 

lies outside of the working areas, a proposal for use and occupancy of 

such land shall be submitted for acceptance by the Company 

Representative. 

Without limiting the generality of any of the provisions contained 

elsewhere in the Contract Documents, the Contractor shall protect the 

property of the Owner and Others from damage as a result of its 

operations, to the satisfaction of the Company Representative. In the 

event of damage to the property of the Owner and Others resulting 

from the Contractor's operations, the Contractor shall immediately 

notify the Company Representative. The Company Representative 

may exercise an option to: 

(i) Either direct the Contractor to immediately repair such 

damage, or 

(ii) notify the Contractor that such damage will be repaired by 

the forces of others. 
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Any such repairs shall be made to the Owner's satisfaction and at the 

Contractor's expense and, if made by the forces of Others, the cost 

therefore shall be paid by the Contractor. 

1.12. b Site Roads 

The Contractor shall be responsible for constructing and maintaining 

all roads on and to the Site as required under the Contract as well as 

constructing and maintaining any additional construction roads as 

deemed necessary by it for the performance of the Work. 

All roads on the Site, including those that may be constructed by the 

Contractor shall be available for use by the Owner, the Company 

Representative and the Engineer and by others having permission 

from the Company Representative to do so. 

At the completion of the Work all site roads and culverts used by the 

Contractor shall be left in a safe condition, with a reasonably smooth, 

well drained surface. 

1.12.c Contractor's Site Office 

During the performance of the Work, the Contractor shall provide and 

maintain at the Site an office which shall be the headquarters of the 

Contractor's Project Manager. 

1.12.d Landscape Preservation and Restoration 

The Contractor shall preserve the natural landscape except where 

clearing and/or earthwork is required by the Contract or permitted by 

the Company Representative in writing, and shall so conduct the 

operations and equipment such that the destruction, scarring or 

defacing of trees, the native shrubbery and the natural surroundings 

are kept to a minimum. 
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On completion of the Work, all working areas shall be smoothed and 

graded to conform to the natural appearance of the landscape. In the 

event that, in contravention of the requirements of this Clause, or for 

any other reason, the Contractor's operations result in destruction, 

scarring, damage, or defacing of trees, shrubbery, or landscape 

outside the limits of the Contractor's working areas, all trees or 

shrubbery so destroyed, scarred, damaged or defaced shall be 

removed as soon as possible thereafter and the landscape shall be 

restored and reseeded with the natural vegetation to the satisfaction of 

the Company Representative at no additional cost to the Owner. 

1.12.e Prevention of Water Pollution 

The Contractor shall comply with all Federal and Provincial laws and 

regulations with respect to disposal of pollutants and all additional 

requirements specified in the Contract Documents. 

The Contractor's construction activities shall be performed in a 

manner such as to prevent solid matter, contaminants, debris and 

other objectionable pollutants and wastes from entering streams, 

flowing or dry water courses, lakes and underground water sources. 

Such pollutants and wastes include, but are not limited to, refuse, 

garbage, cement, concrete, sewage effluent, industrial waste, oil and 

other petroleum products, aggregate processing tailings, mineral salts 

and silty or muddy water. Sanitary wastes shall be disposed of by 

methods approved by the Company Representative. 

The Contractor is expressly warned that the groundwater and/or 

surface water runoff from all areas disturbed by the Contractor's 

operations must be directed to sediment ponds. Accordingly, the 

Contractor shall construct intercepting ditches, sumps, bypass 

channels, barriers, and/or other means to direct all muddy water and 

eroded materials to such sediment ponds after it leaves his working 

areas and all roads on the Site and prior to its entry into existing 
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streams or water courses or permanent installations. Except as 

otherwise specified, excavated materials shall not be deposited or 

stored in, or alongside of, water courses where they could be washed 

away by high water, storm or normal surface runoff. 

Any waters discharged from the Site shall be essentially free of 

material in suspension. For the purpose of this Sub-clause, material 

in suspension in waters released to the environment shall not exceed 

25 mg/l or as otherwise required by law. 

1.12.f Construction Facilities of Others 

The Contractor is advised that temporary construction facilities of 

others such as, but not limited to roads, power and water lines and 

communication lines have been or will be constructed by others 

during the course of the Work. The Contractor shall not disrupt the 

continuance of use of such facilities until the Contractor is advised by 

the Company Representative that they are no longer required. Should 

the Contractor at any time wish to relocate these temporary 

construction facilities to facilitate the Work, prior written approval 

shall be obtained from the Company Representative. 

1.13 Spoil Disposal Area and Stockpile Areas 

Except as otherwise specified, the Contractor shall dispose of unsuitable and 

surplus materials from the excavations in the spoil disposal area and stockpile 

areas as shown on the Drawings or as otherwise directed by the Company 

Representative. Spoil and topsoil shall be placed to the height and slopes as 

shown on the Drawings or as otherwise required by the Company 

Representative. 

Each spoil fill and/or stockpile shall be developed in an orderly manner and in 

such a way that it does not interfere harmfully with the natural drainage in the 

area. The Company Representative reserves the right to limit the amount of 

material which can be placed in spoil disposal areas and/or stockpile areas and 
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to control the method of construction, height and slopes to which the material 

can be placed. Spoil fills and/or stockpiles shall be stable within themselves, 

shall not cause instability of adjacent natural slopes or any parts of the Work 

and shall be graded to provide free draining surfaces which do not detract 

from the general appearance of the area. 

Stockpiles should be developed in such a manner as to limit segregation. All 

surface water runoff from spoil areas and stockpile areas shall be directed to 

sediment ponds. 

1.14 Dewaterini: and Draina~e 

Except as otherwise provided for by the Contract Documents, the Contractor 

shall investigate, design, construct, operate, maintain and subsequently 

remove such temporary cofferdams, dikes, fills, surface and sub-surface 

dewatering and drainage facilities as are necessary for control and removal of 

all water entering the work areas including seepage and leakage water, 

precipitation and water resulting from the operations of the Contractor. 

Cofferdams, dikes, fills and dewatering and drainage facilities provided by the 

Contractor shall be safe and stable, and shall be such as to permit the Work to 

be performed in an orderly and efficient manner under dry conditions. Water 

removed from the excavations shall be disposed of in such a manner as will 

not endanger the environment, the stability of existing slopes, or the Work, 

and shall be directed to sediment ponds. 

The Contractor will not be permitted to use the permanent drainage facilities 

installed for the Work without the prior approval of the Engineer. 

Construction and maintenance of all groundwater and/or surface water 

facilities shall be subject to the approvals of the Company Representative and 

Engineer prior to construction and shall be carried out in accordance with the 

provisions of Clauses 1.9.b. and l.10.e. 

The Contractor shall obtain written approval from the Engineer before 

discontinuing the operation of any dewatering system. 
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1.15 Borrow Areas 

The Contractor shall give the Company Representative and Engineer not less 

than 14 days notice of its intention to develop any potential borrow area. 

Prior to developing any borrow area other than the borrow areas designated 

on the Drawings or in the Specifications, the Contractor shall carry out such 

sub-surface investigation and obtain and submit such samples as are required 

by the Engineer to enable the Engineer to assess the suitability of the materials 

in the area for the intended use. 

The Contractor shall keep accurate exploration records of a type approved by 

the Engineer of any test pit, trench or drill hole which is excavated for the 

purpose of investigating construction materials, and a copy of such records 

shall be submitted to the Engineer within 7 days of the completion of the test 

pit, trench or drill hole. Samples recovered from test pits, test trenches and 

drill holes and submitted to the Engineer for approval will be tested by the 

Engineer. 

The Contractor's borrow pit operations shall be such as to avoid waste of any 

suitable construction material therein. The Contractor shall clear, strip and 

grub borrow areas, windrow all topsoil or, as directed by the Engineer, 

stockpile all topsoil which, in the opinion of the Engineer, can be salvaged. 

Borrow areas shall be developed with due consideration for drainage and 

runoff from the excavated surfaces so as not to cause erosion of the adjacent 

terrain. Borrow areas shall be excavated in such a manner that water will not 

collect and stand therein. For materials sensitive to overwetting, the borrow 

areas shall be developed to minimize the exposure of the material to 

precipitation. In till borrow areas all excavated faces shall be vertical. Before 

being abandoned, the sides of any borrow areas outside the final limits of the 

tailings storage facility shall be brought to stable slopes with slope 

intersections rounded and shaped to provide a natural appearance. All 

rubbish, Contractor's equipment and structures shall be removed from these 

areas. Waste piles shall be levelled, trimmed and shaped to regular lines to 
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prevent the occurrence of ponding or of concentrations of surface runoff and 

to provide a neat appearance. All surface water runoff shall be directed to 

sediment ponds. 

Waste material from an excavation for the Work or from a processing 

operation in a borrow area shall be disposed of in a spoil area or in an area 

approved by the Company Representative and set aside for this purpose within 

the borrow area. 

1.16 Setting Out the Work 

1.16.a General 

The Owner has established at the Site, survey reference points and a 

bench mark. The Contractor shall use such reference points and 

bench mark as the basis for setting out the Work and shall be 

responsible for their preservation insofar as they are affected by his 

operations. 

The Contractor shall set out the Work efficiently and accurately and 

shall be solely responsible therefor. The Contractor shall provide, fix 

and be responsible for the maintenance of all monuments, stakes, 

templates, batter boards, bench marks and other reference marks, and 

shall take all necessary precautions to prevent their removal or 

disturbance and shall be responsible for the consequences of any such 

removal or disturbance and for the accurate reinstatement of all such 

marks. The Contractor shall provide the Company Representative 

with drawings showing the locations and details of his monuments and 

control bench marks immediately after establishing of such 

monuments and shall submit updated drawings after making any 

changes, additions or deletions. 

The Work shall be set out to meet the requirements of the Drawings 

and tolerance limits specified in the Contract Documents in all 

respects. At the request of the Company Representative the 
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Contractor shall at all times, without charge, provide qualified 

personnel, equipment, tools and materials to assist the Company 

Representative in checking the setting out of the Work. No payment 

will be made for any expense incurred by the Contractor as a result of 

any work performed in the establishment of lines and grades, or in the 

checking of these and the taking of any other surveys or 

measurements. 

If at any time during the progress of the Work any error should 

become evident or occur in the location, grades, dimensions or 

alignment of any part of the work, the Contractor, upon such error 

occurring or becoming evident, shall forthwith infonn the Company 

Representative and shall at the Contractor's own expense rectify such 

error to the satisfaction of the Company Representative, unless such 

error is based on incorrect data supplied in writing by the Company 

Representative, in which case the expense of rectifying the error will, 

as between the Contractor and the Owner, be borne by the Owner. 

The Company Representative reserves the right to use the 

Contractor's setting out monuments to perform occasional check 

surveys at times agreeable to both parties. 

1.16. b Survey Accuracy 

The accuracy of control surveys shall be subject to the approval of the 

Engineer. The Contractor shall present data and calculations to 

establish the following standards of accuracy relative to the 

benchmark and reference points provided by the Owner. 

• Points on the Setting Out Line (S.0.L.) and the Contractor's 

temporary control points for embankment construction shall be 

established to a horizontal standard deviation of less than 20 

mm and a vertical standard deviation of less than 40 mm, both 

with a 95 % confidence interval, taking into account the limits 
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of accuracy of the survey instruments as provided by the 

manufacturer. 

• As-Built locations of pipework and culverts shall be 

established to horizontal and vertical standard deviations of 

less than 100 mm with a confidence interval of 95%. 

1.16.c Field Notes and Calculations 

Field notes shall be recorded in securely bound field books of high 

quality with a table of contents and each page numbered sequentially. 

The field books shall be made available for inspection by the Engineer 

upon request. Traverse adjustments shall be clearly indicated in the 

notes. A log listing all field note books by number shall be 

maintained. 

Calculations including computer printouts shall be maintained in 

binders and shall be neat, orderly, and cross referenced as applicable. 

Cross-sections shall be plotted on approved translucent cross section 

drafting sheets and submitted to the Engineer together with the 

appropriate survey notes and calculations. 

The original and one copy of all field notes and calculations shall be 

submitted upon completion of the work. Disk copies of computer 

calculations shall be submitted. 

1.17 Drawin~s Submitted by Contractor 

The Contractor shall submit to the Company Representative and Engineer for 

review, one (1) reproducible and two (2) print copies of such drawings as may 

be required by the Company Representative and Engineer. Such submissions 

shall give complete details and information and contain sufficient views and 

be to such suitable scales as will show clearly the work or item. Each 
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drawing shall be prepared on bordered D size sheets (56 mm x 86 nun), shall 

include north arrow and scale bars as appropriate and shall in every case 

include a title block in the lower right corner stating the subject of the 

drawings, a drawing number, the current revision and dates of all revisions. 

Each drawing shall be carefully checked and signed by the Contractor prior to 

submission. On completion of the Work the Contractor shall submit a 

drawing showing the as-built locations and elevations of all major components 

of the work. 

The review by the Company Representative and Engineer of drawings and 

schedules submitted by the Contractor shall not be construed as indicating any 

checking of the drawings and schedules, and shall not relieve the Contractor 

of responsibility for adequacy and accuracy of detail of the work shown on 

such drawings and schedules or for any errors therein or of any other of the 

Contractor's responsibilities under the Contract. 

1. 18 Standard Specifications 

Specific codes and standard specifications referred to in these Technical 

Specifications and the Drawings shall, to the extent of such reference only, 

form part of the Technical Specifications and Drawings. Where a particular 

standard is referred to, that standard shall, unless otherwise stated, be the 

edition in effect thirty (30) days prior to the closing date for submission of 

tenders. 

Where no specific standards are referred to, material, equipment and articles 

furnished by the Contractor shall comply with the applicable provisions of the 

American Society for Testing and Materials (ASTM). 

1.19 Daily Reports 

The Engineer will maintain in detail a daily report to record progress of the 

Work, the number of personnel of all categories at the Site, the materials 

delivered to the Site, and all other items which he deems necessary to record. 
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This daily report will be kept in the Engineer's site office and the Contractor's 

representative shall be required to read and sign this document daily. In case 

of differences of opinion between the Engineer and the Contractor regarding 

the facts stated in the daily report, the Contractor shall, within twenty-four 

(24) hours, give notice in writing to the Engineer regarding any such 

difference. 

1. 20 Provisional Sums 

Every provisional sum, if any, set out in the Schedule of Estimated Quantities 

and Prices for work to be executed by the Contractor, which has not been 

specified in detail when the Contract is entered into, shall be deducted from 

the Contract Price and in lieu thereof subject to the provisions below, there 

shall be added to the Contract Price the value of the work so executed, valued 

in accordance with the provisions of the General Conditions entitled "Changes 

in the Work". 

Work under provisional sums shall be executed by the Contractor only at the 

discretion and written direction of the Company Representative. 

The Owner at all times reserves the right to have any part, or all, of the work 

covered under provisional sum items in the Schedule of Estimated Quantities 

and Prices performed by Others without any reimbursement to the Contractor 

by reason thereof. 

1. 21 Payment - General 

The provisions of this Clause shall apply to each and every other Section 

contained in the Technical Specifications as if such provisions were 

specifically contained in each such Section. 

Payment for the Work required by the Contract Documents for which Items 

have been included in the Schedule of Estimated Quantities and Prices shall be 

made in accordance with the lump sum prices and provisional sums entered in 

the Schedule of Estimated Quantities and Prices. The work to be performed 
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by the Contractor for such prices and provisional swns shall include doing 

everything necessary to complete such Items in accordance with the Contract 

Documents. 

Except as otherwise provided for elsewhere in the Tender Documents, the 

lump sum prices and provisional sums included in the Schedule of Estimated 

Quantities and Prices shall be deemed to include all of the cost of doing 

everything necessary to complete all work required, shown, enumerated or 

described in the Tender Documents and on the Drawings whether or not such 

work is specifically shown or described as part of the work of any specific 

item in the Schedule of Estimated Quantities and Prices. 
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Clause 

1.3.c. 

1.4.a. 

1.4.b. 

1.4.d. 

TABLE 1 

SUMMARY OF TECHNICAL AND SAFETY 

ADVANCE NOTICE PERIODS REQUIRED OF CONTRACTOR 

Subject Notice Period 

Class 2 excavation 7 days 

First fill placement 7 days 

Alternate borrow areas 21 days 

Fill placement against concrete 7 days 

1.5.h.(i) Concrete placement 24 hours 

1.6.b. Pipe and fittings catalogues 

1.9.a. Removal of plant 

1.9.b. Site arrangement and sediment 

control plans 

l.13 Borrow area development 

1.17 Daily reports 

1 - 74 

14 days 

7 days 

7 days 

14 days 

24 hours 
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SECTION 2 - MOBILIZATION AND DEMOBILIZATION 

2.1 Scope of Work 

The Work in this section comprises the establishment on the Site of all the 

temporary accommodation, Plant and equipment necessary for the successful 

performance and completion of the Work and shall include, but not be limited 

to: 

2.1.a Assemble all necessary Plant and equipment and transport it to the 

Site. 

2.1.b Establish all the Contractor's maintenance facilities, temporary 

workshops, office accommodation and sanitation facilities on the Site. 

2.1.c Provide and maintain the Engineer's field office and testing laboratory 

on the Site. 

2.1.d Maintain all Plant and services for the duration of the Work. 

2.1. e On completion of the Work, remove all Plant, temporary facilities and 

the Engineer's field office and laboratory from the Site and clean up 

and leave the Site in a clean and tidy condition to the satisfaction of 

the Company Representative. 

2.2 Use of Site 

The area designated for the Contractor's temporary facilities is shown on the 

Drawings. The Tenderer shall submit with its Tender a sketch showing 

clearly how it would utilize this area and what temporary facilities would be 

constructed. 

The Tenderer shall also submit with its Tender a detailed layout showing all 

temporary haul roads and any other areas which it may wish to utilize in 

performing the Work. 
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The Contractor shall plan its operations in a manner such that there is 

minimum disturbance to the natural terrain outside the limits of the work areas 

shown on the Drawings. 
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SECTION 3 - TAIIJNGS BASIN 

3 .1 Scope of Work 

The Work to be completed in this Section shall include, and not be 

limited to the following: 

3 .1. a Strip and grub all roots and stumps in the tailings basin as shown 

on the Drawings or as otherwise instructed. 

3 .1. b Bum all non-merchantable timber and dispose of material from 

the stripping and grubbing by burning. Dispose of material 

which cannot be burned in the designated spoil area. 

3.1.c Remove and stockpile all topsoil from the areas which have been 

stripped and grubbed. 

3.1.d Excavate exploratory trenches in the lower part of the tailing 

basin and install the basin groundwater drains. 

3.1.e Develop, operate and maintain the borrow areas required to 

supply fill materials for the Work. 

3 .1. f Construct the basin liner in the lower part of the tailings basin. 

3.1.g Excavate the reclaim barge channel. 

3.2 Stripping. Grubbing and Topsoil Removal 

Stripping, grubbing and topsoil removal shall be carried out as defined in 

Clause 1.2 within the tailings basin to the limits shown on the Drawings. 

Swampy and wet areas which are inaccessible to construction equipment 

will not require stripping. The limits of accessibility shall be agreed 

between the Company Representative and the Contractor in the field, 

with the objective of optimizing recovery of topsoil. 
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The Contractor shall assume an average depth of stripping equal to 

0.30m. 

Stripping, grubbing and topsoil removal shall be scheduled to work 

progressively uphill in the tailings basin to minimize the area requiring 

sediment control until the basin liner is completed and the Main 

Embankment has been constructed to El.918 metres. 

In all areas which the Contractor is required to carry out further work, 

the stripped ground surface shall be established by survey in accordance 

with the General Technical Requirements. 

3.3 Basin Groundwater Drains 

The Contractor shall excavate exploratory trenches in the lower portion 

of the tailings basin at the locations shown on the Drawings for the 

purpose of determining the limits of the glacial till in place which is at 

least 2 m thickness after topsoil removal. These trenches shall be 

excavated under the direction of the Engineer. 

The exploratory trenches shall be excavated in an uphill direction at 

0. 25 % minimum grade from temporary dewatcring sumps near the 

upstream toe of the main embankment. In all locations where the 

trenches exceed 1.0 m in depth the trenches shall be excavated with 

benches at 1.0 m from the base of the trench to facilitate installation of 

the basin groundwater drain geotextile surround. 

The basin groundwater drains shall be constructed in each trench 

immediately upon completion of excavation. The Contractor shall clean 

out all material which has caved into the trench, extend the specified 

geotextile and perforated CPT and backfill with drain gravel to 1 m depth 

in 2 - 0.5 m lifts, each levelled and compacted with 2 passes of the hand

guided vibratory compactors. After closing the geotextile, the trench 
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shall be backfilled with glacial till compacted in 0. 35 m maximum 

thickness lifts as shown on the Drawings. 

The Contractor shall install the non-perforated HDPE connecting pipe 

between the two basin groundwater drains. 

The Contractor shall maintain the basin groundwater drains in a 

dewatered condition by pumping temporary sump(s) until such time as 

gravity drainage is established through the permanent drain conveyance 

pipe to be constructed as part of the Main Embankment works. 

3 .4 Basin Liner 

3.4.a General 

After completion of basin groundwater drain construction in an 

area of the tailings basin, the Engineer will designate the limits of 

the basin liner, to be constructed of compacted glacial till, placed 

and compacted in 3 lifts and covered with a frost protection layer 

as shown on the Drawings. 

3. 4. b Sub~acle Preparation 

The Contractor shall regrade the stripped ground surface and 

compact using the smooth drum vibratory roller with a minimum 

of 2 passes to "proof-roll" the basin liner foundation. Areas 

which are pumping, rutting or weaving shall be subexcavated and 

replaced with glacial till backfill or scarified and recompacted. 

At the completion of subgrade preparation the basin liner 

subgrade shall be a smooth, firm surface without isolated low 

spots, draining to the upstream toe of the main embankment. 
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3 .4. c Grade Control 

The Contractor shall establish the limits of the prepared subgrade 

by survey and shall measure the elevations of a 10 m x 10 m grid 

of points to be progressively extended over the entire basin liner 

area as subgrade preparation and basin liner construction 

advance. The Contractor shall prepare a drawing showing the 

elevations of the grid points measured within the completed 

portion and along the limits of the prepared subgrade and shall 

submit a copy to the Engineer for approval. When signed and 

dated, the subgrade approval will form the basis for control of the 

thickness of basin liner placed and compacted in the permanent 

work. 

The Contractor shall check the elevations at the grid points after 

compaction of the second of the three lifts of glacial till and shall 

direct placement of the final lift accordingly to achieve the 

required final thickness upon completion. The Contractor shall 

plot the measured elevations of the top of the compacted third lift 

of basin liner at each grid point to prove that there exists at each 

point the 450 mm minimum required thickness of compacted 

glacial till. 

In case of a shortfall, the Contractor may elect to check the 

thickness of the basin liner by excavating small test pits at 

selected grid points to confirm the survey results. However, it is 

the responsibility of the Contractor to provide proof to the 

satisfaction of the Engineer, that the basin liner has been placed 

in all required areas to the minimum thickness shown on the 

Drawings. 

After acceptance of each part of the basin liner by the Engineer, 

the Contractor shall place the frost protection layer. 
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3.4.d Basin Liner Construction 

The glacial till basin liner shall be placed, levelled, moisture 

conditioned if required and compacted in 3 equal lifts of at least 

150 mm compacted thickness to cover the lower portion of the 

tailings basin with a low permeability glacial till blanket which 

connects the compacted till core zone of the main embankment to 

the natural existing glacial till blanket in the upper portions of the 

tailings basin. 

The Contractor shall supply glacial till meeting the gradation 

requirements specified on the Drawings and meeting the moisture 

content requirements designated by the Engineer. 

The material shall be placed and spread and shall be levelled with 

a motor grader. Prior to compaction all rocks larger than 100 

mm and all roots or sticks larger than 10 mm dia by 200 mm 

long shall be removed from the material. 

Compaction of the individual Lifts of the basin liner shall be 

carried out using the designated number of passes of the smooth 

drum vibratory roller operated as specified in Clause 1.4. 

The upper edges of the basin liner shall be feathered out to meet 

the natural ground to prevent ponding of surface runoff. 

Temporary construction joints formed in the basin liner shall be 

stepped back by at least 2 m from lift to lift to allow good 

bonding of the material and to prevent penetration of more than 

one lift of the basin liner by vertical construction joints. 

The Contractor shall protect and maintain the completed surfaces 

of each lift of the basin liner against disturbance by construction 

traffic and softening or erosion by runoff until such time as the 

Engineer accepts the work based on results of testing and 
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instructs the Contractor to proceed. The Engineer will make 

every effort to expedite testing and to provide the results in a 

timely manner, however, it is the Contractor's responsibility to 

schedule the work to avoid delays. 

When a portion of the basin liner has been accepted by the 

Engineer as completed, the Contractor shall cover the accepted 

area with the specified frost protection layer of glacial till and 

shall seal the surface thereof with the smooth drum vibratory 

roller. This upper surface shall be graded to shed runoff until 

such time as the embankment fill is raised above the level of the 

top of the basin liner. 

3.5 Borrow Areas. Spoil Areas and Topsoil Stockpile 

The primary borrow areas, spoil areas and topsoil stockpile for the Work 

are shown on the Drawings. Development of these facilities and any 

other borrow sources which the Contractor may choose to utilize shall in 

all respects conform to the requirements of the applicable Clauses of the 

General Technical Requirements. 

Stripping of borrow areas shall in all cases be carried out progressively 

ahead of the excavation to minimize the area open to erosion and to 

minimize sediment loading in surface runoff. Borrow floors shall be 

sloped to drain, with runoff directed to sediment ponds. 

Waste piles and sediment ponds may be located in worked out sections of 

the borrow areas upon presentation of evidence to the satisfaction of the 

Engineer to show that no further quantities of suitable material which 

might be required in the Work would become inaccessible as a result. 

The preferred spoil area is located in the swamp adjacent to the borrow 

area in the tailings basin. 
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The development, maintenance, and operation of the borrow areas, haul 

roads and all sediment control ponds shall be the responsibility of the 

Contractor. The Contractor may employ methods and means of 

procedure of its own choosing, subject to compliance with the 

requirements of the General Technical Requirements. Approval by the 

Company Representative and/or Engineer of the Contractor's proposed 

methods shall in no way be construed to relieve the Contractor of his 

responsibility for the safety, adequacy or efficacy of his operations. 

3. 6 Reclaim Barge Channel 

The reclaim barge channel shall be excavated to the lines and grades 

shown on the Drawings. The Contractor shall excavate test pits along the 

length of the reclaim barge channel for the purpose of classifying the 

soils in advance of excavation. The Engineer will designate the 

excavated material as suitable for use in basin liner or embankmem fills 

or for haulage to spoil based on its gradation and moisture content 

characteristics. A 6 m wide access road shall be constructed parallel to 

the reclaim barge channel in native material as shown on the Drawings. 
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SECTION 4 - EMBANKMENTS AND SEEPAGE COLLECTION PQNDS 

4.1 Sco.pe of Work 

The Work to be carried out under this Section shall include, and not 

necessarily be limited to, the following: 

4.1.a Strip and grub and remove topsoil from the foundation area for the 

Main and Perimeter embankments and seepage collection ponds. 

4.1.b Excavate and prepare the foundation areas for the embankments, 

including subexcavation and backfill as directed by the Engineer. 

4. 1 .c Dewater and maintain the foundation excavations by employing any 

temporary measures as are necessary to keep the excavations properly 

dewatered. 

4.1 .d Install foundation and toe drains. 

4.1.e Install drain conveyance pipework and monitoring sumps. 

4. 1. f Supply, place and compact all earthfill materials in the Main and 

Perimeter embankments and pond berms. 

4.1.g Excavate the seepage collection ponds and install the seepage recycle 

sumps. 

4.2 Strippin~. Grubbin~ and To.psoil Removal 

All stripping and grubbing, and removal of topsoil in the embankment 

foundation and seepage collection pond areas will be carried out as specified 

in Clause 1.2. 

The Contractor shall assume an average depth of stripping equal to 0.3 m. 
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4.3 foundation Preparation and Excavation 

Embankment foundation preparation following the completion of topsoil 

removal will include shaping and compacting the exposed surface to ensure 

adequate drainage and suitable erosion protection as directed by the Engineer. 

Embankment foundation preparation will be carried out progressively, 

working up both abutments only enough to stay ahead of the fill. 

Excavation in the embankment foundation areas to the lines and grades shown 

on Drawings will generally be carried out in silty sand or glacial till and will 

tenninate at an elevation which exposes bedrock, competent silty sand or 

glacial till. It is not anticipated that excavation in bedrock will be required. 

Any soft and saturated materials which are encountered in the embankment 

foundations and are not acceptable to the Engineer will require treatment. 

Treatment may include, but is not limited to, subexcavation and replacement 

with suitable coarse grained backfill, the extension of foundation drains, or 

the placement of extra fill to act as a buttress. The extent, including depth, of 

any required treatment will be determined by the Engineer. Any areas treated 

by subexcavation and replacement will require shaping and compaction, as 

above, prior to fill placement. 

Materials excavated from the embankment foundation and seepage collection 

pond areas which satisfy the requirements for use as fill material will be used 

to construct the various zones of the embankment or pond berms. In order to 

implement this, the Contractor shall carry out the foundation excavation in a 

strictly selective manner such that the silty sands are not mixed with the 

glacial till. 

The Contractor shall be responsible for maintaining and preserving the final 

excavated surfaces and shall keep them free of water to the maximum 

practical extent by constructing diversion drains, sumps, temporary berms etc. 

to divert and control surface runoff. The Contractor shall have adequate 

pumping capacity available at all times to ensure that the excavations are 

properly dewatered. The Contractor shall determine the actual locations of all 
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dewatering facilities in order to fulfil bis responsibility for control of water in 

all excavations to the satisfaction of the Engineer. The Contractor must 

recognise that foundation preparation and dewatering may prove to be difficult 

and shall make any and all provisions necessary to ensure a satisfactory 

completion of the works as required by the Engineer. 

The Contractor shall operate and maintain the dewatering facilities until the 

Main Embankment is raised to El. 918 metres (sufficient to store the 1 in 100 

year 24 hour storm) and the Engineer gives approval to commence 

impounding water on the basin liner. 

Particular attention shall be devoted to protecting the final excavated surfaces 

of the glacial till. The Contractor shall avoid tracking equipment over these 

surfaces as much as possible and shall place the first layer of glacial till fill 

over the final surfaces as soon as possible in order to protect them. In the 

event that any final excavated surface of the glacial till deteriorates due to the 

Contractor's failure to protect it, then the softened, saturated or deteriorated 

material shall be removed and replaced with competent material at the 

Contractor's expense. 

Prior to placing any fill materials or concrete on excavated surfaces, the 

surfaces shall be prepared as follows: 

(i) Surfaces of excavations in glacial till, sloping at less than 4H: 1 V, 

shall be kept clean of any loose debris and compacted with 4 passes of 

a 10 ton vibratory roller. In the event that the moisture content of 

these surfaces is too high to permit 4 passes of a vibratory roller and 

the surface tends to rut and weave, then the compaction shall be 

reduced to 2 passes of a 10 ton static roller or as required by the 

Engineer. 

(ii) Surfaces of excavations in sands and gravels sloping at less than 

4H:IV shall be trimmed to the required lines and grades and 

compacted with 4 passes of a 10 ton vibratory roller. 
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(iii) For excavated surfaces sloping at steeper than 4H: 1 V, the fill shall be 

keyed in to the native soil by cutting vertical steps into the slope equal 

in height to the lift thickness of fill being placed. 

After completion of foundation preparation in any area the Contractor shall 

measure such area and delineate the area on a Drawing showing the 

embankment outlines and shall submit this Drawing to the Engineer for 

approval. When signed and dated by the Engineer the approved area shall be 

covered immediately with one lift of fill appropriate to the zones of the 

embankment and shall be compacted as specified. 

All requirements for installing basin and foundation instrumentation shall be 

met prior to placing fill in or above the instrumented areas. 

4. 4 Foundation Drains and Conveyance Pipework 

The Main Embankment foundation drains shall be installed after the 

foundation preparation has been completed and before the commencement of 

embankment fill placement. Drainage pipework, filter fabric and granular 

backfill shall be placed at the locations and to the lines and grades shown on 

the Drawings. 

Conveyance pipework for the basin groundwater and embankment foundation 

drains at the Main Embankment shall also be installed after the foundation 

preparation has been completed and before the commencement of 

embankment fill placement. Conveyance pipework and glacial till backfill 

with bentonite enriched seepage cutoffs shall be placed at the locations and to 

the lines and grades shown on the Drawings. 

Conveyance pipework for the toe drain at the Perimeter Embankment shall be 

installed after the foundation preparation has been completed and before the 

commencement of embankment fill placement. Conveyance pipework and 

glacial till backfill shall be placed at the locations and to the lines and grades 

shown on the Drawings. 
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All pipework shall be supplied and the Contractor's installation methods shall 

be in conformance with the General Technical Requirements. 

4. 5 Materials of Construction 

4.5.a General 

The embankments shall be constructed by placing and compacting the 

material in the various zones in successive near horizontal layers 

which extend from one abutment to the other and do not contain any 

construction joints normal to the axis of the embankment. 

All traffic on the embankment surface shall be routed to traverse the 

entire surface and avoid being concentrated on any particular route. 

All zones of the embankment shall be constructed concurrently and no 

zone will be permitted to lag behind, or be constructed ahead of, its 

adjacent zone by more than one layer thickness, unless prior approval 

is given by the Engineer. In addition, the placing, spreading and 

compaction shall be scheduled in a manner such that all runoff from 

precipitation falling on the embankment shall drain towards the 

upstream face of the embankment. The purpose of this is to reduce 

the discharge of suspended solids and sediment downstream of the 

embankment. 

4 .5. b Material Requirements 

Requirements for materials placed in the various zones of the 

embankment are as follows: 
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4.5.b.i Zone S - Core Zone Glacial Tm 

Glacial till required for Zone S shall conform to the 

gradation limits shown on the Drawings. 

Excavation and handling of the glacial till shall be carried 

out in a manner such that it is well blended and well 

graded. Lenses of sand and gravel which may occur in or 

at the boundaries of the in-situ glacial till shall be removed 

unless the Contractor can demonstrate that it can be 

blended into the glacial till to produce a blend which 

conforms with the specified gradation limits for Zone S. 

From time to time the Engineer shall designate the 

moisture content at which the glacial till is to be placed 

and compacted in the embankment. The Contractor will 

be required to moisture condition the material prior to 

delivering it to the embankment to obtain a moisture 

content which is within plus or minus one percent of the 

designated moisture content. In the event that the moisture 

content of the glacial till delivered to the embankment falls 

outside these prescribed limits then the Engineer may 

require that it be removed and replaced with material 

which complies with the prescribed limits. In some 

instances, the Engineer may permit the Contractor to 

adjust the moisture content on the embankment. 

4. 5 . b. ii Zone B - Glacial Till 

Glacial till required for Zone B shall conform to the 

gradation limits shown on the Drawings. The excavation, 

handling and moisture conditioning requirements are 

identical to those for Zone S. 
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4. 5. b .iii Toe Drain - Filter Sand 

Toe Drain pipework and filter sand shall be placed at the 

locations and to the lines and grades shown on the 

Drawings. The toe drain filter sand material shall meet the 

gradation requirements shown on the Drawings. The 

material shall be sound, durable and resistant to 

breakdown during handling. 

4.5.b.iv Foundation Drains - Drain Gravel 

4.6 Fill Placement 

Geotextile, CPT and HOPE pipework and drain gravel 

shall be installed or placed at the locations and to the lines 

and grades shown on the Drawings. The drain gravel 

shall meet the gradation requirements shown on the 

Drawings. The material shall be sound, durable and 

resistant to breakdown during handling. 

All material placed in the embankments shall be loaded, placed and spread in 

a manner such that segregation is avoided. All lenses of segregated material 

shall be removed or be reworked on the embankments to maintain the 

specified gradation in each zone. 

The placing, spreading, and levelling of all material on the embankments shall 

generally be carried out with the equipment travelling parallel to the 

embankment axis. Spreading and compaction along abutments, or in confined 

areas, shall be carried out by routing the equipment in a manner best suited to 

the circumstances in accordance with the provisions of Clause 1.4. 

After spreading, and prior to compaction, all material in Zones S and B shall 

be levelled with a motor grader to provide a regular surface free of oversize 

cobbles and segregated rock pockets. 
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Requirements for placement of materials in the various zones in the 

embankments are shown on the Drawings and are described as follows: 

4.6.a Zone S - Core Zone Glacial Till 

The glacial till in the embankment core, Zone S, shall be placed and 

spread to form layers which will not exceed 300 millimetres after 

compaction, and compacted using the specified vibratory roller. 

The moisture content immediately after levelling shall be within one 

percent of that designated by the Engineer. No fill shall be placed on 

dried out surfaces. If the moisture content is wetter than that 

designated by the Engineer, additional measures such as disking of the 

fill materials may be required prior to compaction. 

4.6.b Zone B - Glacial Till 

The glacial till in the Zone B, shall be placed and spread to form 

layers which will not exceed 600 millimetres after compaction, and 

compacted using the specified vibratory roller. 

The moisture content immediately after levelling shall be within one 

percent of that designated by the Engineer. No fill shall be placed on 

dried out surfaces. If the moisture content is wetter than that 

designated by the Engineer, additional measures such as disking of the 

fill materials may be required prior to compaction. 

4.6.c Foundation Drains and Toe Drains 

All material in the foundation drains and toe drains shall be placed to 

the lines and grades shown on the Drawings. Drainage pipework 

shall be installed as shown on the Drawings. 

4 - 8 DRAFT 1625/3 
March 22, 1996 



INVESTIGATION KP 1-11  164 of 500

The Contractor shall submit the details of his proposed method of 

constructing the embankment toe drain to the Engineer for review 2 

weeks prior to starting to work on the toe drain. 

Compaction of drain gravel and outlet conveyance pipe backfill shall 

be carried out using 2 passes of the hand guided vibratory compacts. 

Compaction of the filter sand will not be required. 

4.6.d Compaction 

All compaction shall be carried out immediately after the material has 

been levelled using a motor grader. 

All fill placed shall be compacted as specified in Clause 1.4.e. using 

the appropriate type of compaction equipment specified herein or on 

the Drawings. 

The number of passes required shall at all times be determined by the 

Engineer and shall be varied to achieve the compaction objectives 

shown on the Drawings. 

4. 6 .e Protection and Maintenance 

The Contractor shall maintain any fill placed in the embankment in a 

condition which satisfies the requirements of Clause 1.4.e. until the 

completion of the Work. The Contractor shall take such steps as are 

necessary to avoid ponding of water on the fill , or contamination of 

the fill by traffic or other causes and shall at all times keep the surface 

and slopes of the embankment and foundations free from rubbish, 

rejected or unsuitable fill, waste materials and unnecessary equipment. 

Furthermore, the Contractor shall protect all buried pipework in 

accordance with Clause 1.6.e. 
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4. 7 See.page Collection Ponds 

The seepage collection ponds are located downstream of the Main 

Embankment and Perimeter Embankment as shown on the Drawings. 

The Contractor shall, after completion of topsoil removal and staking of the 

excavation limits, excavate test pits or trenches in the presence of the 

Engineer to determine the nature and extent of the soils within the excavation 

limits. The Engineer will carry out Control Tests on samples of the soil and 

will, through the Company Representative, issue an instruction to the 

Contractor designating the soils for use as fill or for removal to spoil. 

The Main Embankment seepage collection pond excavation is expected to 

comprise predominantly saturated silty sands. The Perimeter Embankment 

seepage collection pond excavation is expected to comprise competent glacial 

till. 

The Contractor, prior to commencing excavation in an area, shall submit his 

proposed excavation method complete with details of haul routes, dewatering 

measures and sediment control plan to the Company Representative for 

approval. The proposed excavation method shall in all cases be in 

confonnanc.e with the General Technical Requirements. 

The seepage recycle sumps each comprise a cast-in-place concrete base slab, a 

vertical CSP sump riser and a CSP intake pipe as shown on the Drawings. 

The Contractor shall supply and place the base slab and shall supply and 

install the CSP riser and intake pipe. Materials supplied and methods of 

installation shall conform to the General Technical Requirements. 

Tbe seepage collection pond berms shall be constructed of fill placed, spread 

and compacted in 0.3 m lifts. The Engineer will select material from the 

seepage pond excavations for use in the pond berm at the perimeter 

embankment. The main embankment seepage collection pond berm will be 

constructed of glacial till from the borrow area in the tailings basin. 
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4. 8 Construction Tolerances 

The Contractor shall prepare the foundations for and construct the various 

zones of fill of the embankment to the lines and grades shown on the 

Drawings, within the tolerances specified below. 

4.8.a The maximum permissible horizontal and vertical deviation of the 

boundaries between the zones of the embankments from the lines and 

grades shown on the Drawings, shall be plus or minus 600 

millimetres. 

4.8.b The maximum permissible horizontal and vertical deviation of the 

sloping outer faces of the embankments from the lines and grades 

shown on the Drawings shall be plus or minus 1000 millimetres 

provided that the average line of the final dressed slopes shall not fall 

inside the required slope line. 

4.8.c The crest width of the embankments shall not be less than the 

dimensions shown on the Drawings at any station along the crest. 

4.8.d The final surfaces of embankment crests shall be graded to and 

finished within plus or minus 100 millimetres of the elevations shown 

on the Drawings. 
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SECTION 5 - SITE ROADS AND DIVERSION DITCHES 

5 .1 Scope of Work 

The Work to be completed in this Section shall include, and not be limited 

to, the following: 

5.1.a Construct, operate and maintain all sediment control facilities for the 

Work. 

5.1.b Strip, grub and burn all non merchantable timber, vegetation, 

stumps and roots in the areas designated on the Drawings or as 

otherwise instructed. 

5. J .c Remove and windrow or stockpile all topsoil from the areas which 

have been stripped and grubbed. 

5.1.d Construct the Bootjack-Morehead Connector Road relocation 

complete with drainage culverts and with a decant structure at Edney 

Creek tributary. 

5.1.e Construct the Area B runoff coJlection ditch complete with flow 

control structures and overflow culverts. 

5.1.f NOT USED 

5.1.g NOT USED 

5. 1.h Construct the tailings area diversion ditch. 

5. 1.i Upgrade and connect the reclaim access road. 

5. 1.j Replace windrowed topsoil on fill slopes along roads and ditches. 
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5. 2 Sediment Control 

The Contractor shall schedule his construction activities to provide control 

of suspended sediment in surface runoff from areas disturbed by the Work 

in accordance with subclause 1.10.e of the General Technical Requirements. 

The primary sediment control facility for the tailings area will be the 

sediment pond formed by the Bootjack-Morehead Connector relocation. 

Ditches, roads and other construction activities outside the tributary 

catchment of this primary sediment control facility will require care to limit 

sediment concentrations in receiving waters. Methods to be employed by 

the Contractor may include, but are not limited to, terracing, silt fences, 

hay bales and careful supervision of work near streamcourses. 

5.3 Strippin2. Grubbio2 and Topsoil Removal/Replacement 

Stripping and grubbing shall be carried out as defined in Clause 1.2 within 

the limits of the Work shown on the Drawings. 

For the Work of this Section 5, comprising site roads and diversion ditches, 

topsoil shall be windrowed along the downhill edges of the cleared, stripped 

and grubbed corridors for the Work. The Contractor shall remove the 

topsoil a minimum of l m past the line of fill stakes and shall take care not 

to push the windrow of topsoil into standing timber. In cases of conflict, 

the Contractor shall immediately notify the Company Representative of the 

requirement for additional clearing. In no case shall fill be placed on 

unstripped ground or supported on topsoil windrows. 

Upon the completion of the site roads and diversion ditches in each area of 

the Work, the Contractor shall compact the fill slopes by track walking with 

a bulldozer and shall spread the windrow of topsoil onto the fill slope using 

bulldozer(s) and/or backhoe(s) distributing the available organic material to 

achieve an even coverage on the slope. Haulage of topsoil along roads and 

ditches will not be required. 
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5.4 Bootjack-Morehead Connector Relocation 

The Bootjack-Morehead Connector Relocation shall be built in the location 

shown on the Drawings to provide a 6m wide roadway generally to B.C. 

Forest Service Class 4 standards. 

Sidehill portions of the road shall be built in local cut to fill with drainage 

ditches and culverts to suit local conditions. The embankment section of the 

road located south east of the Main Embankment of the tailings area shall be 

built to El. 911 as shown on the Drawings using glacial till from the 

designated borrow area in the S.E. corner of the tailings basin. The 

embankment fill shall be placed, spread and compacted in lifts of 0.30 m 

maximum thickness. 

All culverts shall be supplied and installed in accordance with the 

requirements of the General Technical Specifications. 

The outlet culvert and decant structure shall be supplied and installed as 

shown on the Drawings. 

The Contractor shall place a wearing course of rockfill in a single lift of 

200 mm minimum thickness to complete the Bootjack-Morehead Connector 

Relocation. The wearing course shall be loaded and hauled from the 

Owner's stockpile, located approximately 1 km distant from the millsite in 

the open pit area. The wearing course shall be graded and compacted to 

form a durable surface as shown on the Drawings. 

The Contractor is advised that the Bootjack Morehead Connector is a public 

road. The Contractor shall at all times maintain access through or around 

the site on the existing or relocated portions of this road. Delays of not 

more than one half hour to traffic will be permitted. The Contractor shall 

provide suitably equipped flagpersons at any location where, and at all times 

when, construction activities require that public access along the road be 
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temporarily restricted. A prominent sign stating CONSTRUCTION 

AHEAD, SLOW TO 30 km/h shall be erected and maintained by the 

Contractor, to the satisfaction of the Company Representative, at each end 

of the affected portion of the road. 

5. 5 Area B Runoff Collection Ditch 

The Area B runoff collection ditch and the associated flow control structures 

shall be constructed above the Bootjack Morehead Connector Road at the 

locations shown on Drawing No. 1625.215. Sections and details are given 

on Drawing Nos. 1625.216 and 1625.217. 

After windrowing of topsoil to the lower edge of the cleaned area, the 

contractor shall set out the ditch alignment and the locations of the flow 

control structures in conjunction with the Engineer to allow adjustment 

relative to existing topography and existing stream course locations. The 

Area B runoff collection ditch shall be located sufficiently distant from the 

existing road to allow construction of the ditch without closure of the road, 

and to avoid interference of the ditch cuts and fills with the existing road 

section. 

The ditch shall be constructed entirely in cut, as shown on the Drawings and 

the excavated material shall be placed to form a maintenance access road 

along the ditch. All cut slopes shall be dressed and trimmed to stable, neat 

lines and grades. All fill slopes shall be dressed, trackwalked for 

compaction and covered with topsoil as specified in Clause 5. 3. 

The culverts, slide gates and concrete headwalls which comprise the flow 

control structures shall be supplied, constructed and installed in accordance 

with the General Technical Requirements. 

Riprap shall be placed at culvert exits and at other locations designated by 

the Engineer for erosion protection. Riprap shall be mine waste rock from 

the Owners stockpile in the open pit area, selected during loading and 
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placement to avoid pockets of fines and boulders of average dimension 

greater than 500 mm. The rip-rap shall be predominantly 75 mm to 300 

mm in size, averaging 150 mm in size. 

5. 6 Tailini~s and Reclaim Access Roads 

The tailings access road and pipe containment channel shall be constructed 

in the locations and to the lines, grades and dimensions shown on the 

Drawings or instructed by the Manager. 

After windrowing of topsoil to the lower edge of the cleared, stripped and 

grubbed area, the Contractor shall set out the road by survey. The final 

location of the Bootjack Creek crossing will require the approval of the 

Manager. The Contractor shall not carry out any instream work at Bootjack 

Creek without the specific written approval of the Manager. The schedule 

key dates set forth in Clause 1. 8 shall be used to plan this work. 

The tailings access road shall be constructed by placement of material from 

required cuts in 0.5 m lifts compacted with 4 passes of the heavy vibratory 

roller. Fill slopes shall be staked and constructed at 2H: 1 V and shall be 

trackwalked for compaction upon completion to grade, followed by 

respreading of the windrowed topsoil onto the fill slopes. Cut slopes shall 

be dressed to remove loose and overhanging material. 

The tailings and reclaim pipelines shall be supplied and installed as specified 

in Section 6.0 of this Technical Specification. 

The Contractor shall supply and install drainage culverts in the locations 

shown on the Drawings or directed by the Engineer. The pipe arch culvert 

shall be supplied and installed in Bootjack Creek. Temporary diversion of 

the creek will be required to place and compact a sound, level bedding pad 

for the pipe arch culvert. Special care shall be used in compacting material 

into the haunches of the pipe arch culvert. An air actuated "pogo" 

compactor is the preferred method of compaction into the culvert 
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corrugations. Manual compaction using shovel handles will be acceptable 

as directed by the Engineer. 

The tailings access road earthworks are described and specified starting at 

the millsite and proceeding to the tailings area as follows: 

5.6.a Millsite to Bootjack Creek 

The Contractor shall excavate the pipeline trench as shown on the 

Drawings. In locations where the bottom of the pipeline trench is 

not in glacial till as determined by the Engineer, the Contractor shall 

subcut the trench and place glacial till to provide the required 0.3 m 

of select fine grained till as specified on the Drawings. The base of 

the completed pipeline trench shall be compacted with 2 passes of 

the heavy vibratory roller and shall be free of sharp projecting 

rocks, soft or pervious areas, and shall grade continuously without 

sharp changes in grade or isolated low spots. The Contractor shall 

protect and maintain the pipeline trench until the pipelines are 

installed and backfilled. Pipe backfill shall be select fine grained 

glacial till obtained from required road cuts, spread in 150 mm lifts 

and compacted with the hand guided vibratory compactor. 

Riprap shall be placed and compacted with the bucket of an 

excavator to form interlocking erosion protection, well bedded in the 

pipe backfill. Riprap shall be obtained from the Owners waste rock 

stockpile in the open pit area. 

The Contractor shall carefully consider his options for surface 

runoff control to prevent erosion damage to work in progress. 

The tailings access road shall be completed with safety berms and 

road wearing course as shown on the Drawings. 
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5.6.b Bootjack Creek Crossin~ 

The elevation of final road grade at the Bootjack Creek crossing will 

be determined based on the requirement for continuous free drainage 

grade on the pipelines. A 4 m wide bench for the pipe sleeves will 

be required at final road grade in addition to the 8 m wide roadway. 

5. 7 Tailings Area Diversion Ditch 

The tailings area diversion ditch shall be excavated along the west side of 

the tailings area, graded to discharge into flow control structure #3 at the 

SW comer of the tailings area. 

The ditch, for the most part, will follow an existing logging road and will 

be constructed in local cut to fill. 

Cut slopes shall be trimmed to neat and stable lines and fill slopes shall be 

trackwalked and the available stripped and windrowed topsoil spread as 

specified in Clause 5.3. Riprap will not be required in this ditch. 
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SECTION 7 - INSTRUMENTATION AND MONITORING FACILITIES 

7 .1 Scope of Work 

The Work to be carried out under this Section shall include, but not 

necessarily be limited to, the following: 

7 .1.a Grouting and decommissioning of existing boreholes and standpipes. 

7 .1. b Supplying and installing piezometers in the basin groundwater and 

embankment foundation drains, embankment foundation, fill zones 

and in the tailings upstream of the embankment. The piezometers will 

be located on two vertical planes, identified as planes A and B, as 

shown on the Drawings. 

7. l .c Constructing a monitoring hut, supplying and installing a piezometer 

terminal station in the hut and connecting instrumentation to the 

terminal station. 

7. l .d Supplying and installing a Parshall flume. 

7. l .e Supplying and installing survey monuments. 

7. 1. f Drilling and geotechnical sampling for Main Embankment foundation 

piezometers. 

7. 2 Grout Existing Boreholes 

The Contractor shall grout selected existing boreholes and standpipes shown 

on the Drawings prior to commencing work which might lead to crushing or 

burial of the collars of such existing boreholes and standpipes. The grout 

shall be an expanding cement grout as approved by the Engineer. Any 

drillholes which are lost due to construction disturbance prior to grouting shall 

be relocated by survey, dug out and grouted or backfilled at the Contractors 

expense. 
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7.3 PiezOJDeters 

7. 3 .1 Materials and Supplies 

A total of eighteen (18) piezometers shall be installed during Stage la and lb 

construction, as shown on Drawing No. 1625.220. The piezometers shall be 

RST Model VW-2100, or approved equivalent, electric vibrating wire type 

rated for 25 and 100 psi as shown on the Drawings. The piezometers shall be 

connected to a 24 channel Terminal Station located in a monitoring hut via 

RST Model VW-2323 standard heavy duty, PVC jacketed direct burial cable 

(non-vented). An RST Model VW-2102 manual readout box, or approved 

equivalent, shall be provided to facilitate the reading of the piezometric data 

directly from the terminal station. 

A barometer shall be installed in the monitoring hut as the reading is 

necessary for barometric compensation. A summary of required materials and 

supplies and a schedule of the required piezometers and lead lengths for 

Planes A and B during Stage Ia and lb construction are presented on Dwg. 

No. 1625.221. 

7. 3 . 2 Installation Proce<lures 

Piezometers shall be installed in the basin groundwater drains, embankment 

foundation drains, embankment foundation, fill zones and in the tailings 

upstream of the embankment as shown on Drawing No. 1625.220 under the 

direct supervision of the Engineer. Installation details are shown on Drawing 

No. 1625.221. The location of each piezometer shall be accurately surveyed 

by the Contractor immediately upon installation. 

Basin groundwater and embankment foundation drain piezometers shall be 

placed in the granular backfill adjacent to the perforated CPE pipework. The 

leads shall be extended through the embankment foundation in the conveyance 

pipework trenches and then to the terminal station at the monitoring hut in 
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trenches along the route shown on the Drawings. They shall be carefully 

placed in a shallow trench which shall be bedded and backfilled with a fine 

uniform sand as shown on the Drawings. 

Foundation piezometers shall be installed in boreholes drilled after the 

installation of the basin groundwater and embankment foundation drains 

piezometers. The boreholes shall be a minimum of 50 millimetres in diameter. 

Following installation of the foundation piezometers, each borehole shall be 

backfilled with uniformly graded sand, bentonite and native till free of 

+25mm diameter particles. The leads shall be carefully placed in a shallow 

trench which shall be bedded and backfilled with a fine uniform sand and 

extended to the terminal station at the monitoring hut as shown on the 

Drawings. 

Embankment fill piezometers shall be placed in shallow trenches excavated in 

the compacted till fill and backfilled with native till. The till in the trenches 

shall be compacted by hand using a jumping jack or other approved 

compactor. Embankment piezometers located in the toe drain shall be placed 

in shallow trenches excavated in the compacted filter sand and compacted by 

hand, as above. The leads shall be carefully placed in a shallow trench which 

shall be bedded and backfilled with a fine uniform sand and extended to the 

terminal station at the monitoring hut as shown on the Drawings. 

Tailings piezometers shall he installed in vertical 50 mm diameter perforated 

steel pipes set in concrete base blocks. The tailings piezometer leads shall be 

extended through the Zone S fill in narrow hand-dug trenches as shown on the 

Drawings and backfilled with select fine grained till and compacted as 

directed by the Engineer. 

Each lead shall have the piezometer number securely affixed to it at intervals 

not exceeding 10 metres along the lead. Splice connections shall be made with 

field splice kits supplied by the cable/piezometer supplier. 

Extreme care shall be taken to protect and maintain all piezometer leads. 

Prior to burial all piezometer lead trenches shall be adequately staked and 
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flagged. All repairs and splices required as a result of damage attributable to 

the Contractor's operations shall be to the account of the Contractor, up to 

and including complete replacement of the piezometers. 

7. 4 Tenninal Station and Readout Box 

The terminal station shall be supplied and installed and the readout box shall 

be supplied as shown on the Drawings. Extreme care shall be taken to protect 

these facilities both during and after construction. Any repairs required as a 

result of damage attributable to the Contractor's operations shall be to the 

account of the Contractor, up to and including complete replacement of the 

facilities. 

7. 5 Monitoring Hut 

A monitoring hut shall be supplied and erected adjacent to the drain 

monitoring sump at the seepage collection pond downstream of the Main 

Embankment to house the piezometer terminal station. The monitoring hut 

structure shall be Lumberland garden shed model #SWG 108C, code 

#SKU584060 (8 ft x 10 ft) or approved equivalent, as shown on the 

Drawings, and shall be positioned and erected to the satisfaction of the 

Engineer. Electric power for the monitoring hut will be provided by Others. 

7. 6 Flow Monitoring 

The Contractor shall supply and install a Parshall flume for flow 

measurement in the location shown on the Drawings and shall provide such 

survey control as the Engineer may require from time to time. The Parshall 

flume shall be a "2 ft" model as supplied by , or approved 

equivalent. 
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7. 7 Survey Monuments 

The survey monuments shall comprise a steel rod grouted into a drilled or 

excavated hole and protected with a surface casing and cover, all as shown on 

the Drawings. Locations will be selected to provide long term settlement 

record points and control points for setting out of future work. 

7-5 DRAFT 1625/3 
March 22, 1996 



INVESTIGATION KP 1-11  179 of 500

,. 
I 

Suite 1400 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

GROUNDWATER MONITORING PROGRAM 

(REF. NO. 1624/2) 

JUNE 3, 1996 

750 West Pender Street 
Vancouver, British Columbia 
Canada V6C 2T8 

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

Telephone (604) 685-0543 

Telefax (604) 685-0147 

CJS: 72360,477 



INVESTIGATION KP 1-11  180 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

GRQUNDWATER MONITORING PROGRAM 

(REF. NQ.1624/2) 

THIS REPORT HAS BEEN PREPARED EXCLUSIVELY FOR IMPERIAL 

METALS CORPORATION. NO THIRD PARTY SHALL BE ENTITLED TO 

RELY ON ANY OF THE INFORMATION, CONCLUSIONS, OPINIONS OR 

ANY OTHER MATTER CONTAINED IN THIS REPORT. " 

@ Association 
of Consulling 
Eng.,eere 
of Canada 

l\ssociallon 
dos lng•lrueurs· 
Consells 
du Canada 



INVESTIGATION KP 1-11  181 of 500

!$!Jjght Piesold Ltd. 
CONSUL TING ENGINEERS 

SECTION 1.0 

SECTION2.0 

SECTION 3.0 

@>-~ of Consullin9 
Engineers 
of Canada 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

GROUNDWATER MONITORING PROGRAM 

<REF. NO. 1624/2) 

TABLE OF CONTENTS 

INTRODUCTION AND SCOPE OF WORK 

1.1 GENERAL DESCRIPTION 

1.2 REFERENCE INFORMATION 

SITE INFORMATION SUMMARY 

2.1 PREVIOUS INVESTIGATIONS 

2.1.1 General 

PAGE 

1 

1 

3 

4 

4 

4 

2.1.2 General Site Geology and Hydrogeology 4 

2.1.3 Open Pits 5 

2.1.4 Waste Dumps and Overburden Stockpiles 6 

2.1.5 Mill Site 7 

2.1.6 Tailings Storage Area 8 

2.2 1989 MONITORING WELL PROGRAM 9 

2.3 1995 MONITORING WELL PROGRAM 10 

GROUNDWATER IMPACTS 12 

12 

12 

13 

14 

15 

15 

15 

16 

3.1 

3.2 

Associalion 
des lng9nieurs-
Conseifs 
du Canada 

MILL SITE AREA 

3.1. l Baseline 

3.1.2 Operational 

3.1.3 Post-Closure 

TAILINGS STORAGE AREA 

3.2.1 Baseline 

3.2.2 Operational 

3.2.3 Post-Closure 

- i - 1624/2 

June 3, 1996 



INVESTIGATION KP 1-11  182 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

SECTION 4.0 

SECTION 5.0 

SECTION 6.0 

Table 3.1 

Table 3.2 

Table 3.3 

Figure 1.1 

Figure 1.2 

Figure 1.3 

Figure 2.1 

Figure 2.2 

Figure 2.3 

Figure 2.4 

Figure 3.1 

Figure 3.2 

Figure 3.3 

Figure 4.1 

ol Consu!ling 
Englnoors @ AS90Ci31.on 

ol Conada 

GROUNDWATER MONITORING PROGRAM 

SUMMARY AND CONCLUSIONS 

REFERENCES 

TABLES 

Estimated Baseline Groundwater Flows and Dilution Ratios 

Open Pits, Waste Dumps, Overburden Stockpile, Mill Site 

Projected Groundwater Production From 1995 Wells 

Estimated Baseline Groundwater Flows and Dilution Ratios 

Tailings Storage Area 

FIGURES 

Project Location Map 

Groundwater Arrangement and Catchment Basins Map 

Mine Site Drainage Plan 

Geological Plan of Open Pit Area 

Baseline Groundwater Contour Plan at Millsite 

Baseline Groundwater Contour Plan at Tailings Storage Area 

Groundwater Monitoring Wells Plan 

Baseline Mine Site Hydrogeology 

Operational Mine Site Hydrogeology 

Post-Closure Mine Site Hydrogeology 

Groundwater Monitoring Schedule 

17 

22 

23 

A ssociation 
des lngenieurR· 
Cons ells 

- ii - 162412 

June 3, 1996 

du Canado 



INVESTIGATION KP 1-11  183 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

Appendix A 

APPENDICES 

Manual on Sampling and Hand I ing Guidelines for 

Determination of Groundwater Quality 

1989 and 1995 Monitoring Well Installations Logs 

Borehole Logs 

Appendix B 

Appendix C 

Appendix D Baseline Groundwater Quality Data to the End of 1995 

@ Association 
of Coosulhng 
Engineer& 
of Canada 

Auo<:<allon 
dos lng6nlours· 
Consoila 
du Canada 

- iii - 1624/2 

June 3, 1996 



INVESTIGATION KP 1-11  184 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECI 

GROUNDWAIER MONIIORlNG PROGRAM 

(REF. NO. 1624/2) 

SECTION 1.0 - INTRODUCIION AND SCOPE OF WORK 

1.1 GENERAL DESCRIPTION 

The Mt. Polley Project is located approximately 56 kilometres northeast of 

Williams Lake, British Columbia (Figure 1.1). The project will include open pit 

mining of copper and gold bearing ore, storage of waste rock in dumps adjacent to 

the open pits, processing of the ore to produce mine concentrate and transport of 

tailings slurry via a gravity feed pipeline to the tailings storage facility. No 

discharge of process solutions is required or anticipated at any time. 

Development of the Mt. Polley Project will comprise three interconnected open 

pits, waste dumps, overburden stockpiles and a mill site all located on the Mt. 

Polley ridge. The tailings storage area will be located in a relatively flat area south 

of the Mt. Polley ridge. The overall site plan is shown on Figure 1.2 and the 

proposed drainage plan of the mine site is shown on Figure 1.3. 

The British Columbia Ministry of Environment, Lands and Parks (MELP), 

Environmental Protection Branch has requested that a Groundwater Monitoring 

Program be designed and implemented for the Mt. Polley Project. The 

Groundwater Monitoring Program will be used prior to the commencement of the 

site preparation construction program, during operations and after closure. This 

document has been prepared in response to the MELP request. Information 

provided in this report includes selection of the monitoring well locations, well 

construction procedures, monitoring protocols, and a summary of results to date. 

The specific goals of this report are as follows : 
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• To determine the direction and volume of groundwater flow from the mine 

site and other disturbed areas to receiving waters. 

• To identify the locations of all surficial and deep groundwater aquifers 

underlying the mine site and their points of discharge to surface waters. 

• To establish background groundwater quality in aquifers prior to mine 

development. 

• To calculate seepage and groundwater contaminant dilution ratios in surface 

receiving waters in order to ensure no exceedances of the British Columbia 

environmental water quality criteria. 

• To locate seepage collection ponds and recovery wells to ensure optimal 

recycling of seepage from the tailings pond during operations and to provide 

background data to evaluate the efficiency and integrity of the seepage 

recovery systems. 

Other requirements of the Ground Water Monitoring Program, as requested by 

MELP, include: 

• Groundwater Monitoring Program to be developed and evaluated by a 

qualified hydrogeologist. 

• " ... establish monitoring wells downgradient from the pit, waste rock piles, 

and tailings pond dams, and to sample aquifers in both surficial deposits and 

bedrock below. Establishment of control wells in appropriate locations will 

be required where feasible , as part of the hydrogeological study mentioned 

above. " 

• "General field and lab QA/QC requirements for blanks, determination of 

accuracy and precision and data acceptability are similar to that outlined for 

collection of surface water quality data. Additionally, the proponent is 
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asked to submit a groundwater monitoring protocol incorporating procedural 

QA/QC concerns specific to groundwater quality monitoring for approval 

by Environmental Protection, Williams Lake prior to implementation." 

• "Dedicated samplers for each well are required. When measuring dissolved 

metals in groundwater it is desirable to use an "in-line" filter to prevent 

precipitation of dissolved metals, upon exposure to air. Well casings must 

be constructed of materials that will not leach metals and artificially 

contaminate the groundwater samples collected for metals analysis ." 

1.2 REFERENCE INFORMATION 

The Mt. Polley Project groundwater regime has previously been studied by Knight 

Piesold Ltd., who have prepared a number of reports which contain information 

relevant to the Groundwater Monitoring Program. These documents include an 

evaluation of the groundwater regime as described in "Report on Geotechnical 

Investigations and Design of Open Pit, Waste Dumps and Tailings Storage Facility, 

February 19, 1990" and in "Mount Polley Project, Stage I Environmental and 

Socio-Economic Impact Assessment, January 1991". Additional information about 

surface water hydrology is also presented in "Report on Project Water Management 

(Ref. No. 1624/1), February 6, 1995" and "Tailings Storage Facility Design 

Report (Ref. No. 1625/1) May 26, 1995.". In addition, a groundwater sampling 

protocol is provided in "Manual on Sampling and Handling Guidelines for 

Determination of Groundwater Quality, (Ref. No. 1625/5)" which has been updated 

and is included in its entirety in Appendix A. 
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SECTION 2.0 - SITE INFORMATION SUMMARY 

2.1 PREVIOUS INVESTIGATIONS 

2.1.1 General 

Hydrogeological investigations at the Mt. Polley site were initiated in 1989 

by Knight Piesold and Imperial Metals as part of the geotechnical evaluation 

of the open pits, waste dumps and tailings storage facility. Hydrogeologic 

investigations were conducted by advancing drill holes through overburden 

soils into the underlying bedrock. Bedrock permeabilities were evaluated 

using in-situ pump-in packer tests at the open pit site and the tailings storage 

area. Overburden permeabilities in the tailings storage area were evaluated 

using a combination of in-situ pump-in packer tests and falling head tests 

conducted in standpipes. Laboratory hydraulic conductivity testing was also 

conducted on representative samples of the overburden materials. 

2 .1. 2 General Site Geology and Hydrogeolo~y 

The Mt. Polley project is located in an alkali intrusive complex in the 

Quesnel Trough, a 35 kilometre wide northwest trending regional volcanic -

sedimentary belt. Rock units are segmented in blocks by several faults, 

including an inferred northwesterly trending normal fault which extends 

along Polley Lake. Geological structures of the region are predominately 

northwest trending, dipping steeply to the northeast as shown on Figure 2.1. 

Topography is generally subdued and the area bas been glaciated. Surficial 

deposits of well graded dense glacial till are common throughout the area 

and are typically present in greater thickness in topographic lows. Bedrock 

exposures are common at higher elevations. 

The Mt. Polley ridge extends over parts of four watersheds. The two main 

watersheds are the Polley Lake watershed to the east and the Bootjack Lake 
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watershed to the west. The north side of the ridge drains into the 6K Creek 

watershed and the south side of the ridge drains into the Bootjack Creek 

watershed. The west and a portion of the north and central pits, several 

overburden stockpiles and part of the mill site will be located in the 

Bootjack Lake watershed. The remaining portion of the north and central 

pits, most of the north and southeast waste dumps, some overburden 

stockpiles and the remaining portion of the mill site will be located in the 

Polley Lake watershed. In addition to the two main watersheds there will 

be a small portion of the north waste dump located in the 6K Creek 

watershed and a small portion of the southeast waste dump located in the 

Bootjack Creek watershed (Figure 1.2). 

The tailings storage area will be located in the Northeast Edney Creek 

Tributary. Due to construction of the embankment along the ridge tops and 

subsequent filling of the tailings facility, there is the potential for seepage 

into the two adjacent watersheds, Hazeltine Creek and Southwest Edney 

Creek Tributary. 

Previous investigations have shown that the groundwater aquifers at the Mt. 

Polley Project site consist of unconfined fracrured bedrock zones at the open 

pit, waste dump and mill site areas and a confined glaciofluvial/alluvial 

deposit at the tailings storage area. Static groundwater tables were 

determined to be relatively near surface for both areas, as shown on Figures 

2.2 and 2.3. 

2 .1. 3 Open Pits 

The open pits are siruated in an area of irregular topography with moderate 

to steep relief. Surface water ponding and stream flows in the pit area are 

ephemeral. Overburden, where present, in the open pit area consists of a 

thin veneer of colluvium, glacial till and forest litter. Bedrock consists of 

intrusion breccia, syenodiorite and monzonite with lesser occurrences of 
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dyke rock. Several fault and fracture zones have been identified with 

occasional clayey or sandy fault gouge zones. 

Geological structures trend in a north-south direction, parallel to the 

orientation of the Mt. Polley ridge. Several east-west oriented fault zones 

have been identified in the open pit areas, as shown on Figure 2.1. The 

rock quality is variable, with highly fractured zones up to 100 metres long 

encountered in several exploration and condemnation drill holes. Zones of 

very weak and highly altered rock up to 100 metres in thickness were also 

encountered. These ·zones are usually associated with geological contacts 

between rock units and faulting. The dominant joint set has a strike of 167 

degrees and dips 74 degrees to the northeast. A weaker orthogonal joint set 

strikes 030 degrees and dips at 18 degrees to the northwest. Discontinuities 

are generally rough and often healed with calcite and chlorite. 

The hydrogeology of the open pits was previously evaluated, with a 

summary provided in the Imperial Metals Corporation January 1991 

document "Stage I Environmental and Socio-Economic Impact Assessment, 

Responses to Comments by the Agencies". The groundwater table was 

found to be near surface, running parallel to the surface topography. 

Groundwater flows originate from the Mt. Polley ridge and flow toward 

Polley and Bootjack Lakes, as shown on Figure 2.2. Piezometric 

measurements indicate that groundwater within the ridge is under 

hydrostatic conditions. In-situ hydraulic conductivity measurements 

obtained for the bedrock strata were generally low, less than 1 x 10-5 cm/s. 

In the fractured bedrock zones hydraulic conductivities were measured at 1 

x 10-4 cm/s to 1 x 10·3 emfs. 

2.1.4 Waste Dumps and Overburden Stockpiles 

Current mine plans include the development of two waste dumps and 

several overburden stockpiles, as shown on Figure 1.3. The Southeast 

waste dump provides storage for all waste rock generated from the Central 
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and West Pits. It will be activated at the start of mine development. The 

North Waste Dump may be developed later in the mine life in order to 

provide additional storage for waste rock generated from the North Pit. 

Existing surface water ponding and stream flows in the waste dump and 

overburden stockpile areas are ephemeral. Overburden, where present, in 

the waste dump areas consists of a thin veneer of colluvium, glacial till and 

forest litter. Predominant bedrock types consist of monzonite porphyry, 

syenodiorite and various volcanic units including lapilli tuff and breccias. 

Geological structures are projected to be conformable with the open pit 

area. 

The groundwater table is expected to be near surface, running parallel to the 

surface topography, with groundwater flows originating from the centre of 

the Mt. Polley ridge towards Polley and Bootjack Lakes, as for the open pit 

areas. Bedrock permeabilities are also expected to be similar to the open pit 

areas, generally less than 1 x 10·5 cm/s. 

2.1.5 Mill Site 

The mill site is located on a relatively flat and undulatory section of the 

topographic ridge between Polley and Bootjack Lakes. Surface water 

ponding and stream flows are ephemeral. Overburden at the mill site is 

generally similar to the open pit and waste dump areas. A swampy area 

with a thick organic horizon recharged by surface runoff and shallow 

groundwater flows has been excavated from the southern half of the mill site 

area. Bedrock types and geological features are also similar to the open pit 

and waste dump areas. 

The hydrogeology of the mill site area was previously evaluated and a 

summary has been presented in the Imperial Metals Corporation document, 

"Stage I Environmental and Socio-Economic Impact Assessment, Responses 

to Comments by the Agencies, January, 1991 ". The groundwater table was 
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reported to be parallel to the surface topography, with groundwater flows 

migrating from the Mt. Polley ridge towards Polley and Bootjack Lakes, as 

shown ·on Figure 2.2. Piezometric measurements indicated that 

groundwater within the ridge was under hydrostatic pressure conditions. 

ln-situ hydraulic conductivity testing has not been conducted at the mill site. 

However, bedrock hydraulic conductivity is likely to be similar to that 

measured in the adjacent open pit area, typically less than 1 x 10-s cm/s. 

Fractured high hydraulic conductivity bedrock zones identified in the open 

pit area are also likely to be present at the mill site. 

2.1.6 Tailim~s Stora~e Area 

The tailings storage area is located south of the Mt. Polley ridge, in a 

relatively flat topographic area located within the Northeast Edney Creek 

watershed. A small pond and two swampy areas exist within the tailings 

storage area. Surface discharges from these areas are ephemeral and are 

considered to be the result of groundwater discharges. 

Subsurface stratum at the site consists of a 5 to 30 metre thick veneer of 

dense grey glacial till that is underlain by a glaciofluvial/alluvial deposic at 

the bottom of the catchment. The glacial till is locally overlain by wet 

organic rich deposits in localized topographic lows. Bedrock consiscs of a 

volcanic conglomerate which is heavily fractured and weathered. This unit 

becomes harder and more competent with depth and is underlain by a 

competent basalt. Some sedimentary sequences were identified in the 

conglomerates along the east ridge of the tailings basin. 

The hydrogeology of the tailings storage area has been previously evaluated 

and it was determined that the tailings area groundwater table is sub-parallel 
ec.~t. - $v-.·~<...e . .<>.~ b- I 'ti 

to the surface topography, with groundwater flows directed _.!1Ql1heasr 

towards Northeast Edney Creek Tributary, as shown on Figure 2.3. 

Groundwater flows occurred predominantly in the sandy 
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glaciofluvial/alluvial deposit and at the bedrock contact. A slight upward 

gradient was encountered in the lower topographic areas. 

In-situ hydraulic conductivity measurements have been obtained for both the 

overburden and bedrock strata. Bedrock hydraulic conductivities were 

found to range from 9 x 10-s cm/s to 5 x 104 cm/s, with a geometric mean 

of 4 x 10-6 crn/s. The lower values were measured in competent bedrock, 

while the higher values were associated with highly fractured rock. In 

addition, hydraulic conductivities generally decreased with depth as 

weathering and fracturing diminish. Falling head hydraulic conductivities 

ranging from 1 x 10-6 to 2 x 10-5 cm/s were measured. A mean in-situ 

hydraulic conductivity of 9 x 10-6 cm/s was obtained for che grey surficial 

till. Samples of this material were also tested with an air entry 

permeameter, which produced a hydraulic conductivity of 2 x 10-8 cm/s. 

2.2 1989 MONITORING WELL PROGRAM 

A total of nine (9) groundwater monitoring wells were installed in selected NQ 

diamond drillholes during the 1989 investigations by Knight Piesold, as shown on 

Figure 2.4. Three of the wells (MP-89-107, MP-89-146 and MP-89-151) were 

installed in che open pit area and che remaining six wells (MP-89-231, MP-89-232, 

MP-89-233, MP-89-234, MP-89-235 and MP-89-236) were installed at the tailings 

area. The 1989 monitoring wells were not constructed in complete accordance to 

current industry procedures. The wells consisted of 40 mm PVC well pipe with 

screened sections constructed with a hacksaw that extend from approximately 3 

metres below ground surface to the end of the well string. In the tailings storage 

area, the monitoring wells range in depth from 15 to 40 metres. Bentonite seals 

were installed below the well string and at the ground surface. Natural sand 

backfill was placed around the screened interval (Appendix B). The three open pit 

wells were extended the full length of the exploration drill holes, approximately 150 

metres, and seals were not installed below the well string for these installations. 

The surface seals consist of a 1 metre concrete plug overlain by two metres of 

bentonite that was installed just below the bedrock surface. 
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One set of groundwater quality samples was collected in 1989 from all nine@ 

installed wells. In the spring of 1990, a second sample set was obtained from the 
....., 0.. ~ k,. ""'-: -. ...... "'""" 

three open pit wells. Sampling of the installations stop-teG in 1990 and resumed 

again in January, 1995. Deep snow cover and urunarked monitoring well locations 

limited the water quality sampling to only two wells (MP89-234, MP89-236) and 

water levels were limited to three locations (MP89-232, MP89-234, MP89-236). 

Wells MP89-234 and MP89-236 exhibited artesian conditions and had a static 

groundwater table of approximately 15 cm above the existing ground surface. The 

third well MP89-232 was found to have a water table located at the surface. 

2. 3 1995 MONITORING WELL PROGRAM 

In August, 1995 seven additional groundwater wells (R-95-1 to R-95-7) were 

installed in the vicinity of the open pits and mill site (Figure 2.4). The wells were 

constructed with 110 mm PVC well pipe in 150 mm holes advanced with air rotary 

drilling methods. Well casings were installed over the full length of the holes, 

which ranged from 80 to 170 metres. Screened zones were installed at various 

levels, where high recharge was encountered during drilling (Appendix B). The 

well casings were sealed in accordance with standard BC water well practices. 

During the Knight Piesold site inspection in September, 1995, water quality 

samples were collected from all 1995 wells (R-95-1 to R-95-7). The sampling was 

conducted in part to supply additional backgroqnd groundwater data and in part to 
wlA' "'" determine the sampling requirements that (will be required for the Mt. Polley 

Project Groundwater Monitoring Program. 1-

During the 1995 site visit, no existing users of either groundwater resource were 

identified with the exception of the anticipated future use of the fractured bedrock 

aquifers by the mine for make-up and potable water supply. 

Drilling records produced by the well drillers for the open pit area (Appendix C) 

indicate fractured bedrock zones were encountered at various depths and that these 
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zones were the primary sources of groundwater in each well. Groundwater levels 

measured in wells 95-R-1 and 95-R-7 in September, 1995, indicate the groundwater 

table is relatively shallow, occurring at depths of 12 to 19 metres. These depths are 

within several metres of the projected 1991 groundwater contour plan provided on 

Figure 2.3. The drilling information from the 1995 investigation has therefore 

reaffirmed the earlier work done in the report, "Mount Polley Project, Stage I 

Environmental and Socio-Economic Impact Assessment, January 1991". 

@ AssociaGon 
of C-Onsultng 
Engineers 
or Canada 

AasoCIOl.On 
des lngonlours 
C-Onse1ls 
du Canada 

- 11 - 1624/2 

June 3, 1996 



INVESTIGATION KP 1-11  195 of 500

!S!Jjght Piesold Ltd. 
CONSUL TING ENGINEERS 

SECTION 3.0 - GROUNDWATER IMPACTS 

3.1 MILL SITE AREA 

3. 1.1 Baseline 

Mining hydrogeology is a complex process and is difficult to model since it 

has to deal with natural systems after they have been disturbed by mining 

processes. As a result, there will always be large uncertainties when 

reporting the results for mine hydrology studies. In general, the average 

volume of deep percolation to the groundwater table is a portion of the 

average annual precipitation (Brown, 1988). Recorded precipitation data 

for the site is limited and precipitation records for climatologically similar 

stations in the Mt. Polley area have therefore been used to estimate a mean 

annual site precipitation of 755 mm and a mean annual evaporation of 423 

mm. Using these numbers it has been suggested by Brown that for medium 

precipitation (0.5-1.5 m/y) and low evaporation (0-0.5 m/y), a 25 percent 

portion be used to estimate the annual recharge contribution to the 

groundwater system. 

As a result, 25 percent of the annual precipitation has been used to calculate 

baseline groundwater recharge rates at the proposed open pits , waste 

dumps, overburden stockpiles, and the mill site as shown on Table 3.1. 

Using this value, existing groundwater recharge at the proposed open pit 

area range from 0.0007 to 0.0034 m3/s with dilution ratios ranging from 22 

to 273. Typical recharge rates at the proposed waste dump areas range 

from 0.0002 to 0.0075 m3/s with dilution ratios of 27 to 296. Typical 

recharge rates at the proposed mill site area range from 0 .0005 to 0.0007 

m3/s with dilution ratios of 106 to 392. Finally typical recharge rates at the 

proposed overburden stockpile areas range from 0 .0004 to 0.0009 m3/s with 

dilution ratios ranging from 211 to 231. 
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As shown on Figure 3.1, the groundwater table on the Mt Polley ridge is 

shallow and runs parallel to surface topography. 

groundwater divide is centred near the Mt Polley summit. 

The watershed/ 

To date, baseline groundwater quality for wells 95-R-1 to 95-R-7 meet the 

1994 BC Environmental Potable Water Criteria with the exception of iron in 

95-R-5, 95-R-6 and 95-R-7 and manganese in 95-R-5, and 95-R-7 (shown 

in Appendix D). Baseline groundwater quality generally exceeds the 1994 

British Columbia Environmental Aquatic Life Criteria for several total 

metals (aluminium, cadmium, chromium, copper, iron, lead, selenium, 

silver and zinc). 

3.1.2 Operational 

As shown on Figure 3 .2, the groundwater seepage into the open pits will 

result in the establislunent of a watershed/groundwater divide centred 

around the open pits. Precipitation infiltration and runoff occurring within 

this watershed will be collected as either groundwater seepage or surface 

runoff by the pit sump and added to the mill circuit process system. The 

divide will gradually increase in extent as the pits are developed to deeper 

depths and groundwater seepage gradients into the pits will be maximized. 

Groundwater flows to the various watersheds are expected to be reduced by 

an average flow of 15 l/s. 

In addition, pumping water from the groundwater supply wells will also 

result in a reduction of groundwater flow into the Polley and Bootjack 

Lakes and will cause drawdown of the water table. The flow reduction 

resulting from the pumping has not been quantified, but Table 3.2 indicates 

the potential maximum rates and average annual recharge quantities. These 

maximum pumping rates are not safe yields, however, and pumping at these 

rates may result in depletion of stored water within the fractured unconfined 

aquifers. The net result will be a reduction in the groundwater table around 
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the mine site area. The maximum pumping rates may decrease with time 

until the pumping rate equals the recharge rate of the local system. 

As a result, the overall impact to the Bootjack and Polley Lake watersheds 

due to mine development will be a slight decrease in groundwater flows 

relative to the baseline flows as groundwater will be collected in the open 

pit and in the recently installed groundwater pumping wells. Ongoing 

infiltration of precipitation during mine operations may result in slight 

modifications to groundwater chemistry, particularly for higher nitrogen 

levels due to flushing of blasting residues from the waste dumps. However, 

some of these infiltrating waters will be recovered in the open pit and 

pumping well systems. No adverse groundwater chemistry impacts are 

projected for the open pit development during operations as unaffected 

groundwater will flow into the excavation rather than affected groundwater 

flowing out of the excavation. 

The downstream water quality impacts due to groundwater affected by the 

mine development are projected to be insignificant. Groundwater quality is 

not expected to be significantly degraded, and may actually be improved 

due to open pit dewatering practices. Also, the receiving water bodies will 

provide extensive dilution which is projected to be better than for the 

baseline conditions presented on Table 3.1 which are due to the interception 

and recycling of all the open pit infiltration and a significant proportion of 

the waste dumps infiltration. 

3.1.3 Post-Closure 

' After mine closure, each pit wiU be permitted to flood. It is anticipated that 

the ultimate pit water level will be approximately 1090 metres, based upon 

the lowest pit wall elevation in the west corner of the West Pie and the 

existing shallow groundwater table . During spring runoff conditions and 

wet periods it is possible that surface water may runoff from the pits into 

Bootjack Lake watershed. Based upon average precipitation and 
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groundwater recharge rates, it is estimated that this may commence about 50 

years after closure. The post-closure flow paths to Bootjack and Polley 

Lakes are expected to return back to the baseline flow paths once pit 

flooding is complete (Figure 3.3). As flooding progresses, the groundwater 

divide formed around the pits will be reduced in size. The final 

configuration will be dependent upon localized geological conditions such as 

the hydraulic conductivity, heterogeneity, anisotropy and orientation of the 

fractured zones. 

3. 2 TAILINGS STORAGE AREA 

3.2.1 Baseline 

At the tailings area, the baseline groundwater quality is poor. Aluminium, 

arsenic, cadmium, chromium, copper, iron, lead, mercury, nickel, silver 

and zinc are generally not in compliance with the 1994 British Columbia 

Environmental Aquatic Life Criteria (Appendix D). 

3.2.2 Operational 

The construction of the tailings storage facility will modify the existing 

groundwater flow quantities and direction. The construction of the 

embankment will eventually result in the formation of hydraulic gradients 

and seepage flows into the Hazeltine Creek, Southwest Edney Creek and the 

Northeast Edney Creek watersheds. In addition to this, all surface water in 

the upper reaches of the Northeast Edney Creek watershed will be retained 

in the tailings storage facility instead of recharging the Northeast Edney 

Creek Tributary. 

Groundwater seepage flows at the tailings storage facility have been 

calculated using a conventional Darcy seepage model. To calculate these 

groundwater seepage flows and their corresponding dilution ratios for the 

surrounding three watersheds three assumptions have been made. First, it 
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has been assumed that the seepage through the dam will remain constant 

throughout the year (steady state flow). Secondly, it assumes average 

monthly flow conditions in the surrounding creeks. Finally, it is assumed 

that no loss of solute will occur in the flow system (steady state solute 

transport). The dam seepage has been calculated using the SEEP/W finite 

element modelling program as part of the water balance analysis included in 

"Report on Project Water Management, Ref. No. 1624/ l ". As shown in 

Table 3.3, a conservative estimate of dilution ratios are presented and they 

range from 15 to 244 for the various watersheds. 

3.2.3 Post-Closure 

Groundwater conditions around the tailings storage facility will be 

permanently changed from the baseline conditions due to the new 

topographic high point of the tailings storage facility. Groundwater flow 

from the tailings storage facility will flow into all of the three adjacent 

watersheds. It is anticipated, however, that as tailings consolidation occurs, 
f tJ'-'v"'-

grOUDdWateT quality from the tailings impoundment will imrn eme to levels 
:;, or-1 lt>-./ 'Q 
better-than baseline values. · 

Surface water conditions will also be permanently changed. The surface 

water from the upper reaches of the Northeast Edney Creek watershed will 

be detained in the tailings storage facility and will be released by a spillway, 

installed at closure, into the Southwest Edney Creek Tributary. As a result, 

the flows along the Northeast Edney Creek Tributary will be permanently 

reduced and these surface flows will be redirected into the Southwest Edney 

Creek Tributary. 
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SECTION 4.0 - GROUNDWATER MONITORING PROGRAM 

In response to MELP requests, a site inspection of the Mt. Polley Project was 

conducted by Mr. David Machin September 20 to 22, 1995. Mr. Machin is a 

registered Professional Engineer (Ontario) who specializes in hydrogeology, 

geology and envirorunental engineering. While on site, Mr. Machin reviewed the 

existing groundwater monitoring installations and collected water quality samples 

from all accessible installations. 

The groundwater regime at the Mt. Polley site results from infiltration of 

precipitation lhrough the ground surface into the underlying overburden and 

bedrock strata. Infiltration migrates through the pore spaces in the overburden and 

through joints/fractures in the bedrock and flows downgradient to topographic 

depressions. Infiltration at the site occurs predominately on the Mt. Polley ridge 

(the recharge zone) with discharge of the infiltrated water into Bootjack and Polley 

Lakes, as well as ephemeral stream courses. H.ydrogeological impacts resulting 

from development of the Mt. Polley Project will likely consist of modification of 

the existing groundwater tables and infiltration rates. The potential exists for the 

modification of groundwater quality as either a direct result of mine activities or as 

a result of the modified infiltration rates. 

The groundwater quality monitoring program will include sampling conducted by 

Imperial Metals Corporation on a quarterly basis during 1996 prior to the start of 

mining activities. The samples collected from the existing groundwater wells will 

be used to establish baseline water quality. During operations, quarterly sampling 

is recommended. Sampling will be conducted in mid-fall and mid-spring in order 

to obtain flows during high precipitation or recharge periods and in late summer 

and winter to obtain groundwater flow conditions during low precipitation or 

discharge periods. At closure the groundwater monitoring program will be 

continued on a quarterly basis for a minimum period of two years. At this point, 

the results of the two year monitoring period will be reviewed and the program will 

be modified as required. A proposed sampling schedule is provided on Figure 4.1. 
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Current mine plans entail the development of only the southeast waste dump. The 

two proposed monitoring wells, P6 and P7, will therefore not be constructed 

downgradient of the north waste dump until later in the mine life when the north 

waste dump is to be constructed. The monitoring wells will be constructed in 

accordance with the procedures outlined in the "Groundwater Quality Monitoring 

Manual" and equipped with dedicated inertia lift devices. The proposed location 

for each installation is shown on Figure 2.4. 

A detailed description of the monitoring protocol that will be utilized during 

groundwater satnpling and data collection is provided in Appendix A. The protocol 

provides a consistent methodology that permits the temporal comparison of data and 

helps to minimize the occurrence of erroneous data. Groundwater sampling and 

data collection will be conducted by an individual who has been trained in 

environmental procedures and the sample and preservation procedures will be 

strictly followed. 

During mining operations and for 2 years after closure, groundwater conditions will 

be monitored in the mill site area from the groundwater sump located within the pit 

and from water supply wells 95-R-l, 95-R-4 and 95-R-7. Water well 95-R-3 was 

to be included in the monitoring program, but due to blockage in the completed 

well at a depth of 50 metres it has been omitted from the program. Wells MP89-

107, MP89-146, and MP89-151 are being used for baseline groundwater 

monitoring but they will likely be destroyed during pit stripping operations. No 

replacement wells are proposed at the mill site area because it is believed that the 

1995 water supply wells will provide adequate coverage of the three 1989 wells that 

will be lost in the open pit area. 

During mining operations and for 2 years after closure, two background 

groundwater monitoring wells will exist in the mill site area (95-R~5 and 95-R-6). 

Well 95-R-5 is located on the east side of the Mt. Polley ridge in an area that is not 

downgradient of either the waste dumps or the open pits. Well 95-R-6 is located on 

the southwest corner of Mt. Polley in the projected Polley Lake groundwater 

recharge zone. This portion of the Polley Lake watershed will not be impacted by 
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mining activities, except for the possibility of the shifting of the Polley and 

Bootjack Lake groundwater as a result of groundwater seepage into the open pits 

(Figure 3.2). Should the groundwater divide shift sufficiently that 95-R-6 is 

contained within the Bootjack Lake watershed, it will still remain upgradient of any 

impact zones. These two wells will therefore give additional information to the 

baseline groundwater quality established prior to construction in that they will help 

show the natural fluctuations of the baseline values throughout the operation of the 

mine life. Therefore during mining operations, baseline and background water 

quality data will be compared with values obtained from water wells 95-R-1, 95-R-

4 and 95-R-7. If water quality levels indicate significant deviations from the 

baseline values and background wells 95-R-5 and 95-R-6 have remained constant 

over the time period in question, then further monitoring wells will be installed as 

appropriate to investigate any potential groundwater impacts. 

During mining operations and for 2 years after closure, groundwater conditions will 

also be monitored in the tailings storage area. Monitoring will initially consist of 

the existing 1989 wells and three replacement wells, P1 1996, P2 1996, P3 1996, 

which will be installed in 1996 as shown on Figure 2.4. (It is anticipated that 

MP89-232 and MP89-235 will be lost during the construction and early operations 

of the facility.) Wells MP89-231, MP89-233 and MP89-234 are located 

' immediately outside the perimeter of the facility and every effort will be made to 

preserve them. In addition to all this, well P4 will be installed at a later date when 

the tailings pond elevation will rise high enough to cause potential seepage into the 

Southwest Edney Creek Tributary. 

During mining operations and for 2 years after closure, MP89-236 will be used as a 

background groundwater monitoring well. MP89-236 is located upgradient of the 

. tailings storage facility, as evident by the artesian conditions observed during the 

September, 1995 site visit. This well intercepts groundwater flows from the 

· recharge zone located near the watershed divide positioned to the north. MP89-236 

will be lost during the later stages of the mine life due to the filling of the tailings 

storage facility. When thjs occurs, the well will be replaced with a new 

background well, P5, constructed further upgradient of the tailings storage facility 
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as shown in Figure 2.4. As at the mill site area, the tailings storage area 

background well MP89-236 along witl1 the established baseline values for the area 

will be used to detect any potential groundwater impacts. If water quality levels 

indicate significant deviations from the baseline values and the background well 

MP89-236 has remained constant over the time period in question, then further 

monitoring wells will be installed as appropriate to investigate any potential 

groundwater impacts. 

During the September, 1995 site visit it was discovered that wells MP89-233 and 

MP89-234 had been damaged. The stick-up at MP89-233 was broken off below the 

ground surface with no visual indication of the well location. This site is 

considered to be lost for future data collection. The stick-up of MP89-234 was also 

broken off, apparently during clearing operations along the main embankment 

foundation. The well did however, retain a stick-up of approximately 15 cm, which 

will pennit the repair of the installation for continued monitoring. Well MP89-236 

will also require minor repair work. The stick-up, which is broken off several 

centimetres above the ground surface, must be extended and a steel protective 

casing must be installed. All of the above mentioned monitoring wells will be 

installed in accordance to the procedures provided by MELP and will be equipped 

with dedicated inertia life devices. 

To eliminate the possibility of cross-contamination between monitoring wells and to 

permit the use of in-line filtering systems during the collection of dissolved metal 

samples, all of the remaining 1989 wells will each be supplied with a dedicated 

inertia lift pump system. For each of the 1995 wells and 1996 proposed 

replacement wells, a dedicated submersible pump to preventing cross-contamination 

will be installed. For the submersible pumps, a sampling port will be provided at 

the well head to eliminate possible contamination by a water distribution pipe 

network. 

When taking water samples the screened interval of the well will be significant but 

the method in which the wells were completed (more than one screened interval per 

well) will not be considered adverse since the purpose of the groundwater 
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monitoring is to detect process impacts upon the enviromnent. Due to the 

anticipated local depression of the groundwater table around the open pit, the long 

screen length will become beneficial because the impacted wells will continue to 

provide groundwater data at consistent reference points. If contaminants are 

detected or suspected in a well, it will be possible to determine which permeable 

bedrock aquifer is affected by using very low flow rate sampling, with the sampler 

intake set at the middle of the screened interval in question. This method will 

obtain a sample representative of the screened interval and not a composite sample 

of the entire well casing. 
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SECTION 5.0 - SUMMARY AND CONCWSIONS 

This report presents the current understanding of the Mt. Polley Project site 

hydrogeological conditions and the anticipated impacts that will result from the 

project development. The Groundwater Monitoring Program has been designed on 

this basis and will fulfil the following objectives: 

• Provide data for the establishing baseline groundwater quality levels. 

• Detect groundwater contamination and identify the potential source. 

• Estimate baseline groundwater flows and dilution ratios in receiving surface 

water bodies. 

Existing monitoring facilities are adequate for the establishment of a baseline 

groundwater database and will be used to evaluate potential impacts on the 

groundwater system during mining operations. Additional monitoring installations 

will be required only at the tailings storage facility where three groundwater 

monitoring wells will be constructed in full accordance of the MELP groundwater 

monitoring procedures. If the North waste dump is constrncted at a later date, 

downgradient wells will be installed by Imperial Metals Corporation at that later 

time. 

Imperial Metals Corporation proposes to conduct a groundwater monitoring 

schedule as provided on Figure 4.1. This schedule can be adjusted as deemed 

necessary by both Imperial Metals Corporation and governing agencies. As 

indicated on the groundwater monitoring schedule, the data collected will be 

summarized and evaluated on an annual basis and a report will be submitted to the 

government agencies for review. The annual report will contain recommendations 

for the improvement of the Groundwater Monitoring Program, which will be 

adjusted to suit specific site conditions or to address any concerns that may be 

identified in the future. 
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TABLE3.1 

IMPERIAL METALS CORPORATION 
MT POLLEY PROJECT 

ESTIMATED BASELINE GROUNDWATER FLOWS AND DTLUTTON RATIOS 
OPEN PITS WASTE DUMPS OVERBURDEN STOCKPILES AND MILL SITE 

J:\JOB\DATA\1624\WATERBAL\TABLE.XLS la•t Revision : 

Precipitation (mm/yr) = 755 
Evaporation (mm/yr) = 432 
Infiltration as a 3 of Precipitation = 25 

Watershed Proposed Catchment Watershed Average Average Groundwater 
Mining Component Area Annual Flows Flows 

(ha) (m3/s) (m3/s) 

Polley Lake Watershed North Waste Dump Area 24.5 0.1995 0.00147 
(Hazeltine Creek Weir) Southeast Waste Dump Area 132.5 0 .1995 0.00793 

Overburden Stockpile Areas 14.4 0.1995 0.00086 
Open Pit Areas 12.2 0.1995 0.00073 
Mill Site Area 8.5 0.1995 0.00051 
TOTAL 192.1 0.1995 0.01150 

Bootjack Lake Watershed Southeast Waste Dump Area 4.2 0.0744 0.00025 
(Morehead Creek Weir) Overburden Stockpile Areas 5.9 0.0744 0.00035 

Open Pit Areas 57 0.0744 0.00341 
Mill Site Area 11.7 0.0744 0.00070 
TOTAL 78.8 0.0744 0.00472 

6K Creek Watershed North Waste Dump Area 3.2 0.0493 0.00019 
(6K Creek) 

Notes: 

l) Dilution Ratio =Watershed Average Annual Flow I Average Groundwater Flow; For existing (baseline) conditions. 
2) Average Groundwater Flows = 253 Precipitation* Catchment Area I {31536000 sec/year) 

29-May-96 

Dilution 
Ratio (I) 

(m3 /s) 

136 
25 
231 
273 

392 
17 

296 
2ll 

22 
106 
16 

257 
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TABLE 3.2 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

PROJECTED GROUNDWATER PRODUCTION FROM 1995 WELLS 

J:\JOB\DATA\1624\WATERBAL\TABLE.XLS 

Well Identification No. 
95-R-1 95-R-2 & 95-R-7 95-R-4 

OUTFLOWS Maximum Pump Rate, m3 /hr 10.36 67.37 33.28 

Annual Volume Pumped, m3 90,754 590, 161 291 ,533 

INFLOWS Recharge Area, m2 126000 283000 283000 
Annual Precipitation , mm 755 755 755 

Infiltration coefficient 25 25 25 

Annual Recharge, m3 23,783 53,416 53,416 

NET DIFFERENCE Ct> m3 (66,971) (536,745) (238, 117) 

Note: 
1) Net difference = Annual Volume Pumped - Annual Recharge. 

Last Revision : 17-May-96 

95-R-5 95-R-6 

1.09 1.91 
9,548 16,732 

80000 31500 
755 755 
25 25 

15,100 5,946 

5,552 (10,786) 



IN
V

E
S

TIG
A

TIO
N

 K
P

 1-11  209 of 500

Knight Piesold Ltd. 
CONSUL TING ENGINEERS 

TABLE 3.3 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

ESTIMATED BASELINE GROONPW ATER FLOWS AND DIWTTON RATIOS 
TAILINGS STORAGE AREA 

J:\JOB\OATA\1624\WATERBAL\TABLE.XLS Last Revision : 

Watershed Seepage Flow Through Average Annual 
Dam Structure (1) Weir Flow 

(m3/s) (m3/s) 

Hazeltine Creek 0.00210 0.1995 

Northeast Edney Creek 0 .00218 0.0317 

Southwest Edney Creek (2) 0.00013 0.0317 

Notes: 

17-May-% 

Dilution 
Ratio 

95 

15 

244 

1) Seepage through Dam structures has been obtained from Case 2, Table 7.2 of the Knight Piesold Design 
Report 1625/1. Case 2 assumes the permeability of the foundation glacial till = lxl0-6 cm/sec. 

2) Flows for the Southwest Edney Creek are unavailable. Dilution ratios have been calculated 
assuming similar flows to Northeast Edney Creek Tributary. 
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IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

MANUAL ON 

SAMPLING AND HANDLING GUIDELINES 

FOR DETERMINATION OF 

GROUNDWATER QUALITY 

fREF. NO. 1625/5) 

SECTION 1.0 - INTRODUCTION 

This document presents the groundwater sampling procedures recommended for the 

monitoring wells at the Mt. Polley Project. The plan sets out numerous guidelines, 

but specific procedures, data sheets and management techniques may be refined by 

the staff members responsible for sampling. The objective is to standardize 

procedures and techniques for sample collection, preservation and shipment, 

thereby ensuring that incidental errors are not introduced and allowing for 

continued comparison of results with on-going sampling. 
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SECTION 2.0 - EQIDPMENT 

2.1 LISI 

Equipment required for sampling, preparation and preservation of samples and 

shipment to laboratory is outlined below: 

2.1.1 Sample Collection 

of ConsulUng 
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al Cenodo 

Tarp to lay down around well, used to keep all equipment clean. 

Plastic coated water level probe with incremental depth markings. 

Measuring tape. 

Wash bath of about 2 - 3 I size for decontaminating the water level 

probe. 

Disposable latex gloves. 

Deionized water (2 - 3 I for each well). 

Well log with monitoring well completion diagram. 

Data forms for documenting the sampling details . 

Appropriate sampling bottles (2 - I I, I - 500 ml, 2 - 250 ml for 

each well). 

Commercially purchased bailer for 2 inch monitoring wells, which 

can be disassembled for decontamination, or disposable bailers to be 

dedicated to each well. 

Non-contaminating bailer line (e.g. fishing line, stainless steel or 

teflon-coated stainless steel) of sufficient strength to prevent 

breakage. 

Bailer retrieval system such as fishing reel or down rigger. 

Volumetric measurement devices (e.g. 20 I bucket and l I graduated 

cylinder). 

Indelible marker. 

Wash bottle. 

Large brush for cleaning inside and outside of bailer. 

Clean rags. 
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Paper towels. 

Clipboard or binder for sampling forms. 
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2. 1.2 Sample Preparation and Preservation 

Deionized water. 

Spare sample bottles . 

Wash bottles. 

Paper towels. 

Disposable latex gloves. 

Protective eye glasses. 

Vacuum filtration apparatus. 

0.45 micron filter papers . 

Tweezers. 

Nitric acid (HN03) and pipettes (2 ml required in each of three 

bottles per well). Concentration is 15 normal. 

NaOH pellets (provided by laboratory in total cyanide sample 

bottle). 

2. 1.3 Sample Shipment 

Cooler for shipping samples. 

Tape for sealing sample bottles and cooler. 

Indelible marker and address labels. 

Max-min thermometer. 

2.2 MAINTENANCE AND STORAGE 

Procedures for handling and storage of sampling equipment should be consistent 

with those for analytical laboratories . For example: 

Equipment should be stored in sealed containers in a clean room dedicated 

to sampling. 

Equipment should be repaired or replaced if it is malfunctioning. 
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Equipment should be transported to the sampling site in sealed containers. 

Equipment should be cleaned with deionized water between collecting each 

sample. 
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SECTION 3.0 - SAMPLE COLLECTION 

3.1 STEP J - PREPARE FOR SAMPLING 

Wear a fresh pair of disposable latex gloves throughout the sampling process. 

Prior to taking any measurements or samples, sample bottles and identification 

labels should be prepared. The bailer should be checked for any leaks or 

weaknesses. Equipment such as the water level probe and field parameter metres 

should be tested. Also, all pertinent information must be documented in the upper 

portion of the field sampling record sheet, an example of which is included in 

Appendix A. 

Table 3.1 gives details of the groundwater samples to be collected from each well, 

including the sample size and preservative required. The procedures involved are 

described in Steps 2 and 8 below. 

3 .2 STEP 2 - DETERMINE GROUNDWATER LEVEL AND WELL 

VOLUME 

Immerse tip of the water level probe in water to confirm that it is operating. 

Check that the tape length is correct. 

De-eontaminate the water level probe by rinsing it in a deionized water bath. 

Measure the depth to water from the top of the PVC to within at least 0.01 

m. 

Measure the total depth of the well from the top of the PVC to within at 

least 0.0 I m. 

Calculate the volume of the water column in the well. 

Fill in section on sampling record sheet titled "Groundwater Level and Well 

Volume". 
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3. 3 STEP 3 - PURGE WELL 

The water standing in a well prior to sampling is not representative of in-situ 

groundwater quality and must be removed (the well purged), so that formation 

water can replace the stagnant water. 

The steps for purging the well include: 

Rinse tubes, bailer line and anything else lowered into the well with 

deionized water to prevent cross-contamination. 

Gently bail three well volumes from the well. 

Dispose of the purged water in an environmentally acceptable manner. 

Fill in section on sampling sheet titled "Well Purging". 

3.4 STEP 4 -MEASURE FIELD PARAMETERS 

Near the end of the well purging, the field parameters (temperature, conductivity 

and pH) should be measured because they are subject to change once the 

groundwater is removed from the well. To measure: 

Rinse the metres with deionized water and blot dry with clean paper towels. 

Rinse the field parameter sample container ( l I vol.) and blot dry with clean 

paper towels. 

Calibrate the field parameter metres in the standard solutions (the standard 

solutions should be comparable to the values expected in the field). 

Fill the field sample container immediately after the well has been purged. 

Immediately measure the parameters in order: 

temperature 

conductivity 

pH 

Fill in section on sampling record sheet titled "Field Parameters". 
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3. 5 STEP 5 - COLLECT SAMPLES 

Since purging of the well will assist in "pre-cleaning" the equipment, the same 

equipment should be utilized for sampling. The sampling should be carried out in 

the following order using the correct bottles: 

Field parameters (Bottle No. I) I I 

Total metals (T.M.) (Bottle No. 2) 250 ml 

Total mercury (T.Hg) (Bottle No. 3) 500 ml 

Dissolved metals (D.M.) (Bottle No. 4) 

Total cyanide (T.CN) (Bottle No. 5) I I 

250 ml 

The sampling procedure should comprise the following: 

Take precautions to prevent dirt and dust from contaminating the samples. 

Before filling the sample bottles, rinse out twice using water being collected 

from the well, except for total cyanide bottle (No. 5). In this bottle, add 7 

to I 0 NaOH pellets, if not already added. 

Fill the containers almost full, but in bottles No. 2, 3 and 4 leave room to 

add the HN03 (2 ml) preservative and allow for shaking. 

Cap the sample containers tightly. 

Complete the sample label before moving to the next sampling site. 

Store the samples in a protective container for protection during 

transportation to camp. 

3. 6 STEP 6 - FILTRATION OF SAMPLES 

Upon returning to camp, the dissolved metals fuj(J,.:t'Q..taI;;,rlie~~sample~ must be 

filtered before the preservative is added. Consequently, these samples have the 

greatest potential for becoming contaminated and care must be taken to avoid 

touching the filter or sample. Filtering procedures are as follows: 
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Rinse the inside of the vacuum filter apparatus (base and funnel) with 

deionized water and shake out excess water. 

With the tweezers, place a filter on the base of the filter funnel. Handle the 

filter only on the edges. Screw the top portion of the vacuum filter 

apparatus on carefully so as to avoid wrinkling the filter paper. 

Pour the sample into the top of the fi lter apparatus and secure the lid. 

Attach the bottom section and hand held suction pump, making sure the 

airline is properly secured. 

Using the hand held pump, filter the sample into the bottom of the 

apparatus. (Note: If the sample is silty, this procedure may take some 

time). 

Rinse the original sample bottle with deionized water before returning the 

sample. Return sample and fasten cap on bottle. 

After each sample, rinse filter apparatus with deionized water and be sure to 

replace filter. 

3. 7 STEP 7 - PRESERVE SAMPLES 

Many of the chemical constituents and physicochemical parameters that are to be 

measured or evaluated in groundwater monitoring programs are not chemically 

stable so preservation is required to prevent sample degradation. 

Preservation methods are generally limited to pH control, chemical addition, 

refrigeration and protection from light and are intended to retard biological action 

and hydrolysis and to reduce sorption effects. 

Table 3.1 summarizes the sample preservation methods required for each bottle. 

All bottles should be kept at 4°C. In bottles 2, 3 and 4, add 2 ml of HN03• In 

bottle 5, NaOH pellets were added prior to sampling. 
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Complete the section on the sampling record sheet titled "Sampling, Filtration and 

Preservation" . 
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3 .8 STEP 8 - SHIP SAMPLES TO LABORATORY 

3.8.1 Sample Labels 

The labels should be sufficiently durable to remain legible even when wet 

and should include: 

Sample identification number (Well No. and Bottle No.) 

Name of collector 

Date and time of collection 

Place of collection 

Parameter(s) requested , i.e. Total Metals, Total Mercury, Dissolved 

Metals, Total Cyanide or Field Parameters 

3.8.2 Packing 

Seal and carefully pack the sample bottles in an upright position to 

ensure that they are not disturbed during shipping. 

Pack ice in properly sealed, water-tight plastic bags around the 

sample bottles. 

Pos ition the shipping (max-min) thermometer so that it is not against 

the ice. 

Use newspaper or equivalent as a packing material. Styrofoam chips 

should not be used . 

Seal the shipping container. 

3.8.3 Chain-of-Custody Record 

A chain-of-custody record should be filled out and should accompany every 

shipping container sent to the laboratory. The record should include: 
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Sample number 

Signature of collector 

Date and time of collection 

Sample type 

Identification of well 

Number of sample bottles 

Signature of person(s) involved in the chain of possession 

Inclusive dates of possession 

Internal temperature of shipping container when samples were sealed 

into the shipping container 

Maximum temperature recorded during shipment 

Minimum temperature recorded during shipment; and 

Internal temperature of shipping (refrigerated) container upon 

opening in the laboratory . 

The chain-of-custody record sheet is included in Appendix A. 
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SECTION 4.0 - QUALITY CONTROL AND DATA REVIEW 

4. I INTRODUCTION 

In order to document the condition of the well and verify the accuracy of the 

sampling and handling program, some quality control measures must be taken . 

Quality control includes the following categories: 

Field parameters 

Preliminary data review 

Annual well evaluation 

If quality control locates a source of error, the source should be identified and 

documented . Corrective action , including re-sampling , should then be initiated. 

4 .2 FIELD PARAMETERS 

Quality control for determination of field parameters simply includes calibration of 

all field measurement equipment prior to use and re-calibration in the field before 

measuring each sample. 

4 . 3 PRELIMINARY DATA REVIEW 

On receipt of the laboratory data, the results should be compared with previous data 

from the well and with data from any adjacent wells. Should anomalous data be 

present, the possible reasons should be assessed and resampling initiated to verify 

or discount any anomalies. 
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4.4 ANNUAL WELL EVALUATION 

Annual evaluation of the wells provides documentation of the well condition and, 

therefore, the quality of the data. Complete records of the tests should be filed. 

These include: 

(i) Sedimentation 

The quantity of sediment in each well should be documented by measuring 

the total depth of the monitoring well. Any sediment should be removed 

from the well, described (sand, silt, organic matter, etc.), and documented. 

(ii) Rising Head Test 

An annual rising head test is required to verify the performance of each 

well. Following a similar procedure every year, data should be collected 

from 5 percent recovery to 95 percent recovery. Thirty to forty reading 

should be taken, where possible. The rising head test data collection form 

included in Appendix A should be completed in full. The time data should 

be measured to the second for wells which recover 95 percent in less than 

an hour. The data should be analyzed by qualified personnel and compared 

to earlier results to determine whether or not the well response has changed. 
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K!Jjght Piesold Ltd. TABLE J.1 
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MT. POLLEY PROJECT 

SAMPLE AND PRESERVATION PROCEDURES 
FOR GROUNDWATER MONITORING10 

Parameter Specific Analysis Bottle Type Preservative 
Group 

Field Parame1ers Suspended Solids, Turbid ity, 1 l plastic'2> 4°C 
Conduclivity, pH, Colour, 
Dissolved Solids, Hardness 

Major Ions Bicarbonate, Sulphate, 
Chloride, Fluoride 

Nutrients 0-Phosphate, D- Phosphorus, 
T-Phosphorous, Nitrate, 
Nitrite, Ammonia 

Total Metals Al, Sb, As, Ba, Be, Bi, Bo, 250 ml plastic 2 ml HN03 
Cd, Ca, Cr, Co , Cu, Fe, Pb, 4°C 
Mg, Mn, Mo, Ni, Se, Si, Ag, 
Sr, U, V, Zn 

Total Mercury 500 ml plastic 2 ml HN03 
4°C 

Dissolved Metals Al, Sb, As, Ba, Be, Bi , Bo, 250 ml plastic Field filtration 
Cd, Ca, Cr, Co, Cu, Fe, Pb, (0.45 micron), 
Mg, Mn, Mo, Ni, K, Se, Si , 2 ml HN03 
Ag , Na, Sr, U, V, Zn 4°C 

Total Cyanide I I plastic 7 to 10 NaOH 
pellets, sodium 
arsenite if 
oxidizing agents 
are present, 4°C 

Maximum 
Holding Time 

Conductiv ity and 
pH are field 
determined but 
sample should be 
shipped ASAP to 
minimize pH 
shiftO> 

28 days 

48 hours 

6 months 

6 months 

6 months 

14 days, 24 
hours if sulphide 
is present 

I . References: Test Methods for Evaluation Solid Waste - Physjcal/Chemjcal Methods, U.S. EPA SW-846 (2nd Edition, 
1982). 

2. Plastic 
3. 

Methods for Chemical Analysis of Water and Wastes, U.S. EPA-600/4-79-020. 
Standard Methods for the Examination of Water and Wastewater, 16th Edition (1985). 
Collection and Preservation of Environmental Samples, Analytical Service Laboratories, December, 1986. 
Polyethylene 
Conductivity and pH field measurements are not always required but should be carried out whenever 
equipment is available on site 
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DESCRIPTION OF CONTENTS 

1 1000 ml 

2 250ml 

3 500ml 

4 250ml 

5 1000 ml 

Temperature: Initial 

CHAIN OF CUSTODY 

MT. POLLEY PROJECT 
GROUNDWATER SAMPLING QUALITY CONTROL 

CHAIN OF CUSTODY RECORD 

Max. 

(ONE PER SHIPPING CONTAINER) 

Month and Year of Sampling Round 

Page of ----

Field Parameters (F.P.) 

Total Metals (T.M.) 

Total Mercurv (I'.H~) 

Dissolved Metals <D.M.) 

TotalCyanide (T.CN) 

Min. Final 

J:\JOBIDATAIOOl t\GWATER.3.XLS 
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PROJECT NO.: 

PRE··TESI' WATER LEVELS 

• Day Before: 
- Day Tested: 

PURGING 

• Purging Method 

Date 
Date 

- Time Purging Started (h:m:s) 

- Time Purging Ended (h:m:s) 

- Total Volume Purged 

MT. POLLEY PROJECT 
GROUNDWATER SAMPLING QUALITY CONTROL 

RISING HEAD TEST 

-------

WELL NO.: 

DATE: 
-------------~ 

Page of ---

Depth to Water -----------
Depth to Water ------------
Well Inner Diameter 

PVC Stickup 

Total Depth 

Air Temp. 

Probe Serial No. 

-----------

---------~ ------------
- Comments Tested By 

WELL CONDITION 

RECOVERY DATA: 

1:\1081DATAI00!9\GWATER2.XLS 
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RECORD SHEET 

PROJECT NO.: WELL NO.: 

DATE SAMPLED: 

WEATHER: COMMENTS: 

GROUNDWATER LEVEL AND WELL VOLUME 

Time Depth Comments 
a) DeDth to Water from too of PVC 
b) Depth to bottom of Test Zone from top of PVC 
c) Len_gth of StandinJz Water Column, L (b-a) 

Volume of Standing Water Column ( 0.8 x L x D2) = 

- where D = inner diameter of PVC pipe 

WELL PURGING 
Volume to purge (3 x volume of standing water column) = 
Purging Duration: from to 

Purge Well with Bailer Purge Well with Grundfos Pump 

Bailer Volume Container Volume 
Number of Bails Number of Containers 
Volume Bailed Volume Pumt>ed 

Well Yield ( high, medium, low) ( high = recharge as fast as purging ) 
( low = > 24 hrs to recover from purging ) 

Comments: 

FIELD PARAMETERS 

Time Calibration Standard Groundwater Sample 
Stated Measured 

Temnerature 
DH 
Conductivity 

SAMPL1NG, FILTRATION AND PRESERVATION 
Description 

Time Filtration Preservation Container No. 

l 
(YIN) Method ( Y/N) Type and Volume 

Field Parameters 1 (1000 ml) 
Total Metals (f .M.) 2 (250 ml} 
Total Mercury (f .H_g) 3 (500ml) 
Dissolved Metals <D.M.) 4 (250 ml) 
Total Cyanide (f.CN) 5 (lOOOml) 

SIGNATURE J:l10BIDATA\0019\GWA1ER.l.XU 
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100-110' 70% monzonite porphyry, 30% syenodiorite 
110-130' syenodiorite, light grey, prophyritic 

130-150' dk. green basaltic volcanics 

150-160' 
. 160-170' 
170-190' 

monzonite porphyry, 30% basaltic volcanics 
monzonite porphyry, buff, K-spar rich 
dk. green basaltic volcanics, minor to some j. 

monzonite porphyry . 

190-290' syenodiorite, light grey, prophyritic 

290-330' monzonite porphyry, buff, K-spar rich, 10% 
syenodiorite 

330-350' syenodiorite, light grey, prophyritic, 10% 
monzonite porphyry 

350-360' monzonite porphyry, pink, K-spar rich 

360-460' 50/50 syenodiorite and monzonite porphyry, 
possible intrusive breccia 
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abundant pyrite 

280-310' syenodiorite, green 

310-340' syenodiorite, light brown 

340-350' 50/50 syenodiorite and monzonite porphyry 
350-360' 70% monzonite porphyry, 30% syenodiorite 
360-370' 50/50 syenodiorite and monzonite porphyry 
370-420' syenodiorite, grey-green 
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~ 
0 
..J 
CD 

0 2: 
I.I.I ~ e>O a: 

~~ :J .... ..... z 
(/) w 
- I-Oz ;z; t; 
~o 

~i!i u 

~ ~ 
> 
>< :..... -

i.-,_ --

-----= 

------= 

--------
~ 

----
---,_ -,_ --

C) 
0 
..J 

J: .... u 
0.. J:: w 
0 0.. 

< a::: 
CJ 

b .o" -
0 

- . . -
v 

- /. 
- i .. 

-i-----1 
I 

100 -
x 

2,.CO' 

3001 

"ioo' 

-
-
-
-
-
-
-

-
-

,... 

v. + ,.. 
./-

t-

I 

" 
,r 

-
,,; l 

' 

-
, 

' 
I 

I . 
.... 

I . 
I , . 

{ / 

' 
\ I I 

r I 
' 

v • - . "\ . 
- '\ ,, 

- j. .. ,. 
- -< It 

- + 
" > - "f .. 

.., v 
- '\ 

... 
- / 

... I - . 
/ ... - I 

I ' - ., • - I ' -
\ 

., 
- ,/ - I 

0-20' 

20-90' 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

overburden, glacial till 

monzonite porphyry, reddish maroon 

90-140' monzonite porphyry, reddish maroon, oxidized 

140-160' sycnodiorite, grey-green 

160-190' syenodioritc, grey-green, slightly oxidiz.ed 

190-200' syenodiorite, grey-green 
200-230' syenodiorite, grey-green, slightly oxidized 

230-240' syenodiorite, grey-green 
240-270' mafic tuff 

270-320' monzonite porphyry, grey and pink 

320-330' dk. green basaltic volcanic, minor monzonite porphyry 
330-360' syenodiorite, grey and pink 

360-380' syenodiorite, grey and pink, trace mafic volcanic 

380-400' syenodiorite, grey and pink 

E.O.H . = 400 1 
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KNIGHT ANO PIESOLO LTD . 
CONSULTING ENGINEERS 

PROJECT MT. ~o\I ...... 
-l 

TEST HOLE LOG 
TEST HOLE No 

q'\ . R·5 
SHEET I ot I 

LOCATION OF TEST HOLE-------------

PROJECT No._1_~_2~~----

GROUNO ELEVATION----

DATE BEGUN DATE FINISHED - ----- LOGGED BY _______ _ 

NOTES 

Water loss, type 

and size ot hole, 
drillinq merl'lod , 

qroundwa rer level , 
ere. 

197-210' 3 gpm - . 

w >a:: Q: 
0 l&J 

u~ 
u w 
Q: 

..... 

... 

... 
.... 
.... 

.... 
,_ 

197-210' fractured,_ 
... 
... 

.. 

.. 

... 

.. 

... 

-... 
... 
.. 

I- w $. 8 a:; 
IA.. ;:) I-
...... I- z 

en w en - .... 
3: Oz 
0 ~o 
..J 
ID 

u 

z 

n x 
I-
c... 
w 

~~ 
0 

~ 
} ,. 
)( 

>( ..... --,_ 
r=.. 

I 

~ l 
..... ---,__ -
-~ -
~ 

r--

-I-,_ - ---

u 
0 _, 
u DESCRIPTION ANO CLASSIFICATION 
:I: 
c... OF MATERIAL ct 
a: 
u 

. o ·. 
_ o . . · o 0-14' overburden, glacial till 

.. ~ 14-23' broken rock 

" 23-40' syenodiorite, light grey and beige, weathered . I \ -/ ' 
- 'I 40-50' syenodiorite, grey-green I 
' 94l .. , 

50-60' 50/50 syenodiorite and monzonite porphyry t ,,,. ., 
\. .. ~. 60-70' 30% monzonite porphyry, 70% syenodiorite - ' : 
... 1- 70-90' monz.onite porphyry, brick red ,. .. 

"' iJ.. 

• .... 90-130' mafic tuff - ..., ..-
- ~ ... 
" - ., 

... < I• 

7 .,:,... 
130-140' mafic tuff, 5-10% pink monzonite porphyry 

k .. ~ 
140-150' 80% monzonite porphyry, 20% mafic tuff ... + : >4 t 150-160' monzonite porphyry, pink ' ~ ~ 

..... ""'' 160-170' 80% monzonite porphyry, 20% mafic tuff 
,,, 1- .. 

170-210' mafic tuff 
. > v 1 

. ,.., ( 

.., 
- 1 J. 

L 
)( 210-230' monzonite porphyry, brick red - x 
~ ... .,. 

.> 230-260' mafic tuff - ~( 
- "" 
~ " 

- e .o.1-\. : 260' 

-
-
-
-
-
-
-
-
-
. 
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KNIGHT ANO PIESOLO LTD . 
CONSULTING ENGINEERS TEST HOLE LOG 

TEST HOLE No 

q_s-. !l..· k, 
SHEET I ot 2_ 

PROJECT YY'\T Po l\e.;1 PROJECT No. __..1 ..... 0..._.2..._Lt_.__ __ _ 

LOCATION OF TEST HOLE------------ GROUND ELEVATION----

DATE BEGUN ----- DATE FINISHED------ LOGGED SY ______ _ 

NOTES ~ I-
11.J ~ z C) 

0 8 oo 0 Wo ter lou, typo a: ~r::: 
..J 

ond size of hole, I.I.I >- lA. ::::> I- :I: DESCRIPTION ANO CLASSIFICATION a:: a:: ...... I- z 

~~ 
I- ~ 

drillinq method, 0 l4J en llJ Cl. :I: 
<.J ~ (/) - I- l4J Cl. OF MATERIAL groundwater level, ~ 0 :z: a < u 0 ~o 

~= 0: LIJ ...J <.J ere:. 0: a:i 
C) 

~ 
r" . ~. 

0-9' overburden ·o·o . ... 
~ 

. ' syenodiorite, light grey. weathered 2: - .... '1 9-20' .. .. 20-80' fine grained monzonitc, pink 
.... - /( 

9-88' 3gpm .,. 
"" ,. 

9-88' fractured,.. - .. 
-1. ,. 

I ... - ~ 

... - t' T 

,.. 
" ... I- I ... 

syenodiorite, light grey ,.... 
/ ~ 80-90' ... -
" I- ... - 100 90-100' fine grained monzonite, pink >-= ·- \ 100-110' syenodiorite, light grey - \ 

~ 110-130' fine grained monzonite, pink, 10% syenodiorite . t ... ... - ,. ' 
+ ... .. 
' \ 130-180' syenodiorite, grey-green, minor monzonite .... 

"= -
I ,...... - I - - -

150-175' 2 gpm ... ... -
150-175' fractured ... I \ - ' 

.._ I ' .. 
fine grained monzonite, pink, minor syenodiorite )C /( 180-200' .. ,..._ - , ,_ 

2.oo ~ A -I-= • • 200-210' Augite porphyry dike, dk. grey • • ... 
210-300' fine grained monzonite, pink - - ~ 

- - ~ 

-- - .,. -- ,..._ - ,. - -< - ]I. 

... t. 

... " • 
r ,.._ ) - :Soo . ---300-310' 1 gpm - 300-390' fine grained monzonite, pink - .,. 

300-3io·· fra~ ... I.= . 
... f. 

. .J .. ~ 
)t - ---.. - . 't -... . 

~ 

... . 
" ... 

I - 390-400' 50/50 syenodiorite and monzonite porphyry '-ton + d· 
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KNIGHT ANO PIESOLO LTD. 
CONSULTING ENGINEERS 

TEST HOLE LOG 
TEST HOLE No 

qs. Cl..· ro 
SHEET 2 ot 2. 

PROJECT MI ec1le;i PROJECT No. ~1.-'2_...2.._,'j.___ __ _ 

LOCATION OF TEST HOLE------------

DATE BEGUN DATE FINISHED------

GROUND ELEVATION __ _ 
LOGGED SY ______ _ 

NOTES ~ ~ 
IU '$. z 0 

8 oo Worer loss, rype a: 

~~ and size ol hole, w >- i... ::> t-a:: 0:: ' ~z 

drilling merhod, 0 I.LI (/) w 
u~ (I) - t- ~ti 3: Oz 

9roundwo1er level, u 0 ~o w ...I u ~2; ere. a: al 

-... -
410-417' 1 gpm --410-417' fractured 

~ 

~ 

.... 

... -... --,... --
505-570' some fractures ... 

.... 

... 

... 
-... 

. ... 
570-580' fractured ... 

.... 

.. 

... 

... 

... 

... 

:c 
~ 
0... 
w 
0 

~ 

f,oo 

-

C) 
0 
...I 

u 
I 
0... 
< a:: 
C) 

1' ' 1-.,. . , 
" •'I -

ll ~ •• 

y, 
. i 

- 'I 

-
- + 

- )C 

- + t 
-
- 1 ~ 

~ -
~ - x 

. ' I 

' I -

-
-
. 
-

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

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

400-410' 80% monzonite porphyry, 20% syenodiorite 
410420' syenodiorite, grey-green, minor monzonite porphyry 
420-430' Augite porphyry dike, dk. grey 
430-570' moruonite·porphyry, pink, minor grey syenodiorite 

570-584' syenodiorite, grey-green 

E.0./-L = .S-61-i, 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS TEST HOLE LOG 

TEST HOLE No 

q5". R·7 
SHEET I ol 2. 

PROJECT MT ?all':\ PROJECT No. ~l~b~l~Y.__ ____ _ 

LOCATION OF TEST HOLE----------- GROUND ELEVATION----

DATE BEGUN------ DATE FINISHED------ LOGGED BY~------
NOTES 

Worer loss, type 
ond size ot hole, 
drillin9 mernod, 
9roundwo1er level, 
ere . 

w >-
0:: 0:: 
0 1.1.J 
u~ 

... 

.. 
70-85' 2 gpm .. 

70-85' fractured ... 

.. .. 

160-200' 15 gpm 

160-200' fractured .. 

... 

... 
-
.... 

250-310' 50 gpm ... 

250-310' fractured ... 
... 

... 

.. 

... 

..... 

-
340-455. fractured ... 

... 

... 

u 
L&J 
0:: 

I-
1.1.J ~ 8 0:: 

i... ::I .... 

' I- % 
Cl\ w 

~ - .... Oz 
0 ~o _, u 
CD 

z 

n :c .... 
a.. 
w 
0 

~~ 
p< 

~ ~ 
I>.: 

-,_ -1-

..... ,_ 
I= 100 

,....... --1-,_ .... 
J..oo 

-
-
-
---- ..3a:? 
--..... ,_ --..... ,_ --

'+nn 

C) 

0 _, 
~ DESCRIPTION ANO CLASSIFICATION 
:c 
0.. OF MATERIAL <t 
a:: 
(,:) 

,_._ \ 0-3' overburden 
... I 3-10' syenodiorite, light brown, oxidizes, fractured -- I 10-400' syenodiorite, grey-green 

' - -
I I - ... 

I -
I 

... 
- I 

- ' - ... 
I 

• I 

I - ' --
- I I 

- ' ... 
/ - I 

I -- I 

. ..... 
I \ 

,, 

- . . I 
/ -. 

- I / . . . 
I -. I ... 

- ... I ... 
- I -

- - / 
/ 

I - . ... 
- I I 

-- l 

---, 
- I __ , 

I 
..... 

- -
I , 

- \ / ,. \ 

- -
- \ / 

/ I - ... 
' 

• ._\.I 

/ - - , 
' --I ' 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS TEST HOLE LOG 

TEST HOLE No 

qs- ~ ·'t 
SHEET 2.. ot 2 

PROJECT MT Po\le!t PROJECT No .~f_G.2'-"-Y. _____ _ 

LOCATION OF TEST HOLE------------- GROUND ELEVATION --

LOGGED BY----~~-DATE BEGUN _____ _ 

NOTES /. 
Water loss, type 
and size ol hole, 
drilling merhod, 
11roundwo1er level, 
etc. 

340455' fractured 

w >a: a: ow (.) e; 

... 

... 

... 

... 

... 

... 

... 

... 

... 
-
... 
,_ 

... 

... 

-
-

-
-
-

-

---
... 

u w a: 

I- w~ 8 a: u.. ::::i I-
..... I- z 
(/) 

Cf) w 
- I-

~ Oz 
0 :E 0 
..J 
aJ 

u 

DATE FINISHED------

'Z oo 
zr;: 

g~ 
zt; 
~2i 

-----..:-----,_ 
,_ 
~ 

,_ ,_ 
f--,__ 

..._ ,_ ,__ ,_ 

-

x: 
I-
0.. 
l.U 
0 

-

. 
-
. 

s-oo -

-
-

. 

. 
-

(,Oo -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

(:> 

0 
-I 

(.) 

:c 
Q. 
Cl 
a: 
(:> 

.. 
,,. 

> 
4 

• t> 

..... 
I 

I 

..... ' 
/ 

" .... 
I ' 

) -
/ ... -

11 

/ 
\ --

... 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

400-430' Augite porphyry dike, dk. grey 

430-560' syenodiorite, light grey-green 

E. O. H. -: S"bO' 
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DRru.. RECORD IMPER.IA.t. METALS CORPORATION PAGEi 

Pro~.-, Mou1t Polltv L9clloo: ~DI"' ·!19" 
Bolo No..: 'fSR·l E4uloment: Tni• Bno, 

Comm.and: .Julr 8,1995 £1tv•tloa: 1137. 2.;,..,, Su.t'¥tT•t: 
Co11tol1lf<I: July U.1995 Siu: 6" %RK1tnrr. 

Coordlaara: .2$S0.61 J'f Z2/Z.~SI!: CorwSlo,..d: Len.tk: 4601t 
D•14: Jufy !-', l99S u.cuual fnt..: 

l°l"lllll To Samol• FroD To i. .. ~ lhc. Aa Toll! Cu Oride C" Italia 
Foct Svb % o.rr OOM ..... % 

0 10 0.0031 8111 
to 10 0.(1().1 1310 
20 JO 0.001 179 
JO 40 <.001 n 
40 ~Q M9:2 !12 
50 60 o.~ 584 

'° 70 Q.002 420 
70 80 O.<m 7?l 
80 90 IDO!UlOMo IXll1>hYtY #l u •"""• It 20 ft.. • .....,,..;., <.001 2"..S 
90 100 <;.OQJ )JO 
100 HO <.001 IS~ 
110 tll) <.001 34 
uo I.JO <.001 140 
IJO 140 <.001 19S 
uo 150 <.001 90 
ISO 160 80'.ft monmnite """'IWIY. 30% basaltic volc:wc: IS 111 JO II. <.001 I :?7 
160 170 111omonito oorohvrv 111. butt wh.itc o~t ... ohc:nos 2-) mm. <.001 ~s 

170 180 90'.ft besaltic \'Ole u above llil 130': 10'/t mpo#I <;00! 144 
!$() 190 90'.ft bualtic 'Vic u a~ (Qj 130': JOY, mppill <.00! 26 
l?O lOO <;.001 .l$ 
too ll!! <.QO! 9-1 
%10 210 <.001 79 
210 ;Jo <.001 s~ 
IJO l40 rydr, It rnv malri:<. white ol~ ohmoo 2-)mm -<.001 51 
HO 250 <;001 114 
tso 160 <.001 270 
160 170 <.001 ?10 
110 l!IO <.001 126 
?SO l?O 0. S79 
290 JOO 90'/..,k -~I: I 0 % svdr as ibove at I W. """· bJt 0.00' 1110 
300 llO (cw malachit• ..UU 0.003 l SJS 
ltO J:O few malachite 'IT&ins O.OH 1690 
llO JJO 0Jl03 tn 
JJI) J40 I OYtok """""I u above, 90'/t acv "'""b. ..v.t. <.001 Jn 
l40 .lSO Q.OOI sn 
lSO 360 0001 ~so 
J60 l70 sorso ol: "'"""\ and rrcv ••cit. ""'"' inir. bn:cc\a 0.00'l 298 
J70 J80 <.001 4131 
JSO 390 O.oo:! SIJ 
JllQ 400 0.003 d7 
400 410 O.oo:! ••s 
•to -4?0 risible C'P 0.008 1375 
410 '30 .UibloC'P O.OOot 153 
'10 HO 0.001 1605 
~o 450 O.OO'l 912 
4SO 460 0.003 H60 

-ENO OF HOLE-

0.14 Primod IS/11195 Filo Nwnber L009S.XL W 
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95R-2 
Property: Mount Polley Location: Correct Dip: -90 
Hole No.: 95R·2 Equipment: True Brg.: 

Ccmrner.ced: 14-Jul-95 Elevation: Noo ....... Survey at 
Completed: 31.Jul-95 Size: ~ 'l6 Recovery. 
Coordinates: :1,.18 s N /:.z.sso E: Cote Stored: Length: 295Fl 

Date: 10-Aug·95 Logged by: R. Pesa~ Unusual Feal: 
From To Sample From To Lgth. Rec. Au Total Cu Oxide Cu Ratio 
Feet Syb Oesct1ptlon No. 'l6 Oz/T ppm ppm 'lEi 

syenodiorite, Umonite coated cutti~gs, weathered 
0 10 beige to fight brown <.001 179 
10 20 . 0.001 295 

syenodforite, grey disseminated pyrite visible, 
20 30 minor weathered syenodlorite as above 0.001 566 
30 40 . <.001 2n 

syenodlorite, Dght grey, sRghtly bleached, minor 
40 so epldote and pyrite <.001 292 
so 60 . <.001 160 
60 70 . 0.001 2S7 

70 80 syenodlorite, dark grey, highly pyritic; pyrite 8-10% <.001 368 
80 90 . <.001 651 
90 100 . <.001 363 

100 110 syenodlorite. llght grey, 10% or oxidized cuttings <.001 3S3 

110 120 as above, no olddaUon, sllght/y bleached <.001 231 

• llmonite coated, disseminated magnetite and 
120 130 pyrite abundant <.001 119 

syenodlorite, tight grey, fresh, disseminated pyrite, 
130 140 epfdole, minor disseminated magnetite <.001 200 
140 ISO . <.001 319 
150 160 . <.001 231 
160 170 . <.001 165 
170 180 . Fragments, 2·3 cm fault ' <.001 68 
180 190 . Fragments, 2-3 cm fault I <.001 168 
190 200 . 

Fragments, 2·3 cm fault I <.001 165 
200 210 . Fragments, 2-3 cm fault <.001 149 ~. I 

210 220 . Fragments, 2-3 cm fault t .. ~l <.001 241 
220 230 . Fragments, 2-3 cm fault <.001 192 

syenodiorite, light grey, fresh, disseminated pyrite 
230 240 abundant, minor magnetite <.001 198 
240 250 • Fragments, 2·3 cm fault <.001 183 
250 260 • Fragments. 2-3 cm fault <.001 118 
260 270 • Fragments .• 2·3 cm fault <.001 139 
270 280 • Fragments, 2·3 cm fault <.001 207 

Page 1 
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- · - .... - ·- ·-·· ..... - • J' ' • . 

· ... 

95R·2 
Property: Mount Polley Location: Correct Olp: -90 
Hole No.: 95R·2 Equipment: True Brg.: 

... Ccmmenced: 14--Jul-95 ElevaUon: StJMYat: 
Completed: 31.Jul-95 Size: 6'" ~ Re¢0Yery: 
Coc<dlnat.es: .. C°'e StOfed: Length: , 295 Fl 

Dote; 1~Aug·95 Logged by: R.Pesalj Unusual Feat.: 

From To Sample from To Lgth. Rec. Au Total Cu Oxide Cu Ratio 
feet Syb Oescrtplfon No. % Oz!T ppm ppm % 
280 290 • Fragments, 2-3 cm f.ault <.001 291 
290 295 • Fragments, 2-3 cm fault <.001 454 

End of Hole 

"! :· • 

Page 2 
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_,,.~-- ..• 

; ... .... , 

._,• , . 

from 
Feet 

0 
10 
20 

30 

"° 

50 

60 

70 
eo 
00 
100 

110 
120 
130 

1"° 
150 

160 
t70 

teo 

100 

200 

210 

...... : : ·: . . 
·. : 

·, 

Property: 

Hole No.: 

Commenced: 
Ccmpleted: 

Coordinates: 
Date: 

To 

10 

20 
30 

40 

so 

60 

70 

80 
90 
100 

110 

120 
130 
140 

150 
160 

170 

1eo 
190 

200 

210 

220 

Property: 

Mt. Poney 

95R..J 

Ot -Aug-95 
02-Aug-95 

2'fl'· S'l f'lj~I( l;0.16£ 

11·Aug-95 

-
Syb Oeseriptlon 

syenodiorite, grey-green, weathered, trace 
Dmonite on fractures . 

-
syenodlorite, rusty Umonite coated fractures, 

highly oxidized . 
monzonite porphyry #1, salmon pink, Iron oxides 

on fractures 
50/50 syenodiorite and monzonite porphyry #1 

iw.+htotoured cuttings 
syenodiorite, tight brown, minor pink monzonite 

porphyry #1 . 
. 

. . 
60'l6 monzonite porphyry #1; 40'l6 syenodiorite, 

Ughl brown and plnl( 
-. 

40% monzonite porphyry I 1, 60% syenodlorite, 
limonite coating on fracture . 

monzonite porphyry # 1, beige ftne grained 
matrix, wMe plaglocase laths 2..J mm long . . 

syenodlorite, grey-green, chlorillc, some epldole, 
trace disseminated pyrite . 

syenodlonle, llght brown, oxidised disseminated 
pyrite 2-3%, abundant nmonite 

Mt. Polley 

_ ... _ ·-·· ... __ ._. ....._ . ..,.._.J.-.w··~·· ·---·---

95R-3 

Location: Correct Olp: -SO 

Equfprr:enl: True Brg.: 

Elevation: 1121. 611 .... Survey at; , 

Size: 6" % Recoveiy: 

Core Stored: Length: 505FL 
Logged by: R. Pesafl Unusual Feat.: 

Sample From To l gth. Rec. Au Total Cu Oxide Cu Ratio 

No. % Oz/T ppm ppm 'l6 

<.001 483 
<.001 433 
<.001 450 

<.001 243 
<.001 330 

<.001 sat 

<.001 588 

<.001 433 
<.001 141 
<.001 195 
<.001 178 

<.001 517 
<.001 224 
<.001 272 

<.001 160 
<.001 176 

<.001 192 
<.001 14 
<.001 89 

<.001 '2'S7 
<.001 638 

<.001 284 

LocaUon: Correct Dip: .90 

Page 1 
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- .•. .. 

95R-3 

Hole No.: 95R-3 Equipment True Brg.: 
Commenced: 01-Aug·95 Elevation: SUJWYat: 
Completed: 02-Aug.95 Size: 6" 'l6 Reeoveiy: 

Coordinates: 2440Nl2700E Core Stored: Length: 505 Fl 
Date: 11-Aug-95 logged by: R. Pesalj Unusual Feat; 

From To Sample from To Lgth. Rec. Au T~Cu Oxide Cu Ratio 
Feet Syb Oescripl!.on No. 'l6 Oz!T' ppm ppm 'lEi 

. 220 230 . <!001 213 
230 240 . <.001 298 
240 250 . <.001 2S7 
250 260 . <.001 161 .. . . 
260 270 . <.001 238 
270 280 - .001 748 

syenodlorite, green, chloritic, non-ox!dised 
280 290 dlssemlnated pyrite ~% .001 818 
290 300 . <.001 381 
300 310 . 0.002 479 

syenodiorite, Ught grey and pink, slightly 
. 310 320 oxidised, disseminated pyrite 1 '!E. <.001 185 
320 3JO . .001 281 
330 340 . <.001 446 

50ISO syeno<fiorite and monzonite porphYT'f 11, 
340 350 . sRghtty oxidised, disseminated pyrite 3"k <.001 423 

70/30 monzonite porphYT'f #1 and syenodiorite, 
350 360 sllghtly oxidised, disseminated pyrite <1% .001 251 
360 370 50/50 . - 0.003 259 

syenodlorite grey-green, non-oxidised, chloritlc, 
370 380 disseminated pyrite 5% 0.001 369 
380 390 . <.001 370 
390 400 . 0.001 348 
400 410 . 0.001 348 
410 420 . <.001 565 

syenodiorite grey and pink, feldspathlsed, 
420 430 ., abundant epldote, <1%pyrite <.001 328 
430 440 . <,001 220 
440 450 . <.001 295 
450 460 . <.001 226 

Property: Mt. Polley Location: Correct Olp: .90 
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95R-3 

Hole No.: 95R-3 Equipment True Brg.: 
Commenced: 01-Aug-95 Elevatlon: Survey at 
Completed: 02-Aug-95 Size: 6" % Recovery: 
Coordinates: . Core Stored: l ength: 505 Fl 

Dale: 11-Aug-95 l ogged by: R. PesalJ Unusual Feat: 

From To Sample From To Lg th. Rec. Au Tolal Cu Oxide Cu Ratio 
Feet Syb Oescrfptl~ No. ,, Oz/T ppm ppm % 

syenodiorite grey-pink, fe!dspathised, abundant 
460 470 epldote, disseminated <1%pyrite <.001 37:1 
'470 480 . <.001 212 
480 490 . <.001 266 
490 500 . <.001 254 

End or Hole 

. ·-. ··. • • .! • • . . ..~ ... : .. ; · ~~; .· . .. 
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9SR4 

Property: Mount Polley location: CMect Dip; .90 I 
Hole No.: 95R-4 Equipment: True Brg.: 

Commenced: 03-Aug-95 Eleva If on: /OS'O. l./:J, ... SU1Vey a1: 
Completed: 05-Aug-95 Size: 6" % Recovery. 
Coordinates: 3_2so. :Z.6 rr/1J 'rJtl.qOE Core Stored: length: 405Ft 

Date: Logged by: R. Pesalj Unusual Feat: 

From To - Sample From To l gth. Rec. Au Total Cu Oxide Cu Ratio 
Feet Syb Description No. % OVT ppm ppm % 

brown glacial till, minor fragments of monzonite 
• 0 10 porphyry l1 0.003 247 

monzonite porphyry #1 reddish-maroon ground mass, 
10 20 white p!aglocase phenos <.001 261 
20 30 . <.001 242 
30 40 . <.001 343 

40 50 . <.001 292 
so 60 . <.001 383 

EO 70 . <.001 56 
70 80 . <.001 33 

80 90 . <.001 40 
monzonite porphyry #1 as above, abundant limonite, 

90 100 wen oxidised <.001 50 

monzonite porphyry #1 as above but less oxidised, 
100 110 reddish-maroon <.001 35 
110 120 - <.001 70 
120 130 . <.001 87 
130 140 . <.001 118 

syenodiorit.e, grey-green, chloritlc, disseminated pyrite 
140 150 5-0%, unoxidised <.001 105 
150 160 . 0.002 138 

syenodiorite as above but slightly oxidised, minor 
160 170 monzonite porphyry # 1 <.001 SS 
170 180 . <.001 112 
180 190 . <.001 158 

syenodlorite grey-green, chloritlc, unoxidised, 
190 200 disseminated pyrite 2-3% <.001 113 
200 210 . slightly oxidised <.001 158 ·. 210 220 . <,001 155 
220 230 . <.001 162 

syenodiorite, green-grey, chloritic, unoxidised, 
230 240 disseminated P'(lite 3-S'l(, 0.019 255 

Page 1 
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'eNo..: 95R -r-
95R-4 

Property: Mount Polley Location: Corre<:t Dip: -90 
Hole No.; 95R-4 Equipment: True Brg.: 

Commenced: 03-Aug-95 ElevaUon: Survey a!: 
Completed: O>Aug-95 Size: (;;' '!(, Recavery: 

.. Coordinates: - · Core Stored: Length: <IOSFL 
Date: Logged by: R. Pesalj Unusual Feat.: 

From To - Sample From To Lgth. Rec. Au Total Cu Oxide Cu Ratio 

Feet Syb OescrfptlOn No. ')(, O'lfT ppm ppm 'l6 

maric tuft, green, chlorite and epldote alteration, 
2-40 250 disseminated pyrite ~5% <.CX>1 160 

250 260 . <.001 162 

260 270 . 0.001 171 

monzonite porphyry #1, pink and grey, unoxidised, 
710 280 disseminated pyrite 2-3% <.001 574 

280 290 . 0.001 699 

290 300 . 0.002 720 

300 310 . 0.001 SST 
310 320 . 0.002 514 

dark green very fine grain basaltJc volcan!c, minor 
320 330 monzonite porphyry #1 0.002 650 

syenodiorite grey and pink, reldspath!sed, trace 
330 340 disseminated pyrite 0 .001 306 
340 350 . 0.001 451 
350 360 . <.001 4'15 

syenodlorite as above, trace rragments ot mafic 
360 370 volcanlc 0.002 768 
370 380 . 0.001 474 

syenodlorite pink and grey, highly reldspathlsed, trace 
380 390 pyrHe 0 .002 536 
390 400 . 0.003 649 

End otHole 

. . 

. . · .... Page 2 
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95R-5 

Hole No.: 95R-5 Equipment: True Brg.: 
Commenced: Q3..Aug-95 ElevaUon: Survey at 
Completed: OS.Aug-95 Size: 6"' 'lfi R ecol(efy'. 

CooC'dlnates: . Core Stored: Length: 260FL 
Dale: 11-Aug.95 logged by: R. PesalJ Unusual Feat: 

From To Sampla F1om To Lgth. Rec. Au ToWCu Oxide Cu Ratio 
Feet Syb Oesafplion No. 'lfi OlfT ppm ppm 'lfi 

ma fie luff, green, chloritic, abundant epidote, 
230 240 disseminated pyrite 5% <.001 62 
240 250 . <.001 68 
250 260 . <.OOt 96 

End of Hole 
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-i.· - ,,.- - -

. . ' . . 
95R-6 

. . ' 
Property. Mount Polley location: Cetr~tOip: ·90 

•• := • •. Hole No.: 95R.O Equipment TNe Brg.; 

Commenced: 10-Aug-95 Elevation: 11'1<>- . Survey at 
Completed: 1~Aug-95 Size: s- % Recovery: 

Coordlnates: 36'ION/:i;/60£ Core Stored: l ength: 584FL 
Date: 02-0ct-95 logged by: R. Pesal) Unusual Feat.: 

from To - Sample From To lgth. Rec. Au Total Cu Oxide Cu Ratio 
Feet Syb Oescrlpl!On No. % Oz/T ppm ppm 'l(, 

syenodiorite, llght grey, wealheted, sDghtly 
0 10 oxidised surfaces 0.002 729 
10 :20 . 0.003 t 175 

pink rine grain monzooite, t -2'l6fine grain 
:20 30 disseminated pyrite 0.001 891 
30 <40 . <.001 S40 

40 50 . <.001 505 
50 60 . <.001 351 
60 70 - <.001 348 

70 80 . <.001 589 

syenodiorite, Dght grey, unoxidised, porphyritic, 
ao 90 minor monzonite <.001 485 
90 100 pink rine grained monzonite as above at 20' <.001 392 

syenodlorite, light grey, unoxidised, porphyritic, 
100 110 minor monzonite <.001 352 

monzonite, pink, fine grain 10% syenodlorite as 
110 120 above at 100' <.001 403 

120 130 . <.001 419 
syenodlorite, grey-green, chloritic, minor monzonite 

130 140 as above <.001 249 
140 150 . ~ 

<,001 378 
150 160 . <.001 386 
160 170 . <.001 404 

170 180 . <.001 4n 
monzonite, pink, line grain minor srey syenodiorite, 

1BO 190 2-3% pyrite <.001 433 
190 200 . <.001 659 
m 210 Aug~e porphyty dyke, dark grey, unoxidised 0.003 557 

monzonae porphyry, pink, fine grain, ~5% 
210 220 disseminated pyrite 0.002 670 

220 230 . 0.001 833 

. ~ . Property: Mount Polley Location: COO'ect Dip: .90 

. ~":::.' 
• ·./i .. -
. . . .. .. t • 
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9SR-6 

Hole No.: 95R~ Equipment: TNe Brg.: 

Commenced: 10.Aug-95 Elevation: Survey at 

Completed: 13-Aug-95 Size: 6" 'l(, Recovery: 

Coo«flnates: 
.. 

Core Stored: length: 584FL 
Date: 02-0ct-95 Logged by: R. Pesalj Unusual Feat: 

From To Sample From To Lg th. Rec. Au Total Cu OxldeCu Ratio 
Feet Syb Description No. % Oz!T ppm ppm '!(, 

monzonite porphyry, pink, fine grain 3-5% 
~ 240 disseminated pyrite <.001 707 
240 250 . 0.001 942 

250 260 . 0.004 1185 

260 270 . 0.005 1360 

'110 260 . 0.005 2020 

280 290 . 0.003 1350 

syenodiorite, green-grey, chlorttic, disseminated 
290 300 pyrite 2~% 0.002 909 

monzonite porphyry, pink fine grain, 3-5% 
300 310 disseminated pyrtte 0.002 1400 

310 320 . 0.001 3320 
320 330 . 0.003 1200 
330 340 . 0.002 1470 

340 350 . <.001 1025 
350 360 . 0.003 1950 
360 370 . 0.002 1240 

370 380 . 0.003 1700 

380 390 . <.001 1455 

390 400 50/SO syenodlorite and monzonite parphyry 0.001 1980 
400 410 20180 syenodiorite and monzonite porphyry 0.005 1765 

410 420 syenodlorite grey~een. minor monzonlte porphyry 0.003 1725 
420 430 augite porphyry cfy1Ce, dark green, unaltered 0.002 579 

430 440 monzonite porphyry, p!nk, minor grey syenodiortte <.001 636 
440 450 . 0.001 718 
450 460 . <.001 707 
460 470 •. . 0.002 804 
470 480 . 0.001 651 
460 490 . <.001 m 
490 500 . 0.002 1160 
500 510 . 0.003 1250 

Property: Mount Polley Location: Correct Dip: .90 

... : 
. . i . 
. . ·' 
·· .. · 
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.· 
9SR-6 

Hole No.: 95R-6 Equipment TrueBrg.: 
Commenced: 1(}.Aug-95 Elevation: Surwyat 
Completed: 13-Aug-95 Size: 6"' ~ Reeovery: 

Coordinates: .. . - ~ Core Stored: Length: 584Fl 
Date: 02-0ct-95 Logged by: R. PesaO Unusual Feal: 

from To Sample from To lgth. Rec. Au Tola! Cu Oxide Cu Ratio 
Feet Syb Description_ No. ~ ovr ppm ppm % 

-
510 520 monzonite porphyry, pink, minor grey syenodlorite 0.002 6'24 
520 530 . 0.005 1110 
530 S40 . 0.008 1860 
S40 S50 . 0.006 1435 
550 560 . 0.006 1285 
560 ~o . 0.006 1475 

syenodiofite, grey-green, chloritlc, disseminated 
~o 580 pyrite 1-2'!!. 0.012 2330 
580 584 . 0.009 4280 

End of Hole 

Page 3 



IN
V

E
S

TIG
A

TIO
N

 K
P

 1-11  275 of 500

- ... ·-· - ... ... , __ . ____ ........__ 

- .. -. 
· . . : 

95R-7 

Property: Mount Polley Location: Correct Dip: .90 

Hole No.: 95R-7 Equipment TrueBrg.: 
Commenced: 14-Aug-95 Elevallon: 1113. lif-. Survey at; 
Completed: 19-Aug-95 Size: O' '!!.Recovery: 

Coordinates: :ust/. goN/~9,c •/.!ZS E Core Stored: Length: 560FL 
Date: 02..Qct-95 Logged by: R. Pesaij Unusual Feat: 

From To - Sample From To Lgth. Rec. Au Total Cu Oxide Cu Ratio 
Feet Syb Oeserfptlon No. "' Oz!T ppm ppm ~ 

0 10 syenodlorite, lght brown, oxidised 0.002 326 

syenodlorite, grey.green, ehlorttlc, disseminated 
10 20 pyrile 3-5~ <.001 360 

20 30 . <.001 411 

30 40 . <.001 579 

40 50 . <.001 561 

50 60 . <.001 270 

60 70 . 0.004 335 
70 80 . 0.01 199 

80 90 . 0.005 402 

90 100 . <.001 208 
100 110 . <.001 144 

110 120 . 0.002 187 

120 130 . 0.001 210 

130 140 . <.001 241 
140 150 . <.001 731 
150 160 . <.001 150 
160 170 . <.001 489 

170 180 . <.001 156 

180 190 . <.001 358 

190 200 . <.001 294 

200 210 . <.001 545 

210 220 . <.001 228 
220 230 . <.001 215 
230 240 .. . <.001 260 
240 250 . <.001 287 
250 260 . <.001 251 

260 270 . <.001 374 
270 280 . <.001 255 
280 290 . <.001 295 . . 

~. 
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·. 

95R-7 

290 300 . <.001 365 

300 310 . <.001 217 

310 320 . <.001 392 I 

Property: Mount Polley Location: CCfTeet Dip: .90 

Hole No.: 95R-7 Equipment: True Brg.: 
Commenced: 14-Aug-95 Elevation: SuMyat 
Coolpleted: 19-Aug-95 - Size: 6"° '!E.Reeove<y: 

Coordinates: .. .... .. Core Stored: Length: 560FL 
Date: 02-0ct-95 Logged by: R. Pesa!} Unusual Feat: 

from To Sample From To Lgth. Rec. Au Total Cu Oxide Cu Ratio 

Feet Syb Description No. % Oz/T ppm ppm % 

syenodiorite, grey11reen, chloOOc, disseminated 
320 330 pyrite J.5% <.001 308 

330 340 . <.001 214 

340 350 . <.001 284 

350 360 . <.001 275 

360 370 . <.001 462 

370 380 . <.001 213 

380 390 - <.001 212 

390 400 . <.001 2n 
Augite porphyry dyke, dark grey and black, 

400 410 • unaltered <.001 252 

410 420 - <.001 229 

420 430 . <.001 115 

syenodiorite, pale grey.green, di$Semlnated pyrite 
430 440 3-5'!(, <.001 119 

440 450 . <.001 514 

450 460 - <.001 805 

460 470 . <.001 405 

470 480 . <.001 331 

480 490 . <.001 173 

490 500 . <.001 184 

500 510 . <.001 310 

510 520 . <.001 262 

520 530 . <.001 239 

53() 540 . <.001 197 

540 550 . <.001 224 

550 560 . <.001 270 
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Knight Pieso/a Ltd. - CONSULTING ENGINEERS 

IMPERIAL METALS CORPORATION 
MT.PQLLEYPROJECT 

OPEN PWMil.l.S!TE BASELINE GROUNDWATER QUALITY 

.. . A 

1994 BC En•inn"Jrlalt 

W0ttr Qu>fity Cri<aia MP89-101 \11'89-101 MPl9-146 MPl9-146 MP89-ISI 
Frnhwalt:T Onn.kin; No-. 25189 Arr S/90 NUY 25/19 /\f" S/90 Nlwl5/89 
f\qu3!ic Lif< w.-.cr 

Ebuial Itm 
Coo<l11e11v1cy (umhtll'cm) - - 380 ISl It 70.9 ISO 

Tugl DJ\v-lvcd $411ids - - - - - - -
HanJl'r\J CaC03 - - 167 71.7 '.I0.6 27.0 71.2 

pH - - 7.Sl 7.26 6.97 692 1.50 
Tuul SusrcndCI) S•~Kls - - - - - -
Turflldlty (NT\J} - -·· ·- - - - -
D!l!~wl Aoi110~ 

/\lkahnuy Tocil C1C03 - - - - - - -
Ch~1rldc Cl - - - - - - -
Ftu..-llk: p .... - - -·· - ·- -
Su Inhale S04 - - - ·- - ·- _,, 

~ 
Amrr111nta Nllrnccn N - - - - ·- - -
N1trak Nian.:cn N - - ·- - .... ·- ·-
Niu kc NllN-.:.c:n N - - ··- -. - ·- ·-· 
Oiun~vcJ orttm-Ptw~phat&: p - .... - - -· - ·-
Tutil Dim~val J>MphJIC p - - - - -· - -
Tour P'hl"'t'hur'u.1 p - - - - - - -
~ 
T'1C..l Cy.u1klc CN - 02 - ·- - ,,_ ·-
Illl11IMc1als 
Alumirtum T·/\I 0 OOS-0 I ... 0.14 0.50 0.37 1.57 0.74 

Anumony T.Sh - - - - - - -
An<nic T-AJ oos 0.02S 00004 0.0014 OOOIS 0.0011 0.0011 

llM>um T·B• - I - - - - -
lkryll"'"' T-Bc - - - - - - -
Blsmue. T·B• - - - - - - -
BonW\ T·B - s - - - - -
Cailmlum T-C~ 0.0002-0.0018 o.oos <0.0002 0.0012 0.0002 0.0005 <00002 

cak1um T-<:1 -- - - - - - -
Chmm1u.m T-Cr O.OOH>02 001 0.001 0.002 0.001 0.006 0.003 
c. ... 11 T-Cu - - <0.001 0 .001 <0.001 0.001 <0.001 

C•'f1(lel" T Cu O.OOHI004 I 0.018 0.050 0.26 0.41 0.13 
hon T· fc 0.3 0,) <0.0J 0.07 028 1.33 1.80 
laJ T Ph 0.001-0 007 0.01 <0.001 0.002 0.003 0.009 0.010 
Mi.Qnc:slum T·M' - - _,, - - -- -
M:..ng~ T·Mn - o.os 1.24 1.67 0.011 0 O?S 0038 

Mercury T He 0.0001 0.001 O.OOOOl 0.00006 0.00005 <0.0000l 000007 
M11lyhJcmum TMn - ... ,_ o.oos 0002 0.010 0 002 0.009 

Jllk:t<I T·Ni O.OlS·0.1 5 - <0.001 <0.001 0.001 0,003 0.004 

Stli:n•um T·Sc 0001 0.01 - ·- - ...... ... 
S1IK:on T·Si - - ·- - -- ·- -

Nulci I) lC'Wlll.$ .it u~ u n1UH1r.wni p:t Herc C'lL~rc fl" rH. Cm'lifuc.:dvlr)' (Ulllbtl$/rn1). imd T..tud1ty (NT\J) 

2) halii.. h.td ~ Y'.al\lcs irdintc c•~ u( tJ\c BC E1rvitt'IU.imul fn:sbw11cr aqwtk: lik ..rlkN. fAA'nl'W'll iilllJ Wof\J111 Crfkril f\lf Waw QwJil)' • 1994. &C El~iruwoc111 V-11,.'ttwi'I) 

l) Tl• lcut \.I 1/U:r die 1:u11nitnri"1 we'll liJclflf1'-:wt1o" NI'.:••<'~ dut it rs 11 dltrf.c.::,tc: s:tnqtk cg A.·9.S..J 

4) A <. Miu •tc"-' Ch.d tl'lc ... Vw I" ksil U.:.n IJic l.lc~lnn 11111111 WkJ4 

MP!N-tSI 

Ar< Si90 

335 

-
no 
7.25 

-
-
-
-
-
-
-
-
-
-
-
-
-

0.66 

-
0.0010 

-
-
-
-

0.0003 

-
0.002 

<0.001 

0.072 

0.37 
0.004 

-
0.030 

<0.0000S 

0.009 

<0.001 

--

1 

9S-R-I R-9S-4 R·9S-4d R 9S S R9S-6 R-95-7 

S<t>• W."95 Scp121m ~,,. 2119$ Sep 21195 Sep! 2019S .sq,. nm 

1Cl7 206 206 331 ~n 101 

144 146 148 241 236 133 

102 11 70.6 111 167 87.1 
7.79 7.89 &.07 8.23 7.67 7.42 

8 1:1 It 28 u s 
I Sl u 9.8 11.7 3.7 

124 99.3 101 us 14S (o().4 

<0.5 <0.5 <OS <0~ o.s <0.S 

0.19 0.21 0.2 0.41 0.?9 0.6 

2 18.2 18.3 36.4 42.2 38. :1 

<0.00S <0.005 <0.00S <0.005 <O.OOS <0.00S 

0.014 <0.005 <0.0C» <O.OOS 0,008 <0.005 

0001 <0.001 0001 0,001 0 007 0 002 

0.021 0.01 0.01 0.004 0.001 0 18 

0.021 0.01 0.01 0004 0.001 0.18 

0.027 0.021 0022 0.011 0.013 0,279 

<0001 <0001 <0.001 <0001 <0001 <0.001 

0.029 0.308 0.244 0.502 1.31 0.05 

<0.0001 <0.0001 0.0002 0.0001 0.0001 0.0008 

00008 0.004A 0.00&9 0.0()21 0.0049 0 0041 

002 <0.010 <0010 0012 0.027 <0.010 

<0.00S <0.00S <0005 <0.005 <0.005 <0,0M 

<(\10 <0.10 <0.10 <010 <0.10 <0.10 

<0 10 0.27 026 <0.10 <0.10 <0.10 

<0.0002 <00002 <00002 <0.0Gm <0.0002 0.001 

)l,3 :u.1 24 7 611 ., 21.7 

<0.001 <0.001 <0.001 0.001 <O.<Xll <0.001 

<0.001 <0.001 <0 001 <0.001 <0001 0002 

0.002 0.002 0.002 0.002 0.009 <0.001 

<0.030 Q.234 0.201 0.627 0.785 0.529 
<0.001 <0.001 <0 001 < 0001 0.001 <0.001 

5.s 3.14 3.03 8.58 14.I 8. 78 

O.Oll 0.043 0.041 0.1 0.027 0.64 

<0.00001 <0 00001 <0.00001 <0.00001 0 00002 <0.00001 

0.01 0.038 0,039 O.OJI 0.02A 0.004 

<0.001 0.001 <0001 0.007 0.004 0002 

<0.0005 0 0001 0.0006 <0.0005 < 0.0005 0.0018 

8..43 9 l7 902 10.9 16 s l.U 
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Knight Pie sold Ltd. 
CONSULTING ENGINEERS IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

OPEN PITIMILLSITE BASELINE GROUNDWATER OUALITY fcon'tl 

• "' 199-< BC E.ov~OM>dll 
W&1c:rQoUsyCri~ Ml'89-107 MP89-IC77 MP89-1"6 Mm.14<1 lo'.1'89-UI 

ffnt!'\\'Jler Drinkifti: Nu• 2S/19 /\(If S/90 Nav25J19 A('t S/90 Nuv1Sl89 
AWlllC ur. wa...-

'Illlal Ms:la!s 
Silver T·As O.ClOOI - 0.()002 <0.0001 <00001 0.00(}/ <0.0001 

Strtintium T-Sr - - - -- - - -
TIUnium T-Tl - - - - - - -
Uranium T-U - 0.1 - - - -- -
VUlllJlum T-V - - --· -- - - -
Zinc T Zn O,OJ s <O.OOS <O OOS <0.00S 0.0IS <O.OOS 

lli~m!ml Mtlals 
Atumioom D·AI - -· O.OlO 0.018 0 065 0,22 0.0)8 

An1irn,1ny D·S~ - - -· ·- -· --· ~-·-

Arscnk D•AS - -- 0.0002 00012 0 0010 0.0012 0,000, 

Barlu!TI D·B• - - -- - ·- -- ·-
lkrylhum Olk: - - ·- - .. _ - -
9i.$ntulh D·DI - - ...... .... .... - -
Burno DB - ·- - ·- ·-- -- -
C1Jmium D CJ - ·- <0.0002 0.0010 <0 0002 <0 0002 <0.0002 
C;,ldum DC1 --- - SH 26.0 10.4 90S ll.9 
Chrnmlum 0.Cr - -· <0.001 <O llOI <0001 <0.001 0.001 

COO.It 0-Cn - - <0.001 <0001 <0.001 <0001 <0.001 

C"PflC' 0-Cu - - 0.013 0.011 0.21 0.24 0.02S 
I run 0-i;, - - <003 <0.03 <0.Q) <0.0) 0.0.l 

t..c..i D Ph - - <0001 <0001 0.001 <0001 <0.001 

M..ai;:.ciium DM11 - - 7.0S 3.26 1.10 I.OS L7J ,.....,,....,., D·Mn - - 1.17 I 17 0.007 0.0IS <0.00S 

M<t<vty DH, - - <OOOOOS <OOOOOS <0.0000.S <0.00Cl05 <0.0000.S 

Mnl)hdmlm 0-Mo - -- 0.002 0.001 0.0()) 0.002 0006 

Nir..kd 0-SI - - <0.001 <0.001 <0001 Q.003 <0.001 

Ptuuium D·K - - 0 60 070 O.S9 0 61 0.42 

Xh:iwm 0-Sc - - - - - - -
S11icnn 0-So - - - - - - -
Si Ive D-A: - - 00001 <00001 <0.0001 <00001 <0.0001 
Soi.li1.1m D-N1 - - 2.+& 2.IS 4,64 J.SI 2.24 

Strontium 0-Sr - - - - - - -
Tit~lfl!Ufll DT1 - - - - - - -
Uranium DU - - - - - - -
Vanil.Jlum D·V - - - - - - -
Z.int.: 0-7n - - <0.00S <0.00S <OOOS <OOOS <0.00S 

Qr2anl~ rl!CllDJfl«.I 
Tutti Ori;1Jlk: C11rhon c - - -· - - ·- -
Null:IS I) Rir..l.11 ... llf'W U.r'f•UCd u 10Hti,11111u rn- •kn: C:IWC"pt filf rH. CoA1hK:1ivhy {umhos/ent). anJ TwbtJi.1y (NTIJ). 

l) ti..lk. l'll•kJ ~ Vlllld jfldic111e cu.CIJ1Q 11f We 9C E•viMmtel'ul ha.bw:rkf J(jlP'lic lift Mcl:ri~ (Appnvyccf aJllJ Wcdi111 Cnkrla ftM W11a Qu.ttuy. 1994, BC E1wimn1ncnt, Vkc..wia} 

l) lllc l<Utt J 1ntr tJtc 1111.11lt1.wi• ~I *1•if1C11io.11amc mnni; 1l-a1 if is ll duf'tlble """'~'· ri R~ 
'4) A < iii:u ftM.4.11 iJu.c dk vwitw t. ku 1lmt the dirta.'li<iin lirnh st:ated. 

M/'39-151 9S·R·I 
/\(If SlllO S<1't 2Ql9S 

0.0001 <o.<1001 

- 0.117 

- <0.010 

- 0.00054 

- <0.030 
<0.00S <O.OOS 

0.096 0.019 

-- <0.0001 

0.0009 0,001 

- 0.02 

- <0.005 

- <010 

- <0.10 

<0.0002 <0.0002 

?4.l )I 9 

0.001 <0.001 

<0.001 <0.001 

0.021 0.00? 
<0.0~ <0.030 

<0.001 <0.001 

2.91 5~ 

O.OJO 0.012 

<0.0000S -
0.008 0.011 

<0.001 <0.001 

0.56 051 

- <00001 

- 8.3 

<0.0001 <0.0001 

l,28 4.61 

- 0.115 

- <0.010 

- O.OOOSl 

- <0.0JO 

<0.005 <0.005 

-- 1.2 

i.....u,..:.cr 1~1 96 ... 
R9S-4 R-'r.l-4<1 R·9S·5 R·9S-6 R·9H 

Sc;>c 21/9S $q>l 21/9' S<r• 21/9' Sept 20/9S Sq>122/9S 

<0.0001 <0.0001 <O 0001 <Q.0001 <0.0001 

0.066 0.065 0 186 0,466 OMJ 

0.013 0.011 0.024 0.011 <0.010 

Q.000~1 0 000)1 0 00046 000089 000007 

<0,0~ <00)0 <0.0JO <0.0JO <0.QJO 

<0.00S <0.00S 0.007 <O.OOS O.OM 

0.016 0.027 O.M3 0.03 QOI 

00001 0.0001 0.000? <0.0001 0.0006 

0.0044 0.004S O.OOIS 0.0041 0.0047 

<0.010 <(),010 <0,010 0.023 <0,010 

<OOOS <0.005 <OOOS <OOOS <0.00S 

<0.10 <0 10 <0. 10 <0.10 <0.10 

027 0,26 <0 10 <0.10 <0.10 

<0.CJ002 <00002 <0.0002 <0.0002 0Jl009 

23.8 2J.3 SS.1 44.1 21, I 

<0.001 <0.001 <0001 <0001 <0.001 

<0.001 <0.001 <0.001 <0001 0.002 

<0.0()1 <0.001 <0.001 0.004 <0.001 

<O.OJO <O.OIO OOSI <0.0;\0 0.407 

<0.001 <0.001 <0.001 <0001 <0.001 

l.03 3 7.13 13 8 8.56 

0.036 0.035 0069 0023 0.617 
.... --- - - -

O.Oll 0031 QQ.11 0(118 0.004 

<0.001 <0.001 <0001 <0.001 0.001 

0.)1 03 Ll9 0.)8 0.15 

0.0008 0.000& <0.00M <0.0005 0.002 

8.88 &.83 9.73 13 4 n.6 
<0 0001 <0.0001 <0.0001 <0.0001 <0.0001 

16.9 16.9 '-08 7.18 U8 

0.06J 0.062 0.179 0.462 0.041 

<0.010 <0.010 <0.010 <0.010 <0.010 

0.00027 0.00029 0.0004 0.00044 o.oooos 
<0.030 <0.030 <0030 <0030 <0.030 

<O.OOS <0.00S <0.005 <0 00,S 0.051 

<0.5 <OS 0.9 I 0.9 



IN
V

E
S

TIG
A

TIO
N

 K
P

 1-11  280 of 500

Knight Piesold Ltd. 
CONSUL TING ENG NEEAS 

IMPERIAL METALS CORPORATION 
MT. POLLEY P&OJECT 

TAILINGS STORAGE FACILITY BASELINE GROVNDWATER QUALITY 

l"".IWl.DAT4111.!r.v.WfJ.ltYV.,.,.r,.,1X'.lt.li 

1994 BC Envlmomrnt 
w= Qu•t"' Cno ... i. 

Fn:!'hwatcr Drmtlne 
AqiuatM: Ltf~ W:,t('I' 

Cb~sii;al 1§1~ 

CnncJu"ivily (um.OOJ~na) - -
Tnal o;.,.,,,..i Stolid.< - -
tt...i .... Y COl - -
pH - -
Trol s..,,.,.r..i S.>lili - -
Tumor.., (NTIJ) - -
DimmtAnisw 
Alkalinity T1 .. tC.COl - -
Chlnricl< Cl - -
Flll4wilk F - -
Sulphate SOI - -
tiul.d.tn.U 
AmmM.ia NimJCcn N - -· 
NitratrNltroec.-n N - -
Nitric:c Nitrt"!."CR N - -
OiuulvtJ •vthl~P'bl.;tt9 p - -
Tut>l Oissolwd Ph•\<j>Ntc p - -
T1a!Pbn1S~ , - -
~ 
T1 .. IC)'>llllk CN - 01 
'l"A•~I l\{ ... ~1• 

Atuminum T ·AI O.~. I -
Antlml1ny T.S~ - -
Arknk T· AS o.os 0.02S 

Billfuin T·B• - I 

lkrylfium T·Be - -
BMlmuth T· BI - -
Boron T·B - s 
C:.Jrn"-'rn f .CJ 0 .0002.0,0018 O.O!kl 

C.lc-ium T.C1 - -
C'hmcaium T.Cr 0 002.0.02 oos 
C ... 11 T .C<> - -
c._. T-<:u 0 .00?.0.004 1 

In• T·F< O.J OJ 
Lad T· PI- 0.001--0.cm 0 01 

Magncsiwn T· M& - -
Mong.,,..., T·Mo - o.os 
Mcrairy T·HJ 0 .0001 0.001 

MolyMmum TMo - -
Nickel T· NI 0.0'.5.0.IS -
Seit.Wm T..S. 0.001 0 ,01 

Silicon T.St - -
Notes I) R.c'1Ulu .11.f'C uptewetl u mtl~111.,..,,. ,..., hi.nr e.a.crpt M pM, Coadutr.MfJ (wr~ro,, wlll Tw'*l+CJ (NTtl). 

Z) l\al11e IM.JW ~ v:alutr• IDJ"* nceittncc •f CW. 8C &~mt ~-aln' ~ 11r. tr1wn.a. 

(A~al •nil Wutklft& Cr11cr~ W W111r:t ~liry • 1994. EiC EiTrin:m-cta, \ 'kw ... ) 

3) lk ldld •~..._~ ... -, . .. ficM ........ ~-··;t~-...,,. ... ··· ·~ 
4) A <~1J1C>o•~,._ .. ,,,._ .. ar,.. th.a1lwftw<"°"lrit~ 

MPS9·231 
Nuv 2Sf89 

1??6 

-
182 

7 7l 

--
--
·-
-
-
-
-
-
-
-
-

7.88 

-
0.0085 

-
--
·-

<0.0002 

-
0.005 
0006 

0.030 
11.9 

0.003 

-
0.99 

0 .00008 

o.oos 
0.015 

--

M~232 MP19-2l3 MP89-l~ MP39-234 MP&9-235 
NovlS/89 Now 15189 Now 25189 sc:ro 22195 No"' 25189 

289 J9J •n 399 4280 

-· - - 330 -
96.7 197 80.2 l:S• 4)2 

7.40 7.6$ LO 7.19 7.21 

- - - 541 -- - - Ill -
- - - 2SO -
- - - 1.3 -
- - - 0.1) -
- - - 14.4 -
- - - 0014 -- - - <O,OOS -
- - - 0.001 -
- - - 0022 -
- - - 0.022 -
- - - 0.553 -

- - - <0.001 -
34.1 15.4 4.11 13.1 5.84 

- - - - 0.0001 

0.0004 0.0088 0.073 00079 0.0146 

- - - - 0.292 

- - - - <0.00S 

- - - - <0.10 

- - - - o.u 
0.015 0.0003 < 0.000? 0.()()03 0.0008 

- - - - 63.6 
0.041 O.IUO 0.007 0.1129 0.012 

0.013 0.009 0.002 0.010 0.008 

0.069 O.IU8 0.019 0.052 0.068 

29.1 20.9 4.41 14.0 6.63 
0.013 0.009 o. 004 0.006 0.013 

- - - - 22.2 

0.72 0 .4S 0. 14 0.66 O.S90 
0.q()()20 0.00012 0.00013 0.00012 <0.00001 

0.002 0.012 0 .003 0.010 <0.001 

0.062 l>.036 o.oos 0.023 0.019 

- - - - <0.000S 

- - - - 17.7 

..... u,.i ... .- 7 ~b•. 96 

MP89-236 MP89·236 MP89·130 MP89·236J 
N<1v lS/80 bn 11195 Sq>t 2219S Sept 22/'lS 

574 S I I 460 473 

- l ll 336 335 

177 117 227 ?29 

• 2• 717 7.7 1 7.74 

- 373 240 ,. 
- 2.<0 IOS 2J .a 

- 214 301 198 

- 2.0 1.1 06 

- 0 I) 0 . 11 0. 11 

- 12 3 3. 8 4.5 

- <0.00S <0.00S <0,00S 

- 0007 0028 O,Ol& 

- ooos 0.001 0 .001 

- 000) 0.002 0002 

- 0.003 0 .002 0.002 

- 0500 0 ))) 0010 

- <0.001 <0001 <0.001 

uo 4.49 1.23 0.619 

- 0.0024 0.0003 00006 

0.014 0006S 0.0042 0 .0039 

- 0, 114 0.023 o.oz 
- < 0.00S <OOOS <0.00S 

- < 0.10 <010 <0.10 

<0. 10 <0.10 <0.10 

0.0003 0.0002 <0.0002 <0.0002 

- S7 6 S6.2 5S.4 

0.0/'l 0./)()7 0.001 0 .001 

0001 0006 0 .001 0001 

0.07S 0.129 0.061 0.133 
15.3 9.95 4.&6 S.26 
0.011 0.008 0.001 0.002 

- 21.7 239 2J.7 

0.45 0,670 0 .162 0 200 

0.00013 0.00009 <0.00001 <0.00001 

o.oos 0 .003 0.001 <0.001 

0011 0 007 0.001 0.002 

- 0,0009 <0.000S <0.000S 

- 14.S 104 9.SS 



IN
V

E
S

TIG
A

TIO
N

 K
P

 1-11  281 of 500

Knight Piesold Ltd. 
CONSUL TING ENG "EERS 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

TAILINGS STQSAGE FACILITY BASELlNE GROllNQWATER QUALITY <con'tl 

19').$ UC l;nvltunml'RI 

Wat•r QolltY Cr11crl• 
Froh ... ..:.cr P•111i.lnc 
Auu:llk ur. Woatcr 

Tulal MElals 
SilVl:f T·A& 00001 -
Smnium T.$t - -
rionu. T·Ti - -
Unnium T·U - 0.1 

VMadctn T·V - -
line T-7n 0 03 s 
D:i~21I!:l! M~IBI~ 

Afumlnvm D·AI - -
Andmnny l)..~h - -
Al"$tn.ic D·M - -
8.arium 1).8• - -
EktyUium D Be - -
Bismu!h 1).81 - -
B<lfoo D·B - -
C3Jmiur:l o.c~ - -
Cilciam o.c. - -
Chnwrijum 0.Cr - -
Cnh>t 0-Co - -
CllP!XT D.Cu - -
hon D·f< - -
u..J 0-Pll - -
Magnesium D M& - -
MJng:~ 0-Mn - -
Mrn.:u.ry [).II~ - -
Molyb.Jdwm O..Mo - -
"'"'"" D-NI - -
Pow.shim DK - -
Selenium D·Sc - -
SilD-.t 0-so - -
Silve 0-A& - -
s..Eum o.s. - -
Strootlum o.sr - -
Tittruum D-Ti - -
Ur>nham D·U - -
VMatf.lllm o.v - -
?Ire D·Zn - -
Occam~ Pi!~mt:tfc& 

Toul Or~ani< Corhon c - -
""'*' I) Jt.,u4Uolu •r• u.pntMC1'91U1nl.ll.V..mJfC.tllitrc nccpt l\Jit pH. CIXllllX\IV"J (1,1,1nh.JWcrn>. 111'111 T'-Wt.W1I)' ('NTU) 

2) ltll11c lao1' ~ "•.kw• h.ttOtc HRCl;tac;is ef OM: 8C Ea•uuM'IC• ftdhw-«r •'!Ul&UC ""' t11t.rb 
CArPrv•t4 llld Workm1 Cr1tcni. kM W1ttt Ou;..lrry- 1994. 8C £«wi.tnrnc:t'll. VicOJtb) 

,, n. lorn.tdatht btl'IO'llWt"l-:i w .. ~f'l~IQ· .-..tncain1 ct.1Cl$aifllf".:a11t.,...... . ... , ~ ..... 

4) A < llip --Uwt ·~ ,.,.._ • ~ o .• ai1 ia. folllWriua. limi:t "*-"-

MP!9-231 MPU-lll 
N(lv2$/'89 Nov 25189 

0.0003 0.0<J()J 

- -
- -
- -
- -

0.044 0.066 

0.04S 0,13 

- -
0,0018 0.0024 

- -
- -- -
- -

<0.0002 <0.0002 

- JJ.• 
0.001 0.001 

<0.001 <0.001 

0,006 0.007 

2.08 0.3S 

0001 0.001 

14.0 J.15 

0.7& 0.21 

<0,00005 <0.0000.\ 

0.005 0.001 

0,006 0.013 

4.00 l.IJ 

- -
- -

<0.0001 <0.0001 

110 7.97 

- -
- -
- -
- -

0.02S 0.011 

- -

MP&923l MPl9·ll4 MP89-234 MPl9-13S 
Nu¥ 1S/89 No" U/89 s.,.22m Nuv 2$189 

0.0005 <0.0001 <0.0001 0.()()(U 

- - 0.841 -
- - 0.01 -- - 0.00122 -
- - O.OJI -

0.078 0 024 0.()26 0.064 

0.027 0.029 0.024 O,OIS 

- - <0.0001 -
O.OOIS 0.066 0.0231 o.oooa 
- - 0()61) -
- - <0.005 -- - <0.10 -
- - 0.2S -

<0.0001 <O 0002 <0.0002 <0.0002 

46.6 16.1 32,9 128 

0.001 <0001 <0.001 OJlOI 

<0001 <0.001 <0.001 0.002 

0.001 <0.001 <0.001 0.009 

<0.0) <00) D.037 <0.0J 

<0.001 <0.001 <0.001 <0.001 

19.2 9.SD 17.4 26.6 

D I) 0.036 0037 0.43 

<0.00005 <0.00005 - <0.0000S 

0.009 O.OOJ <0.001 0.006 

0 007 <0.001 <0.001 0004 

I 10 1.18 l.ll 4.27 

- - <00005 -
- - 8.77 -

<0.0001 <00001 <0.0001 QOOOI 

I 30 660 Jl.4 686 

- - 0.651 -
- - <0.010 -
- - 0.00069 -
- - <0.030 -

<0.00S <0.00S <0.00S <OOOS 

- - - 10 

MP89-2l6 MP&9·236 MJ>89.136 MP89 236<1 

N•"' 1S/&9 J~n 17/9$ Septum Ser< 2li9S 

0.0001 0.0010 <0.0001 <0.0001 

- 2.06 2.07 2.0l 

- 0031 0 .011 <0010 

- 0.00106 000103 0.00104 

- <0.0lO <0030 <0.030 

0.039 0.049 0.01 0008 

0.014 0,03S 0,023 O,OIS 

- 0.0017 0.0003 0.0003 

0.0008 0.0006 0.0002 0.0001 

- 0.023 <0.010 <0.010 

- <0.00S <0.005 <0.005 

- <0.10 <0.10 <0.10 

- <0.10 <0.10 <0.10 

<0.0002 <0.0002 <0.(1002 <0.0002 

39.7 430 SJ.I Sl.S 

0,001 <0.001 <0.001 <0,001 

<0.001 <0.llOI <0.001 <0.001 

<0.001 <0.001 0.004 <0.001 

<0.03 <0c030 0.068 <0.030 

<0.001 <0.001 <0.001 <0.001 

18.6 19. l '2J 23.1 

0066 0.011 <0.00S <0.005 

ll.00005 - - -
O.OOJ 0.003 0.003 <0.001 

<0.001 <0.001 <0.001 <0001 

l.~ 1.97 l.SS 2.63 

- 0.0009 <0.0005 <0.0005 

- 6.60 7.73 7.1 

<0.0001 <0.0001 <0.0001 <00001 

•2.1) 44.0 14.0 14 7 

- 1.68 1.96 1.91 

- <0.010 <0.010 <0 010 

- 0.00078 Q,00092 O.OOOOS 

- <0.0JO <0.030 <0.030 

<0.00S <O.OOS <O.OOS <0.005 

- 1 1 LO 0.8 



INVESTIGATION KP 1-11  282 of 500

Suite 1400 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

REPORT ON GEOTECHNICAL INVESTIGATIONS 
AND DESIGN OF OPEN PITS 

AND WASTE DUMPS 
(REF. NO. 1628/1) 

JULY 5, 1996 

750 West Pender Street 
Vancouver, British Columbia 
Canada V6C 2T8 

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

Telephone (604) 685-0543 

Telefax (604) 685-0147 

CIS: 72360,477 



INVESTIGATION KP 1-11  283 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

REPORT ON GEOTECHNICAL INVESTIGATIONS 

AND DESIGN OF OPEN PITS 

AND WASTE DUMPS 

(REF. NO. 1628/1) 

This report was prepared by Knight Piesold Ltd. for the account of Imperial Metals 

Corporation. The material in it reflects Knight Piesold's best judgement in light of 

the information available to it at the time of preparation. Any use which a third party 

makes of this report, or any reliance on or decisions to be made based on it, are the 

responsibility of such third parties. Knight Piesold accepts no responsibility for 

damages, if any, suffered by any third party as a result of decisions made or actions 

based on this report. 

ol Consulling 
Enolneers @) Assoclalion 

ol Canada 

Associa1ion 
des lngeoieurs
Conse1ls 
du Cunada 



INVESTIGATION KP 1-11  284 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

SECTION l.0 

SECTION2.0 

SECTION3.0 

of Consuhing 
EnglnOi!fs @ Assoclabon 

of Canada 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

REPORT ON 

GEOTECHNICAL INVESTIGATIONS AND 

DESIGN OF OPEN PITS AND WASTE DUMPS 

TABLE OF CONTENTS 

INTRODUCTION 

I.I GENERAL OVERVIEW 

1.2 SCOPE OF REPORT AND 

ACKNOWLEDGEMENTS 

SITE CHARACTERISTICS 

2.1 

2.2 

2.3 

HYDROMETEOROLOGY 

REGIONAL GEOLOGY 

SEISMICITY 

GEOTECHNICAL INVESTIGATIONS 

AND TESTING 

3.] 

3.2 

Assoclahon 
des fng<l<io...,rs 
Consoits 
du Canada 

GENERAL 

OPEN PIT 

3.2.1 General Description 

3.2.2 Geotechnical Drilling 

3.2.3 Permeability Testing 

3.2.4 Groundwater Monitoring 

3.2.5 Pit Dewatering 

- i -

2 

4 

4 

5 

5 

7 

7 

8 

8 

11 

] l 

12 

1628/1 
July 5, 1996 



INVESTIGATION KP 1-11  285 of 500

Knight Piesold Ltd. 
CONSUL TING ENGINEERS 

SECTION 4.0 

SECTION 5.0 

SECTION6.0 

SECTION7.0 

ol Conautting 
Engineers @ A•sociatlOf\ 

ot Cnnnda 

3.3 WASTE DUMPS 

3.3.1 Waste Characterization 

3.3.2 Surficial Materials 

OPEN PIT SLOPE DESIGN 

4.1 GENERAL 

4.2 FACTORS WHICH INFLUENCE PIT 

SLOPE ST ABILITY AND SLOPE ANGLE 

4.3 STRUCTURAL GEOLOGY 

4.4 EVALUATION AND CONTROL OF 

GROUNDWATER 

4.5 PIT SLOPE AND BENCH DESIGN 

WASTE DUMP LAYOUTS 

5.1 WASTE DUMP LOCATIONS AND 

CONSTRUCTION 

5.2 STABILITY ANALYSES 

5.3 RECLAMATION 

WATER MANAGEMENT PLAN 

REFERENCES 

A$$0C&ab0n 
cles lngonleurs 
Con sells 
du Canada 

- ii -

14 

14 

14 

16 

16 

16 

17 

18 

18 

19 

19 

20 

21 

22 

23 

1628/l 
July 5. 1996 



INVESTIGATION KP 1-11  286 of 500

!Wjght Piesold Ltd. 
CONSULTING ENGINEERS 

Table 2.1 

Table 2.2 

Table 2.3 

Table 2.4 

Table 3.1 

Table3.2 

Table 4.1 

Figure 1.1 

Figure 2 .l 

Figure 2.2 

Figure 3.1 

Figure 3.2 

Figure 3.3 

Figure 3.4 

Figure 3.5 

Figure 4. 1 

Figure 4.2 

Figure 5. 1 

Figure 5.2 

Figure 5.3 

ol Consulling 
E1>9lneer& @ Assocoaboo 

ol Cenada 

TABLES 

Mean Monthly and Annual Precipitation 

Probable Maximum Precipitation 

Estimated Pan Evaporation at Site 

Seismic Risk Calculation 

Summary of Permeability Testing in Open Pit 

Groundwater Levels in Proposed Open Pit Area 

Preli mi nary Pit Slope Design 

FIGURES 

Project Location Plan 

Location of Weather Stations 

Short Duration Rainfall Intensity-Duration-Frequency Data for Mine 

Site 

Plan of Geotechnical Drill Hole Locations and Open Pit Design 

sectors 

Summary of Joint Data for MP89-152 

Summary of Joint Data for MP89-153 

Summary of Joint Data for MP89-154 

Summary of Joint Data 

Open Pit Typical Failure Modes 

Open Pit Slope Angles and Bench Designs 

Waste Dump Typical Static Wedge Failure Analysis 

Waste Dumps Shear Strength of Rockfill 

Waste Dumps Stability Chart 

AssocialJon 
des lngenieurs· 
Conseils 
du Canada 

- 111 - 1628/1 
July 5, 1996 



INVESTIGATION KP 1-11  287 of 500

Knight Piesold Ltd. 
CONSULTING ENGINEERS 

1628.100 

1628.101 

1625.230 

Appendix A 

AppendixB 

Appendix C 

of Consulting 
Engineers @ Association 

of Canada 

DRAWINGS 

Overall Site Plan Geotechnical Investigations Programs 

Geologic Plan of Open Pit Area 

Drainage Plan - Mine Site 

APPENDICES 

Review of Open Pit design by C.O. Brawner, P.Eng. 

Drill hole data and point load test results 

Test pit logs - 1995 

Association 
des lngl!<'lieurs· 
Consels 
du Canada 

- iv - 1628/1 
July 5, 1996 



INVESTIGATION KP 1-11  288 of 500

fI!!ight Piesold Ltd. 
CONSUL TING ENGINEERS 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

REPORT ON 
GEOTECHNICAL INVESTIGATIONS AND 

DESIGN OF OPEN PIT AND \VASTE DUMPS 

SECTION 1.0 - INTRODUCTION 

1.1 GENERAL OVERVIEW 

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 between Polley 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 project involves open pit mining of an estimated 82.3 million tonnes of copper 

and gold ore contained in three adjacent orebodies, at a nominal rate of 17,800 tonnes 

per day. Approximately 92.6 million tonnes of waste rock will be stored in waste 

rock dumps adjacent to the open pit. 

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

discharged as a slurry into a tailings storage facility designed to provide 

environmentally secure storage of the solids waste, with collection and recycling of 

all process solutions. No discharge of process solutions from the site is required. 
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This report is an updated version of the 1990 Knight Piesold report "Geotechnical 

Investigations and Design of Open Pit, Waste Dumps and Tailings Storage Facility" 

prepared for Imperial Metals Corporation. Details related to the tailings storage 

facility have been omitted. New infonnation concerning modified waste rock dump 

sites, geotechnical investigations throughout the site, project water management 

plans, proposed reclamation program, pit bench design, and proposed pit dewatering 

plans have been incorporated in this report. All new or revised information has been 

derived from the following documents by Knight Piesold Ltd: 

• March 1995 "Report on Geotechnical Investigations for Mill Site and 

Tailings Storage Facility" (Ref. No. 1623/ l). 

• February 1995 "Report on Project Water Management" (Ref. No. 1624/1). 

• March 1996 "Hallam Knight Piesold Reclamation Plan Report" 

• June 1996 "Groundwater Monitoring Program" (Ref. No. 1624/2). 

1.2 SCOPE OF REPORT AND ACKNOWLEDGEMENTS 

This report summarizes the design for the open pit and waste dumps with a brief 

discussion on the project water management plans. It is based on the results of field 

investigations and laboratory testwork. Specific design items which are addressed in 

the report are: 

• Site characteristics including hydrometeorology, regional geology and 

seismicity. 

• The results of geotechnical investigations carried out in the open pit and 

waste dump areas. 

• Assessment of open pit geology, rock mass characteristics, hydrogeology, and 

dewatering requirements. 
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• New layout of the waste rock dumps and an assessment of the hydrogeologic 

impacts. 

• Water management plans. 

These items are discussed in the following sections of the report and are intended to 

provide input towards a Work Systems Approval. 

All field geotechnical work was carried out under the direction of Knight Piesold Ltd. 

personnel with active involvement oflmperial Metals Corporation field personnel. 

A comprehensive review of geotechnical data pertaining to the open pit design was 

carried out by Mr. C.0. Brawner, P. Eng. Results of this review with 

recommendations for open pit slope design are summarized in Section 4.0 of the 

1990 Knight Piesold "Report on Geotechnical Investigations and Design of Open Pit, 

Waste Dumps and Tailings Storage Facility, Ref. No. 1621/1", and are included in 

this report as Appendix A. 
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SECTION 2.0 - SITE CHARACTERISTICS 

2.1 HYDROMETEOROLOGY 

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

area, as shown on Figure 2.1. Two recently established stations (Likely with 12 years 

of record and Horsefly with 17 years) are located within 40 km of the site in similar 

terrain. The project area is subjected to a relatively temperate climate with warm 

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

Detailed climatological summaries from 1984 to 1990 for weather stations from 

within the project area are included in Appendix A of the 1990 Knight Piesold report, 

Ref. No. 162111. Site specific data collected from July 1995 to January 1996 is 

available in the 1996 Hallam Knight Piesold "Reclamation Plan" report. 

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

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

with approximately 76 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). 

A preliminary estimate of the total annual and momhly distribution of precipitation 

for the site has been made using data from a number of stations in the area. The 

mean annual precipitation at Likely is 699.7 mm and at Barkerville (with over 76 

years of record) is J 043.9 mm. Precipitation for the site can be expected to fall 

within this range. The 1996 Knight Piesold "Groundwater Monitoring Program" 

report gives a mean annual site precipitation of 755mm. Data for Likely, Barkerville 

and the site are presented in Table 2.1. 

Short term storm intensity, duration, and return period curves have been plotted using 

data obtained from the rainfall frequency atlas for Canada, and are shown on Figure 

2.2. Probable maximum precipitation for the site has also been calculated from data 

contained in this atlas and is shown on Table 2.2. 
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Evaporation data and estimated evaporation for the site have been computed using 

potential evapotranspiration by AES using the Thomwaite model and available data 

for Quesnel and Williams Lake. This data is shown in Table 2.3. Canadian Climate 

Normals, Volume 9 contains lake evaporation data for Mica Creek and Blue River 

which are at similar latitude to the mine site but are judged to be too distant to be 

relevant. 

2.2 REGIONAL GEOLOGY 

The Mt. Polley site is located in an alkalic intrusive complex in the Quesnel Trough, 

a 35 km wide north-west trending volcanic sedimentary belt. 

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

north-westerly trending normal fault which extends along Polley Lake. The 

predominant structural orientation of the region is north-west trending and dipping 

steeply to the north-east. Localized geology in the vicinity of the open pit is shown 

on Drawing 1628.101 . 

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 

corrunon at high elevations. 

2.3 SEISMICITY 

The Mt. Polley site is situated within an area of very low seismic activity. A seismic 

risk calculation based on a Cornell type probabilistic model has been developed by 

the Pacific Geoscience Centre. The results for the Mt. Polley site are included as 

Table 2.4 and are summarized as follows: 
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Return Probability of Peak Ground Peak Ground 
Period Exceedence in Acceleration Velocity 
(yrs) 50 years(%) (g) (mis) 
100 40 .021 .043 

475 JO .037 .077 

1000 5 .046 .094 

The project is located in a NBCC Acceleration Zone 0 , and Velocity Zone 1 for 

struc tural design requirements. 
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SECTION 3.0-GEOTECHNICAL INVESTIGATIONS AND TESTING 

3.1 GENERAL 

Geotechnical investigations have been carried out to provide design criteria for the 

proposed open pit and waste dumps facilities. Investigative work consisted of field 

mapping, test pit excavations, installation of ground water monitoring welJs, and 

diamond drilling with permeability testing. The following provides a summary of the 

investigation work: 

• 1989 - A diamond drilling program and hydrogeologic investigation was 

conducted by Imperial Metals Corporation, in conjunction with exploration 

drilling. A total of thirty-nine geotechnical drill holes, including three holes with 

oriented drill core, were completed in the open pit areas, as shown on Figure 3.1. 

Details from the oriented drill holes are included as Appendix B. Nine 

groundwater monitoring wells were also completed, as shown on Figure 3.1. 

• 1995 - A geotechnical investigation program consisting of thirty-nine test pits 

was completed by Knight Piesold throughout the project area. Test pit logs are 

included as Appendix C. Seven groundwater monitoring wells were completed in 

the vicinity of the open pits and mill site. 

Evaluation of site conditions and geotechnical design criteria were based on the 

following: 

(i) Open Pit 

• Detailed logging of rock mass discontinuity data ia oriented drill core from 

angled drill holes, and non-oriented drill core from vertical exploration holes 

(1989). 

• Selected laboratory testing of fault gouge material (1990). 
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• Permeability testing in vertical drill holes (1989) 

• Installation of three pneumatic and standpipe piezometers ( 1989), and 

installation of groundwater wells monitoring flow from the pit to Bootjack 

Lake (1995). 

(ii) Waste Dumps 

• Laboratory studies on the acid generation potential of waste rock (1990). 

• Condemnation drilling in the vicinity of the proposed waste dumps (1989). 

• Groundwater well monitoring flow from the south-east dump to Polley Lake 

(1995). 

3.2 OPEN PIT 

3.2.1 General Description 

The open pit will consist of three interconnecting pits, namely the Central, 

North and West Pits as shown on Drawing 1625.230. The Central and North 

Pits will extend approximately 1, 1 OOm in a north-south direction and the 

Central and West pits approximately 1,lOOm in an east-west direction. The 

total area of the open pits at the conclusion of the operation will be 

approximately 70 ha. Mining is scheduled to commence in the Central Pit. 

Development of the North and West Pits will follow. 

3.2.2 Geotechnical Drilling 

The exploration program conducted by Imperial Metals Corporation in 1989 

was expanded to provide additional information on the rock structure within 

the proposed open pit areas. Geotechnical drill logs were developed in 
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addition to the geologic logs for 39 drill holes. The drill hole locations are 

shown on Figure 3. l . The following parameters were routinely recorded: 

• RQD (rock quality designation) 

• Discontinuity spacing and description of surface conditions 

• Discontinuity orientation with respect to the core axis 

• Discontinuity infilling materials 

• Point load test results 

Three inclined geotechnical drill holes, MP89-152, MP89-153 and MP89-154 

were drilled in 1989 to provide true orientation of the rock discontinuities. 

Stereonet plots of the joint and fracture orientations measured in each of the 

three inclined holes have been developed by the Schmidt contouring method 

and are presented in Figures 3.2, 3.3 and 3.4. A combined plot of all 

discontinuity data is included in Figure 3.5. A summary of rock types, RQD, 

fracture index and unconfi ned compressive strength data for the three 

inclined geotechnical drill boles is included as Appendix B. 

The predominant rock types encountered were intrusion breccia, syenodiorite 

and monzonite, with minor occurrence of mafic dykes. Several fracture 

zones were identified and occasional clayey to sandy zones of fault gouge 

were encountered in the drill core. Two samples of fault gouge were 

analyzed in the laboratory as follows: 
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Drill Hole MP89-143 MP89-152 

Depth 38 m (125 ft) 90 m (245 ft) 

Gradation 

Gravel 6 percent 7 percent 

Sand 28 percent 16 percent 

Silt 46 percent 23 percent 

Clay 20 percent 54 percent 

Atterberg Limits 

L.L. 57 percent 86 percent 

P.L. 26 percent 36 percent 

P.I. 31 percent 50 percent 

Pocket Penetrometer disturbed 4.5 tons/ft2 

Natural Moisture Content 23.5 percent 26.5 percent 

In general, the rock mass quality comprising the proposed open pit walls was 

found to have variable conditions, ranging from strong and fresh to weak and 

altered rock. The uniaxial compressive strength of intact core samples 

ranged from very high (>200 MPa) to very low (<5 Mpa). Zones of very 

weak and highly altered rock were identified at localized intervals in most 

drill holes. Highly fractured zones up to 100 metres in thickness were 

encountered in several drill holes. Zones of increased fracturing, more 

intense alteration and lower rock mass quality are recognized to be generally 

associated with large scale strnctural features such as faults and contacts 

between the intrusive geologic units. 

Discontinuities in the rock mass generally reflect the regional strnctural trend, 

as the dominant joint set was observed to strike 170 degrees and dip 75 

degrees to the north-east. A secondary joint set was found to be 

approximately orthogonal to the main set, striking 30 degrees and dipping 20 

degrees to the north-west. Discontinuities observed in the core were 

generally rough, and contained calcite and chlorite cementation. However, 

smooth, polished and slickensided joints were also identified. It should be 
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noted that these orientations are based on the results of oriented core from 

three drill holes. Information on rock mass structure from the other cored 

drill holes supports these general orientations, however a more 

comprehensive model of the rock mass structure will be established with the 

initial development of the open pit. 

3.2.3 Permeability Testing 

Permeability testing was completed in five vertical exploration holes in 1989 

as shown on Figure 3.1. The test apparatus consisted of an NQ double packer 

wireline system with a flow meter and pressure gauge for accurate 

monitoring of test conditions. 

The test results are included in Table 3.1. In general, the measured rock 

formation permeabilities were less than about I x 10·5 emfs, but occasional 

higher permeability zones (approximately 104 cm/s to 10-3 cm/s) were 

encountered, often associated with zones of intensely fractured bedrock. The 

geometric mean of all the permeability tests is 8.4 x 10·6 cm/s. 

3.2.4 Groundwater Monitoring 

Groundwater instrumentation installed in 1989 in the open pit area included 

three 40 mm diameter standpipe piezometers for water level measurement 

and groundwater sampling. These wells are still operational. Two multiple 

port pneumatic piezometers were installed for measurement of water levels 

and hydraulic gradients, but their status is unknown. Water level 

measurements were also obtained in open drill holes at the site. In August 

1995, three groundwater monitoring wells were installed in the vicinity of 

Bootjack Lake to monitor the groundwater flow from the open pit and the 

mill site. An additional monitoring well was installed to monitor the 

groundwater flow from the east waste dump to Polley Lake. These are 

discussed in the 1996 Knight Piesold groundwater monitoring report, Ref. 
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No. 1624/2. This report reviews past well monitoring programs and presents 

the results of the 1995 wells. It serves as a compilation of the current 

understanding of the site's hydrogeological conditions and the anticipated 

impacts that will result from the project development. 

In general, groundwater levels around the project area were measured at 

depths in the order of 30 metres at higher elevations, and 3 to 10 metres at 

lower elevations, as summarised in Table 3.2. Hydraulic gradients measured 

in the multiple port installations appeared to be approximately hydrostatic, 

however, temporary artesian flows were encountered in a few holes during 

drilling. 

3.2.5 Pit Dewatering 

Water inflow into the open pits results from groundwater seepage and surface 

runoff. While groundwater seepage is assumed to be relatively constant over 

the life of the mine, surface water inflows can be more variable depending on 

open pit area, precipitation levels and surface water diversions surrounding 

the pit perimeters. Groundwater flow is difficult to predict accurately, but 

experience at other mines suggests that the inflow will be in the order of 

0.005 m3/s to 0.025 m3/s. These rates may be temporarily higher if 

permeable fracture systems are intersected, but short term dewatering of these 

fracture zones should occur. 

Surface water inflow due to direct precipitation will vary according to rainfall 

intensity, and is expected to average about 0.01 m3/s to 0.02 m3/s on an 

average annual basis depending on the undiverted catchment area of the 

pit(s). These values are based on an average annual precipitation of 755 

mm/yr (as discussed in Section 2. 1 ), a runoff coefficient of 75% and initial 

and final pit areas of 41 ha and 90 ha respectively. 

Water accumulating in the pit bottom will be transferred to an in-pit sump 

located on the East side of the Central Pit, about 60 metres above the ultimate 

base. From there, it will be pumped to the mill for use as process water or 
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discharged into the tailings basin. However, during storm events 

considerable water will accumulate in the pit bottom where it will be 

temporarily stored in a bottom sump until it is transferred to the higher sump. 

Pumping requirements will be determined during initial operations and the 

pumping capacity will be selected to accommodate increased pumping 

requirements during and after storm events. 

If additional water storage capacity is required, a separate external pit sump 

may be installed during later mine operations. 

Perimeter dewatering wells, and/or horizontal drains may be installed in and 

around the pits to draw down groundwater levels should it be necessary to 

control seepage and enhance pit slope stability. These requirements will be 

progressively determined during mine development. 

In the later years of mine operation, the Central Pit may be used for waste 

rock disposal while the West Pit is mined. Groundwater and surface runoff 

could then accumulate in the Central Pit and may result in increased lateral 

seepage rates into the West and North Pits. The West Pit is about 50 metres 

deeper than the Central Pit and seepage would occur through a bench 

approximately 150 m high which separates the two pits. The permeability of 

the bedrock throughout the pit area has been determined to be less than 

approximately 1 x l 0-5 cm/s, but may range from 1 x 104 cm/s to 1 x 10-3 

cm/s in zones of fractured bedrock (natural geologic fracture zones and/or 

blast damaged zones). There are three geologic contacts in the vicinity of the 

bench which have been identified as zones of weak and highly altered rock. 

These discontinuities could serve as relatively high permeability seepage 

paths into the West Pit and will be evaluated during initial and ongoing pit 

development. 

The North and Central Pits are separated by a larger bench, approximately 

100 m high. Both pi ts are of the same depth. A north-south trending fault 

has been found which cuts the west side of the bench and could be a zone of 

high permeability which will be evaluated during future pit development It 
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is unlikely that seepage from the Central to North Pits will be a significant 

consideration due to long seepage path lengths and low seepage gradients. 

3.3 WASTE DUMPS 

3 .3 .1 Waste Characterisation 

A detailed program of acid/base accounting was completed in 1989 and 1990 

on potential waste rock materials from the open pit. This program involved 

the collection of random samples of drill core and subsequent analyses for: 

• total sulphur 

• neutralization potential 

• total acid generation potential (calculated on the basis of total 

sulphur) 

These tests were carried out by Envirochem Services Ltd. and Coastech 

Research, both of North Vancouver, B.C. The results of the waste 

characterization tests for the 94 samples tested are included in Appendix C of 

the 1990 Knight Piesold report, Ref. No. 1621/1. The testwork indicates that 

the waste rock will not be acid generating. ARD tests are discussed 

extensively in the 1996 Hallam Knight Piesold "Reclamation Plan Report". 

3.3.2 Surficial Materials 

The revised waste dump sites are shown on Drawing No. 1625.230. In 

general, the sites are characterized by gently undulating topography. The 

Central pit may be used for waste rock djsposal when development of the 

west pit proceeds during the later stages of operation. 
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The North dump is situated on a relatively flat area with bedrock knobs and 

ridges. Colluvium, glacial till and forest litter were encountered along the 

flat area to a maximum thickness of approximately 20 metres. The North 

dump has a capacity for 16 million tonnes and will likely be used during the 

mining of the North Pit later on in the mine life. 

The South-East dump is situated along the crest of a broad ridge. The 

topography is relatively flat and undulating. A veneer of colluvium, glacial 

till and forest litter is present over most of the area. Bedrock was 

encountered in drill holes at depths ranging from approximately 3 to 7 .6 

metres. 

Groundwater in the vicinity of the waste dumps is generally shallow with 

flow directions governed by the surface topography. 
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SECTION 4.0 - OPEN PIT SLOPE DESIGN 

4.1 GENERAL 

This section provides a revised summary of Section 4.0 of the 1990 Knight Piesold 

"Report on Geotechnical Investigations and Design of Open Pit, Waste Dumps and 

Tailings Storage Facility" authored by Mr. C.O. Brawner. A proposed blasting 

program and details of anticipated groundwater inflow and pumping requirements 

can be found in the original report, which is included as Appendix A. 

4.2 FACTORS WHICH INFLUENCE PIT SLOPE STABILITY AND SLOPE 

ANGLE 

Factors which influence rock slope stability of open pit mines include geologic 

structure, groundwater conditions and dynamic acceleration forces generated during 

blasting. 

The potential for pit slope instability is generally related to rhe presence of adversely 

oriented geologic discontinuities in the pit slopes. Typical slope failure mechanisms 

include circular, planar, block, wedge, and toppling modes as shown in Figure 4.1. 

The presence of groundwater in the pit slopes influences stability by reducing rock 

mass shear strength due to reduced effective stress, creating seepage forces towards 

the pit slopes, creating hydrostatic forces in tension cracks, and increasing 

hydrodynamic shock due to blasting below the water table. Consequently, it is 

important that low water levels and groundwater pressures be maintained in the pit 

slopes. The most effective way to develop this control is with the instaJlation of 

horizontal drains. Drainage requirements can most effectively be detennfoed during 

initial development of the open pit by inspection of bench faces for seepage, and 

through the drilling of exploratory drain holes. 

Dynamic acceleration forces due to blasting must be reduced at the final pit face to 

allow the steepest practical slopes to be developed, thereby minimizing the waste to 
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ore ratio. This requires controlled blasting techniques to maintain the design pit 

slope angles. 

Slope movements, reflecting instability of the pit slopes, are typically indicated by 

the development of tension cracks along the pit or bench crests. Periodic inspections 

along the pit crest and bench locations will identify areas which may require further 

scaling and/or monitoring. 

4.3 STRUCTURAL GEOLOGY 

Three inclined boreholes, MP89-152 to MP89-154 were drilled using the clay imprint 

procedure to orient the rock mass structure. Stereographic plots are shown in Figures 

3.2 to 3.5. The overall plots indicate a predominant joint set with an average strike of 

170 degrees and an average dip of 75 degrees east. A secondary joint set was 

revealed striking on average 30 degrees and dipping 20 degrees north west. These 

geologic structures are the features which will influence slope stability throughout 

the pit walls, and potentially lead to certain types of instability in each pit face 

depending on the face orientation. The pit slope design must accommodate these 

potential failure mechanisms. 

Generally, the rock strength is moderate to high so that stability will be controlled by 

the geologic structures. In addition to the joint sets described above, several 

localized zones featuring very closely spaced fractures, development of clayey gouge 

material and low compressive strength were noted. These localized zones may 

require additional design requirements, such as reduction of bench face angles, or 

installation of steel mesh and/or shotcrete to control bench face stability, which will 

be evaluated during development of the pit. 

Details of the rock mass discontinuity data (R.Q.D. and joint frequency) , together 

with unconfined compressive strength data, are provided in Appendix B. 
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4.4 EVALUATION AND CONTROL OF GROUNDWATER 

The groundwater table is generally close to the ground surface, ranging from 30 

metres depth in topographically higher areas, to 3 metres depth in lower elevations 

around the project area. In some cases, artesian conditions were encountered in 

exploration drill holes. Drainage measures will be developed in the pit allowing for 

pit walls to be excavated at the steepest slopes possible and to prevent potential 

bottom heaving of the pit floor. Drainage measures to control seepage into the pit 

and improve stability of the pit walls will include the installation of horizontal drain 

holes, as determined from observed conditions in the initial pit development. 

4.5 PIT SLOPE AND BENCH DESIGN 

Design of initial pit slopes is based on a relatively steep bench face of 70 degrees, 

with inter-ramp slope angles of 52 degrees, shown as Design I in Figure 4.2. T his 

design is based on the available structural information, and assumes drained 

conditions in the pit slopes. Where favourable interaction of rock mass structure and 

pit wall geometry are revealed during initial pit development, Design II will be 

utilized to optimize pit slope angles. These two pit slope designs are included to 

accommodate the different combinations of geologic conditions and pit slope 

orientations. A summary of the proposed design geometry for pit slopes is presented 

in Table 4.1. It should be highlighted that pit slope design will be modified based on 

updated geology and on additional geotechnical information obtained during early pit 

development. 

For final pit design, controlled blasting will be used to develop the relatively steep 

bench face angles. Bench faces will be scaled to reduce ravelJing and reduce width 

requirements for catch berms. The most recent pit design was completed using 

Mintec's MEDSYSTEM software. 
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SECTION 5.0 - WASTE DUMP LAYOUTS 

5.1 WASTE DUMP LOCATIONS AND CONSTRUCTION 

Waste dump sites are shown on Drawing No. 1625.230. Selection of waste dump 

sites has included consideration of environmental and economic factors, in addition 

to optimization of waste rock haulage. 

The waste dumps are generally situated on relatively flat topography and will be 

underlain by glacial till and bedrock. Sufficient quantities of suitable topsoi l and 

glacial till will be stripped and stockpiled for reclamation of the dumps. The ultimate 

waste dumps, as shown on Drawing No. 1625.230 include final reclaimed slopes of 

2h: 1 v. During operations, the waste rock will be placed in individual benches as 

required to control surface erosion. 

Drainage ditches will be used to control surface runoff from the North and South

East waste dumps. The dumps will be graded to direct runoff from the tops of the 

dumps into the open pit areas. The ditches will collect runoff from the dump slopes 

and will transfer the water to sediment control ponds as shown on Drawing No. 

1625.230. The water will then be discharged into the tailings basin. There will be 

three main perimeter drainage ditches, as follows: 

• The first drainage ditch will run north to south along the eastern end of the South 

East waste dump. 

• The second drainage ditch will run west to east along the southern end of the 

final limit of the South-East dump. 

• The third drai nage ditch will run south between the South-East waste dump and 

the mill site. It is then directed east and will connect to the first drainage ditch. 

This ditch will cut across the southern end of the South-East waste dump, to be 

used later in the mine life. As the dump advances, the ditch will be converted to a 

rock drain so that drainage can continue as the dump is developed. It is 

anticipated that natural segregation of coarser material will occur during waste 
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rock placement. The coarser material will fall to the base of the advancing dump 

and the ditch will be filled with durable, coarse material. In the event that coarse, 

durable material is not available to fill the ditch, suitable material will be selected 

and placed in the ditch prior to covering it with the waste dump. This 

requirement will be evaluated as the waste dump develops. 

Existing groundwater levels at the waste dump sites have been observed to be within 

a few metres of the ground surface, with a phreatic surface similar to the general 

topographical features. Due to the segregation of waste rock during placement, 

coarser particles will collect along the base of the dump providing free draining 

conditions within the waste dump materials. 

5.2 STABILITY ANALYSES 

Stability analyses of the waste dump have been carried out for a range of natural 

ground conditions and maximum dump height. A typical stability analysis is shown 

on Figure 5 .1. 

Strength parameters for the rockfill have been assumed from published information 

on the shear strength of rockfill by Leps ( 1970), and recommended values from the 

US Forest Service lntermountaine Region, Dump Stability Perfonnance Objectives 

and Evaluation Criteria. These are summarized in Figure 5.2. Strength parameters 

for the foundation material are based on an in-situ layer of till, as stripping of topsoil 

and organic debris will be implemented. 

The stability analyses were carried out for base translational failure along the waste 

rock/foundation contact using a non-circular analysis. The analyses were completed 

for the final reclaimed slopes of 2h: 1 v, using a maximum dump elevation of 1170 

metres, as shown in Figure 5 .1. The calculations take into account the maximum 

natural slope of the terrain in the waste dump area which does not exceed 38°. 

Previous stability analyses, outlined in the 1990 "Report on Geotechnical 

Investigations and Design of Open Pit, Waste Dumps and Tailings Storage Facility" 

(ref 1621/l) indicated that for the final reclaimed dump slopes, a minimum factor of 

safety of 1.3 can be achieved for all terrain on site, regardless if topsoil is stripped. 
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However, topsoil stripping will be implemented in the waste dump locations, creating 

a factor of safety against failure greater than 1.5 on all terrain, as indicated in Figure 

5.3. The topsoil will be used for reclamation, as discussed below. 

5.3 RECLAMATION 

Areas designated for waste rock storage will be logged, grubbed and cleared prior to 

mining. Topsoil, overburden and coarse woody debris will be removed and stockpiled. 

These materials will be removed in a staged manner so that material removed from 

each succeeding raise is replaced on the previously completed raise. This leapfrog 

pattern will reduce the need for large soil stockpiles, will minimize haul costs, and will 

accelerate the recolonization of reclaimed areas by native materials from soil seed 

banks, bud banks, and rooted offsets. Most importantly, reclamation of completed 

raises of the waste dumps will commence almost immediately instead of being deferred 

until the end of mining. 

Waste rock dumps will be constructed by end dumping, re-contoured to an ultimate 

slope of 2h:lv, covered with a layer of overburden/topsoil and re-vegetated. Individual 

dumps will not exceed 50 m in height. The top surfaces of the stockpiles will drain 

toward the open pits, but will be designed to have ridges and depressions, to blend in 

with the surrounding topography and to create habitat diversity. The final surfaces will 

be covered with a layer of overburden and topsoil, then re-vegetated. Final reclamation 

of the waste dumps will involve spreading of topsoil and glacial till and seeding or 

planting as required. 

For further discussion on proposed reclamation plans, refer to the 1996 Hallam 

Knight Piesold "Reclamation Plan Report". 
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SECTION 6.0 - WATER MANAGEMENT PLAN 

An overview of all water associated with the Mt. Polley Project is provided in the 

1995 Knight Piesold "Report on Project Water Management". An overall project 

water balance was completed by integrating the water balances for the mine site, 

including the open pits, waste dumps and mill site with the tailings facility and the 

undisturbed catchment areas immediately upgradient from it. The @RJSK 

Analysis and Modelling program was used to describe the effects of the statistical 

nature of precipitation over the entire life of the project. 

The report demonstrated that the tailings facility and open pit can and will be 

operated so that no surface discharge of excess water will be required and that 

make-up water requirements from Polley Lake will be minimized by addition and 

use of surface runoff from waste dumps and undisturbed catchment areas. 

Included in the report is the most recent hydrometeorological information obtained, 

including precipitation, snowmelt, evaporation and runoff. The report discusses 

assumptions made and presents conclusions and recommendations concerning 

make-up water supply and the project water management plan. 
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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 lOOOm 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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TABLE2.2 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

• 
PROBABLE MAXIMUM PRECIPITATION 

1 hourPMP 

6 hourPMP 

24 hourPMP 

Source: 

=78mm 

=88mm 

= 163.3 mm 

= 78 mm/hour 

= 14.6 mm/hour 

= 6.8 mm/hour 

Rainfall Frequency Atlas for Canada, W.D. Hogg, D.A. Carr, Supply and Services 

Canada 1985. 
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May 

June 

July 

August 

September 

October 

Total 

Source: 

TABLE 23 

IMPERIAL METAlS CORPORATION 

MT. POLLEY PROJECT 

ESflMATED PAN EVAPORATION AT SITE 

Quesnel Williams Lake 

98 88 

130 124 

151 144 

131 129 

81 77 

39 38 

630 600 

Site 

93 

127 

148 

130 

79 

38 

615 

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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ENERGY. MIMES AND 
RESOURCES CANAOA 

TABLE 2.4 

IMPERIAL MET /\LS COR POR.A TION 
MT. POLLEY PROJECT 

SEIS~IC RISK CALCULATION 

ENERCIE, MINES ET 
nc:ssounCES CANADA 

GEOLOGICAL SUflVEY Or- CANADA COM~1ISSION GEOLDGIGUE 11\J CANADA 

SEISMIC RISK CALCULATION * CALCUL DE RISQUE SEISl'lIGUE * 

REGUESTEO UV/ UEHANUE PAR Jere1111J H.aile I Knight l!< Piesold Ltd . 

SITE Ml:. Po l ley. B. C. 

LOCATEU Ar I SITlJE AU 52. 55 NOR TH/NORD 121.63 WEST/OUEST 

PRODAUILITY OF EXCEEDENCE 
PER ANNUM/ PRrlOABILITE PE 

DEPASSEMENr PAR ANN[E 

PROBAUILirv OF EXCFEO~NCE 
I N 50 YEARS/ l 'IHJOf'D 1 LI TE 

0 . 010 0.005 0.0021 0 . 001 

DE DEPl\SSEMENT EN 50 ANS 40 % 22 % 10 X 5 Z 
----·---- ---·---- -- ··-·---·--- ··----·· ! -----·--·-·-------···----·------··----·-----------·-----

PEAK HUR I ZCIN'I AL CIHJllNI) 
ACCELERATION <G > 

ACCELERAT lllN llOH I 7.0NTAl.t:: 
MAXIMALE DU SOL <G> 

PEAK HORIZONTAL GRDUNU 
VELOC ITY <M/SEC:l 

VITESSE HtJRIZONTALE 
MAXIMALE DlJ SOL <M/SEC:l 

• REFERENCES 

0 . 021 0 . 028 0.037 

0.043 0.056 0 . 077 

1. NEW PRODACIILISTIC 51HCING SEISMIC GROUNI) Mlll ION MAPS 

0.046 

0. 094 

OF CANAD/I : A CCJl'IP ILAT IOI~ OF EARHIGLIAKE SOURCE ZONES, METHODS AND HESUL TS. 
P . W. OASHAM. D. H . 1-lE I CHErn. F . M. ANGLJN. AND M. J. DERRY 
EARTH PHYSICS DRANCH OPEN FILE NlmBER 82-33, OTTAWA, CANADA 1982. 

2. ENG INEER I NG APPL I CATJIJN~; UF NEM PRODAD ILISTIC 
SEISM I C GIHJUNO-·MUT IlJN 1'11\l'S OF CANADA. 
A. C. HEIDE.BRECHT, P. l>l. IJASllAM, ,J_ H. RAIMER, ANO M. J . DERRY 
CANADIAN JOURNAL OF CIVIi. Et·IGINEEAitJG, VOL 10. NO. 4, P . 670-680, 1983. 

3 . NEW PROUAIJ IL I ST IC 5 1 l!DNC~ GllCIUNO MOT I ON MAPS OF CANADA. 
P. W. BA511MI. 0 . t-l. ~IE I C llEfH, F . ~1. ANGLIN, AND l'I. J. !JERRY, BULLETIN OF 
THE SE I SMOLOCIC:,.\L SOCIETY OF AMEl!ICA, VOL. 75, NO. 2, P. 563-5951 1985. 

4A . SUPPLEMENT TO TllE NAT IONf-\L DU I LDING CODE OF CANADA 1985, NRCC NO. 23 178. 
CHAPTER 1 : CLIMATIC It·IFtlllM1'.\T I ON FOR BUILOING DESIGN IN CANADA. 

ER 4 : COtltl17Nl/\RY ,I : E:FFECTS OF EARTllO!Jfll<ES. 
Assoc1a1,on ASsocia~on 
ol Consulllig des lng9meurs· 

4 C::e'ttil~Ws D~J C~)~lsl'IATIGNl\l. OU U1'.\T IMEMT DU Cl\MAD1\ 19£) 5, CNRC NO 2:1 1 78F. 
Ttl1?3n,d~ oot-li1~~c1_rnf-\'T IGUES P OIJH LE CAI.C UL DES llATIMENTS AU CANADA. 
TRE 4 : COl'tl'IE.MTAIRE .J: EFr-E·rn DES SE I SMF.!:l . 

23-0CT-89 20: 17:40 
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SEISMIC R ISK CALCULATION 

SITE Mt. Polley. ll . C. 

ZONING FOR ADOVE SITE/ ZONAGE OU SITE CI - DESSUS 

1985 NI3CC /CNHC: ZA = 0; ZV = 1 ; V = 0. O~ MIS 

ACCELERATION ZONF::/ ZONE D'ACCEl.ERATION ZA=O 
ZONAL ACCELERf"IHON/ ACCELERATlDl-1 Zf.INALE 0 . 00 G 

VELOCITY ZONE/ ZONE DE Vl rESSE zv·~t 
ZONAL VEl.OCrl Y/ Vl1ESSE ZDN/\LE 0 . 03 MIS 

19f15 NllCC/OIUC ·!Ht 

SEISM I C ZONING MAPS / CAFnES OlJ ZONAGE SE ISMIOUE 

PROUAUILJTY LEVF.L: 10/. IN 50 YEf.1RS 
NIVEAU DE Pll013AOII. TlE : 10/. EN 50 .l'1Nt~E C::S 

G OR MIS 

0 . 00 

0 . 0•1 

0. Of·J 

0. 11 

0 . 16 

0.23 

0. 3;.~ 

ZDNE 

0 

2 

3 

4 

:; 

6• 

ZDMAL VALUE / 
VAL.EUR ZONALE 

0.00 

0 . 05 

0 . 10 

0. 15 

0.20 

0 . 30 

0 . 40 

* ZONE 6: NOMINAL VALUE/ VALEUR NOMINALE 0 . 40; 
SITE-SPECirIC STUDIES SUGGESTED FOR IMPORTANT PROJECTS/ 

.. 

ETUOES COMPLEMENTAillES GUGGEREES POUR DES PRO,JETS D' IMPORTANCF.. 

** FOR NDCC APP~ICATIONS, CALCULATED ZONE VALUES AT A SITE SHOULD BE 
REPLACED BY EFFECTJVE ZOl'IE VALUES [ZACEFFl on ZVCEFFl] AS SHllt.JN BELmJ/ 

PDllfl Af'PLIC:i\l JONS SEl.DM LE CN!3C, ON UDIT REMPLACF.R LES VAl-EUHS ZONALES 
CAl.CUL EES l'OUR UM SITE l'Af! LES VALElfflS EFFECTIVES CZACEFFl au ZVCEFFll 
cm1~1E MONlllE c 1-DESSOUS: 

1. lF/Sl CV\ - ZVl > 1. ==:.:.> ZACEFFl = ZV + 1. 
OR/OU 

2 . IF/SI <ZA - ZV) ( 1. =""=> ZA<EFFl ZV - 1. 

Ol~ocialio't~/l'\A$SOC!;i{19!1,r1 ANfl/~l ZA > o. ""'•"•> ZVCc:f'F) = 1. 
o't'Consullft>!l ·' 'lies lit;il!'nieOfs· 
Engineers Cooseits 
01 ~t: Rl~ l~fit~~W:E 2 C IlED AllOVE, PAGE 677 l 

(VUIR PAGE 677 DE L A REFEllENCE 2 Cl - DESSUSl 
23-0CT-B9 20 : 17: 40 
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TABLE 3.1 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

SUMMARY OF PERMEABILITY TESTING IN OPEN PIT 

Hole No. 

MP89-145 

MP89-146 

ol Consulli11g 
Engineers @ Association 

ol Canada 

Deplh Interval 

(ft) 

Association 
des lngenieurs· 
Conse1ls 
du Cnnada 

40-60 

70-90 

100-120 

130-150 

160-180 

190-210 

220-240 

60-80 

90-110 

120-140 

150-170 

180-200 

210-230 

240-260 

270-290 

300-320 

330-350 

360-380 

390-410 

420-440 

Measured Permeability 

(emfs) 

1.0 x 10"6 

4.6 x 10"6 

5.0 x 10-1 

3.5 x 10"6 

1.3 x 10-5 

< 3.0 x 10-6 

8.7 x 10-1 

8.8 x 10"6 

5.0 x 10-7 

6.9 x 10-1 

3.1 x 10-6 

1.5 x 10-5 

5.7 x 10-6 

2.2 x 10-6 

3.7 x 10"6 

1.1 x 10-5 

1.6 x 10-4 

1.5 x 10-6 

< 1.5 x 10-6 

6.9 x 10-1 
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TABLE 3.1 (Continued) 

Hole No. Depth Interval 

(ft) 

MP89-146 (Can't) 460-480 

480-520 

520-560 

600-640 

640-700 

MP89-147 

MP89-148 

@ Associallon 
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Engineers 
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20-50 

50-80 

80-120 

120-160 

160-200 

200-240 

240-280 

280-320 

320-360 

360-400 

20-60 

60-100 

100-140 

140-180 

180-220 

220-260 

260-300 

300-340 

Measured Permeability 

(emfs) 

9.8 x 10-7 

1.0 x 10-6 

2.5 x 10-6 

4.8 x 10-6 

2.0 x 10-6 

3.2 x 10-4 

6.8 x 10-6 

2.6 x 10-6 

4.0 x 10-5 

1.4 x 10-4 

1.8 x 10-5 

6.2 x 10-6 

1.8 x 10-5 

7.5 x 10-7 

7.5 x 10-7 

1.0 x 10-4 

6.6 x 10-4 

3.0 x 10-3 

4.2 x 10-4 

4.8 x 10-5 

3.0 x 10-5 

7.2 x 10-6 

4.9 x 10-4 
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TABLE 3.1 (Continued) 

Hole No. Degth Interval 

(ft) 

MP89-155 20-50 

50-90 

90-130 

130-170 

170-210 

210-250 

250-290 

290-330 

330-370 

370-410 

410-450 

450-490 

490-530 

530-570 

570-610 

610-650 

650-700 

Geometric Mean of all tests: 

@ Association 
of Consulting 
Engineers 
of Canada 

Association 
des lngenieurs· 
Conseils 
du Canada 

Measured Permeahilil)'. 

(emfs) 

2.8 x 10-5 

1.6 X 10-S 

3.4 x 10-4 

4.7 x 10-6 

< 1.0 x 10-7 

< 1.0 x 10-1 

1.0 x 10-1 

1.7 x 10-6 

9.4 x 10-7 

4.5 x 10-6 

1.5 x 10-7 

6.8 x 10-3 

1.4 x 10-4 

3.6 X 10-5 

2.7 x 10-4 

< 1.0 x 10-7 

< 1.0 x 10-7 

8.4 x 10-6 cm/s 
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TABLE 3.2 

IMPERIAL METAl.S CORPORATION 

MT. POLLEY PROJECT 

GROUNDWATER LEVELS IN PROPOSED OPEN PIT AREA 

DEPTH TO GROUNDWATER TABLE (m) IN MONITORING WELLS 

August 16, 1989 

November 8, 1989 

MP89-107 

28.0 

10.0 

MP89-146 

14.7 

10.5 

MP89-151 

35.5 

31.0 

D EPTH TO PHREATIC SURFACE (m) IN MULTIPLE 

PNEUMATlC PIEZOMETERS 

MP89-147A -147B 

T ip De[Uh (m) 27.6 59.0 

Da te 

August 2, 1989 3.2 2.6 

August 15, 1989 3.5 2.4 

November 12, 1989 2.2 1.6 

* Reading beyond capacity of read-out box. 
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-147C MP89-155A 

88.8 7.8 

4.5 

4.6 

9.2 2.7 

-155B 

157.7 

* 
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DESIGN 
SECTOR 

I 

II 

Notes: I. 

2. 
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TABLE4.1 

IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

PRELIMINARY SLOPE DESIGN 

PIT SLOPE BENCH BENCH 
ORIENTATION FACE HEIGHT 

ANGLE (m) 

All slopes 70° 20 

Favourable 75° 20 
conditions 

BENCH 
WIDTH 

(m) 

8.5 

8 .5 

Pit slope design based on fully drained slope conditions. 

INTER-
SLOPE 

ANGLE 

52° 

55° 

Pit slope design to be reviewed during initial development of pit, as 

accual conditions are encountered . 
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MT. POLLEY PROJECT 
PROJECT LOCATION PLAN 

·- ·- NORTHWEST TERRITORIES 
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FIGURE 1.1 
June 5, 1996 
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SECJ'JON 4.0 - OPEN PIT SLOPE OESJGN 

4.1 FACT-ORS WHICH INFLUENCE PIT SLOPE STABI LITY AND SLOPE 

ANGLE 

The most important factors which intluence rock slope stability of open pit mines 

are geologic structure, groundwater conditions and seismic acceleration forces due 

to blasting. 

Where geologic discontinuities, Uoints, bedding planes, foliation, shears, faults, etc.) 

singly or in combination dip out o[ the slope at angles near or in excess of the 

angle of friction of the discontinuities, a potential for failure exists. It is essential 

that the geologic model of discontinuities around the pit be determined and the 

kinematic potential for failure evaluated. Typical failure models are shown in 

Figure 4.1. They include circular, planar, wedge, block and toppling modes. 

Where multiple bench fai lures can occur along discontinuities, it is normally 

necessary to obtain samples to perform direct shear tests along these discontinuities. 

The surface roughness and waviness along the discontinuity must be evaluated in 

the direction of sliding. This may increase the effective angle of friction by ten 

degrees or more. Both conditions require assessment in order to evaluate the safety 

factor for that portion or the slope. 

The presence o[ groundwater in the slopes may infl uence stability in a number of 

ways: 

a. Reduction in lhe frictional shear strength due lo buoyancy. 

b. Reduction in cohesion o[ clay gouge or clayey rock with increasing moisture 

content. 

@) Anoclatlon 
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Engineers 
01 Canada 
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Con sails 
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c. Dcvclopmcnl or seepage forces <.lu ring drainage towan.Js the pit slope. 

d. Creation of hydrostatic forces in lcnsion cracks during heavy rainfall or snow 

mell (this press1-1re increases as the square of the depth). 

e. An increase in hydrodynamic shock due to blasting below the water table. 

As a result, it is important that the water table and groundwater pressures be 

maintained low in the pit slopes. The most effective way to develop this control 

is with the installation of horizontal drains. Any tension cracks that develop should 

be monitored and filled in to prevent the build up of water pressures. 

Seismic acceleration forces due to blasting must be reduced at lhe final pil face lo 

allow the steepest practical slopes to be used to minimize the waste to ore ratio. 

This will usually comprise using controlled blasting for the line holes, angled line 

holes, buffer holes adjacent to the line holes, numerous delays and blasting lo a free 

face. Photographs of representative conditions are enclosed in Figure 4.2. The 

relationship between distance from the blast, pounds per delay and particle velocity 

(related to damage) is given in Figure 4.3. 

4.2 STRUCTURAL GEOLOGY 

Three boreholes, MP89-152 to MP89-154 were drilled on an inclination and the 

core was oriented using the clay imprint procedure as discussed in Section 3. 

Stereographic plots are shown in Figures 3.2 to 3.5. The overall plots indicate the 

major joint set has an average strike of 167 degrees and an average dip of 75 

degrees E. The strike variation is about + 20 degrees and the dip variation about 

+ 10 degrees. A second set of joints strikes 30 degrees + 20 degrees and dips 18 

degrees W + 10 degrees. These geological structures are the major featu res which 

will influence pit slope stability for all walls. 

@ Aiso.:i1hon 
ol Consulling 
Engineers 
ol Canada 

AuoQl11ion 
des lng6nitturs· 
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This structure will lead to cerlain types of potential inslability in each pit face 

depending on the face direction. The pit slope design must accommodate this 

potential. 

East facing slopes 

North facing slopes 

South facing slopes 

West faci ng slopes 

planar fai lure along shears, faults and 

contacts 

shallow wedges along joint intersections 

or fault contacts 

local wedges adjacent to fault contacts 

toppling 

Rock joint continuity data (R.Q.D. and Joint Frequency) is shown in Appendix B, 

together with unconfined compressive strength d<1la. Generally the rock strength 

is moderate to high so that stability will be controlled by the geologic structure. 

Several local zones of high fracturing <1nd low slrcnglh were noted, i.e. - hole 

MP89-152, depth 180-350 feet. When the preliminary pit design has been 

developed, it will be necessary to evaluate rock strength data where drill holes 

intersect the pit walls to determine if any special design modification would be 

required. The west facing slopes must be evaluated in particular. H weak zones 

dip into these slopes, stress relief aod high stress could cause subsidence and over 

stress the overlying rock to initiale toppling movement. 

4.3 EVALUATION AND CONTROL OF GROUNDWATER 

Groundwater is generally reasonably shallow below the ground surface. In some 

drill boles it was artesian. Consideration must be given to developing drainage of 

the pit walls to allow steep slopes and drainage in the pit lloor to prevent pit 

bottom heaving. Wet blast holes will also require the use of more expensive 

explosives than the standard ANFO. 

Revised: February 15, 1990 
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The prujcclcc.l open pit tlewalering rcquircm<.:nls have been cslimalc<l from the 

permeability test results and by a general water balance incorporating climatic data 

and hy<lrogeologic information. The volume of recoverable groundwater stored in 

the bedrock fractures and fissures has been estimated by assuming a specific yield 

of 0.005. Open pit dewatering systems will be required lo remove this water from 

storage. Additional open pit inflows will include direct precipitation and groundwat

er recharge from the area of inOuence. The hydrometeorologic data presented in 

Section 2.1 has been adjusted for runoff and transpiration losses Lo enable a 

prediction of annual recharge to the groundwater system. 

The rate of groundwater inflow is controlled by the permeability of the bedrock. 

The bedrock permeability is expected to be anisotropic due to structural features. 

Rock structure provides a barrier to groundwater movement across relatively intact 

formations and low permeability clay gouge but also results in preferential flow 

parallel lo fractured rock zones. The site investigation program outlined in Sc<.:Lion 

3.2 identified zones with a broad range of permeabilities. 

It is anticipaled that the principal directions of groundwater inrtow will be parallel 

to the dominant structural features which trend roughly north and south. This 

groundwater Dow trend is advantageous in the later years of operation, when the 

ultimate depth of the west pit is below the surface elevation for Bootjack Lake. 

In general, the rock structure provides a natural barrier lo llow from Bootja<.:k Lake 

into the bottom of the ultimate pit. However the approximately east-west trending 

fault structure in the west zone, as shown on Figure 2.3, may provide a high 

permeability conduit for groundwater lluw. On-going evaluation of pit geology 

during operations will enable accurate predictions to be made prior to final 

development. 

It is estimated that the average, steady state pumping requirements for open pit 

groundwater control over the life of the project will be approximately 15 L/s (200 

Revised: February 15, 1990 

@ Anoclation Association 
or Consulllng des tng•n1eurs-
E11gineers Constlls 
ol Canada du Canada 



INVESTIGATION KP 1-11  342 of 500

:Y~ht ,aJU~ f!lleJ~k~ !lit. 
CONSULTING ENGINEERlf 

29 

lgpm). This eslimalc docs nol include for removal o[ dirc<.:l prccipilaliou whi<.:h will 

average approximately 13 IJs (175 Igpm) annually. The actual pit dewatering rate 

will be higher in lhe early stages of the operation when groundwater is removed 

from storage, and during periods of high rainfall. 

Generally the most effective ways of controlling seepage into the pit is to install 

horizontal drain holes. They should be 20 to 30 metres (60 to 100 ft) long, drilled 

at a +2 lo +3 degree slope and spaced about 12 metres (40 fl) aparl al the toe of 

each double bench where seepage is encountered. In order to locate seepage 

zones, all blast holes which have waler in Lhcm along the line holes and buff er 

holes should be ploued on blasting plans. The horizontal drain holes arc only 

installed in areas where seepage is indicated. 

If wet holes become a problem, a program to drill every tenth to twelfth blast hole 

an additional 6 to 9 metres (20 to 30 fl) deep anc.1 blast to that lower dcplh will 

provide a groundwater sink and help Lo lower the water table in the blasl area. If 

this procedure is not successful, pumping wells al a number of locations around the 

pit may be required. 

In order to continue to monitor the groundwater level conditions, a percentage of 

future drill holes should have piczometers installed to monitor the water table. 

4.4 BLASTING CONTROL NEAR THE FINAL WALLS 

Where the pit slope design angle will not be controlled by the structural geology 

the use of controlled blasting at the final face will normally allow an increase of 5 

to 7 degrees in the slope angle. This involves the use or controlled blasting, with 

reasonably small diameter blast holes detonated as a pre-shear line in the harder 

massive rock or as a cushion or post shear line in weak or heavily fractured rock. 

The line holes shou ld not be larger than 15 cm (6 inches) in diameter and spaced 

Revised: February 15, 1990 
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1.5 lo 2 m (5 lo 6 l'l) apart. ll is prdernblc if lhis pre-shear line is drilled al an 

angle of 70-75 degrees below the horizontal rather than vertical. It is also desirable 

to drill the line hoks double bench <lcpth to do away wilh a small bem:h lip which 

could develop half way up a double benched slope. To minimize wall damage it is 

preferable that the explosive in the line holes be decoupled latcrnlly and/or air 

decked to spread the explosive more throughout the length o( the hole. Rock 

excavation should be to the line holes and not beyond. 

Two or three lines of buffer holes are recommended, drilled in front of the line 

holes with lhc spacing equal lo about one-hair thal between lhc prodUL:tion holes. 

The first line of buffer holes should be angled. The others may be vertical. They 

should use the same diameter as lhc line holes. In order lo drill lhe angle holes, 

it will be necessary to purchase or lease a drill which drills this size or hole and can 

be angled at angles up to about 25 degrees. Tamrock have drills with angled 

capacity. The amounl of explosives per buffer hole will be approximately one

quarter that in the production holes. All buffer holes should be delayed. 

Production holes may use larger diameler drills. Every hole of a production blast 

within one hundred feet of the final wall must be delayed singly. 

Blasting should be developed towards a free face with that free face perpendicular 

lo the wall. A typical trial bl<tsl pallcrn is shown in f<igurc 4.4. Figure 4.2 shows 

an excellent blast control program at Gortrum Mines in Ireland. Figure 4.3 is a 

plot of damage to rock, related to the weight of charge per delay, and the blast 

distance to the final wall. This graph emphasizes the utmost importance of using 

delays to reduce seismic acceleration forces to minimize wall damage. 

The best blast design will result from trial test blast patterns in the field. The most 

beneficial program will develop where lhe open pit will be developed initially as a 

small pit and a subs~quent set back will be developed. This inilial pit can be 

Revised: February 15, 1990 
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developed with variable test slopes and test blast pullcrns lo develop the best blast 

design for the final wall. Test trial blasts will be required wherever the rock 

conditions change substantially. 

It is recommended that double benching be used at the final wall. In order for this 

procedure to be successful, the upper bench face must be scaled prior to drilling the 

buffer holes on the next lower bench elevation. IL is also important that blast holes 

be staggered so the bottom of the hole does not intercept the crest of the bench 

below. Otherwise, very fragmented bench crests will develop leading to considerable 

ravelling and a greater berm wid th. 

ll is rccommcmled that the operators of front-end loaders or shovel loaders who 

excavate this final face be given a seminar on structural geology, particularly the 

identification of small planar blocks and small wedges which could fail. By 

recognizing these in ,advance, they can dig them out so that ravelling at a later date 

will be reduced. By minimizing this ravelling the bench width can be narrowed to 

increase the overall slope angle. 

Do not place piles of loose rock at the outer sic.le of berms to catch ravelling rock. 

This requires an excessive bench width and results in overall llatter slope angles. 

Berms are to catch ravelled rock. They are not intended for later access. 

4.5 MONITORING 

The develo pment of slope movement will be indicated by the development of a 

tension crack or cracks. It is most important that periodic inspections along the 

crest and bench locations be performed periodically lo locate such cracks. 

When tension cracks arc observed the initial monitoring program requires the 

installation of surface movement hubs or gages which will allow measurement of 
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both vertical and horizontal displacemenL This is required lo evaluate the lype of 

movement that is occurring - circular, planar, toppling e tc. 

If larger scale movements appear to be developing, an e lectronic distance measuring 

(EDM) prism monitoring system should be developed. Three or four prisms should 

be installed on a line down the center o[ the slide with readings taken daily from 

a fixed station across the pit. Movement records should be plotted daily to 

determine if there is an acceleration of the movement. Plots should be made of a 

total movement vs time. At this point in time a decision as to whether the slide 

will be slabili~cd or whether it will simply be monitored nnd <1llowcd lo fail will then 

be made. If it is lo be allowed to fail, continued monitoring of the acceleration will 

allow the dale of failure to be predicted several days in advance. Mining would be 

discontinued al this time. 

From a practical standpoint, where failure volumes involve 500,000 cubic yards or 

more, experience is that a failure will not occur within the next 24 hours if the 

amount of daily movement is less than about three inches. 

Any failures involving one or more benches should be back analyzed. The location, 

structural geology, face failure geometry, failure surface roughness, seepage and 

blasting details etc. should be recorded. This allows the most accurate evaluation 

of the shear strength along the failure surface to be determined, to be used in re

design. Photographs should be taken and described. 

4.6 BENCH DESIGN 

For final pit wall bench design it is proposed that controlled blnsting be used to 

develop a relatively steep bench face (70 to 75 degrees) which should be scaled with 

excavating equipment and a drag chain or equivalent from the top. Double 

benching is recommended. The scaling will reduce subsequent ravelling and reduce 
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the catch width rcc.1uircd for berms. Where the rock face stantls up well, a 6 metre 

(20 foot) wide bench is suggested. If the rock is very fractured and considerable 

ravelling occurs the bench will have lo be widened lo about 8 metres (25 reel). 

If areas of heavily fractured rock or faulted rock arc encountered in the final 

slopes, more stable bench faces can frequently be developed using bulldozers and 

rippers rather than blasting along the final line holes. By utilizing this procedure 

the slope angles at Dougainville, in Papua New Guinea, for example, were 

steepened some 8 degrees. 

4.7 PRELIMINARY PIT SLOPE DESIGN 

East Facing Slope - A revised geological interpretation provided by I mperial Metals 

Corporation indicates the geologic structure is reasonably uniform over all three 

pits. Planar failures will occur locally whl.!rc the structure dip is 11atlcr than the 

bench face angle. 

The slope angle can be developed with bench face angles of 70 degrees. The 

overall angle will depend on berm width, bench height and whether single or double 

benching will be used. See Table 4.1 and Figures 4.5 and 4.6. 

West Facing Slopes - Based on existing structural geologic data lhc structure dips 

into the west facing slopes at about 45 to 75 degrees. Where the structure dip is 

less than about 60 degrees and docs not cross major faults the bench faces can be 

developed at 75 degrees. The overall angle will depend on berm wi<llh, bench 

height and single or double benching. Where the dip angle is steeper than about 

60 degrees the potential for toppling failure exists. The bench faces should be 

flattened to 70 degrees and berm widths should be increased by 2.0 metres. 
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The overall slope angles for various condiLions are shown in Table 4.1 and Figures 

4.5 and 4.6. 

It is very imporlant thal these slopes be drained. 

South Facing Walls - The fault structures generally dip N-S and will not materially 

influence slope stability. The joints dip inlo the slope which is a slable condition. 

Accordingly bench faces can be developed at 75 degrees wilh minimum berms 

widths. The overall slope angle will depend on the use of single or double benches. 

See Table 4.1 and Figures 4.5 and 4.6. 

North Facing Walls - The fault structures will have similar inOuence as in the south 

facing walls. The Lwo joint sets prevalent at the sile will intersecl to form shallow 

wedges. Some local bench size failures can be expected. Bench faces should be 

developed at 70 degrees with wider catch berms. The overall slope angles for 

various conditions are given in Table 4.1 and Figures 4.5 and 4.6. 

Nole that the slope angles recommended do not include haul roads. 

Pit Noses - The preliminary design of the west pit and central pit has created a 

north and a south nose. Such noses usually suffer from excessive ravelling and 

instability. It is recommended the overall slopes in any such area be Oallcncd 10 

degrees by using wider catch benches. 

Ramps - It is desirable to locate haul roads on the most stable pit wall - in this 

instance along the west facing slopes. 

Fault Intersections - Where faults intersect the walls at shallow angles (<30 degrees) 

local wedge failures will occur. Extra scaling will be required. 
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APPENDIX B 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

DISCONTINUITY DATA AND POINT LOAD TEST RES UL TS 

DRILL.HOLE MP89-152 (285/55) 

DEP1H ROCK RO.D. FRACTURE GAUGE COMP.SIRENGTH 
from to TYPE INDEX (psi) (psi) (MPa) 

(jt/ft) 

10 20 DIORITE 60 2.0 3200 36188 250 
20 30 82 2.0 3200 36188 250 
30 40 83 1.0 3500 39581 273 

2900 32796 226 
40 50 68 1.5 3500 39581 273 

2800 31665 218 
50 60 95 1.2 
60 70 80 2.0 1000 11309 78 
70 80 88 1.0 2000 22618 156 

4000 45235 312 
80 90 93 1.5 2900 32796 226 
90 100 68 3.0 2000 22618 156 
100 110 93 1.0 1000 11309 78 
110 120 100 1.2 2200 24879 172 
120 130 65 2.7 
130 140 80 1.0 2800 31665 218 
140 150 80 1.2 3000 33926 234 
150 160 75 1.3 3000 33926 234 
160 170 97 1.7 1900 21487 148 
170 180 75 1.7 2600 29403 203 
180 190 80 High 400 4524 31 
190 200 20 High 
200 210 40 High 1800 20356 140 
220 230 20 V.High 
220 230 SYENO 40 High 400 4524 31 
230 240 60 2.5 1500 16963 117 
240 250 35 3.0 1000 11309 78 
250 260 18 High 
260 270 35 High 200 2262 16 
270 280 25 High 200 2262 16 
280 290 10 High 900 10178 70 
290 300 7 100 1131 8 
300 310 5 High 
310 320 3 High 700 7916 55 
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APPENDIX B (Continued) 

DRILLHOLE MP89-152 (285/55) 

DEPTH ROCK RO.D. FRACTURE GAUGE COMP.STRENGTH 
from to mE INDEX (psi) (psi) (MPa) 

(it/fl) 

320 330 0 High 
330 340 15 High 700 7916 55 
340 350 1.5 600 6785 47 

800 9047 62 
350 360 85 1.8 1700 19225 133 

2200 24879 172 
360 370 99 0.7 1100 12440 86 
370 380 95 1.5 2700 30534 211 
380 390 95 1.2 2600 29403 203 
390 400 80 4.0 1200 13571 94 

2000 22618 156 
400 410 80 1.0 2100 23748 164 
410 420 80 3.3 1800 20356 140 

2600 29403 203 
420 430 65 3.3 1200 13571 94 
430 440 70 3.0 700 7916 55 
440 450 15 High 1200 13571 94 
450 460 83 1.7 1200 13571 94 

1000 11309 78 
460 470 94 1.4 1600 18094 125 
470 480 90 1.0 
480 490 85 1.1 2800 31665 218 

400 4524 31 
490 500 80 2.0 
500 510 65 1.0 700 7916 55 
510 520 40 3.0 900 10178 70 
520 530 70 1.6 1800 20356 140 
530 540 75 0.8 
540 550 85 0.8 700 7916 55 

1200 13571 94 
550 560 45 High 900 10178 70 
560 570 45 High 600 6785 47 
570 580 35 High 400 4524 31 

35 H igh 600 6785 47 
580 590 30 High 2800 31665 218 
590 600 15 High 700 7916 55 

1500 16963 117 
600 610 92 0.4 2100 23748 164 
610 620 98 0.5 1900 21487 148 62'@). ,i;;m_ Assoc1alioo 73 1.6 
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APPENDIX B (Continued) 

DRILL.HOLE MP89-152 (285/55) 

DEYIH ROCK RO.D. FRACTIJRE GAUGE COMP.STRENGTH 
from to TYPE ·. INDEX (psi) (psi) (MPa) 

(jt/ft) 

630 640 92 1.0 2000 22618 156 
640 650 92 0.8 800 904 762 
650 660 35 1.2 300 3393 23 
660 670 98 0.5 200 2262 16 

900 10178 70 
6,70 680 IB 95 0.8 1700 19225 133 

1600 18094 125 
680 690 95 0.7 400 4524 31 

1000 11309 78 
690 700 87 1.3 3000 33926 234 

2000 22618 156 
1700 1922 133 

700 710 DYKE 95 1.2 1200 13571 94 
IB 1000 11309 78 

710 720 100 0.6 2800 31665 218 
720 730 85 1.1 600 6785 47 
730 740 90 1.0 1900 21487 148 
740 750 50 1.0 300 3393 23 

100 1131 8 
750 760 100 0.4 1300 14701 101 

1200 13571 94 
760 770 90 0.6 300 3393 23 

700 7916 55 
770 780 40 High 50 565 4 
780 790 35 1.5 1900 21487 148 
790 800 25 High 1500 16963 117 
800 810 0.9 3200 36188 250 
810 820 92 0.9 1100 12440 86 

3200 36188 250 
820 830 87 1.1 2500 28272 195 
830 840 80 1.1 900 10178 70 

2100 23748 164 
840 850 50 High 600 6785 47 

1600 18094 125 
850 860 90 1.1 2300 26010 179 

1500 16963 117 
860 870 95 1.1 1100 12440 86 
870 880 25 1.2 800 9047 62 
880 890 96 0.5 200 2262 16 
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APPENDIX B (Continued) 

DRILLHOLE MP89-152 (2.85/55) 

DEPTH ROCK R-0.D. FRACI1JRE GAUGE COMP.SlRENOTII 
from to TYPE INDEX (psi) (psi) (MPa) 

(jl/ft) 

890 900 94 0.7 300 3393 23 
900 910 90 1.7 800 9047 62 
910 920 55 3.0 300 3393 23 
920 930 45 2.0 200 2262 16 

400 4524 31 
930 940 30 High 100 1131 8 
940 950 87 1.4 3500 39581 273 
950 960 70 2.0 1200 13571 94 
960 970 90 1.5 1500 16963 117 
970 980 93 1.4 2500 28272 195 

200 2262 16 
980 990 85 1.3 1500 16963 117 
990 1000 1.5 2300 26010 179 

DRJLLHOLE MP89-153 (253/50) 

30 40 25 High 1000 11309 78 
40 50 15 High 
50 60 35 High 500 5654 39 
60 70 70 High 1000 11309 78 
70 80 DYKE 35 High 2500 28272 195 

lB 600 6785 47 
80 90 15 High 100 1131 8 
90 100 35 High 100 1131 8 
100 110 18 3.0 800 9047 62 
110 120 50 2.2 2300 26010 179 
120 130 15 3.0 1700 19225 133 
130 140 12 4.0 1200 13571 94 
140 150 95 1.1 400 4524 31 
150 160 95 0.9 1300 14701 101 
160 170 91 1.0 2000 22618 156 
170 180 35 2.6 1200 13571 94 
180 190 65 2.4 100 1131 8 

300 3393 23 
190 200 87 1.3 2700 30534 211 
200 210 99 0.8 3600 40712 281 
210 220 94 1.2 1800 20356 140 

2500 28272 195 
220 230 97 0.7 3800 42973 296 

23~. ,~ •• Assocoa1ioo 92 1.1 2900 32796 226 
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APPENDIX B (Continued) 

DRILUIOLE MP89-153 (253/50) 

DEPTII ROCK R O.D. FRACTURE GAUGE COMP.STRENGTH 
from to TYPE INDEX (psi) (psi) (MPa) 

OtJft) 

240 250 100 0.6 2500 28272 195 
250 260 80 1.4 1100 12440 86 
260 270 100 0.4 1000 11309 78 

100 0.4 1400 15832 109 
270 280 100 0.4 3000 33926 234 

100 0.4 1500 16963 117 
280 290 80 1.2 2600 29403 203 
290 300 96 0.7 1700 19225 133 
300 310 89 1.1 1400 15832 109 
310 320 96 0.9 2400 27141 187 
320 330 50 2.7 1300 14701 101 
330 340 DYKE 80 1.2 600 6785 47 

IB 400 4524 31 
340 355 83 1.0 2200 24879 172 
350 360 98 0.6 1500 16963 117 
360 370 100 0.6 1400 15832 109 
370 380 80 1.6 1000 11309 78 
380 390 100 0.4 1600 18094 125 
390 400 98 0.9 2200 24879 172 
400 410 100 0.3 2000 22618 156 
410 420 100 0.5 
420 430 100 1.0 1300 14701 101 
430 440 100 0.5 2000 22618 156 

1200 13571 94 
440 450 91 0.4 1900 21487 148 
450 460 96 0.6 1800 20356 140 
460 470 100 0.5 
470 480 100 0.7 1200 13571 94 
480 490 100 0.3 1200 13571 94 
490 500 100 0.0 1200 13571 94 

1000 11309 78 
4000 45235 312 

500 510 100 0.4 2500 28272 195 
510 520 98 0.7 1500 16963 11 7 
520 530 97 0.7 3000 33926 234 
530 540 90 0.8 2200 24879 172 
540 550 100 0.3 2200 24879 172 
550 560 100 0.7 2300 26010 179 
560 570 65 1.8 800 9047 62 

570@ .&RQ,"'" Associa110n 50 2.6 300 3393 23 
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APPENDIX B (Continued) 

DRILLHOLE MP89-153 (253/50) 

DEP'IH ROCK RO.D. FRAcruRE GAUGE COMP.STRENGTII 
from to TYPE INDEX (psi) (psi) (MPa) 

(jt/ft) 

700 7916 55 
580 590 20 2.0 500 5654 39 

2800 31665 218 
590 600 75 1.5 1100 12440 86 
600 610 40 3.0 50 565 4 

100 1131 8 
610 620 82 1.3 800 9047 62 
620 630 97 0.6 1000 11309 78 
630 640 95 0.3 2400 27141 187 
640 650 80 1.2 2000 22618 156 
650 660 100 0.3 2800 31665 218 
660 670 100 0.1 500 5654 39 

1000 11309 78 
670 680 98 0.4 2700 30534 211 

700 7916 55 
680 690 95 1.1 100 1131 8 

1.1 700 7916 55 
690 700 96 0.8 1000 11309 78 
700 710 89 0.9 2200 24879 172 
710 720 92 0.7 900 10178 70 
720 730 DYKE 70 1.4 1000 11309 78 
730 740 75 0.8 1500 16963 117 

DRILLHOLE MP89-154 (2A5/50) 

10 20 IB 20 2.5 2000 22618 156 
2800 31665 218 

20 30 30 2.5 1400 15832 109 
30 40 50 1.8 400 4524 31 
40 50 30 1.8 
50 60 DYKE 70 1.7 100 l 131 8 

IB 300 3393 23 
60 70 25 3.0 1100 12440 86 
70 80 95 High 400 4524 31 
80 90 45 High 400 4524 31 
90 100 7 High 1100 12440 86 
100 110 45 1.9 600 6785 47 
110 120 55 1.9 2600 29403 203 
120 130 DYKE 55 2.1 600 6785 47 130@ 1'lll•ro• IB>""""• 30 High 350 3958 27 
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APPENDIX B (Continued) 

DRILLHOLE MP89-154 (245/50) 

DEPTII ROCK RO.D. FRACTURE GAUGE COMP.STRENGIB 
from to TYPE INDEX (psi) (psi) (MP a) 

{jt/ft) 

140 150 25 3.0 350 3958 27 
150 160 55 1.7 150 1696 12 
160 170 55 1.0 300 3393 23 
170 180 35 High 
180 190 30 High 300 3393 23 
190 200 60 High 
200 210 DYKE 12 High 300 3393 23 
210 220 IB 3 High 250 2827 19 
220 230 3 High 50 565 4 
230 240 15 High 
240 250 40 High 1100 12440 86 
250 260 30 High 
260 270 45 High 
270 . 280 14 High 
280 290 High 
290 300 DYKE 18 High 500 5654 39 
300 310 IB 5 High 
310 320 18 High 300 3393 23 
320 330 45 7.5 700 7916 55 

900 10178 70 
330 340 75 1.5 4100 46366 320 
340 350 95 1.2 5000 56544 390 
350 360 85 1.6 
360 370 94 0.9 3000 33926 234 
370 380 91 1.1 2600 29403 203 
380 390 40 2.2 3400 38450 265 
390 400 97 1.2 4100 46366 320 

3600 40712 281 
400 410 93 1.3 3000 33926 234 
410 420 93 1.2 1400 15832 109 
420 430 92 1.4 3500 39581 273 
430 440 83 2.3 
440 450 SYENO 85 1.6 2900 32796 226 
450 460 90 1.1 2800 31665 218 
460 470 95 0.8 
470 480 87 1.0 
480 490 95 1.1 
490 500 94 1.2 
500 510 96 1.2 510@r® ... Assoclat10n 91 1.0 
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APPENDIX B (Continued) 

DRILLHOLE MP89-154 (245/50) 

DEPTH ROCK RO.D. FRACTURE GAUGE COMP.S1RENG1H 
from to TYPE INDEX (psi) (psi) (MPa) 

(jl/fl) 

520 530 92 1.4 
530 540 100 0.4 
540 550 98 0.7 
550 560 92 0.9 
560 570 IB 87 1.3 2400 27141 187 
570 580 95 1.1 2000 22618 156 
580 590 DYKE 82 0.8 3400 38450 265 

25 High 
600 610 SYENO 100 0.1 3600 40712 281 
610 620 IB 97 1.2 1400 15832 109 
620 630 DYKE 95 0.7 1600 18094 125 
630 640 SYENO 90 0.9 900 10178 70 
640 650 92 1.3 3700 41843 289 
650 660 85 1.4 1600 18094 125 
660 670 90 1.3 1700 19225 133 
670 680 96 0.7 
680 690 99 1.0 1400 15832 109 
690 700 95 1.0 3500 39581 273 
700 710 IB 87 1.0 500 5654 39 
710 720 80 1.3 100 1131 8 

1500 16963 117 
720 730 30 2.0 900 10178 70 
730 740 40 2.0 500 5654 39 
740 750 30 High 500 5654 39 
750 760 20 High 0 0 0 
760 770 25 V.High 
770 780 10 V.High 0 0 0 
780 790 18 V.High 50 565 4 
790 800 15 V.High 
800 810 34 High 50 565 4 
810 820 23 High 300 3393 23 

0 0 0 
820 830 6 V.High 150 1696 12 
830 840 40 High 
840 850 IB 68 1.4 600 6785 47 
850 860 53 1.4 1300 14701 101 
860 870 50 1.2 
870 880 85 1.1 150 1696 12 
880 890 70 1.3 800 9047 62 890@. llOJl..," Asseciallon 100 1.0 300 3393 23 

ol Consul~ng des lngOn>OUIS· 
Engineers Con:seils 
ol Canada du Canada 



INVESTIGATION KP 1-11  357 of 500

!i!Jight Piesold Ltd. 
CONSULTING ENGINEERS 

DRILLHOLE MP89-154 (245/50) 

DEPTII 
. from to 

900 910 
910 920 
920 930 
930 940 
940 950 
950 960 
960 970 
970 980 
980 990 
990 1000 
1000 1010 
1010 1020 
1020 1030 
1030 1040 

or Consuhing 
Eng•111ers @. Assocla11on 

or Caneda 

ROCK 
TYPE 
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APPENDIX B (Continued) 

RO.D. FRACTURE GAUGE COMP.STRENGTII 
INDEX (psi) (psi) (MPa) 
(jl/fi) 

100 0.4 800 9047 62 
97 0.7 400 4524 31 
65 1.0 1200 13571 94 
100 0.6 800 9047 62 
89 0.8 500 5654 39 
98 0.7 1400 15832 109 
90 1.4 200 2262 16 
18 1.5 400 4524 31 
70 1.2 2000 22618 156 
93 1.6 300 3393 23 
15 High 100 1131 8 
15 High 
85 1.5 1100 12440 86 
85 1.5 1500 16963 117 
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CONSULTING ENGINEERS TEST PIT 
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-to .eic ~ +e. OJ'\ J fur./t-i e.r. 
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TEST PIT No. 

1Pe'i>-2 

PROJECT No. /623 
LOCATION OF TEST PIT ApF'Py; S,8Z?,!ibON J 582.130E GROUND ELEVATION ""1110 f'r'I 

DATE "Jo." II / 9 5 Cot"cerrf.n:...h>r- LOGGED BY _ ___;_;;J<tjtS;;;µ..: ___ _ 

NOTES 

Groundwater lellt'I, 
difficulty in digg
ing , equipment 

used, etc . 

lJcdv-- ./zLble.. 
tf\twrrffft.d ti.+ 
l 0 2M 

f.jo ::: ... -. pits 
fcl/U,"\. 

DEPTH 

(..rv.tm) 

z.. 

-

. 

. 

. 
. 

. 

. 

. 

GRAPHIC 
LOG 

t- . . . '. 
. 00 +.· . 
. .' 4- ·rP- . 
+-. ... : 

0 "-- .. ' j. 
'• --o I -

!. ...... • .. .:. 

'('( l = '('( y 
E. o. P. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

OrM~e.. 'oowri / b(7)Wfl J d.et15.e 
1 

('r\-Oj~+ -It> tJllJ ~iSf 
1 

Atc·t;~·11.Cd 
sw.. ~ :SJ LT wt'.ff.,.. ~ ~ nwt:.I ~d c~. 
Dr~anrc.s SoMe..ttrv ... u l'.'otou11J..a-e.d -le. ltn ~. 

Sui4 SJL-r ~14t..tAJ. Tnt 

B!d'?Tll. l<">Covnttred a.+ /, '2~ ¥'/... · lh3uJc.r 
.P.rn,rl\-ls / ~pr ud J 1 o CM die.... NeJ ck>e. +o 
wed-er ~ b le. . 

Nor!.: 11rs .fr(nt-h c.va.s - °'ffX'> v. . Io,....,. 

I on:; : ~ ""' -I 

4TC? 
- 1h!, (lor?f,...· sauft.t p~ 1tJf r~lk.i ~d /(VI 

cl- orbC</\rzs,, A- -/£..,(\ /~ ri -/;JI DtJOiVr'J 
bed~ . 

• -rlt.. .eusl·w~t per~ r.s clts~rik.J aii~oc . 
" Bo-Hi li'mbs tMwrAd"ecl bu.'"?;c.L aJ 6ht .. flow ckpH1s, 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT 
SHEET I of I 

TEST PIT No. 

-1P65-3 LOG 

PROJ E er Int. Polit':) PROJECT No. /623 

LOCATION OF TEST PIT 4px ~ f.?2,Q-DA.l1 5fl23 ~1;5" E' 

DATE :;fl Ii /er; (',:>"(l'.''J.rAl~r 
GROUND ELEVATION "" II IO ft" 

LOGGED BY /~(j 

NOTES 

Groundwater leW'I, 
difficulty in dioo
inq , equipment 
used, etc . 

f\ID&<"M-e.. 
dr3~1·n~ ecn:It~~ 

No ~t..11 eJ. 
-lz,.\u11. 

~Jc...J c..,.. .le. t:h_ 
.( f\l 1.:wl" .!. <'. r ~ . 
O.+ 2.1 M 

GRAPHIC 
LOG 

0 -t" +· f/ 6 ••• 

J 

_sJ_ 2 

- . --+ 
+- oD . ' + . . 
... 4- . . .. .. 
0 -: . .. 

; ' 6. +- . 
·t-· . . .. ·.o. 
,t>-: _, . 

"'-. ~ 
• • ' f. 

t::J • • 
..!.. • 0 • -t- -
rn ~rn 
'\ \ -0-

.. / \:··./\ 
v.' ~ 

3 y,, 
. &.o. P. 

4 

. 

. 

-------

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

Brov)(), de ..... ~ 1 4fle -ffCi.t'n e._d ~Clll ~ SJ LT :...;1:.ft_ ~ °""-<.. 

5r~vc.I c.-d c/Clj . :S! ,.(;t.+~ (ltDi~.L -Lo r..w;~+ . 
~1.-., i ic..r +o (V.~./-t.rftd £~(0<..ll'l-h.rc:d 111 IP35-1 

- ··-·---·------ ---- ·----·-·--·------
Beci~k. er1CW!\.f-lrecl o:f 2. I ff:. Ar"frJ!a• lncr.ff\+s 
/O..J..o 20er .. d;c;,.. -f:Jpla,/~ . Vt 'll b<7>k.tr. M f>url-~,{e/ 

C.r. d b.<.c on--ts p.v:x-e_ [ Of\Af c..+t. \ ~ ""·-" r// .._ ~ft.,, . 
E,tidc.!-.c·<. r'e~ ..Jj-!'t•Jh Irr. t1 bcJ-ock.. _ c~ d 
(f~uld t:ir·,.;;r. "C .r ,..];/t",-·i"r· .j•/, l' ··•--!,.,,.J 

• _,, • • '"" t • i : ·"-"- ~I J ( • _ f 

r~ '.../ (( l; .f( •'< : - '.' r c ~ . '-'1 

v 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT 

SHEET I of \ 

TEST PIT No. 

-rP~5-4 LOG 

PROJECT fM. Polle~ PROJECT No. lb23 

LOCATION OF TEST PIT Amx 5, 822) 61otJ) 5:>2.%5 £ 
11 r 

GROUND ELEVATION "" llOS ,,...,.., 

DATE Jtt/\ JI /3c; joui·h tf1 d c.'-t. CcnccrJm+or- LOGGED BY 1<~(3. 

NOTES 
Ground wafer lfYel, 
difficulty in digg
ing , fQuipmtnt 

used , etc • 

Mode.rute.. 
0 'ti31't'\j Ci'.X'di fl17\5 

:W.ple. -r~5. 4 
-+c.~(I"\ 2 -1-t> 3 6~ 

,, 

l~o- ·1tt~~( 
{ (i(Cl)/1.1(/'"cJ 

c,J- :; ' 6"" . 
wcdc:..- p~d.uL 
~ er{' f"DlC 2 lo 

2.Sn-. ¥h 
6.4c- !E'h~ 

DEPTH 

(fY'ldrf.s) 

0 

1 

2 

3 

4 

GRAPHIC 
LOG 

- 0 t 

+' ' c 
I ' +- ' 
I • 

• • ' 4-

. 

-

. 

D . • 
~. . . .... 

+ '. 0 

'' ~ 
' ' ' J. 

Do 
• ... .J.. I t 

'. . . 
..f • + ' 
. ·o .L 
'' J._ t • ' 

'. + 

H1=111 
f.D. P. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

r b I r ,, I I fl 
U"ti.'·~ - (DWI\ l (l(.tr 61,.)tr{l/€.J -0 O("Z'l<l"il otl'l;.e_ i1f>e . 

9(Zlt'.-.£.d sw,~ SILT AJf./f.._ ~~ er11•.:d t<--d 
C/u.J (_ ~ 1 rv11'fcr -4, -rp55-1). ~/~,h 10 ~.o:~J.. 

Cohe..s1've... 1n-.s1Jv.) ;·:. f' r i(. 11
:· c.1..!. dCfJf, ~.:1·..i:.:-c 

(~V'll~ Dt. MCJl-fCtf il ~f' d f'ro""- f ;f. Mrie.. ./--p 
1,,1.£ d~ -1~.i-e .. - :-·m ,,..._ d ei; /'c.t ·d . 

..J 

8cd<C;1C1c... (r t~t,;r, .;.c.rcd c-_.:., 

l·a~5f'\A.ll\rYs ~r.(C'l' ' J·rcd. 
'? I . ,/,Ji. 
~•OfY\ a't ... . 
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TEST PIT No. 
KNIGHT AND PIESOLD LTD. 

CONSULTING ENGINEERS 
IP&5·5 TEST PIT LOG 

SHEET I of I 

PROJECT~_--!...:.ff~+-..!..Po~l~lf~t1 _____________ _ 
'-' 

PROJECT No. -~' b:....::2::;.;:3:;__ __ 

LOCATION OF TEST PIT ~tcrcr s.eu ~a'.> tJ • :;'92_ 6cf>£ 
I/ ' ;; 

GROUND ELEVATION ,.... 1120 m 

DATE Jo." 12/$~ U-v~htr"' 

NOTES 
Groundwater lewt, 
difficulty in dioo
ing , equipment 

used, etc • 

tJo ~ces 
RM ,,ol'\:t.acd. 

No ~r·f Its 
+u!ur.. 

DEPTH 

(MlktSJ 

. 

. 

. 

. 

GRAPHIC 
LOG 

L 0 G GED BY _ __.:...:l.ft='C(3::::..._ __ _ 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 
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TEST PIT No. 
KNIGHT AND PIESOLO LTD. 

CONSULTING ENGINEERS 
TEST PIT 

SHEET I of I 

-rP5S-& LOG 

PROJECT /Yl} P!>llt!tJ PROJECT No. / 6 ?..3 

LOCATION OF TEST PIT /irca;y S ,822, ~ZOIJ: ~c..2. ~4D £' 
t( c Ar. -·'I \ d 

GROUND ELEVATION ,.. /I 11- rf\ · 

DATE 'JU" ! 2. l.5 5 D::er5.t... ~'I (;. .::..r-~ "-P' . e . LOGGED BY --"-k'.=10~·---
NOTES 

Groundwater IPY@I, 
difficulty in digg
ing , tquipment 

used , etc • 

No ~1~s 
( flfC\.!.1-:-cicd, 

DEPTH 

CMt~rts) 
GRAPHIC 

LOG 

0 ...,, ,v 
- )!J.. -

1 

2 

3 

..,... + .. · . 
. , 0 
• . ' +. . +- ' . . 
Do~-. 
. . -\-

+-' 0 
- -+ 

: +- .. 

+ 4- 4-

. ·. lJ + 
~ .. . 

-t- . 
Q +-

a -

+ 
.l-0 .-
· ~ 
! . ' J._ 

+ -
4 0 

..j..o ~ • 

D. ..i.. 
. -

~Lf:96.ll 5 "t----1 

. E.D. P. 

b 

. 

. 

' 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

6-vtvf\ d<A~ I .f.1ft.l -ern1r.Ld ~dj S/l-1 vJ1'-/i-... .Sc~ 
f-i'r...t · ~ rtl.( .u.d 0 ai.v·cJ 1 .1-f?ac_ ..lo f...Cf'i'-{_ c/a.J . 
S,f 18 kJ..b M<d~t. 
(. I /' I\, 
t;(:1r.•.r·: 1/{·:1 o r' :~ (_.y·~'"d : 

... 
,.('..,,.' .c. r.~'C. 

~i If h.ttcxv...{.! O'frd; ud c....!.. 4 M. , 
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TEST PIT No. 
KNIGHT AND PIESOLD LTD. 

CONSULTING ENGINEERS TEST PIT 
SHEET I of I 

LOG IP~S- -=t-

PROJECT No.~~'~6-=2~3::;__~-

LOCATION OF TEST PIT -'-~fP~'rf'.:;:_'X_r:..:..~ _,_FZ7,,_,_,_, .:=.:61:..!:D::...:..f.....,J ;.-: -.::::5~:'.!:!.2..;..: _-:/._,,.3=-0-=E::;...;. __ 

DATE 7°'( .. l't !2 /55 Co11cr1f1t'•./or 

GROUND ELEVATION n JI 12 ,...... 

LOGGED BY _.:.....;1<4c.:..J.J(8=-----
NOTES 

Groundwater lt\lel, 
difficulty in digg
ing 1 tquipment 

used, etc • 

!.J .1 .• 
.-(1.tr · ~·>) }.1,'e, 

(~ode'7•!c. 
J .. • ( I.J r/. \S ~· ]'c'Y! ~o: I •(. , 

. .j 

~~ fNDLJfo f t:rcd 
oJ~ 4.4f>\. 

~pie. ~5-"f 

~--1.4 +o s. BM) 
':>i.if.ttv H-
dr~bfl'J tero!i-47-. 

DEPTH 

(r,,t.Lrts) 

0 

. 
1 

z 
. 

s 

4 

-¥-
.. 
0 

...it--

6 

GRAPHIC 
LOG 

,,i: 
\:! >!.. 

+ - I ' 

::> +. 
.. . i-

~ 4- 0 
0 I • -

+ . ·: 
~. J. . 

..._..\-

- 0 
..! • • 

J. . 
.1... 

• "t • 

•. - .1. J. 
• • • ..L 
•. " CJ -
. J. . ~ 

J.. . . 
+..l- - . 

J... 

.. 0 
.L 
-+ .l () 

J. .. 
~ . I 

. . 

0 -. + ,. - :. + + . .. 
.:++ 

De 
·- 0 . -..i- +_ .. 

u, .o 
·o --t +_ 0 

c· .. + 
o ·-..o 
e.o.P. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

Browf\, dtn~ ' ~ li5v.i-b (\I\.()~+-; t,·ri.J. -3m1·~c! ~u/J6 
SIL"! wl~t'- !.l\')../_ 5rtt..l.'"L I I c~ . ~/').\i ~,,,.-- -lo 
l ' '(J.( ~ I · ( ((\ l I 1 j. .L • I 
· " .tl rc.~uf\·ifC.o ; n ~urr~u/'\o! ~r1 , ~.:. · p· ~ . 

'-.>// ( 1!~C - /'.I" 0 

,. - <- . - ·r ! , . ..... . ,, ""\• --· . •. . .. 

I r. I ' ' C.-o -v.c -0 1 ·.((11~ ... -

I .5: ~ &; :; I+ :::. let: i(L f-; 11 I 
'-J 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT 
SHEET I of\ 

TEST PIT No. 

IPBS-8 LOG 

PROJECT /YI./-. P"Jlqj PROJECT No. lb23 

LOCATION OF TEST PIT ~ ~,8'22, S6D N j 582. 6[30 £. 

DATE Ja.r, 12 / 5 5 Coryerr1-rz-1...4-z>r 
GROUND ELEVATION ""/110frl 

LOGGED SY -...:.~.;:;:,·q-s~·----
' 

NOTES DEPTH 
Groundwater IPwl, / ) 
difficulty in dioo- <__1>1e+rt5 
ing 1 pquipmtnt 

used 1 etc . 

r I •L I • ,.,,...,.., 1 n I ":'t( ( fll UA./ fl.te I 

!>1oder2Je. 
dW'':J lOO:It.J.rw. 

UJ;,,J.. if Cp.J f c/t!J 
po.~,·1 £A.J
bl>I~ of- ~.de . 

JZ ? 
~ . 

1· 

2 

GRAPHIC 
LOG 

-+-0 . ·" . +- -+ o I 

.:: +-t-

. .\- () 
· ... + .+ 
~ o -, "· 
. ~ +- + 
·O .J- .·,
+- .·..:: 

'(V\( - 'l'"' 
I I 1.:. 'I 

.... . . 
' 

; ' .... ~ ... 
' - ' 

3 E.o.P 

. 

. 

. 

. 

. 

. 

. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

(X"'1~J CrtWA; ..!':t;.t_·t:ra!/\ld 5f,1cJq ~/L.T t,<J;J/._.;!:°r~ . ~ ~ 

_; i' (.. jf?.t ! r·..t.d ~("'ttc·e. ( C.r, 0 c'."~tl · J..r.O:..L .' ·ic'. C 

CYCr1•:r.,~cd. $1t..... i'/cr fill ~ Mt-JIXi~ ci (nU/ ~ife pi.Js. 
No ho.rd bused Ji 11 tn tov"ftrc.c! . 

\ .X..rocS ~ I I+- ~ lo.t 0. ( ""lrl l \ 

Scdrvlk. .('"'ll'u".4c.rcJ c...l 1 
·; ("\. Lt.p•'/li -r01-{.. (L1c~r1·:rt.!). 

?ir~.>lc.r l<tt~r,.c-.~ vp .h.) 30 c"" eke~. St<tk..~.oe.. +ct .. rs 
..:.kl{.\<-~'h typ<cY I.If\'\ wi-/t..... diftfcvl+j. ~tcr...e~ 
t:vJr~clJ di4rc0I+ )o (~{Ct-vt1.+e c._.l- 2.f.r.,. dtp1h, 
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TEST PIT No. 
KNIGHT AND PIESOLD LTD. 

CONSULTING ENGINEERS TEST PIT LOG 
SHEET I of I 

-rP85-3 

PROJECT mt-. PDl/t~ PROJECT No. /62.3 

LO CAT 10 N OF r Es T PIT .... e-'f"w ......... r=---=S~, ~;..;;.2.x..J-=.2=8t>;...:.N.;,,;;'"""' .....:~~' ...... 3"0.......,...;::E:;....._ __ _ 

DATE ~/\ 12 /5'\ q Et-0l- ~ ic:k foo.l.jc.d'- Lc.1-e.. 

GROUND ELEVATION /\J 1052/Y\ 

DEPTH NOTES 

Groundwater le't'ft, 
difficulty In di9g
in9 , equipment 
used, etc. 

(rne+r(s) 
GRAPHIC 

LOG 

fiodi.r~h:. 
cfr~~ t~·~ 

~If. iflbS-jA ..
{ o.'2. ~ z.s,...) 

-S-:''"fe 'fP55:S& <t-
(2. $ Jo ~.OM) 

V' 
1 

0 

. . . +-
. ..)... ' . 

1 ~-"+-: 
. ' 
4- ' 0 

J,.. 
0 

.L . ... 
q ~o 

..J,.. ' 

2. 0 ' .' ..1.. 

3 

4 

..J,.. : .1. 
4-0 ... .... 

+- " + 
' o -o 

.+- , +-. 
0 .j... • 

" . + 
.l... 1)0 

. ' 
0 -

D +- o ..... 
L> . 

+- + 0 

o+- -o 
: ~ ~ .j.. 

.. 0 +. 
+ o· s---_, 
E. D. P. 

. 

LOGGED BY _ _;..}(4....u..;;;;($ ___ _ 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

(_~('(>'\ ') ' 

4rtj 1 j)1jh~ 1t> fY.b~,...t .. ~e ~ ckr);.e./; Ul~ (Vl.01°.'.i+ .o;.~.L<t 
( ~l.lda ... 1 c\.-d cc!· ... u;;'.'l.) ~r. ,;, 1 -:1cr l-'J'._ ~,. ; .. c_ 

,J ..) I 

c .·r·~'· -· .. ~ ... , -~ ~,. .... ,.. ~ "· ( : , 
~ ~ ~ 

,·..J.' I Lo~ • I ., . . I 

.. l.!:C..,.._ , :rib . .\..>{. ~ -Jr.L -t,. -'.,..._(tr-;..c,. ~'.{(;'ttf .J. Q. 
v 

Mow~+e.. r~i~(-e. wk" ff\ ~".f-e.d w;..n,... l-1(\r, 
Ve'j plasm . Bud, hoe_ t'r<'c,.+-t ~ jl)l..H-i"' w~ 
e)(a~vcJ.i't\C~ (\A.CJUici..1 . -rl...;s. rs Vcrt.1 (..A){.t 
MCA.t~r-n~l I \J 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT 
TEST PIT No. 

IP65 ·ID 
SHEET I of I 

LOG 

PROJ ECT r>tf: PD!lfj PROJECT No. fb23 
LOCATION OF TEST PIT tort>?=.- $,~22, BSD N: 5 51 A.8f> E 

fl :;: 
GROUND ELEVATION ,., I043fY' 

DATE :fM 12./65 (f'~1- tide- Bodjuck.. /.c,k.) LOGGED BY 1(4;.g. 

NOT ES 

Groundwater l•wl, 
difficulty In dioo
ing , •quipm•nt 
used, etc . 

H ifttthi 2tX> i:ol. 

f)lodtr~~ 

d1c~l"'J co~di./rt;is. 

DEPTH 

(.(t't,lfrts) 
GRAPHIC 

LOG 

0 

1 

~ 'lU 't!. 
~-·-

+o .. O 
I 0 

+· 
": ~ +-
+- + .. 

Oo + + + 
' . 

'~ t + 
.1.. •• 

~ .. 
D • 

.L 
.. j) 

0 . 
..L • • 

+ .. 
· a+ 
" : .: + 

3 ... ' +-0'. ~ 
• • I) 0 

···i)c) 
. '- +- .. . . . 

4 
. .. +O 
Do · .... . 

. D . 
+ . . 

·:ot- . . ~ . ... 
o~· :< . 

.. 0 + 
s ~a· .. ~o 

0 • • 

o" 
r" · o ".!. . D .. 

. .. . t 

0o··~~ 
1:5.· pLJ 

E. o.P, 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

~Yoiad, ,bse_ Sll.~ 5Jl--r w-,..ft._ ~~ (Jrtw-C.I Olld 
cf CUj. $I 15h+~ r-wr.st-. ~.~ ,11.1.~+crM.I 4s 
ff\tO«.•fl +~r-<-d '-t- Mi:I Slf°(, looSll. orv.e €K{~.vc ... -'-ed . 

\ )t.r.d1..\ .Si I+ r, .!tit ict I -r;· i \ \ 

frtwf"I ck"s.e. ()t-Oi.5t-) 6i ) ft., C\ (Zi.L"lllvi ~ND <,.Ji.Hi 
J ) J <..! '1 

;.au c.. r l'h k)<.s. c.r-. d do.j . J..Jo("I · pl<LSffz . Lcc:A.. 

or.r£ (.~ c~.11;1 ... tcd. (r cde~h: +o c~..r5.t... fjfCc.. l .. t.f . 
De.~ ser tt.d-err cJ J b o.1-1-v(Y"- a? fr+. 
tee~ ~ .fr/I l(lwurrf-<Jed 1

1

1\ -rP~S-5. 

Ped'". frc15(l'IQ"+.s fC\tou11+ed (uf 1-D 20,,.,. d;t:-.J a3-
bei<:...e. o't. p!.J. - - po.ssr'hlt=- bedrtc..1'. ? 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT 
SHEET I of I 

TEST PIT No. 

TPfJ5r II LOG 

PROJECT f!1f. Pt>//t'tj PROJECT No. /623 

LOCATION OF TEST PIT Afp@t 5, 822 SC:C> JJ: 59! .&::o C 
DATE Tc.n JZ/a5 ( Et.s J. s;c:k"' of- ~~d: La1c. J 

GROUND ELEVATION ~ 10 40 M 

LOGGED BY _..;....J!i...u.11(3_. ___ _ 

NOTES DEPTH 

Groundwater l•Y@I, I Mt+rlS \ 
difficuJry in diog- l 1 

'.) 

GRAPHIC 
LOG 

inq , equipmrnf 

used, etc . 

$;e'f (('(t'(;fl'kreJ Sf 
&. 2.8M • 

D;ifril)lt 
d\~~\rJ l0l .fo 
C(>C\(st, rr~:h~ri tJ 

0 .I- ... . 0 <> • • • 

:1 

• • • I 

•, ~ 0 . . . 
' ~ 0 . 

t I .'' 

D~ +-·a+ 
' ' 
·· o . 
()t) . " 
. . D 

' · .• Du .. 

2 ..... a · .. 
:_· . o..,+ 
0 · .... 
+-oo 

i>o '. 
D ·. " · . 

... 
3 . o., '::· 

: . 'r-.0 . 
. v · . 

o.:o: · .. 
() .. 

C> . .. 
. 00 

4 
. o· c 
: . ·. 0 .o;·: . 

·O t>:. '!)4 

=° ·o ... ·o .. .. 
5 o~:oO: 

o· . . 

c. o. P. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

8-'bwf'l1 Jen~) :;/,'Ef-.J.h 11~c+ (ru.v- svrfc4e) Jo''€':] 
f\'>O(~r {Lo 2. fr-- dcf;J...> src1.ut: !'J S.tJJD w·,J.h :some 

'51 I+· 1.Jo(\ -,,.. plt\~.JrL . _P~~:r~ 
1 

$.or-7-cJ) r-r.0~-0.le.~ 
ift~~d. -li.-1/..!11. Dy, 10 1 z.eo 1:(1-1:- ~11r~ L• 'E:.. 

v .....; 

5cJur(;.+ed ~Wi dJ Q-12.4VR w;-lt._ 5ome- ccbbl~s.) 
+,,.l{e. lo ~~ sr I+. Mod..uufe~.1 d cl\S-e. . rrciulci.r 
Crhble~ vr. ci ~'7t1.,·d. IJt~~ cv· r-.·~ f"'L ... 1u-:c ... I . 
f"JD-Jitclble c,.:o._.\-u- If\ ("t'.f\.tCr-ic'.l( w!W'\ l¥:(CvJcJ-ed. 
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SHEET I of I 

TEST PIT No. 

-rPB5-12. KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

PROJECT Mt. Poll'j PROJECT No. lb 23 

LOCATION OF TEST PIT A{f'tr S B22.. ZSDN ... ~ 592 J4DE 

DATE 'Jc.n 13/55 ( t=co+ 6id.i ;.f- Bllaljad, l.Af<.C-J 
GROUND ELEVATION ,.. IOSD"" 

NOTES 
Groundwater ltvt4, 
difficulty in digg
ing , equipment 
used , etc . 

frtod.dt1.-l-e.. 
dr~~11() .Jo 2'ro.-

DEPTH 

(Me.trts) 
GRAPHIC 

LOG 

, / . 
·- ..... *' ": .. ~ .... 2. ,.__ __ -l 

E.O. P. 

3 

. 

LOGGED BY ---'-'-K 4_....!B=-'-. __ _ 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No. 

IPB6-13 
SHEET I ot I 

PROJECT M+- Pei/lttj PROJECT No. 1623 

LOCATION OF TEST PIT P.r:ta>t 5 822 1-:rD tJ \ 5B2 410 E 
I I :; 

GROUND ELEVATION ,.., JD"ff, m 

DATE JWi 13 /85 { c{(Sf- $.;J..t cJ- 8bt>LJ~l::. tL,..ke) LOGGED BY J4(?. 
NOTES 

Groundworer lfw4, 
difficulty in dioo
ing , equipmfnt 

used, etc . 

trloderiJe.. 
d\:l:Jij Clo'1difnris 

o·,ffiw1t-
c11~,·J GOflJi-k-is 

DEPTH 

{ffiefr(s) 
GRAPHIC 

LOG 

0 '' t 

+·o· ... 
. . + 0 

• t ,, 

+ 0. 

• • • f . 

0 4-
+ () 
.. D 

2 0 J_ . . . 
... J- D 

D". +." 
3 ... 0 

j_ D 

4 

5 

6· 

.. 

. . D 

.. . 
. + \ 

..:>- --_.-p 
oo ·:_ 
-o-o - + -

E.o .P. 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

~rc>wn, dtfl5-e.. 
1 

(Yl-OiJt ~i .~ $At..\D vJ1.JL ~e 5R"n•l /J 

+~7dl. -1-t:> ~Orv.fl.. cl~. Orraue.I i~ JtJflfl._/~ t11edi\.1,,.,._ 

~•£.R..d. Wlll arndMJ Dood'i ~Dr+e.d. ~l1$ht'j 
plc1.sffl_. (' i::t.P....e . .r· .ftttt:1\ r.-·i,(J..'"te-t Al ll" tDur.+(r~d 
c:;l 11:: II ~;+.c. &f-z-Dd (Dt'\S-..LnJc.~itA rnr..-+"Crir.1..I. 

- ,-n b.uor.-{~ ctflStr ?.-td.. (Vt.Ore. d:ftrzolf-./v <¥tt"~· 

C¥tJ- b~wn..J hwd J s/0h+~J (hl)/Sf S--A/.dj ~f LT 

tvrli... ~orne. jlfl•.ic.( ond. cl11t1. Rounded Bl/tJ.rC.fJ 

vCJi~lde. 6 / 2l~. F~1r~1V~ coksl'llL (_ nps i'" 
CkvAkS 4-vf'fl pi+). Looks /,-J<e.. a__ ~51.t.I ..17(1, 

\ :Safl"tJ ~· ! +- Sc~ I f,· JI j 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS 

PROJECT rn+. PDlktJ 

TEST PIT LOG 
TEST PIT No. 

-r?85-J4 
SHEET I of l 

PROJECT No. 1623 

GROUND ELEVATION "'8=151"' 

LOGGED BY ,L(q;g. 
LOCATION OF TEST PIT ftfnx ~ ezs t>tDNj 58!:'1 230 € 

DATE :1t.n 13/p,5 ( -:f. I km o.Jo~ rf\a1·" A-u~ Pa.d) 
NOTES 

Groundwater level, 
difficulty in di9g
in9 , equipment 
used 1 etc. 

DEPTH 

(N.t-as) 

0 

1 

2 

3 

4 

5 

GRAPHIC 
LOG 

'::J. ~ ~ 

·+ - " 
0 ..l..,', + 
- 0 : - -
_ ..... .t- -.. ----
o~~. - -- ·. - .) 

' 0 + 
- -- . . - o· +-
D<>"~ -- .., 

:: t q. 
- + -
:oo -· - -

-+ O+ 
,) 

- o:: 
E. t), P. 

__ _...._ ___ _ 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

Ox;diz.e.d - ~i1Y1 n<.w- 6()r~e. ( bul)'l\J~ fl~ - ~tJ.J/"\ 
C.b/cvre.d w1-H..- ~o-lh) J dc11":>.L .J J/,'(j~HJ r.w;.st/ 
Stvl~ 61LT ~~ CLAj w>/i._ !-,o~ ff~~--<-f &-..d 
-h-ttl e_ coh ble 5.. G,rtt.L"'ll c-..d robblrs ere.. r,,£,1/\d..ci . 
(/i0_J..('/t1_! ct.tDr.,...1..s Jr~..r._r ;:.ci'i:'t...J ifYI ·. 

µ,v,.d J ~ 1·:c,h1j (wv) 1!.*1 Sv"'ty 6JL T 
6oiv-L jlttu<-1 ~ chJ. Motkr-c .. J~ JD 
poc-r~ ~orl.t. d. Plas+,c w~ wl+ . 
~oo d r C'" ::, -i-rvc. ..fn11 Mtd £r-r Cl I , 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No. 

TP55-l5 
SHEET I of l 

PROJECT fJH-, PoJJttJ PROJECT No. /6'J. 3 

LOGGED SY _ _,_,l!t~o/?~·---
LOCATION OF TEST PIT Cfrrr'Y 58cb3!>DAJ,i 58=1- SOOli 

DATE ~ 13/.95 ( 4.35b o/Of'j ~iU111 Ai-re~ RoAd.J 
GROUND ELEVATION "'530 M 

NOTES DEPTH 

Groundwater ,,Yet, I ()le+('<.S) 
difficulty in digg - U 
ing , 'quipm, nt 
used , etc . 

GRAPHIC 
LOG 

0 

(Ito~~ 

d100~1j CCl\Ji~ . 

- -'--0 " 
' + -J. 

.. 0 ··-
++ I 

~ :6 

2 

• - .. 0 .. + 
- 4-
.l -1-

. . "o .. 
. ..! -

{) 
..J,.. .j 0 

..j.. . . 
·' . . D 
- -++ 0 
.+ 

3·0 

' - -
1 o . .' .+. 4-

: + 
. C> 

E.t). p 

DESCRIPTION ANO CLA SSIFICATION 

OF MAT ERIAL 

Brow(\, de.nQ.. J S') 'Sh t~J 001-S~ ~,..,~ 0uwe/IJ 
~lLT t,µ i./L +nit<. +~ !>~ d~j +rt'~te. cchlol~s . 
!Jot.>rl1 :::; o 1J..c d.) wd I ~rt! dt d. PDv11 cL._d cobbles 

('. l'...J .i:-e\ ,...,, I I I I/" -r.c. f]ftuv . ' _.,1/0';..C. OC.. !/~ ·-n· I tk.L '"If rc~r~, ie 
"..i/tr, .CK{a l't·-cd 1n Y...1.~r-d chvtl ic.s ~ l.ftr.-01.:(/l-i 
lh1jo<I~ A- (VIA-+erfo..I iS /eos.e.. on~e. <:'!((&..\J(A.../-ed . 

~ocd COA~ Lroc-'7-t>f\ N1t.<.f er'i t•-' . 
{ ~1~i'hr +rtl a.s --rP~-E -14 1 on~ t.~.r-:,€ r:J 

/ .5~f'ld1 ~-rttuel&..1 Silt Q-iat<'tLI t,f\ ! 
"" " 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No. 

TPSS-J/;, 
SHEET I of I 

PROJECT Ml-. Po/Jt.j PROJECT No. 1623 

LOCATION OF TEST PIT Afr4'1< 6 620 580N,; 59-4 3"fD E 

DATE JPA J:S/56 (13Ffttess RC(A.dJ 
GROUND ELEVATION "'88Dm 

LOGGED BY --'-Jf4-'
1 _13_. __ _ 

NOTES DEPTH 

Groundwater l!wl, I. h ) 
difficulty in digg- lM l .S 
ing , !quipm!nt 

used, etc . 

EL.~ ft> r-W~te 
d ~8 ij ttAc!J-h""?tts. 

~rvple. --rf>9S, lb ~ 
(o ~ sM) 

0 

1 

2 

GRAPHIC 
LOG 

n ,, , 
'-";, ' 

+ 
+-+ _a .. ·, . + +-

tf-t- ~ . -
· .. . 4-+ -.. 

', ~ 
. ..l-

o .t- • 
3 - ... 

.J.. • ••• 

4- C:>". 

. • J.. . 
. . . 
q+ ~ . 

4 .. -1- ._ 
•• - • *', ., 

-+ +- " 

: ++ : . 
.. ~ /\ 

'' 

DESCRIPTION AND CLASSIF ICATION 

OF MATERIAL 

Orc~.1flS 

8rz,1011, ~s..e_ J ol1:sn+~ (k.Disf .J ~u" ~ SILT wiJIJ, 

+rM e. iv 6oM(. 8 rt we. I cflcL c ~. Ot c ei.s ic....,.c... I 
rtt1

'\ di_~ tobbJe.. 01 boulde..-: f'llod.ef-tdc>~ Jrc.~d/ 
pcor(1 ~or~td. P/~5+,c., llJo D"tidc\.J.it/"\ ~vi ~11t . 
.:!.A · sli-v f l'tt+er1t I is \1erJ si1i{. ~ 

I ~I/~ ~;I+ ~llitit=~l 1111 J 

5 +- I> :. -t- -- - - -- --

. ~Dl) ·+.. qrcJ 1 hard, .s ltj~JIJ ~~+ ScV>'S SIL/ VJ-IL .s0r11e. ()rauc.f 
· ·Z> ~00~ wL c:llMjJ +rtue.. CDbblts. /rh.J.er-fc._/ ls rippe-d P0t'V'-
+_-; t,. ~(CtJ'\Cl 1'/\ er+re0( k 1 c~sive. cfiv.'11,s. s1,8· /;-i./l_ , ao· . . J '-' ·:::::i 

t, .'.t.' ~ M.of~. 
-"":+ - · 
+ .'~o: + . .. ·'. 
E. (). p 

N-1£: -50~ !Dru.I CQ:'.i..1"$.Q. c>rrC<s l'f if"a...,'(.1 c..--d 
5t!I\ d ~ )(j~} Cr. d t.-Jt'... fer- S-ef.5 ..fi._re--'$ /.., 



INVESTIGATION KP 1-11  375 of 500

--~~·~~~~~~_,..~~~~~--~~~·~~~~~~~~~~ ... ~T~ES~T:---;::'P~IT~N~ol. 

KNIGHT AND PIESOLD LTD. TEST PIT LOG TPfJ5 -lb 
CONSULTING ENGINEERS 

SHEET / of I 

PROJECT fYJr . Pol}~ PROJECT No. 1623 

LOCATION OF TEST PIT Aff1<Nc 5 e2o 580N,: 564 3-:fD E 

DATE J;" !°5/56 (15Ffl<tess E0c:<.dJ 
GROUND ELEVATION ,., 98Dm 

LOGGED SY --'-Jld ....... f3_. _ _ _ 

NOTES DEPTH 
Groundwater lewt, I. l ft ) 
difficulty in diog- LM res 
ing , equipment 
used 1 etc . 

LJ -1 i • """I 
rJl~(i'll ~.._..., r.c:e. 

8.S<.
1 

ft> ,.,wdcr1Je 
J 'D~·j rctttli·hc"'s. 

~.rv·pfe. 'fPSS,/b ~ 
(o +o s .... ) 

0 

1 

~APHIC 

LOG 
DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

.J;~ .. 'liLS ---- ---------------

8rz>ti)f'I) c!Ul~) 611611+~ (¥'..Di.sf.) sc~I\~ SILT w iJ'h 

-tr?tfe. -to 6o.~ 5rtl.t)e. / c!)d cl~ . Ottct.Sf(;"C...I 

n·l1
" <k.J co6bl€. er hc0Jde.r-: Modt.n:d-e~ Jrc,dc~ 

pcor/.1 5cr.+ed. P/~5+r-c. l~ o D¥idcJitn ~ui d.~ll.J- . 
· .. --+-+ --

2. . ..L ,~II> 
~ -~\iv ( ((.;,+( r(/!, 1 ; 5 \i e 'J 61.ilf. : 

l_~J 5; !+ t]lt:tic~l Ii !I j +- +- .... 
I • ' 

, ' .t-r-
. 4-

0 -~. 

3 ~ :.: . 

• .,!_ 

. . . 
/l ..L. + . 

4 'C> . .t.. ._ 

'· ·. 
-\. + " 

'. +- + .. 
- ~ ,(\ 

5'-' '+-- ---- --
~a"·:+:. q.tc'.j, hard, s l1~H-IJ ~~+ ScVl'S SIL/ wA~M')e. D~ 
o -t-0 0...:.. .:z-.d cl°"'1J +rt1(e_ cDbb Its. Mu.fc:r-Jttf ts Hp[U-d Pa>,..,._ 
+_-:b· t.. 5rqu."'1 1'f\ eyfre0C~ cokt.s1've. chv()/,s. S/1'[/1-ll. 

I .'' Q 0 '.:.' MO{~ -~ 
t> :!"-:++-. . 

j:~~O./ N.f!: :So~ IDcu..I c~~ orr"-s l' f <(fa.ue.1 c-d 
E. O. P .$C:l\d ~Y1·~+- C.r d v)tA.+er s.RfJ -f'k~~h. 

1· 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

"""ffi55-IT 
SHEET I of I 

PROJECT M+. Pt>llt:j PROJECT No. __ /_62 __ 3 __ _ 

LOCATION OF TEST PIT AfPx 5 821 I ID Nj e34 23D E 

DATE 0CV' 13 )8 5 {-rs F Aa 05 Roe.cl.). 
GROUND ELEVATION ,.. 580 m 

LOGGED BY J<~fj · 
NOTES 

Groundwater ltwl, 
difficulty in di oo
lng , equipmtnt 

used, etc . 

!L'u..f-er fwd rTSf.S 
J..o 3,.... &pl-Ii 
.)au· 15 r.~. 

M+tr +ttble 
eNw/\ frrld 
oJ· 4,3A. 

DEPTH 

(Md·a.s) 

0 

GRAPHIC 
LOG 

Oo ··: . 
..,. D 
Do ,: : • . 

1 ()
0
D + 

'. t> •• 
• f •• - .. 
DcD 

D • • • 

+- o ... 
z 0 o .. 

. . 
··o··o, 
~-· o°+-.. 
·a·· 3 . "u'O . . : 
+- . 
····oo 
. DO.+ 
0 '.· 

4 +- 0 . ' 
Qo'. . . , 

.... 0/) 
.'. DV· 
oo-.;. 

5 ~. ~ .. Q 
n t- .. 
4 . , 
' I ,) 't 

b E.b. P. 

---'-----

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

Br~w/\J Mode~t-e/J d;7se...J ('rtoi~~ ~eAVEl. ~d ~:)~ 
wr--/.._ -!;cM... -4M.. (De/o!t~ c~ -611}. Fbtr!J ~1.'r-f-cd/ 
Mcde1Ct+elJ 3alck.d . ~Jt>1· pltts+rL . .$vb·tt~vlc11 
grttL1<. I c(', d robhle5. 

G/(.t,.'l,/ 011d St-. id 4-lt1tit'tl f,·111 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

/P9$ ~ I €> 

SHEET I of I 

PROJECT tYJ+ Poll4tj PROJECT No. 162.~ 
LOCATION OF TEST PIT A-(fPt $'B21 /DDN_; -5e.3 2~S E , GROUND ELEVATION ""~2M 

DATE ~ 14/es ( l}lc"j frii/t"()5 /1aJ~,.,.... ft'p-lt11.1... rW-$ LOGGED BY _ ....... ~-=~-13-·---
NOTES DEPTH 

Groundwater lewt, (Met("(S) 
difficulty in digg-
ing , equipment 
used, etc . 

/.,\o 5bZt. 
: rc.0·1r-rered. 

GRAPHIC 
LOG 

· O .,.. 
' 

' I 

'-1- ..}- • ' 

1 - +-+- · 
. ' ·. ' 0 

. +- + .' 
. • .+ , . . 
I + • 
'0 ..! 

2. '.:. ; ~ 

,1- • • 

+- -tE' .. .0 
0 +-+ 
+_o . .:._ 

'l -:- a + 
.J • ~ ot 

+- -
+-o c) - . + 

E.D.P 

4 
. 

. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

Ba>w" 1 d~~ i ~1,yJ~ M-OiSr SM~ ~/LT t>)i.Jii ~o/"YJJ.. 
5ct<..~d c-.d. ~rMe. cla.'j' Occr..:510-.a..I RJu"&d cobble 
P/~Jrc . PeDllJ &orfld, Mvckrd-~~ ~r~dt.d. /Jf(YtY. . 
~cp 2bc.,..._ i~ O~) di 2( d J 4 retV'otc111ckr- i'S .fJresJ.i . 

J ~11ck~ S1lf t:{lctcird Iii\ .J 

- ------ -- -- -- - - --
6-rur b~w/) / hcucl I slivt..l.fl ~r.sf Slil'~ SIL.I w;.lt._ .So1W-

9ri.v<! lV1 ~ c~ .. ~d ~ce. Cobb/~~. Vt~ cilllSL ~ 
{C~..L.S1U(. (nf!. D~ d fi-J- It\ lk~.vil c!.). Pc~~!J 
tcr..ltJ v.,,elr orr1.d.lJ . &l{~tf-1 c.--d tcb.l:J€s «e. , ...... 

ll' wJ .t-o s v! · rr !J(l cic.d . 
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KNIGHT AND PIE SOLD LTD. 
CONSUL TING ENGINEERS TEST PIT LOG 

TEST PIT No. 

-rPBS-13 
SHEET I of I 

PROJECT ftl+. fP)}e:J PROJECT No. 11>?3 
LOCATION OF TEST PIT~)( 5 821 ta>/J; 5~2 j60 c GROUND ELEVATION tv//J4Zm 

DATE -:Jf" 14/55 {A/Ct'Y;J .fti;/,~Bs/ at/cum pi(.:ehitt r1Jtk) LOGGED BY J.(4/.3 · 
NOTES DEPTH 

Groundwater le-....1, (Mefro) dirtieulty in dioo-
lno , equipment 

used, ete . 

HAtltki 2lf> hOl. SJ.:-
T 

°.f'Sef(l f.rr>fY' 
o.z 0.'6/1'\ CX)fr 

{fl I I iootrt\.~ 

Oitflt'J CO"ldi.f.n1S 

.:r.rple. '"fPSS-1~ ~ 
(o.B .ft> 6.o,...) 

Orlficvlf· 
d '3J't. j ( trJ i·lf"/11.S. 

GRAPl-ilC 
LOG 

0 ':1L w ~ 

:t-, 1'" . . + 
, i> . +-o .. 

• ' •. +- +-

:1. 
0 

++ 
.f-

... 
.+ . . 

I 
. 

-+- . ' 
. ++ 

.. + 
2. .. 

+ 0. :·· 
+- .L 

. + . · . . 
;... '() + 
+ 4-

3 · ..l. 
' I • 

' 
..L .l.- : 

--'- 0 0 
.. . ""-

.L + 
+ 0 

-} + 
i> +' 

.·· *' 0 .. 
+ {) 

..\--

5 
.. .J.. . .1- 0 .. .. 
.l. •. 

-+ • . 
.. · +o 

. . ·o 
0 .+- +-........ 

6 .,__ . . 0 ·: .. 
+- - 0 

0 + ·+ 
- .· ? · -

mt~ TIT 
.. £. D, P .. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

fhiwf\. ct.'\?e / fl".01-s+ lfltUe /~ SA JJD ,c......d $/t...'T w.'-11.... +t?u e 
(ebb/es ~ c.l°J . Or idiitd M.c.r Jvr-bre . Pk<Sk . 
Ut(l 1;1..--tll fjltlckd, po~r~ sorf~d. Svh·w.Dvkr +.o 
:Svb- (?)LJ;\ du! pc.r.1-rcl~s. Ursib/e s.up~ . 

I (frlLL<lfl.1 .Sc .. -.d ~ Silf- !rll / 

(~ .. -rhf) N1.j ~ ~ ICL<f> td- Ntfo-ro../ d.t....0cfld 
-fn>~ (Ot-.d { c.v-. ~.Lrt.t..-h'ln. J 

Br(Xv(\,, den><.. , .sJ1·fJhtf::J (l(,ofs+./ -6fl1:J ./?/1.C. ·ora1l'.ed 
5A!JD (,.);.J-i.._ SD'ne eruue ~ ..t.aac <()bblc-s frdJA c(p1A). 
P/a$TZ.. PoorlJ 6trfcd 1 (ilok01--t!::J ff!ickd. 
&to~~ f\totsfe...- w'rf/,,_ ¥ . /YJtL+c~itt.( btrc1 ... o 
:C· ·61.., $IC/ t./ I I I 

-..! W rrv- .Some. ~lftt ~ uf\ d c t!J J fr"'/C( (-e, 

cobbles. Ml ~(7ll'(. I I'S ~1h- ~1.·11d k ~ub. a'fjiJICtl . 

J 6il~ ~,l\d/6:t11~ 6i/f q/ad~r -r:·fl / 

f arrr~x,·~ct-£ ¥h . 
Betc~s ar~ ~ h~. 

/\lot~; -
ff.fYJ<>ltir rot.IL .f.n-'3MC"-is .<fltrofliocd 4 tJDH-mi cJ hD/e. 
f71'\P. ·~ rt"1'<- d 

1 
rrv\~17.. w'rlt- t.Vki.fe. ( 7 lllW1) .Pict .s. 

, ( Pc5sible bedrrxl'- rcn+ticf? J 
L-~~~~--1.~~~~~~~~~~~~~~~~~~~__;:;;,._~~~~~~~~--
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No. 

IP6S -20 
SHEET I of I 

PROJECT No. I b23 

LOCATION OF TEST PIT P@Y s 820 eooN i of:5 b~ E GROUND ELEVATION ,A.> ~2? r--
DATE ~((/) 14 /85 .. (~ov-11--a~~ (C)((l/lr c:.f. r>on~ Lt.k~j LOGGED SY k'4$ · 

NOTES DEPTH 
Groundwater ltwl, / .ft .\ 
ditficu11y in dioo- lfl1e res) 
inq , equipment 

used , etc . 

~ 

P!""d..t.! GJ{d-u
+ci bl e. c. btlle. 
&(I~ -hi!. 

Vlrj t~~ 

dr~b''J Co-~~r--) 

f\1o1e d;lfuuH
&83//\-j t Or\d'rf.rt11S. 

~ Mfle 'Tf35 • 20 ~ 

qilo 

i 0 

:1 

2· 

5 

GRAPHIC 
LOG 

'.JJ. ~ 

'..!.L 

~ 
'/.t 

'W-
v.J_ 

\Jl... 

'jL_ 
~ 

\!L.. 
~ 

!!,t.. 
~ 

';)... 
::!.I. 

. -
t>_ ..- -:-+ 

- + 
+-i . · . . 
+- -· 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

Bf~d(, / broLV" DefiA~JICS. Ccnple-fc~t) Y~.JrccJed . 
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W?...l." aMOvlc/Lc1). /~1k(rltlf l(r.''{1111~ ../{...r:... ~ . ..,·(._ 

/,Jt{/ urttckd (lc..~rc_ / O'\~ trtc<C ~1~/-. 



INVESTIGATION KP 1-11  386 of 500

I 

KNIGHT AND PIESOLO LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

IPtJS ;z:t 
SHEET I of I 

i-.tOJECT Mt Polit) 
.OCATION OF TEST PIT f(rt 5 815 ;140 "1j oes 35D£' 

DATE ::l&J) 1.5/eJ 5 {fl"'J/;i ~mbC/l/qnt-J t;.]~,.,+) 

PROJECT No.--'"-'-/ 62=3=---
GROUNO ELEVATION N~3t> ,..... 

LOGGED BY _ _,_f!!t§...,__. ___ _ 

I 

NOTES 

roundwater It~, 
difficulty in digg
:.,9 , tquipmtnl 

sed, etc: . 

"' ( 'Ya I ~ ep s 
I · 2.=1('fl i-.d 
4 ('r\ 9'lk1 1r.e.. I r1b:1,& (,~ 
?'..-..t. prl- ,~ d~. 

I I 

I 

DEPTH 

(_fY.l +res) 
GRAPHIC 

LOG 

- 0 oJ..·· . 

.. - _Oo .. -+-

D -
0 +-'-1 - --'-D-
... 0 

~- 0 
- 4 
-l- . 0 

2 J -.._-
c - 4- • • 

o" . .:- {) 
.....L~ ~ ~ 

- 0 
3 ·a_-L 0 

+ -=-" --4- -
Q 7_0 . 
-_. 0 

C,O.P. 

0 t<.G:F A.1 /(.5 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

&w(\ {~r~ ~} dqf~)-' f¥.J-d, sl16Yi"'b M-Orst- ~ 
SJLI w1..ft...... 6ome fPWCl ~d cl~, .J-ra.te co.bbl~-:.. 

Poor~ Sor--~~d1 tve.11 f)rAck.d . iJt-j coAl.Siv(. (r?;>s 

if\ oU'~ d1\,11\/(~ .f r-cfY\ f :+). &n..e·ll <M-d toth/(5 

CS-(. St.It· ~£..~dc.d . (c.C.(!c. {l:,.,f<r.+ 11\(((((:.{S bJ°t-lh 
d.tf/.,._ Jo 
/'r\r...+c-1 (l { 



INVESTIGATION KP 1-11  387 of 500

KNIGHT AND PIESOLD LTD. 
CONSULTING ENG INEERS 

TEST PIT LOG 
TEST PIT No . 

-rPtJs~2r

s HEET I of I 

PROJECT No. 1623 F--rcOJECT {T1.\-. Pz>libj 
1 

.0 CA Tl 0 N OF TEST PIT _....,.Af1'fi'~t-===S=-8.....:...=l 5'--'.=%0=--:... N...;..,..-· _$=-""""S.........,~8::;....::S'""'"E ____ _ 
~ .. GROUND ELEVATION ,.., 923 .4M 

DATE J?" 1s/es (-rc.;f·ros Br.sir ) LOGGED BY K4/S. 
NOTES DEPTH 

iroundwotl!f' IP....t, / .L \ 

difficulty in dioo- lf>'.! 7 rc::s .J 
''19 , equipmPnt 
sed, etc . 

0()"\du:l ~-b

J .S~le.. 

F~t:P~i~ 

GRAPHIC 
LOG 

( o +o 1.Sm) 

I 

561rple. "f7'j.S -2B 
~ 5 .J.o 0•2M J 

l. 

2 - ..., Oo 
-r <) 

-·· ~ 
Oo+~ 

_::_ " O 
.3 +_ -t-oo 

n:· ~ 
..__,. -
"+ --

. . -4 -.. a ·· . '+ .. - " 
-+- - 0 

- t 0 '. 

0 +-_ . 
.> - -

~ 

CO.;- -

5 --~- d 
~.; 0 
. '() -

+- ...1. 
0+ . " -
. ~·o 
- 1'" 6 

E. o.P. 

. 

DES CRIPTION AND CLA SSIFICATION 

OF MATERIAL 

3nwf" - ~rt~, , hw-d I sJ1~.h+IJ (v.C'l.5f; sc.nc!rJ SILT t-J~ 
j om e. f)(7v.)!-/ ~lld.. cl~ ..J +rNe. cobbles. . 

Vt·~ coks;\)c 1 &.'\~ c~r. ks cf ('.1.1A·{.,...iccl. Pfc1s-4c. 
wltl ~ tAJl + . Pee(·:\ ~or+ c d , ux fl (' rrl eke/ . 

\ S c.~tJ -Sr /} Gr/?<CrcJ -r.=11 I 

(nv..+u-i~J dfUY\t'.$ fl.C~J ( .. ~ s(Y\ oph. Clu«-j w.d $;/.f. 
v 

fY\tJri;c (Vltl+c<'"it\.ls f;uo1d- ::~ ·(ct! ?---~ c.re e;~ · :~ . 
ltr.-.oul&d (like_ plc,s-ht(neJ. BtfR>Cl. ~ ...... d pcl$•Ct~ 
wcder -k.b!E.. (ltt'1.rbJ . 



INVESTIGATION KP 1-11  388 of 500

[ 
i ~~~~~~~~~~--~~~~~~~~~~-~~~~~~~~..,-~~~--

J 
KN IGHT AND PIESOLO LTD. 

TEST PI T No. 

IP65 · 2'3 
SHEET I of I 

CONSULTING ENGINE.ERS TEST PIT LOG 

Pt<OJ E CT M+-. Pp lloj PROJECT No. _ ..i...:/6=2:.:.t.3 _ _ _ 

GROUND ELEVATION ....._ B36"" OC AT 10 N OF TEST PIT ~AJ2'+1-J:..Lt'l'..r..:.Y--=:.5..lt!.8:.:.::18~::t1..!.:S::..;N:..;;..,r-'. -=-~~<:>.b=--eto_. _t::... __ _ 

DATE J W'i 15 /~ G " (PDrt"+u,I Eco+- et~/ '3om>w ArtA-J 
NOTES 

roundwoter leYfl, 
diff iculty in dioo· 
'"'9 , equipment 

sed, ere. 

L! • .J:u ~ i 2CI> hce. 

• 1 I J('j 601 -rt> 
1
M dtfA f 

n1cde~rk .. 

0 

GRAPHIC 
LOG 

J,... • • • • 

1 .: o, + ' 
- I ' . ... 

LOGGED BY ---'-'·l(t ....... ?,§_, __ _ 

DESCRIPTION AND CLASSIFICATION 

OF MATE RIAL 

Bn>w(\ 1 den.s.e. { -Arlh .J.o httrd) J d~ ft> S'lijh-1-~ M.U i~~ 
:'.>c. .. ~.d,_J 51£.T w...11.._ so,'>J:.. ~ctiue..I/ +rc.te.. cluj C<nd. 

t j9i'j cordi t,?"'5 ··ov~ 
0 - ~o 

.l. - . 

cob ble.s. /Yl4hrf C\. ( rs ~rte,.- ./fiu.,r1 u.sut..I~ 

f r.(('LJ" . .1<.rc d. Poor~ &or.J-eJ, lUdl ~ rti.ded . P/4.5~ 

I 1o Steps. 2 -!-- -

o+ .. 

+-
0
. + -
--+ 
Q, + .. ?1 
~ .. 
- + 0 
-+ -

o.: ·a 
LI <> . -

+ -
. t- - + 

.~- ..1. 0 
. 0 

+ vQ 
.+ - -

: - 0 

- + 

o-
E. 0. P. 

11Jr.c..r' Wf+ 1 oJ/.-..crc:.J l"U. oJ- plt!!:-4 l. l!r..u-1- · ·-'i··f-. 

rtAvrti_f ,..,,, b l.S~L'(€ tcr,J-(ff~. G'er~s lfl7:J htv-d 
v)1Jl.,... ckp-rh; tt-.d l)(~c..r~ 111 &11~1 coll(&i"c. cliuok.s. 

QMd Co11 ~fm:..k ~~rlt<., \ . 



INVESTIGATION KP 1-11  389 of 500

Ii ~~~~~~~~~~__,~~~~~~~~~~~~~~~~~~~~~--~~~~ ... 

TEST PIT No. 
KNIGHT ANO PIESOLD LTD. /P95·Jo 

SHEET I of I Ii 
CONSULTING ENGINEERS TEST PIT LOG 

PROJECT No. )b23 r 1--f"COJECT @. Pollt!J 
.0 CAT I 0 N OF TEST PIT _ A'-1frfJ.::...':.....:' t:.......:...S"""/3..;..:I f'-4-'-"%:..=..:...;t.J~\--=5-=-tJ':::........:.5=60"-=c-__ _ 

DATE ~I'\ 15/<j5 ( Pot(r-/1af £4.sf- f'l&f &<°IZW ftre:.... ) 

GROUND ELEVATION ,., S38(Y\ 

LOGGED BY J<4!3. 

11 NOTES DEPTH GRAPHIC 

I 
Jroundwater l•....t, /, L \ LOG 
~iff i cully . in dioo- l rne-rre.:> _) 
·no , equipment 

I sed, etc • 

L 

. . 
- ··o 
+- + 0 

+-
2 . ~+-

c> - ..;:= 
! . () 

~+ "o 
-1- -- . . 

3 - +_ 
l)a -

-L. 

-+. _::- -t-

·O 
. . -+ 0 

- - 0 +- ~ 4 
- ~ 

Do -t 
' .- +-- I . ·+ - ·; 

- () 

- .L o 
. +--- ' .. -
C. O. P. 

DESCRIPTION AND CL ASSIFICATION 

OF MATERIAL 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS 

NOTES DEPTH 
3roundwoter Je'l'f4, 

{f'f\e:frcs J difficulty In di9g-
·nq , equipment 

1sed, etc • 

1 · J r;.tit hi ?DD f.tX. 
0 

1 
'Vo -!.Uf3 

I ·Mcv"-f~. 1 

1odutJe. 
~1 : ~51.-J ftndi·k1~: 

2 
..Lir>'f le. "if~ s. 31 ...e-

3 

4 

5 

I b. 

-

GRAPHIC 
LOG 

"d.!. IX '.!! 

..!,.. 

++ . . 
J,.... • .• ' .. 

+-+ _ 

D> +_+ 
.. . . . 

-:- 0 

-~- n 
.., '-" .::> --
0 • : 

{) +- .( .. 
-. +· . - -+-D -n -_ 

-...../ oO .. 
- t-
-'\" - 0 

- 0 
- t- I) 

o· -+ 
4- -

O., ;_; 

- ·~o 
- - + D 

.i._ 
+ _ .. 

. . 
" O l> 

-t- - -=-

c.o.P. 

TEST PIT No. 

TEST PIT LOG TP55·31 
SHEET I of I 

PROJECT No. /623 
GROUND ELEVATION ..., ~~ M. 

LOGGED BY --'--Xc_....o/~..___· __ _ 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

~;_..;!) / Ci(-~~ { ffrm lo rt~,.d J/ Sl:~J.-J~ /1-W i~t, 5/r~ 
51 er ~.Ji.... -t,o(Y,e ~r/1..•.--l J/ J.17.11e. c.lrJ CM.cl 
crk.Yts. ~It£ ct: ·u, t"tt bcv I ctr- c• .. A- dep.1-., fb«t, 
5c(".lcd 1 iuel! l1rAdcci . $(1 .-1'.C... r.•t· . .Lcntd c .. ~ " 

v 
(1'11<.."'l 1

'\
4 l.-.l.c 11"1 -;p55 -2'5 C·"d '20 { S?/'f\€.. ['c..l.;rt1...I 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS 

P~OJECT fnf. fil'&J 

TEST PIT LOG 
TEST PIT No. 

11>5S-32 
SHEET I of ( 

PROJECT No. /{, 23 

OCATION OF TEST PIT A((Yo•'" ~ 81~ MON; SB$ =t8D,; 

DATE :Tct,., lb/:J5 (E4S"t-ft.ilt11Bs (3t<..stn) 

GROUND ELEVATION ..., ~32M 

LOGGED SY K4tS. 
NOTES 

_ roundwoter l~wl, 

difficulty in diQg
. ·IJ , l!Quipm~nt 

;ed, ere . 

, I I • /, ., I 
ri< 'J\,( ~co r.ve.... 

'J.u-J-e. -lo 
~ t1f-rtult- d1~10. 

DEPTH 

(rne.kes) 

0 

GRAPHIC 
LOG 

~+ +. ~ 
OD+ 
.. + 

1 . .. -l-. +- .. 

++- o, 
- .l... •• 

4- ...L 

2. ..j.- -
\ ·, 0 . . 

. ..L ..J. 

. + 
.. . . 4-Q 

+-' 
3 -:-~. +. +-

4 

... : ...!... 
k 

0 b . .. 

.,i_ • 
- .L · 

- +. 0 . 
+ ·· . .. 
O (> ..+-

. ./- -
·~" 1J ; - :+:· 

. 

.L- •. • . 
t- .. 

. ' 
D<> ...L. 

l ..l-

.-::· 0 0 
[:D,P . 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

Of<tMtVtcs, bl~k.../ c(l:ft<J'l I Of2'<."fr"-

~WI\) cUI\~ ( \J~rj s./-1.tf) I ~1.~~~ llW~t ~,,, ~ILT 
wi~ ~me. ~rc1»"(,\ OA-d clc'j 1 +a~e. cobh/es. 
1Beloiw:s ~<<:J ,;'\ tuk>ur c.--.d tf\(rtt1.~;:. vi d '\5il~1 
J . 1 d . · 'I ~ ... r)J n / · L d / ......) 
.:> rv;._r- ;;,_)!"( ..... ......,.., I'\. roor J ~tXle i we I lfC'ck.d. 

!Jo or.! d it.c...d Z.of\.J..- r.u .. r svrf.rlr.e. Graue-I ~ 
cobbles c.re.- sub- nvr.d -It> {7)1}/\ d, &tl'~~ u~j 
Ut.std -like lJift._ A. Ni.. Vlr I I ·t ~ ........ r"' 1J 1cw {Jlr!V.it•c1 i.J . 

\ ~CL-J .. \ s;H- G-lwirL( ··n 11 I 
~ 
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TEST PIT No. 
KN IGHT ANO PIESOLD LTD. TEST PIT LOG 1f65-3~ .I CONSULTING ENGINEERS 

SHEET l of I 

PttOJ E CT mf. PDllej PROJECT No. /61-3 
)CATION OF TEST PIT fu:my: 5818 fSD J.J; 

I\ > 
5'54 P2D £ 

Bui,,_) 
GROUND ELEVATION ,.., 532fr\ 

DATE JV!' 16/85 
-

NOTES 

c.,. oundwoter l'Yel, 
difficulty in dioo-
r 1 t ,quipm,nf 

ed, etc • 

' k ~ ~l I 2ro J.~ 

·~ad ~der 

;_ .s ori·au. 
,. !>.'rd.d ~Ju

bie. ). 

DEPTH 

((Yldr~s) 

'\l 
~ 

(sw -ra..·J,·~s LOGGED BY ~4(3 · 

0 . 

1 

GRAPHIC 
LOG 

+ + +" + . . . +- . . . . + + 
++ .. .. + .. 

5" ·- · -+ .. · 
~ . . 

,.l... • • 
'. . . .I-. 
·~ ~~-: 

+ 
• -1- -t 

{, ~ ·+·+· ~· ~ 
~ J. _ .. . . . 
+- .. + 

: ~ . .+ ~ . . . 
+... +-+ ... '. 

. +-.-1-~·: 

. · .. + . . 
+ .+- -1-. :. 
: . • .i. .• 

e.c. P. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

~()1 dtr~ ( tJ, c.l;+Lj , s 1 •. (. ~J.!J tw.>~+ 6r-t. ... d~ &I L""f w;J1... 

5o('r.{_ ~nwe.1 c-. d c ~ , v falft- cob/, Jes. 'Pt>tir!J 
.Sod-<.d/ wlll vrz\.d.<-d. D"ttdiu.cl. i::...../-- Cc.>"1.f-/tl.f.. w;.h,... 

ovlfl~i ~~ ~1 J+ ~ c/'J . S/,BW.~ p11,.s-frz. b p:;-(lve>.bd;tf 

\ ~ d.j c51 /f- C,-lttu"tt-f Iii f j 

Gf-rejJ 5f-.~ .to VtJ ::,f,f( mo~+ J '61 LT o.I\ d. .h~I\ (. -~ rttrW 

.SAND. VuJ .!ii.r11 /&r...i171,fe.J f~ll~ («/mM ) {;Jkt'l.h 
Clll\ bl. et..refvf J pu.lld cf.tA ~ Jwid . Pltish"-l. 

Well sorted, pa'.)rtj ~rtt~ed. No vcJ"vt' c0lde.'lf. 
Lov..> {JifM((~b;/,·~. Cohe~1ve_. 

I SIL.I c,,...d .$At-JD l 
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KNIGHT ANO PIESOLD LTD. 
CONSULTING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

IPBS-34 
SHEET I of I 

PROJECT ~-~f>1±=.!-. ~fu=l~le~~-----------~ 
~CATION OF TEST PIT AblYri~ 5 818 =t3DtJ; 585 2(:-bE 

'~ ~ 

PROJECT No. 1623 ------
GROUND ELEVATION N 824 M . 

DATE Ji-if\ 16/85 ( .5ovij, ~fl) LOGGED BY _ _,_fl~C[.......;f3 ___ _ 

NOTES DEPTH 
...,,·oundwore< le't'fl , I 1t . \ 
difficulty in di;g- ~rt~ 
I 9 , equipment 
I .ed , e tc . 

J hdii 200 hue. 
I 

rv.'>~te~~~ 
j ,J1fflYlS. 

f' '•fk 'Tf55·?:AA ~ 
I 2-k 4. lf"IJ 

< Oil~ locc..I) 
: ) ':t1C>i.) ~ers 
; _ible cd· 

lvJuf-. 

l 
'.~' <'.'(i~' l 
ti j '11j(4,11;6,~ 

1 /c. .,-f'oS · 3"1 i -i 

4.1 h6.4()>.) 

sz* 
1 

GRAPHIC 
LOG 

0 ~ \J'. ~ 

!+'+ : .o 
. · .· 0 .. 
D + + .. 

1 0 + :, . 
i--- . :. '. .,_ 0 
: '+ .7"· 

. - + ~ :: 
2 · .. + + .. 

.... · 0 
• 1> -

0 +-+ ·:· + -'-. . . . . -'-
" ~ . ·. ·oo 

3 . ·~ .· 
..L J..-- . 
. . .L
• · ,· : .J. 
-r 0 .. 

":- -"- ...... 
• .. 4-

4 . .t- +-_ 0 

.~ +-" -+' . . ' + . . 
-t-
· ... +J. ... 
· + + . . +- . 

5 : . ··. : . 
.J._ 4-..).. • . 

.. : . ++ 
~ ... : .· 

.. :-.+-+ . .. .i . .. 
b • .• • ,L 

.J. t-' • 
. • ..l . + + .·· 

£. D. P, 

=t • 

. 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

~' dl'fl~ {Nrd); 61~hHJ 11.M)fs.J-J $'1~ 5JL~ tNJh 

~/!\.€.. e~d c---..d cl~) WL(e. cobbles. Top 3Dc"" 

i~ or. ;ckz.ed. Rov11~d [J(l'-1..-(.f w ccbhltS. fit.derrcJ 
1\ Jv~+ be/vw pltl..Sff<- /1()1 if. ft>o<~ 6orted

1 
c.,:e / I 

5rz.. dt.J . ~·rv.i/t,_,.... t1.o.fr.:"ftL( f.t:; ~I' !.:>.i-.-Ler-ed i" !~S-33. 
Low (Y..rf'f>l?..bil1't<j . 

...-I Sc;-"-~-Si-lf_G_h_.tt,-'t1..l_1r_, /__,1. j 

[);..{. f}'ej J bltitl J .s+itf- -f> "~ .sk~ s/18k+/J tu-0 •~.1 
SILT c.--.cl .t;l\J... <Jntl ·'-Lrl ~ND . We/I .so<-1-ecl, rxxx-.!:; 
~IAdd. CU:> fl~ Vrt.IJC.. l~ertJ ldte- IP55. 33 di"d. 
/:\./- plt1.!.-+-n... liMr'f. CoklsJue. Wc,V pem"U,f,///~. 

or1 () Jkll\ IPS5 -33 s .. ff ~d ~ d 'r. 
[ ~/LT c.-~ 5AND \ 
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KNIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No. 

'IPBS-35 
SHEET I of I 

PROJECT No. 16 2. ~ 

0 CA Tl 0 N OF TEST PIT __._A;z,iqtf~rr.."""'. Y-""""5""""8~18'-""'6B=D_._N"::iJ-5_8_5_~_3_5_€._. __ 

DATE :TM 16/85 { 6clJ~ &is1'fl). 
GROUND ELEVATION ..., 51-=1-M 

LOGGED BY _ _ 1'4t_,._~----

NOTES DEPTH 
vroundworer If~, { L. \ 
difficulty in digg- Ml.-r<'(.S) 

19 , fQUipmfnt 

Hd, etc . 

I '.'MJt. dM~ 
L~'~s. 
(fl,2+o 4,oaj. 

r ~~ c....1-r~A. 
. j lcrr.fiud c-J 
low C!DW t?Ae . 

~ OC>l-k, (a~j 

~'c'fj {4.c).Jt> 6&:;_ 

:.I ·'f e ---rf~5-35 -.--
1, 6~ f>,b,.,..) 

GRAPHIC 
LOG 

0 V!. '>!1.. -e

+o '· .. ·.C> 
. - ++ 

+ + 0 -. ; . a ... 
1. - . . + .. + -

t-+ 4-
.J-

-I • •• 

-· + 
.. .'-1- . 
+ . ·a 

D +_: o 
2. + · .. · 

:.+ + . + 
· ~- .· 

0 ~ - .. 
~o 

3 .J.. .t=·.1. 0 
... ~ +-
• ." ,J.. I 

4 .J. + 
• -i-
.J- o _:! D 
+- +- ..• 
~.++:" 

. + 
4-+ + " . . . . +. ,. 

5 . ; . . : . 
+-r -+ 
. ·: + ... 
...... . .. 

.. '+"+- + 
• • • .1.. .. 

+- .. :- -. 
b :._-r +: . : ++ .. 

4-J. .~.: J. 
... . . . -.... 

~ £. o.P 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

B11>w11 1 ck"~ (u. sflff-P Nv-d), Sf!:Jlii~ ~lsf- 6':v<~ 
SJL-T w.·.11-i ~~ 5ra»O ~ cf.tu , +rz,t<: tobbles. 
Poor~ ~orfecJ, wdf 'JllM. Slij h.4~ p~strc.. ( d P.l) 

P.ov· kJ crtwd 1" rl-hble~. Deri$e 1.Xrz:.1 ci)~s1ve. 
(j I ....) 

Ckvl'llis ct fV.AAerr1J fflcei• • .11\+cr.ed o~ dAf./1,.,_ wk" 
r; ppe d m.H- o.t. p+. BtcoMes ~f~· .. r o!t>l)r vi).h. 

ckp-f'h. Ve.7j /DV) ~c..b;/;40. 

l S/;.'\ ~ ~; l.f- q/tu: lt,.J 'Ti'/ I \ 

llirlL 5r' 1 sfi'tl"'+IJ . ~rs-t ~+i +t olLT ~ 411e-3C?L11...eJ 
$AND, ... tv-C. I!> v151ble.. a5 wLtfe. q:P. . tld~s i'11 

~ i i+. tJefl sorfeJ, fX>"'j jrt...dtJ. Btfuw fltlstrt. .. 

h~t 1-I-. (okcsioe.. cfwl\ks wl.v. ~K" t'Mt• ~ed c......d. 
/ 

cokwh-{. ov~lf. Lei..> p.u-fiv.~ b;/,)j . .5CfrL r,..t!tr-1"cJ 
c~s tfltDu"-+er.c<:i :(\ lf5s .. 54 pi+. 

I ~ i 1t w... d. ~-d. / 
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KNIGHT ANO PIESOLO LTD. 
! CONSUL TING ENGINEERS 

TEST PIT LOG 
TEST PIT No. 

1Pt15-3& 
SHEET I of I 

PROJECT No. }62.3 P~OJECT mr. Poll4j 
[ JCAT I 0 N OF TE ST PIT ---'-'A+T={f=m&-r _,5::...i8=18~52D~N:.:..,)L.....-::.5..::..!35:::.......:.Z...:....:9-5=--=£ __ 

DATE J"U\ 16,/85 (~~ &..sil"IJ 
GROUND ELEVATION ,. 324 m 

LOGGED 8Y _..L./<:.:..J,j4f3=-., __ _ 

NOTES DEPTH 

_;oundwoter ltYff, /,.,. :+,., \ 
difficu lty in dioo- ~ rnt -e~ J 
r 9 t fQUipmtnf 

•td, ere. 

!' 'odtn:Je t1i[31~. 
\., . dts ~ lDtfJ r.: 
( -It> fi+ 

:Y....ri-ple lf5S-3bA 1-4-

tl .<. ~ 1.2~) 
I 

I ·.Jtrt,:h: .floi.) 
f (Oy"'v-. .$£./\ d 

'1 <F-
l 

) ~cJh d11y~ 
_3.2-o 6..'3(>".) 

! 
~rrplt 'ff35-3b g i-.
(j e>.lo b.3~) 

0 

1 

2 

5 

GRAPHIC 
LOG 

.:... .'1 'o . '+ :j: _, 
t I • • 

0:: - . . . . + .. . . . .. . 
- ~ . . ..\- ·.:· 

· ........ . 0 . .. 
' . . 

~-
4 -- +-

t -
~ -

:.. - + t 
""- -

- ~- -t 
b - + -

E.D.P. 

DESCRI PTION ANO CLASSIFICATION 

OF MATERIAL 

8f7)wn -+o 8r~; u~ Jf;t/- ..... Jwrd) ftU)iSt, 611J:j )AJJD 

wi~ traie. fr> Sorvif- Bawd lfld c~. /VD coc.t?,..e. 
B(7t.l.le.( or cobble., ,·fl ~i~ /u:..+e1t~ ... ( . Pcoc:i so~/ 
f\-tC'lWt1...1-E:~ ~f7~de.d. f,foj~fb-" Jt.<tn l"hos-1- .i..,IJj 

~ . 
Pou"d.d ~ro.L1 e/. CD~·lSl\JL. CC'a.r~_r f'·~11 f,w,.J..;..; //~ ~ '<"1? I 

CrcAtj brbW(\) ut:; j+1r.f ~ hv--JI s/16k+IJ ;twisf SILi 

Ct11d CLA:.J. No coc,.ru_ fl'.td-er-i-t--1. ¥ed. Wlll 

.Sor·fr d 1 pDcrhj 6rt~d, Vlrt1 co)u s1\ie. • Low ~,J;/;f 
" I s1 er.::....<:!. ~LA~ ~ 

&o~ J ?o.tf-, M.O!"St fo \){rt.\ ~rs .SILT c.-d /!J,-it, 

~ri~uu .. ~ SAND . wdl sort'ecl / ff)tX'/... ~~ad. 

th5"-~ co~sl•'- {. pro>~JzL doe_ -It, i.,,.8h (llCI>ke 

tOA·h~'\i-). {, dt.s ~ f j1 10.-ifl,1v<>()l~ ca.ix: -,Ii , 

DIJ)rnvl-f Jo -le/I wW-e.. --ft.u; !tu.r t-r1-sls JtX- -lo 
/f\Stctbili~ c.f. fc.s..f p;f wt~l/s. 

l 51LT w..c S.t-.\l!Jl 
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KNIGHT AND PIESOLD LTD. I CONSULTING ENGINEERS 
TEST PIT LOG 

TEST PIT No. 

TP55,3-:f 
SHEET I of I 

Pl'<OJECT __ ..;..;..mt"'-''--'tP~/~------------
1 >CATION OF TEST PIT flrrnx 5 818 345 0 ses 260 £ 

DATE J'?.11 16/65 (_ ~ l1'.1"/rri5.s &S111 J. 

PROJECT No. /623 
GROUND ELEVATION .- j38rn 
LOGGED BY __ /__.~.____' __ _ 

1 NOTES DEPTH GRAPHIC 
L. oundwater ''""4, (/Yldllj) 

LOG 
difficulty in digg - DESCRIPTION ANO CLASSIFICATION 
I I , 'quipm,nt 
r
1 

ed , etc. 
OF MATERIAL 

. , 'uli; 2tD kc 0 ~ ~ .!.!!. OR.f;A/JICS. 

+: : 't-

~~+e. d~,·~ 
.++ :- '3rz,wn 1 t 1ertJ !../-{;f-

1 
f>\.{)Lsf 5ul~ j/LT wiJL 6~ g(]Wt'..f 

:, . D o 

.. + +: w....d cl°U . Pooc:-~ :Sorred I (,.Je II 5rAdld' Pt ti sm . : .J.o /, Stv-. 0 . : .. 

Xitflt <ffj.S. 3+ 1 ~+-. + (IDl'fzLf°A..S /K.Or(_ fl.c.Of3tvre_. 4t.t\ U.St.Jb-f ( p('2>bt.~ tfue_.J..o ..-- ... t- 0.. • • . . +- CIO\..e.. f ro~, m.·~ .J-o ~ur.flt<fe.. a-d ~ch>c.k...). 

! ~ ufow ""' v .+ -r.;·. 
\ ~~ s;lt Gluit~f l;tl j 

nr~ nr \ Olhl ( er-.-hi.d-. v 

2 . , _) ) ... 

&chizL e"'°"'W-ed a.+ /,s,.,.. ckpl'n. \Je::J ffl<civred, ~ " ~ 
~;1!-n0I~ d'b5~ .. -' "-. 

/\.(' p.;rpk vOltt-/l i<. Co08IDIYl ~ +e.. ( kic, /o}e. , Frz.3f'l\b\+s 
"Zilk. . 

~ '<"' t.rl.. -ltftu~.I~ 3Du~. 61~. cv .. d ~ tuavft..r. 

3 ".. \. 

ED.'?. 
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K NIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No. 

1Pf15- 38 
SHEET I of I 

PROJECT No. lb23 F-'r(OJECT /11+, PoJ11J 
)CATION OF TEST PIT fW'z>)I' S ~ AhD N) 50S 415€ 

DATE :fcl\ lb /85 

GROUND ELEVATION ,,_, BISm 

LOGGED SY -~k'4:.1.1..::S;_;,. ___ _ 

NOTES 
-· oundwater It~, 
difficulty in di;;
! 1 , tquipmtnt 

ed, etc. 

DEPTH 

(_rnef-r(s) 
GRAPHIC 

LOG 

f- ·. 
+-+=" .:.. . 

1- ··:.-+ 
a·++:· + -1- :. 
0. . : , . +- . 

J,. + , -
2_. 00 + :_: 

+- -. . , 
.' + · .. , -t-+ . . 

0 -t 
- -t 0 + O ·· 

.3 '• +- · .. 
, -- . . 
+,+t-. 

D+-· . '. 

++ -
_+-+ 

4- ~ 
+-- -r 
-+- -
+- - -t
-~+-+ 

+, e.o.P. 

DESCRIPTION ANO CLASSIFICATION 

OF MATERIAL 

3n>~n -1-o tilt/ I r'ttrd, 5ftjl1~J ,u.ois+ St."1~ Sier wJk 

jorne. ~rMJd t.-d c~. Pot><] &orf~c!I tVdl tJMul. 
~&v-" lkd. 5nwtl.. lft\J ci1s.e

1 
ct:lu..s}iJ!. ch-.>rilts f?f~d 

Dt>t- 1>~ pi+. Pl usk. $-"~~ rel.our DA .f2u1e aP- 5~ 
c/.-i.s'1ls { c.fc,..~ cn.d,s

1 

fll fill .~:. 0({c.sr6,,4.,,( cob;e 

/I ec.r Sur f-t« e. ?.fl c'. l%C O{ll. 1 , j -r(?{t e c tJb/:;.Je.s e-<> HtA.-
ck p J h. Gi..J pva,..u..bih1 · 

I~~ 6; ff filaL1'cd THI I 

Crtt•f\J b:?:tv11 -Ir> ore'j) Jt~j 6+-iJ.I- >, wd/ slttf-+~ Mi:f 

.SIL# {,.))Ji_ ~MIL c{~. Vt;J CD~/Oe. ~ ct11~. 
Wtll sorteA, pood~ '5'~. Oblll~ lwr 1;... ff:J 
sil+. -r;·11-1;/~ +tt.e~ Ax-- ~si~ ol- -/'fu'3 tw.fe'I~. 
S111ti lc.r ../-o stl.f- le~ ~11/CVI\ -ft1<.. d i" rf.5S-3b. 
~w f tff't...LCA.b; It~ , 

,-5-1 t=r-a-d,--Clfr«j_,, 



INVESTIGATION KP 1-11  398 of 500

. "'NIGHT AND PIESOLD LTD. 
CONSULTING ENGINEERS TEST PIT LOG 

TEST PIT No . 

-rP.95-33 
SHEET I of I 

PROJECT No. lb23 
GROUND ELEVATION ,.,,9; S- ,-n 

LOGGED BY _ _..;.J<'.-'-'~~f3....:.._, __ _ 

.c..t<OJECT mt. Po}l?j 
OCATION OF TEST PIT _...,~~i1) .... x_5_,.8_...t.._9-.&.._o5~'-L,,,...;-~~B~S--{~D-S_c __ 

DATE :JDI\ 16/85 { ~oJL..... .+c.;t,· v_;~ b-is111 J 
NOTES 

Groundwater le\lfl, 
difficulty in dioo

'il , equipment 

1ed, etc • 

"'c:Jer~+t.. 

< ~1'110 {olo?.SJO;; 

.z.. pl~ -rPJs. ~ 
{'ur- i>o~ o4 

«llt ) . 

DEPTH 

(Mdtt5J 
GRAPHIC 

LOG 

..:- •• , +" 
. - ..:-..l. .. '1 

+- D 
.. 0 ·.· 

1. +- -- ++ D 
. . +- .. 
. .f- 4- ._ .. 
. ... . 0 

c- +-. + 2 . : .. -......... -l-
' 0 "'- ... 

V' w- 4-.o 
? 

' . . . 
3 I • 

' . 

.. 
• . t • 

• I 

4 
I t • 

. ' 

5 , ' 

.. 
. 

/, . ~ -

, . .. . 
, .. 

DESCRIPTION AND CLASSIFICATION 

OF MATERIAL 

&zi~" +{> 8r{:J J hw-d1 s118tt+J~ f\A.015+~ /k-0,-sJ-
1 
sp.~ 

St er wi./L s()((\e tl't(.-1.0 a.-d c/12J • Peer~ 6 Dr'f e.d
1 

uxll j'Adt.c!. more fl<..01.st- ~(\ -svrlt<t.c. ,,p dt.it~ 
r~lu~tlll cl1~·-"~ s r-.1. l r// ( .f,.rrn -:;'-1rlCt1c 1dle(l'.J?) . 
~~(' u.1 ~ 111 . 

...... , :-(.-, J-~-:. i_f+_C,_lr._tt_Yt_I ,.-,.,--.I I 

8rl'i0(1
1 

-5otl, 61,+vr~red, -A1Ae-0rar·/l.l.d .SAAJD .c.'ld .StL.T. 

~o cul ... ".sru, (prf- v:xi..Us rc-..;t',·.vou\ll. tcv.~ - ,f'\. \'l::J 
!·.tell :..er-led I (>tt<IJ srti.ot..d. '"EUbl"'ls (kO('e.. 

dtll~ w iJi... ~#i ' 
/..--6-b-r\d_c.-_d._S_i/f-~, 



INVESTIGATION KP 1-11  399 of 500

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

RESPONSE TO REVIEW COMMENTS ON 
GROUNDWATER MONITORING PROGRAM 

(REF. NO. 1625/7) 

SEPTEMBER 12, 1996 



INVESTIGATION KP 1-11  400 of 500

IMPERIAL METALS CORP. 

MT. POLLEY PROJECT 

RESPONSE TO REVIEW COMMENTS ON 

GROUNDWATER MONITORING PROGRAM 

<REF. NO. 1625/7) 

This report was prepared by Knight Piesold Ud. for the account of Imperial Metals 

Corporation. The material in it reflects Knight Piesold 's best j udgement in light of 

the information available to it at the time of preparation. Any use which a third 

party makes of this report, or any reliance on or decisions to be made based on it, 

are the responsibility of such third parties . Knight Piesold accepts no responsibility 

for damages, if any, suffered by any third party as a result of decisions made or 

actions based on this report. 
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IMPERIAL METALS CORPORATION 

MT. POLLEY PRQIECT 

RESPONSE TO REVIEW COMMENTS ON 

GROUNDWATER MONITORING PROGRAM 

CREF. NO. 1625/7) 

SECTION 1 .0 - GENERAL 

The following is a response to the review comments submitted by Mr. Joe Negraeff 

of the Ministry of Environment on July 22, 1996, with respect to the Environmental 

Baseline Report 1995 and related Groundwater Monitoring Documents. This 

document specifically contains only the relevant responses to the review comments 

pertaining to the groundwater monitoring program as originally documented in the 

fo llowing: 

• "Imperial Metals Corporation Mount Polley Project Environmental Baseline 

Report 1995 ", by Hallam Knight Piesold Ltd. (Section 7. 0 only); 

• "Manual on Sampling and Handling Guidelines for Determination of 

Groundwater Quality (Ref. No. 1625/5)'', dated May 19, 1995, by Knight 

Piesold Ltd .; and 

• "Groundwater Monitoring Program (Ref. No. 1624/2)", dated June 3, 

1996, by Knight Piesold Ltd. 

This document is organized in a manner whereby the review comment is listed 

followed by the response. Reference numbers are provided as per the original 

EnvironmentaJ Baseline Report (1995) submitted for review. In some instances the 

response may take the form of a reference or clarification of information originally 

submitted for agency review. 

The groundwater wells installed at the proposed minesite in 1995 were installed by 

Imperial Metals Corporation (IMC) for the primary purpose of investigating open 

pit dewatering and water supply for mill process requirements. The 1995 wells 

were installed without the direction or supervision of Knight Piesold Lld. The 
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details of installation were provided to Knight Piesold Ltd. by IMC and were 

included in the Report Ref. No. 1624/2. 

IMC has recently provided further details on the 1995 installations. SpecificaJly, 

the wells comprise 5 inch diameter, flush jointed PVC pipe which were grouted 

inside 6 inch diameter steel casings to a minimum depth of 5 m or to bedrock. The 

PVC included slotted sections in the aquifers to maximize water recovery. The use 

of the 1995 wells as groundwater monitoring wells was considered to be a 

secondary objective and will be decommissioned in early 1997 once the new 1996 

monitoring wells have been installed and sampling has commenced. 

Subsequent to the review comments and consideration of the importance of 

groundwater quality sampling and associated monitoring of potential hydrogeologic 

impacts on surrounding surface drainages, the 1996 groundwater monitoring 

program has been revised. Provisions have been included for the installation of a 

total of eight (8) additional wells (three new wells in the minesite area in addition to 

the five wells proposed for the tailings facility area, originally proposed in Report 

Ref. No. 1624/2) dedicated for the purpose of monitoring groundwater quality. 

The 1996 groundwater monitoring wells will be used to collect baseline 

groundwater quality and for monitoring groundwater quality during operations and 

at closure. Details on the proposed groundwater monitoring wells are included in 

the "Requirements and Specifications for the 1996 Groundwater Monitoring 

Program (Ref. No. 1625/8)" which accompanies this document. 
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SECTION 2.0 - RESPONSES TO REVIEW COMMENTS 

The following are responses to review comments made by the Ministry of 

Environment, as documented on July 22, 1996, specifically relating to the 

groundwater monitoring program. 

A. Imperial Metals Corporation Mount Polley Project Environmental 

Baseline Report 1995. 

Section 7.0 Groundwater Sampling 

Section 7. 1 Introduction 

Comment: "Please note that the Guidelines for Minimum Standards in 

Water Well Construction for the Province of B. C. are directed at production 

wells i.e. for development of water supplies. Optimal construction of 

monitoring wells differs somewhat from production wells in choice of well 

drilling machinery, well casing diameter, materials, and well development 

prior to sampling". 

Response: Additional groundwater monitoring wells will be installed in 

1996 in accordance with accepted standard practice for groundwater 

monitoring wells, as per EPA, CCME and ASTM criteria (see 

accompanying Report Ref. No. 1625/8 for details). 

Section 7. 2 Methods and Materials 

Comment: "Are joins in the PVC well casings in the 1995 wells welded or 

threaded? Weld materials can contribute to metals contamination. PVC 

casing and screens should be threaded not welded to avoid potential for 

contamination.from the weld compounds". 

Response: The 1995 wells included 5 inch diameter Schedule 40 flush 

jointed, threaded PVC casing and screens, as per recent information 

3 162517 
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provided by Imperial Metals Corporation. All PVC casing and screens for 

the 1996 wells will also to be flush jointed and threaded. 

Comment: "Groundwater samples should be free of paniculates and kept 

anaerobic as they would be in-situ in the ground (i.e. no air or head space 

in the sample container). It is desirable to collect dissolved metals samples 

in groundwater without exposure to air lJy using "in-line" filtration methods 

to ensure no oxidation of iron etc. to ferric iron, which in turn precipitates 

as particulate ferric hydroxide or oxyhydroxides scavenging other dissolved 

metals species such as arsenic, cadmium, lead and vanadium with it in the 

process. This will lead to underestimation of the dissolved concentration of 

any metal". 

Response: Agree that groundwater samples should be kept free of 

particulates and kept anaerobic. In-line fi ltration will be adopted in the 

future for the collection of dissolved metals samples. 

Comment: "If there are lots of suspended solids in a groundwater sample 

as is the case of the '89 series wells around the tailings pond, this means 

either the well has not been properly developed prior to sampling i.e. (a) the 

fines present after well development were not flushed or cleaned out of the 

well, (b) that regular maintenance is not peifonned prior to sampling or (c) 

that precipitates (particulate matter) have formed in the sample due to 

exposure to air during the sampling process". 

Response: Agree. All proposed 1996 monitoring wells will be developed 

following installation to remove all fine-grained sediment that may cause 

clogging. The wells will be re-developed if sediment is observed during 

operations. All remaining (1989 and 1995) wells which are scheduled to be 

re-sampled for a period of time in later 1996 and early 1997 will be re

developed if necessary prior to sampling. 

Comment: "We insist that the monitoring wells to be. constructed in 1996 

around the tailings pond and elsewhere as described below, meet acceptable 
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moniroring well specifications as detailed in numerous EPA and CCME 

publications on groundwater sampling merhodology e.g. EPA/62516-871016, 

EPAl625/6-90!016b, EPA/625/R-931003a; and CCME EPC-NCSRP-48/e 

(March 1994) etc. ". 

Response: The specifications for the 1996 groundwater monitoring w~lls 

will meet the necessary EPA and CCME criteria and shall be consistent with 

ASTM D5092 for groundwater monitoring wells. Details of the proposed 

1996 installations are included in the accompanying Report Ref. No. 

1625/8. This revised installation procedure will mean that the wells cannot 

be converted to groundwater pumpback wells as originally intended for the 

tailings impoundment. 

Comment: "It would be worrhwhile contacting some industry experts with 

practical field experience in groundwater sampling for metals, to gain from 

their experience with pumps, well maintenance, sampling equipment, in-line 

filtration etc. for the objective of obtaining good quality groundwater 

chemistry result especially for dissolved metals". 

Response: Knight Piesold Ltd. has experience in groundwater monitoring 

well installation, groundwater sampling and well development. The 

monitoring well locations, installation methodology and sampling 

procedures have also been reviewed by Mr. Leslie Smith, Ph.D. of the 

University of British Columbia (see attached letter report). 

Section 7.3.1 Open Pit I Mill Site 

Comment: "Please note in this and subsequent sections i.e. 7. 3. 2 etc., that 

there is no B. C. Water Quality Criteria (BCWQC) for "total aluminum for 

aquatic life. The only BCWQA for aluminum for aquatic life is for the 

"dissolved" form of aluminum. 

Response: Comment noted. Response under separate cover by Mr. Dan 

Royea of Hallam Knight Piesold Ltd. 
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B. Imperial Metals Corporation Mt. Polley Project Groundwater 

Monitoring Program (Ref. No. 1624/2), June 3, 1996. 

Section 2.1.6 Tailings Storage Area 

Comment: "At the bottom of the page it says the groundwater flows 

nonheast towards NE Edney Creek Tributary. From the contours shown in 

Figure 2.3, it would seem that the groundwater flows would be to the east

southeast. Please clarify". 

Response: Correction noted. Groundwater flows do indeed flow east

southeast toward NE Edney Creek Tributary (as suggested) and not 

northeast as initially reported. 

Section 2.3 1995 Monitoring Well Program 

Comment: "The 110 mm diameter PVC well installations sited around the 

pit area are ideal for production i.e. dewatering, but not necessarily for 
' 

monitoring. They will take considerable effort to purge prior to collection of 

water quality samples when they are not in use for dewatering. By having 

multiple screened zones in one casing or borehole, there will be a /,ot of 

mixing and dilu1ing of groundwater from the different aquifer zones 

intercepted by the one casing. The drill logs indicate there are very 

significant aquifers at different levels in rhe same boreholes. Multiple small 

diameter casings each sealed in the different aquifers in each borehole 

would give more valuable information as to groundwa1er quality, its source 

and potential problem in the discharge area if known". 

Response: The 1995 wells installed around the minesite area are suitable 

for dewatering as this was the primary intent with these wells. Although the 

use of these wells for groundwater monitoring is not ideal as mixing and 

dilution of groundwater from the different aquifers may occur, they may 

still function as monitoring wells to identify any changes in groundwater 
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quality. Notwithstanding this, it has been decided by IMC that only the new 

(1996) wells will be used to monitor initial baseline and long-term 

groundwater quality. Some of the 1989 and 1995 wells will continue to be 

monitored in late 1996 and early 1997 to provide overlap with the 1996 

wells. In addition, IMC reserves the option of continuing to monitor wells 

95-R-5 and 95-R-6 to provide additional long-term monitoring of 

background water quality in the minesite area. The proposed schedule for 

monitoring is shown on Table 1 of Report Ref. No. 1625/8. 

The proposed 1996 monitoring wells in the minesite area will be located 

below the groundwater table in relatively pervious fracture zones in bedrock 

to provide initial baseline and on-going groundwater quality information 

during operations. During drilling the hole will be water tested to determine 

the most permeable wne for the installation of the well. If a significant 

fracture zone is encountered at a shallower depth during the installation of 

the first well, then a separate hole will be drilled to enable a second 

monitoring well to be installed. The installation of multiple wells in one 

hole is not practical since the diameter of the hole must be very large to 

facilitate multiple installations of the minimum 50 mm diameter wells 

complete with the necessary filter pack and seal backfill materials. All 

attempts will be made during the 1996 groundwater monitoring program to 

locate the completion zones in the most permeable fracture systems, based 

on the geologic information and the conditions encountered during drilling. 

Additional details on the 1996 program are discussed in the accompanying 

Report Ref. No. 1625/8. 

Comment: "Again please explain the rationale for the siting of two 

groundwater monitoring wells almost side by side (95-R-2 and 95-R-7) as 

indicated in Figure 2. 4. It is assumed that these wells are situated and 

constructed primarily for dewatering purposes, with monitoring a secondary 

consideration. We would like to see install.ation of an additional well 

designed strictly for monitoring purposes, to be located between the central 

pit and Bootjack Lake, possibly off the main road below the most south

westerly corner of the central pit in the "draw" that is apparent from the 
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contours in Fig. 1.3. The siting of this well should be done in consultation 

with a qualified hydrogeologist to ensure it is optimally located for detection 

of contaminated groundwater migrating from the pit area ro Bootjack Lake. 

This should be done as soon as possible so that baseline data may be 

collected prior to mining". 

Response: Groundwater wells 95-R-2 and 95-R-7 were constructed 

primarily for dewatering purposes, as suggested. Well 95-R-7 was drilled 

as a second well since 95-R-2 was lost during drilling . One additional 

groundwater monitoring well, designated P8 , will be installed between the 

central pit and Bootjack Lake as part of the 1996 program, as suggested. 

This well will be located in the draw and adjacent to the access road, as 

shown on the attached Figure 1. 

Comment: "We are also concerned that only one monitoring well (95-R-5) 

was installed along the entire basal perimeter of the southeast waste rock 

dump (which is some 2. 5 km in length) and that it is located at the extreme 

north end of the dump. We will require the installation of 2-3 additional 

wells designed specifically for monitoring purposes to monitor contaminant 

migration in groundwater flow down-gradient from the waste rock dump 

towards Polley Lake and Bootjack Creek. Again the siting of these wells 

should be done in consultation with a qualified hydrogeologist to ensure they 

are optimally located for the above mentioned purpose". 

Response: Two additional monitoring wells, designated P6 and P7, will be 

installed east and south of the southeast waste dump between the dump and 

Polley Lake as part of the 1996 program. The approximate locations of the 

proposed wells are shown on the attached Figure 1. 

Comment: "What was the groundwater level in the '95 series wells at the 

time of completion? This is not indicated in the Appendix B well log or the 

Appendix C borehole information. Please provide this information in 

writing to this office". 
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Response: Static groundwater levels for the 1995 wells, measured inside 

the well following completion and prior to sampling are as follows: 95-R-l, 

20.lm; 95-R-4, 10.7m; 95-R-5, 1.3m; 95-R-6, 3.9m; 95-R-7, 12.2m. This 

information was collected by Knight Piesold Lld. during groundwater 

sampling. 

Section 3.2 Tailings Storage Area 

Section 3.2.1 Baseline 

Comment: "Tills section states that the tailings area baseline groundwater 

quality is poor, however the poor quality of the groundwater in this area 

may be exaggerated by poor well construction and development technique, 

as recognized in Section 2.2 of this report and as documented by Marc 

Zubel, Senior Groundwater Engineer, Water Management Branch, Victoria, 

B. C., in his Feb. 4, 1991 comments to A.P. Kohut on the Mt. Polley 

Copper/Gold Project Stage I Addendum Report (Oct. 1990) ". 

Response: Some of the 1989 wells at the tailings area will be plugged and 

abandoned during construction of the tailings facility. The remaining wells 

will be decommissioned in early 1997 following a period of overlap with the 

new 1996 monitoring wells. The proposed 1996 wells will be installed in 

accordance with accepted standards for monitoring well installation and will 

be developed prior to sampling. 

Section 3 .2.2 Operational 

Comment: "One of the objectives of the Mt. Polley groundwater monitoring 

program as required by BCMELP and identified on page Z of this report 

was to locate the seepage collection pond and recovery wells to erisure 

optimal recycling of seepage from the tailings pond during operations. This 

objective does not appear to be addressed in this report. Please respond as 

to whether the seepage pond has been optimally located for tailings pond 

seepage recovery? Does it capture all of the potential "discharge" in the 
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sandy area in the vicinity of the main railings embankment, identified during 

the initial drilling in the tailings pond area "? 

Response: The seepage collection pond at the main tailings embankment has 

been located at the low point in the valley to intercept runoff and near 

surface seepage from the embankment. A system of embankment 

foundation drains, which are also interconnected with foundation pressure 

relief holes, drain by gravity into the seepage collection pond. The primary 

function of the seepage collection pond is to provide a reservoir for seepage 

monitoring and containment prior to recycling to the tailings embankment as 

necessary. The geological sequence of glaciofluvial and glaciolacustrine 

sediments which underlie the glacial till materials in the valley are complex 

and it is highly unlikely that all groundwater will report directly to the 

seepage collection pond. However, an extensive groundwater recovery well 

system has not been incorporated into the design since the tailings water is 

projected to be of good quality and no adverse water quality impacts are 

anticipated. 

IMC had previously intended that all new groundwater monitoring wells 

downgradient of the tailings impoundment comprise 5 inch diameter wells 

which could be converted to pump back wells if required to supplement any 

requirements for make-up water for the milling operation. However, the 

current groundwater monitoring program has been modified to be consistent 

with MOE requirements for monitoring well installations only. Therefore, 

any provisions for seepage recovery by pump-back wells will be addressed 

during operations. Pump-back wells will be installed if additional make-up 

water is required or if on-going groundwater quality monitoring indicates 

that groundwater chemistry is being adversely affected by excessive seepage 

from the tailings impoundment. 

Comment: "I do not have a copy of the Report referred to in this section 

i.e. Report on Project Water Management, Ref. No. 162411. Could you 

please provide me with a copy ". 
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Response: Copy of "Report on Project Water Management (Ref. No. 

1624/l)" included with this document, as requested. 

Section 3.2.3 Post-Closure 

Comment: "What is the basis for stating that the groundwater quality from 

the tailings impoundment will improve to levels better than baseline values? 

Is this due to a reduction in recharge for the drainage area due to change in 

penneability of surface material compared to pre-tailings pond conditions? 

or to better monitoring well installations, where the suspended sediment 

content, will be reduced or eliminated and therefore enhance the quality of 
the groundwater samples collected"? 

Response: This statement should be modified from "improve to levels 

better than baseline values" to "return to levels similar to baseline values". 

During operations and for a period of time after closure, seepage from the 

impoundment will comprise process water which originates from the 

supernatant pond and from consolidation of the tailings mass. In the long

term, the closure pond will contain surface runoff water. Once 

consolidation of the tailings mass is complete and the seepage from the 

surface water pond reaches steady state conditions all groundwater impacts 

due to process water Will cease. On-going seepage to the groundwater 

system would then be of similar water quality to the final surface runoff 

pond. 

Section 4.0 Groundwater Monitoring Program 

Comment: "The person who collects the groundwater samples, should not 
only be trained in environmental procedures, but be trained in and very 

familiar with proper groundwater quality monitoring procedures". 

Response: Agree. IMC are currently relying on Hallam Knight Piesold 

Ltd., who have suitably qualified personnel trained in proper procedures in 

groundwater quality monitoring and sampling. Also, IMC are presently in 
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the process of identifying a suitably qualified individual to assist with 

environmental monitoring, including on-going water quality monitoring and 

sampling during operations. The procedures and protocol for groundwater 

sampling and handling are included in Report Ref. No. 1625/5. 

Figure 1.2 

Comment: "How will the spring in the southwest corner of the tailings pond 

be capped off"? 

Response: The spring, located in the southwest corner of the tailings 

facility, will be capped with a 50 mm diameter PVC pipe at surface to 

provide an additional permanent installation for groundwater quality 

monitoring. The pipe will be installed by excavating a shallow hole and 

installing a slotted PVC screen section complete with a filter sand pack and 

a bentonite seal at surface in order to facilitate regular water quality 

sampling of the spring. The spring in designated S1 and is shown on the 

attached Figure 1. 

C. Imperial Metals Corporation Mt. Polley Project: Manual on Sampling 

and Handling Guidelines for Determination of Groundwater Qualit.y 

(Ref. No. 1625/5), May 19, 1995. 

Note: Responses to other comments in Section C are addressed by Mr. Dan 

Royea of Hallam Knight Piesold Ltd. under separate cover. 

Section 2.1.2 Sample Preparation and Preservation 

Comment: "In-line filtration methods such as the Gelman high capacity 

filter should be employed for filtration of dissolved metals samples to ensure 

there is no exposure to air which oxidizes iron in the samples which in turn 

scavenges dissolved metals, thereby underestimating the dissolved portion of 

the metals. In groundwater situations there should be very little to no 

particulate in the water samples unless the well has not been properly 
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developed or if oxidation occurs allowing precipitates to form on the inside 

of the well casing and immediate aquifer material around the well casing. 

Wells susceptible to such precipitate formation or sediment accumulation 

should be cleaned and pumped 2 to 3 weeks prior to sampling ro remove the 

precipitates/sediment from the well prior to actually collecting samples". 

Response: In-line filtration methods will be used in the future to collect the 

dissolved metals samples. All wells will be developed following installation 

and at least 2 to 3 weeks prior to sampling to remove any sediment or 

precipitates, as suggested. 

Appendix D: Baseline Groundwater Quality Data to the End of 1995 

Note: Details on the results of the baseline groundwater quality program 

are included by Mr. Dan Royea of Hallam Knight Piesold Ltd . under 

separate cover. 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A40 

PROJECT ~-M~T.~R~OL=L~E_Y_A_~_a_UEi~C~T~~~~~ PROJECT No. 1628 -----'---- - --
LOCATION N: E: HOLE No. 

~------- -------- ~----------

COMP LET 10 N DATE GROU ND ELEVATION 

Ground surface 
£/. -

--- - -

PROPOSED 1996 GROUNDWATER MONITORING WELLS 

SCHEMATIC DIAGRAM 

PVC Top cop (vented) 

PVC Stickup 
approx. Im 

'¥/&/' 
Im approx. 

Groundwater 
table (typ.) ... 

0.6m Min. 

Steel protective cosing 
with hinged, locking cop 

Granular bentonite (chips) surface seal 

Cement-bentonite grout 
(annular seal) 

---- 2" Dia. PVC cosing (Schedule 40, 
decontaminated flush jointed, threaded 
c/w centralizers at 6m spacings) 

Gronulor bentom~e (chips) seal 

Silica sand, fine-groined (mortar 
sand, e.g. #20-30 silica) 

Completion zone localed 
in most permeable zone 
below groundwater table 

2" Dia. PVC screen ;f 20 (Schedule 40, 
0. 020 in. slot openings, decontaminated 
flush jointed, threaded) 

Filter sand pock (clean medium to 
coarse silica sand, e.g. ;f!6 grade) J .05m 

or 6. !Om 

NOTES 

~ 
~ 

£0.H. 

--- PVC end plug (decontaminated, 
flush threaded) 

--- Granular bentonite (chips) seal 

!50mm (6") Min. hole diameter 

Hole backfilled with clean, granular 
material (sand and grovel) or thick 
grout as approved by the Engineer 

!. Depths of hole, PVC and all backfill materials to be recorded. 

2. All bockf1/I materials to be installed using tremmie 
pipe to prevent bridging. 

FIGURE 2 
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IMPERIAL METALS CORP. 

MT. POLLEY PROJECT 

REOUlREMENTS AND SPECIFICATIONS FOR TJTE 1996 

GROUNDWATER MONITORING PROGRAM 

<REF. NO. 1625/8) 

This report was prepared by Knight Piesold Ltd. for the account of Imperial Metals 

Corporation. The material in it reflects Knight Piesold's bestjudgement in light of 

the information available to it at the time of preparation. Any use which a third 

party makes of this report, or any reliance on or decisions to be made based on it, 

are the responsibility of such third parties. Knight Piesold accepts no responsibility 

for damages, if any, suffered by any third party as a result of decisions made or 

actions based on this report. 
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Diagram 
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IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

REQUIREMENTS AND SPECIFICATIONS FOR THE 1996 

GROUNDWATER MONITORING PROGRAM 

<REF. NO. 1625/8) 

SECTION 1.0 - GENERAL 

The following is a summary of the recommendations and requirements for the 

installation of additional (1996) groundwater monitoring wells for the Mt. Polley 

Project. The objective of the wells is to provide high quality installations for the 

collection of groundwater samples for the evaluation of initial baseline conditions 

and groundwater quality during operations and at closure. The monitoring wells 

will also be used to monitor fluctuations in groundwater levels resulting from 

seasonal effects as well as to monitor any influences resulting from mine 

development. It is the intent to install the new 1996 groundwater monitoring wells 

sometime in September, 1996 to allow for the collection of the initial set of 

(baseline) samples as soon as possible. 

Specific details on the monitoring well supplies , installation procedures and drilling 

methods are provided along with recommendations for well development and 

sampling procedures. The locations of the proposed 1996 groundwater monitoring 

wells in addition to the existing wells are shown on the attached Figure 1. This 

figure is revised from the original Figure 2.4 previously submitted in the 

"Groundwater Monitoring Program (Ref. No. 1624/2)". The completion details 

and requirements for the 1996 groundwater monitoring wells are also shown on the 

attached Figure 2. The proposed schedule for groundwater monitoring is shown on 

Table 1. 

The proposed groundwater monitoring program has been reviewed by Mr. Leslie 

Smith, Ph.D. of the University of British Columbia. His review comments and 

suggestions are presented in his attached Jetter report "Re: Mt. Polley Project -
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Groundwater Monitoring Program". Mr. Smith' s recommendations have been 

included in this document and are supported by Imperial Metals Corporation. 

This document should be read in conjunction with the "Response to Review 

Comments on Groundwater Monitoring Program (Ref. No. 162517)", dated 

September 11, 1996 which also accompanies this document. 
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SECTION 2.0 - WELL LOCATIONS 

The 1996 groundwater monitoring wells will be installed in selected intervals and 

geologic units to characterize the groundwater quality at the minesite and tailings 

facility areas. The wells will be installed as dedicated wells for the sole purpose of 

groundwater quality sampling. The wells will be installed and developed as per 

standard practice and as outlined herein and will be maintained over the life of the 

project. 

it ib plli\Mucl to ·,..,.~\( o.. 
"'- total of eight (8) monitoring wells will ee i1utallecl during the 1996 program, 

including five (5) at the tailings facility area, designated P1 to P5 , and three (3) at 

the minesite area, designated P6 to P8 • The monitoring wells will be located outside 

the various development areas to provide initial baseline and background 

groundwater quality as well as for long-term groundwater quality monitoring. The 

locations of the proposed monitoring wel Is are shown on Figure 1. 
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SECTION 3.0 -COMPLETION ZONES 

The completion zones for the monitoring wells will be located in the saturated zone 

below the groundwater table and below the groundwater surface predicted during 

operations. This will ensure that groundwater samples may be collected at any time 

during the year and at any time during operations and at closure. The wells will be 

installed in relatively pervious zones in overburden and bedrock, as these zones will 

provide the preferential paths for groundwater flow in addition to providing greater 

recoveries for well development and sampling. 

The monitoring wells in the tailings facility area will be completed in the relatively 

permeable glacioftuvial sandy unit which underlies the glacial till, and in the heavily 

fractured bedrock (conglomerate) at the base of the overburden. Two holes will be 

drilled at each site for the installation of one well per hole in each of the relatively 

pervious overburden, and fractured bedrock zones. 

The monitoring wells in the minesite area will be installed in relatively permeable 

fracture zones within bedrock. The actual locations of the completion zones 

(screened intervals) will be assessed based on the geologic conditions intersected 

during drilling. Specifically, zones of high water take or flow will be targeted as 

completion zones for the wells. A target depth of approximately 30 to 40 metres 

will be selected for each hole. Water tests will be carried out progressively during 

drilling to determine the most permeable zone for the completion zone. 

Specifically, the location of the most permeable intervals in each borehole will be 

selected by observations of changes in water production rates and water levels as 

the borehole is drilled. The most permeable zone, consisting of either a small 

fracture zone, or a highly fractured zone within a fracrured interval will then be 

selected for the monitoring interval. An air rotary system will be used to drill the 

borehole. If it is determined that the most permeable zone is at some depth above 

the bottom of the borehole, then either a local sand and gravel or a thick grout 

mix,ture will be installed as backfill prior to the installation of the well. In addition, 

if a second significant fracture zone is intersected at a shallower depth, then an 

additional well will be installed (in a separate hole) at the same site. 
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The thickness of the completion zone will depend largely on the permeability and 

water production rate of the fracture zone. In general, approximately 3 metre thick 

completion zones will be used for the high permeability zones, while approximately 

6 metre thick completion zones will be used for the Jess permeable zones. The 

larger completion zones are preferred in low permeability zones to allow for more 

flow into the well during well development and purging, and to provide a more 

representative sample for the low yield producing zones. In no case will the 

completion zone exceed 6 metres. 

Completion details for the proposed 1996 groundwater monitoring wells is shown 

on Figure 2. 
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SECTION 4.0 - DRILLING METHODS 

Appropriate drilling methods will be utilized to prevent contamination of the 

surrounding formation water and to allow for the collection of representative 

groundwater samples. No drilling fluids or additives will be used for the drilling of 

the monitoring well holes as the fluids may affect the groundwater samples. Dry 

methods will be utilized for the drilling of all boreholes. 

Potential drilling methods for the monitoring well holes in overburden in the tailings 

facility area include hollow stem auger, air-rotary with casing advancer, or dual

wall (reverse circulation) air rotary. Samples may be retrieved from auger flights, 

or from split-spoon or thin-walled sampling methods to identify permeable water

bearing zones for the selection of the screened intervals for the wells. No mud

rotary drilling will be permitted nor air-rotary utilizing the down-hole hammer as 

this method requires lubricating oi l which may contaminate the hole. 

Drilling methods for the monitoring well holes in bedrock in the minesite area 

include air-rotary or reverse circulation (air only). The completion zones for these 

wells will be determined by observation of water production rates and water levels 

measured progressively at select intervals during drilling. No mud-rotary or down

hole hammer methods shall be used for the monitoring well holes at the minesite. 
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SECTION 5.0 - INSTALLATION DETAILS 

The groundwater monitoring welj;i will be installed in pre-d rilled holes with a 

minimum diameter of l-$G-mm (~inches). Dry drilling methods only (i.e. no 

drilling fluids) will be used for the drilling of the monitoring well holes. Details of 

the well installations are described below. A schematic diagram showing the typical 

completion details for the groundwater monitoring wells and record information 

required for installation are shown on Figure 2. 

The groundwater monitoring wells will comprise decontaminated 50.8 mm (2 inch) 

diameter, flush jointed, threaded Schedule 40 PVC tubing. This will facilitate the 

installation of submersible pumps for groundwater sampling and pump systems for 

the development of the wells. Centralizers will be installed at designated spacings 

(approximately 6 metres) along the PVC to help centre the casing inside the 

borehole. Well screens will be installed at the boltom of the well and will be 3.05 

or 6.10 metres (10 or 20 feet) long with 1120 (0.020 in. or 0.25 mm wide) slots. 

The screens wi ll also be decontaminated, flush jointed, threaded Schedule 40 PVC 

as per the solid riser. Suitable slip caps, slip couplers and end plugs are also 

required, as shown on Figure 2. 

Backfill materials will include a uniform silica sand, such as #16 (0.40 mm 

diameter) required as the filter pack around the well screens. Such sand shall be 

no coarser than 1110 mesh and no finer than 1140 mesh. The sand will be bounded 

by a low permeability seal zone comprised of approximately 1 metre minimum of 

fine (3/8" diameter or less) bentonite chips. The materials will be backfilled from 

the bottom up with a delivery (tremmie) pipe to prevent any bridging of backfill 

materials during installation. A sand and gravel or cement-bentonite grout backfill 

may be required, particularly for the minesite wells, in order to isolate the 

completion zone and support the groundwater well installation above the bottom of 

the borehole. 

Following the installation of the top bentonite seal, the holes will be backfilled with 

a cement-bentonite grout mixture around the annulus between the PVC casing and 

the wall of the borehole. The grout will be mixed to a thick consistency and 
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pumped down the hole with a delivery pipe from the bottom up to ensure a proper 

seal. The grout seal is required to prevent surface water from entering the well. 

Under no circumstances will the boreholes be grouted by pouring grout into the 

open hole from surface to a depth greater than 3 metres inside the hole. 

Following grouting , a surface bentonite seal and protective steel casing, complete 

with locking cap will be set in concrete around the PVC casing for protection and 

ease of sampling. 

These methods are consistent with EPA, CCME and ASTM 05092 requirements 

and specifications. 
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SECTION 6.0- WELL DEVELOPMENT 

The groundwater monitoring wells will be developed following installation to 

remove fine particulate matter, including fine silts and clays which may originate 

from the geologic formation or from cuttings generated during drilling. Well 

development techniques include pumping water down the well under positive and 

negative (suction) pressures to remove foreign matter and particulates from the filter 

sand pack around the screen. The result is clear and non-turbid water which is 

more representative of the in-situ groundwater conditions. This also makes it easier 

to filter the water samples (by in-line filtration methods) for the dissolved metals 

samples. Air-surging methods will not be permitted as this may disturb and 

significantly reduce the effectiveness of the filter sand pack. 

Subsequent well development will also be carried out if the water is found to be 

turbid or contain foreign matter. 
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SECTION 7.0 -SAMPLING PROCEDURES 

Groundwater samples will be recovered by the use of submersible pump systems. 

The pump system is advantageous in decreasing the sampling time, minimizing 

labour costs and allowing for direct sampling from the screened interval and 

therefore is strongly recommended. 

Bailers will also be available in the event that the pump system breaks down or is 

not available. Only one bailer will be dedicated to each well for sampling purposes. 

Bailers will not be utilized for more than one well as this will result in potential 

contamination of the samples. 

Sampling procedures generally involve the removal of stagnant water from the well 

prior to collecting the sample. It is recommended that the equivalent of three 

borehole volumes of water be removed from the well prior to collecting the sample. 

This is achieved by measuring the static water level inside the well and calculating 

the volume of water inside the well and borehole, then pumping (or bailing) three 

times this volume from the well prior to sampling. This ensures that the sample is 

representative of the in-situ baseline groundwater within the formation. In addition, 

during the purging of the wells (prior to sampling), chemical , or field, parameters 

such as pH and/or electrical conductivity will also b~ checked to ensure these values 

are stable (within acceptable limits) prior to collecting the groundwater sample. In 

the event that the recovery of the well is very slow and three borehole volumes 

cannot practically be removed from the well then the well should be pumped once 

and allowed to recover prior to collecting the sample. 

The groundwater sampling program previously prescribed in the "Groundwater 

Monitoring Program (Ref. No. 1624/2)" indicates that groundwater samples will be 

collected on a quarterly basis (i.e. once every 3 months). This will allow any 

natural variations in the baseline or background water quality to be assessed. 

Rising head type slug tests will also be performed in each well, once at the 

completion of well development, and once per year thereafter in order to assess the 

on-going performance of the well and to provide information on the hydraulic 
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conductivity and response of the geologic formation. The proposed schedule for 

groundwater monitoring is included in Table 1. 

Details on the groundwater sampling methods and protocol, including sampling and 

chain of custody forms for sample collection as well as forms for rising head tests, 

are included in the "Manual on Sampling and Handling Guidelines for 

Determination of Groundwater Quality (Ref. No. 1625/5)" previously issued on 

May 19, 1995. A revised copy of this manual will be prepared prior to continuing 

with the groundwater sampling program in the fall of 1996. 
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GROUNDWATER MONITORING WELL 
162

s.Mo 

COMPLETION DETAILS 

PROJECT MT. POLLEY PROJECT _ _.;.;.....;...;...___;::...::..:::..:::....;__ _ __;:~;:....:o....;__ _ ______ _ PROJECT No. ----=1--"'6-='2;;;....8 _ _ 
LOCATION N: _____ E: ____ _ HOLE No. ______ _ 

COMPLETION DATE GROUND ELEVATION 

Ground surface 
El. -

-----

PROPOSED 1996 GROUNDWATER MONITORING WELLS 

SCHEMATIC DIAGRAM 

PVC 

PVC Stickup 
approx. Im 

\S>"/M 
Im approx. 

Groundwater 
table (typ.) 

~ 

Steel protective cosing 
with hinged, locking cop 

Cronulor bentonite {chips) surface seal 

Cement-bentonite grout 
(annular seal} 

- 2"' Oio. PVC cosing (Schedule 40, 
decontaminated flush jointed, threaded 
c/w centralizers at 6m spacings) 

Granular bentonite (chips) seal 

sand, line-groined (mortar 
e.g. ,f20-JO silica) 

Completion zone localed 
in most permeable zone 
below groundwater table 

2" Oio. PVC screen ,f 20 (Schedule 40, 
0.020 in. slot openings, decontaminated 
flush jointed. threaded) 

Filter sand pock (clean medium fo 
coarse silica sand, e.g. ,f16 grade) J .05m 

or 6. !Om 

o.Jm Min. 

£.0.H. 

NOTES 

~-- PVC end plug ( deconfominoled. 
flush threaded} 

Granular benlon/te (chips) seal 

150mm (6') Min. hole diameter 

Hole backfilled with clean, granular 
material {sand and grovel} or thick 
grout as approved by the Engineer 

1. Depths of hole, PVC and all backfill materials lo be recorded. 

2 . All backfill materials lo be lnstal/ed using lremmle 
pipe to prevent bridging. 

FIGURE 2 
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IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

SPECIFICATION FOR DRILLING, 

MONITORING WELL INSTALLATIONS 

AND RELATED SERVICES 

(REF. NO. 1628/3) 

This report was prepared by Knight Piesold Ltd. for the account of Imperial Metals 

Corporation. The material in it reflects Knight Piesold's best judgement in light of 

the information available to it at the time of preparation. Any use which a third 

party makes of this report, or any reliance on or decisions to be made based on it, 

are the responsibility of such third parties. Knight Piesold accepts no responsibility 

for damages, if any, suffered by any third party as a result of decisions made or 

actions based on this report. 
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INSTALLATIONS AND RELATED SERVICES 
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IMPERIAL METALS CORPORATION 

MT. POLLEY PROJECT 

SfECIFICATION FOR DRILLING, MONITORING WELL 

INSTALLATIONS AND RELATED SERVICES 

<REF. NO. 1628/3) 

IECHNICALSPECIFICATION 

SECTION 1.0 - GENERAL 

1.1 SCOPE OF WORK 

The Work of this Contract includes the supply of all personnel, equipment and 

materials and the perfonnance of all things required in connection with the installation 

of groundwater monitoring wells for the Mt. Polley Project, as described in this 

Specification, including the following major items of work: 

1. Mobilizing and setting up one drill rig and any necessary support equipment. 

2. Drilling through overburden using a dry drilling method, casing, and 

recovering soil samples in selected holes. 

3. Drilling through bedrock using a dry drilling method. 

4. Monitoring changes in down-hole water production and measuring standing 

water levels during drilling operation. 

5. Providing monitoring well materials and installing monitoring wells. 

6. Providing specified back.fill materials and backfilling holes using these 

materials. 

7. Cleaning up the drill sites and the temporary staging area. 
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The following work and services will be provided by Imperial Metals Corporation 

(the Owner) or by Knight Piesold (the Engineer) at the site: 

1. Establishing and marking all monitoring well sites. 

2. Assisting in the preparation of all monitoring well sites including clearing 

where necessary. 

3. Maintaining site access routes. 

4. Supervising all drilling activities and monitoring well installations. 

5. Surveying locations and reference elevations of all monitoring well holes. 

1.2 COMPLETION TIME 

The Tender shall be returned to the Owner on or before September 25, 1996. The 

Contractor shall commence mobilization immediately upon written notification to the 

designated staging area and shall be prepared to commence drilling on or before 

October 1, 1996. 

1. 3 QUALITY OF WORK 

In order to ensure efficient and satisfactory perfonnance of the work in accordance 

with the requirements of this Contract, the Contractor shall employ competent and 

experienced foremen and drillers at all times. 

The Engineer can, if in his opinion the work is not being carried out to acceptable 

standards, order the Contractor to stop work. The work will start again when, in the 

Engineer's opinion, the fault has been corrected. All payment for that work will stop 

while the fault is being corrected. No payment shall be made for work improperly 

perfonncd. 
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1.4 CONTRACT ADMINISTRATION 

Upon a:,11ard of the Contract, a Purchase Order will be issued to the Contractor by the 

Owner. Technical direction of the work, including site supervision, and contract 

administration will be carried out by Knight Piesold's Resident Engineer (the 

Engineer). 

The Contractor shall assign, and make available for the duration of the Work, a 

designated representative (Contractor's Representative) authorized to carry out the 

work in all respects and authorized to agree upon and sign for the quantities of the 

Work on a daily basis. 

The Contractor's Representative shall present the daily quantities each day to the 

Engineer for agreement and signature by Noon of the following day. The signed 

daily time and quantity sheets, when summarized in a monthly invoice, shall form the 

sole basis for payment under the Contract. 

1. 5 PROVISIONAL SUMS 

Provisional sums have been established for various items of Work to be carried out 

and for materials to be supplied by the Contractor. Written authorization from the 

Engineer is required priQr to any expenditure, purchase or work under Provisional 

Sum items. 

1.6 TERMINATION 

The Engineer reserves the right to tenninate the Work on any hole or for the entire 

site upon providing at any time reasonable advance notice to the Contractor. In the 

event of such termination, the Owner's sole obligation to the Contractor shall be 

limited to payment for Contractor services performed to that time in accordance with 

the payment items in the Schedule. 
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SECTION 2.0 - MOBILIZATIQN/DEMOBILIZATION 

AND SITE PROVISIONS 

2 .1 MOBILIZATION 

The Contractor shall mobilize one drill rig, plus all down-hole accessories, 

consumable down-hole supplies, tools and testing equipment to the Mt. Polley 

Project. Mobilization shall include setting up at the staging area and preparation of the 

drill rigs, tools and accessories at the first drill site. 

Mobilization shall commence immediately upon written notification by the Engineer. 

Additional drill rigs, tools, etc. shall be mobilized when and as required by the 

Engineer. 

2.2 DEMOBILIZATION 

Demobilization of any drill rig shall proceed only upon written notification of the 

Engineer. 

2.3 STAGING AREA 

A staging area will be designated by the Owner for the Contractor's temporary use 

during the course of the work. The Contractor shall comply with all requirements 

regarding proper disposal of waste oils, rubbish, sewage, etc. to the Owner's 

satisfaction and as directed by the Engineer. During the course of the work, the 

staging area shall be maintained in an orderly condition. Upon fmal demobilization, 

the Contractor shall leave the staging area in an orderly and clean condition, to the 

Owner's satisfaction, as directed by the Engineer. 

2.4 DRILLING SITE ACCESS AND PREPARATIONS 

The Owner will be responsible for providing access to the drill sites for a truck

mounted drill rig and for clearing the drill sites where necessary. The Owner will 

provide the necessary personnel and equipment for preparing the drill sites. The 
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Contractor shall be responsible for the timely and efficient completion of the Work 

including the provision of any staging and/or other supports for the rig and its 

equipm9nt. The Owner shall assist the Contractor in constructing staging/supports 

using available equipment, where necessary. After removal of the drill rig, each site 

shall be cleaned up to the satisfaction of the Owner. as directed by the Engineer. 
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SECTION 3.0 - MONITORING WELL DRILLING STRATEGY 

In gen~~al, one deep and one shallow monitoring well will be installed at each of the 

eight (8) drill sites at the Mt. Polley Project. The locations of the drill sites, 

designated P1 to P8, are shown on the attached Figure 1. Monitoring wells will be 

installed at five (5) sites, designated P1 to P5, at the tailings facility area and at three 

(3) sites, designated P6 to P8, at the minesite area. 

(ts, iri,ii) 
Each monitoring well will consist of 50.8 mm{2 inch) diameter PVC tubing (screens 

and risers) installed in a pre-drilled borehole. The monitoring well holes should be 

150 mm (6 inch) in diameter since it is generally recommended that a minimum 

annular space of 2 inches be maintained between the inside diameter of the borehole 

and the outside diameter of the monitoring well (ref. ASTM Standard 05092, 

subsection 6.6.2). The holes may be drilled to a mini.mum diameter of 125 mm (5 

inches) provided that there will be sufficient annular space between the outside of the 

monitoring well and the inside of the borehole/casing for the insertion of a tremmie 

pipe large enough to deliver the backfill materials to the required depth. 

At the minesite area, both deep and shallow monitoring well holes will be terminated 

within bedrock as the overburden in the area is generally very thin. The holes for the 

deep monitoring wells will be advanced to a target depth of between 30 and 40 

metres, to be determined by the Engineer at the time of drilling. For costing 

purposes, a target depth of 40 m can be assumed for each of the deep minesite holes, 

as indicated in Table I. After completion of the deep monitoring well, a shallow weH 

may also be installed at the drill site, at the discretion of the Engineer. For costing 

purposes, it can be assumed that a second monitoring well hole will be drilled to a 

maximum depth of l 0 m at each of the three minesite locations. 

At the tailings facility area, the deep monitoring well holes will be terminated at a 

distance of 10 to 15 metres into bedrock. At Locations P1 to P3, the expected 

thickness of the overburden ranges from approximately 30 m to 35 m, through which 

soil sampling will be conducted using standard penetration testing (SPT) methods and 

split spoon equipment. Sampling will be generally carried out at 3 m (10 ft) intervals 

for the first 15 m (50 ft) and at 6 m (20 ft) intervals thereafter. At Locations P4 and 

P5 the expected overburden thickness is expected to be much less and, therefore, no 
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soil sampling will be required. After completion of the deep monitoring well at each 

location, a shallower hole will be drilled and terminated within the overburden at a 

depth d~termined by the Engineer at the time of drilling. For costing purposes, the 

maximum depth of the shallower monitoring well holes can be assumed to be the 

depth of the bedrock surface, as indicated in Table 1. 

The monitoring wells shall be installed in a manner similar to that shown on Figure 2. 

For the monitoring well holes in the minesite area, the depth of the completion zone 

for each well will be determined based on cuttings retrieved from the hole; down-hole 

groundwater inflow rates, to be estimated during drilling at approximate 3 m (10 ft) 

intervals; and periodic water level readings. In all cases, the completion zones will 

target the most permeable zones encountered during drilling and will be determined 

on site by the Engineer. 

For the monitoring well holes in the tailings area, the depth of the well completion 

zones will be detennined based on the results of SPT testing and overburden sampling 

as well as cuttings samples retrieved from the bedrock, down-hole groundwater 

inflow rate estimates and periodic water level readings. In general, one well will be 

installed in the most permeable soil unit and one in the fractured bedrock near the 

overburden-bedrock contact. 
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SECTION 4.0 - EQUIPMENT, MATERIALS AND LABOUR 

4.1 GENERAL 

The Owner will provide a bulldozer, backhoe and any miscellaneous support 

equipment which is currently on site, as necessary. The Contractor may obtain water 

necessary for mixing grout and concrete at the Mr. Polley plant site. The Contractor 

must have a means of retrieving and storing sufficient water for use at each 

monitoring well site. 

The Contractor shall supply all other equipment, materials, supervision and facilities 

required for the performance of the work. The Contractor shall also maintain a good 

supply of spare parts, casing, rods and consumables. Subject to the approval of the 

Engineer, the Contractor may use equipment and materials of his own preference, 

except for items which are specifically required in this Specification. Items of 

equipment or materials which, in the opinion of the Engineer, do not meet the 

specified requirements shall be replaced by the Contractor, at his own expense, with 

equipment and materials meeting the specified requirements. 

4.2 DRILLING AND SAMPLING EQUIPMENT 

The Contractor shall mobilize and have in operation one drill rig capable of 

penetrating overburden and bedrock until the work is complete. The Contractor shall 

employ a dry drilling method as described below and shall have available split spoon 

sampling equipment. A method of estimating down-hole groundwater inflow rates 

shall be provided by the Contractor and shall be submitted to the Engineer for 

approval prior to carrying out the Work. The Contractor shall supply a means of 

periodically measuring down-hole water levels during drilling unless provisions are 

made for tbe Engineer to supply such equipment. 

Dry drilling methods must be used for the drilling of all monitoring well boreholes. 

Drilling fluids or additives are strictly prohibited as they could contaminate the 

groundwater samples. For the monitoring well holes in overburden (in the tailings 

facility area), acceptable drilling methods include hollow-stem auger, air-rotary with 

casing advancer, or dual-wall (reverse circulation) air-rotary. The drilling method 

@ Associa1ion 
ol C-Onsulling 
Engineers 
ol Canada 

Assoclallon 
des lng~n1eurs 
Consc11s 
du Canada 

- 8 - 1628/3 
September LS, 1996 



INVESTIGATION KP 1-11  446 of 500

Knight Piesold Ltd. - CONSUi TING ENGINEERS 

selected should allow for temporary support of the borehole walls both during drilling 

and during backfilling operations since cohesionless alluvial deposits may be 

encount.'!red at the tailings facility area. For the monitoring well holes in bedrock (in 

the minesite area), acceptable drilling methods include air-rotary or reverse 

circulation. No mud-rotary drilling or air-rotary drilling using a down-hole hammer 

will be permitted. 

4.3 MONITORING WELL INSTALLATION 

Monitoring wells will be installed as shown on Figure 2. An estimation of the 

quantities of supplies and materials required for the monitoring wells, which the 

Contractor must supply, is provided in Table 2. Since the actual monitoring well 

completion zone depths will not be determined until the drilling of each hole is 

complete, the estimates given in Table 2 are based on maximum quantities expected. 

The monitoring wells should consist of 50.8 mm (2 inch) diameter, decontaminated, 

flush-jointed and threaded Schedule 40 PVC tubing (includes both riser pipe and 

screen). For each well, the Engineer will select either a 3.05 m or 6.10 m (10 ft or 

20 ft) long well screen, depending on the relative permeability of the surrounding 

geologic zone. The screen shall comprise #20 (0.020 in. or 0 .25 mm wide) slot, or 

similar, section of PVC. The Contractor shall have available sufficient screen lengths 

to install 6.10 m of screens at each monitoring well. The Contractor shall also supply 

sufficient centralizers to attach to the tubing at 6 m spacings as well as end plugs, top 

caps and slip couplers for all wells. 

A uniform sand, such as #16 silica sand (or 0.40 mm min. diameter), will be required 

for the filter pack around the well screens. Such sand shall be no coarser than #10 

mesh and no finer than #40 mesh. The sand will be bounded by a low permeability 

seal zone comprised of at least 1 m of fine (3/8" dia or less) bentonite chips. Above 

the top seal, the annulus between the PVC casing and the wall of the hole will be 

backfilled with a cement-bentonite grout mixture. Below the lower bentonite seal, 

where necessary, the hole will be back.filled using either a cement-bentonite grout 

mixture or a clean sand and gravel, to be approved by the Engineer. A surface 

bentonite seal will also be installed along with a protective steel casing complete with 

locking cap set in concrete around the top of the PVC casing for protection. 
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The grout shall consist of water, Normal Portland Cement and high-yield milled 

bentoni•e (unaltered), mixed to a thick consistency. The recommended mixing ratio is 

30 USgal water : 3 bags cement: 1/2 to 1/3 bag bentonite. 

All backfill materials placed to a depth greater than 3 m below the ground surface 

must be inst.ailed from the bottom up using a delivery (e.g. tremmie) pipe to prevent 

bridging of the backfill materials inside the hole during installation. 
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SECTION 5.0 - RECORD KEEPING 

During pie drilling, the Contractor shall keep a running log of the drilling operation. 

This log shall be signed by the driller and foreman and the original copy given to the 

Engineer at the end of each shjft. The log shall include a general description of the 

overburden and bedrock, measured groundwater inflow rates, water level readings, 

and general comments on drilling conditions and unusual rises or drops in the water 

levels during drilling. The locations of the water inflow tests and water level readings 

will be determined by the Engineer. 

All the time spent drilling versus testing shall be recorded whether to the account of 

the Engineer or to the Contractor. 

The Contractor's Representative and the Engineer shall agree on quantities for 

payment on a daily basis. The signed daily quantity forms, when sununarized in a 

monthly invoice, shall form the sole basis for payment for the Work. 
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SECTION 6.0 - MEASUREMENT AND PAYMENT 

6.1 .MOBILIZATION/DEMOBILIZATION 

Payment for mobilization shall include for all coses of mobilizing and esrablishing the 

Contractor's presence at the designated staging area. Mobilization will be considered 

complete when the drill is fully functional and actively drilling its first hole. Payment 

for demobilization shall include for all costs of final cleanup and removal from the 

site of the work of all equipment, materials and waste as directed by the Engineer. 

Payment for mobilization and demobilization will be made at the lump sum rates 

negotiated between the Owner and the Contractor. 

6.2 SITE PREPARATION AND DRILL MOVES 

Measurement for payment of drill moves will be made on the basis of an hourly rate 

for the drill moves and shall include tear down, move and rig set-ups required for the 

work. 

Payment for drill moves will be made at the rate negotiated between the Owner and 

the Contractor. 

6.3 DRILLING AND TESTING PAYABLE ON AN HOURLY BASIS 

Drilling operations shall be carried out at the locations and to the depths directed by 

the Engineer. Measurement for payment for drilling will be made on the basis of the 

actual time taken ro drill the holes and perform the tests, as prescribed by the 

Engineer. Payment will be made at the rates negotiated between the Owner and the 

Contractor and shall include for all costs of the drilling operations required to advance 

the hole. Payment for the installation of the monitoring wells will be made at a 

separate rate to be negotiated between the Owner and the Contractor. 
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6.4 STANDBY FOR UNANTICIPATED WORK STOPPAGES 

Standb)~ time shall be deemed to occur when, in the opinion of the Engineer, the 

Contractor is delayed for short periods through no fault of the Contractor. 

Payment for standby time, up to a maximum of 8 hours per shift, will be made at the 

rate negotiated between the Owner and the Contractor. 

6.5 CONSUMABLE ITEMS 

Unit rates for the consumable items shall be established based on the values included 

in the attached Table 2, to be completed by the Contractor. 

Consumable items required by the Engineer and not included on Table 2 will be made 

at the actual and nece::>sary net cost, including handling and freight, for delivery of the 

materials to the site. All items and materials to be claimed as consumables must be 

approved by the Engineer prior to being used in the Work. 
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TABI.E 1 

IMPERIAI.1 METALS CORPORATION 
MT. POLLEY PROJECT 

1996 GRQUNDWATER MONITORING PROGRAM 
SUMMARY OF DRILLING PROGRAM 

f :\JOBIREPOltT\1628\GDWWELL.XLS 

Approximate Deep Well Hole Shallow Well Hole 
ExlJected 

Well Overburden 
Site T hickness 

(m) 

1. Toilings A.ri:a 

P1 30 

P2 35 

P3 30 

P4 5 

Ps 10 

z. Mio~ili: Ar1:11 

p6 

P1 

Pa 
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Maximum Split Maximum Split 
Expected Spoon Expected Spoon 

Hole Depth Sampling Hole Depth Sampling 
(m) (m) 

45 Yes 30 No 

50 Yes 35 No 

40 Yes 30 No 

20 No 5 No 

20 No 10 No 

40 No 10 No 
(Optional) 

40 No 10 No 
(Optional) 

40 No 10 No 
(Optional) 
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TABLE2 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

1996 GROUNDWATER MONITORING PROGRAM 
MONITORING WELL SUPPLIBS 

F:\JOB\REPORT\1 628\GDWWEil.XLS 

Item Quan1ity Unit Unit Rate 
($CDN) 

l. 2 in. dia. Schedule 40 PVC solid 
riser (flush jointed, threaded, 
decontaminated, c/w centralizers at 
6 m spacings). 1270 ft. 

2. 2 in. dia. shedule 40 PVC screen 
(#20 slot, flush jointed, threaded, 
decontaminated). 320 ft. 

3. Bentonite chips ("Enviroolug" or similhl'). 50 50 lb. bags 

4. Portland normal cement (Type 1) 110 88 lb bags 

5. High yield unaltered bentonite drill mud 25 50 lb bags 

6. Silica sand (II 16 or similar) 130 50 lb. bags 

7. Silica sand (112011130 or similar) 25 50 lb. bags 

8. Concrete stone mix 15 55 lb. bags 

9. 2 in. dia. PVC slip couplers, bottom 
plugs and J-type top caps. 16 each 

10. Steel protec1ive casings 16 each 

TOTAL COST 

Notes: 

Total Cost 
($CDN) 

- Quantities of materials were estimated assuming that all wells will be ins1alled at the maximum target depth 
- Quantities of cement and high-yield bentonite were calculated based on a mix ratio of 30 USgal of water : 

3 bags cement : 1/2 bag bentonite. 
- If unit sizes of materials supplied by the Contractor differ from those indicated above, quantities should be 

adjusted accordingly. 

@ Assoeia1.on 
of Consulting 
Engineers 
of Canada 

Assoc.a loo 
des lngenaelJfs· 
Conseils 
du CanndA 



IN
V

E
S

TIG
A

TIO
N

 K
P

 1-11  453 of 500

// 
I 

I ·- • 

' , 

'· ::.:r:,,·~~~41~A"Z!"~~ 
2. 4kM>?otfi>9- ~K-o/110mml.D"""
'tf'~~-o"1W~~ .. w.1•...,~ 

.l ~=-a llPIW-X t:OtUi$1 of .JIJ mm 1.0 l'tC flllfJclt 

.. '::'~"':::(/I~.:::.::-"'~ "'./';:n ;;:,. -$. ~~~-:,;::::.:::, ~::,,;;..":"!:.: 
JOng#" ~ Oii o .,..,,, ~ "1 not ~ 

,, ~,,,nn,tobtl~~l#tt.dl'CVtlt1dlllt.,-

--lor-~"""""""'· 

-
p, 

• 

IMPERIAL METALS CORPORATION 
MT. POLLEY PROJECT 

GROUNDWATER MONITORING WELLS PLAN 

'· \ 

_,..., -- - rt-) 

,, 

I 

- - _,.,. _,,,.,.. - (199&} /)amogH--
CJnfnp - s..,y - {IH$} 

.· 
' 

" 
·' 

,_ 

• ,, 
f ; 
• ' 

J 

• I I 
~.., . 
• , 

2000m 

FIGURE 1 
Sept. 11, 1996 

KNIGHT PIESOLO LTD. 
,_____ CONSULTING ENGINEERS ------ - - ------------------------------ ---- --- -------------- - - ------ - ---------- -



INVESTIGATION KP 1-11  454 of 500

r 

KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

PROJECT MT. POLLEY PROJECT 

LOCATION N: E: 

GROUNDWATER MONITORING WELL 
162

s.Mo 

COMPLETION DETAILS 

PROJECT No. 7628 
~~~~~~~~ 

HOLE No. 
~~~~~~~- ~~~~~~~~~~ 

COMPLETION DATE GROUND ELEVATION - ----

' PROPOSED 1996 GROUNDWATER MONITORING WELLS 

SCHEMATIC DIAGRAM 

PVC 

Ground surface 
El. -

Steel protective .c:osi'ng 
with hinged, Aocking cop 

) 
o/1&7.lm approx. 

Completion zone localed 
in most permeable zone 
below groundwater table 

Groundwater 
table (typ.) ... 

3.0Sm 
or 6. !0m 

o.3m Min. 

NOTE:S 

Cronulor bentonite (chips) sur(oce seal 

Cement-benlonite grout 
{annular seal} 

---- 2" Dia. PVC cosing (Schedule 40, 
decontominoted flush jointed, threaded 
c/w centralizers at 6m spacings) 

Granular bentonite (chips) seol 

Silica sand, fine-groined (mortar 
sand, e.g. /20-30 silica) 

2" Dia. PVC screen /20 (Schedule 40, 
0.020 in. slot openings, decontominated 
flush jointed. threaded) 

Filter sand pock (clean medium to 
coarse silica sand, e.g. /16 grade) 

----- PVC end plug (decantom1noted, 
flush threaded) 

~~~~ .-- Granular bentonite {chips) seal 

£.0.H. 

150mm (6") Min. !Joie diameter 

Hole bockl1l/ed with clean, granular 
material (sand ond grovel) or thick 
grout as approved by /he £ng1neer 

! . Depths of hole, P VC ond all bockMI materials to be recorded. 

2. All bock/ti/ materials to be installed using tremmie 
pipe to prevent bridging. 

FIGURE 2 
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IMPERIAL METALS CORPORATION 

MT.POLLEYPRQJECT 

1996 GROUNDWATER MONITORING 

WELL INVESTIGATION PROGRAM 

(REF. NO. 1628/4) 

This report was prepared by Knight Piesold Ltd. for the account of Imperial Metals 

Corporation. The material in it reflects Knight Piesold's best judgement in light of 

the information available to it at the time of preparation. Any use which a third 

party makes of this report, or any reliance on or decisions to be made based on it, 

are the responsibility of such third parties. Knight Piesold accepts no responsibility 

for damages, if any, suffered by any third party as a result of decisions made or 

actions based on this report. 
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MOUNT POLLEY MJNJNG CORPORATION 

MOUNT POLLEY PROJECT 

1996 GROUNDWATER MONITORING WELL 

INSTALLATION PROGRAM 

<REF. NO. 1628/4) 

SECTION 1.0 INTRODUCTION 

l. l PROJECT DESCRIPTION 

The Mount Polley Project is located in central British Columbia approximately 56 

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

settlement is the community of Likely, on the northern tip of Quesnel Lake. 

The Mount Polley Mine has reserves of 82.3 million tonnes of copper and gold ore 

contained in three ore bodies. Ore will be hauled to the crusher and then it will be 

processed in the mill by selective flotation to produce a copper-gold concentrate at a 

production rate of approximately 17 ,800 tonnes per day (6.5 million tonnes per 

year). Approximately 92.6 million tonnes of waste rock will be stored in waste rock 

dumps adjacent to the open pit. 

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

discharged as a slurry into the tailings storage faci lity which wil1 provide 

environmentally secure storage of che tailings solids. 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. 

In 1996, che British Columbia Ministry of Environment, Lands and Parks (MELP), 

Environmental Protection Branch requested that a Groundwater Monitoring 

Program be designed and implemented for the Mount Polley Project. One of che 

requirements of che program was to " ... establish monitoring wells down-gradient 

from the pit, waste rock piles, and tailings pond dams, and to sample aquifers in 

of Consulbng 
Englneoro @ Assoc1111ton 
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both surficial deposits and bedrock ... ", including the establishment of background 

wells up-gradient of any potential impacts by mining activities. The 1996 

Groundwater Monitoring Well Installation Program was undertaken to fulfil this 

requirement. This report presents the details of the 1996 Groundwater Monitoring 

Well Installation Program, procedures followed during the work and results of the 

program. 

l .2 PREVIOUS WORK 

In 1989 Knight Piesold Ltd. was retained by Imperial Metals Corporation to 

conduct a geotechnical evaluation of the open pits, waste dumps and tailings storage 

facility for the proposed development of the Mount Polley Project. Monitoring 

wells were installed as part of this program. The 1989 Monitoring Well Program is 

summarized as follows: 

1989 MONITORING WELL PROGRAM 

• A total of nine (9) groundwater monitoring wells were installed in selected 

NQ diamond drillholes during the 1989 investigations by Knight Piesold, as 

shown on Figure l. The 1989 monitoring wells were not installed in 

complete accordance to current industry practices. They were constructed 

using 38 mm diameter PVC well pipe with screened sections extending from 

approximately 3 metres below ground surface to the end of the well string. 

The screened sections were made using a hacksaw to cut the slots in the 

PVC pipe. 

• Three wells (MP-89-107, MP-89-146 and MP-89-151) were installed in the 

open pit area. These wells were extended the full length of the exploration 

drill holes , approximately 150 metres. Bentonite seals were not installed 

below the well string. The surface seals consisted of a 1 metre concrete 

plug covered by two metres of bentonite that was installed just below the 

bedrock surface. 
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• Six wells (MP-89-231, MP-89-232, MP-89-233, MP-89-234, MP-89-235 

and MP-89-236) were installed at the tailings facility. These monitoring 

wells varied from 15 to 40 metres in depth. Bentonite seals were installed 

below the well string and at the ground surface. Natural sand backfill was 

placed around the screened interval. 

Additional groundwater wells were completed in the vicinity of the open pits and 

mill site with an air rotary water well drill rig in 1995. The program was co

ordinated and supervised by Imperial Metals Corporation. The 1995 Monitoring 

Well Program is summarized as follows: 

1995 MONITORING WEIL PROGRAM 

• In August, 1995 seven groundwater wells (R-95-1 to R-95-7) were installed 

in the vicinity of the open pits and mill site, as shown on Figure 1. The 

wells were primarily for groundwater supply and were constructed with 110 

mm PVC well pipe in 150 mm holes advanced with air rotary drilling 

methods. Well casings were installed over the full length of the holes, 

which ranged from 80 to 170 metres. Screened zones were installed at 

various levels, where high recharge was encountered during drilling. The 

well casings were sealed in accordance with standard BC water well 

practices. 

1.3 REFERENCE INFORMATION 

Prior to starting the 1996 Groundwater Monitoring Well Installation Program, a 

report containing detailed specifications for the drill program was issued, "Imperial 

Metals Corporation, Specification for Drilling, Monitoring Well Installations and 

Related Services, (Ref. No. 1628/3), September 18, 1996". 

A surrunary of previous work on groundwater monitoring wells is presented in the 

Knight Piesold report "Imperial Metals Corporation, Groundwater Monitoring 

Program, Ref. No. 1624/2, June 3, 1996". This report is a compilation of the 
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hydrogeological conditions at the site and the anticipated impacts that will result 

from the project development. 

Knight Piesold Ltd. has prepared a number of reports which contain information 

relevant to the Groundwater Monitoring Program, as summarized below: 

i) Imperial Metals Corporation, Report on Geotechnical Investigations and 

Design of Open Pit, Waste Dumps and Tailings Storage Facility, February 

19, 1990. 

ii) Imperial Metals Corporation, Mount Polley Project, Stage I Environmental 

and Socio-Economic Impact Assessment, January 1991. 

iii) Imperial Mecals Corporation, Report on Project Water Management (Ref. 

No. 1624/ l ), February 6, 1995 . 

iv) Imperial Metals Corporation, Tailings Storage Facility Design Report (Ref. 

No. 162511), May 26, 1995. 

v) Imperial Metals Corporation, Manual on Sampling and Handling Guidelines 

for Determination of Groundwacer Quality, (Ref. No. 1625/5), May 19, 

1995. 

A number of geotechnical investigations were conducted during construction of the 

Stage Ia tailings embankment in 1996. Detailed geologic and hydrogeologic 

information obtained from these investigations and the 1996 Groundwater 

Monitoring Well Installation Program will be presented in the report, "Mount 

Polley Mining Corporation, Mount Polley Project, Updated Design Report, Ref. 

No. 1627/2". 
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1.4 SCOPE OF WORK 

The 1996 Groundwater Monitoring Well Installation Program was conducted 

between October 30 and December 6, 1996. The drill Contractor (Drillwell 

Enterprises Ltd.) was responsible for the following: 

• Mobilization of one drill rig (air rotary) and support equipment. 

• Overburden drilling, using a dry drilling method. 

• Standard penetration testing (SPT) and associated sampling in overburden. · 

• Bedrock drilling, using a dry drilling method. 

• Monitoring changes in down hole water production and measuring water 

levels during drilling operations. 

• Installation of groundwater monitoring wells in permeable zones and 

backfilling of drill holes. (Well pipe and supplies were provided by Mount 

Polley Mining Corporation.) 

• Well development. 

• Clean up of drill sites. 

Access to the drill sites and drill site construction were the responsibility of Mount 

Polley Mining Corporation. The monitoring well locations were surveyed by the 

Mount Polley Mining Corporation survey crew. 

The following services were provided by Knight Piesold for the 1996 Groundwater 

Monitoring Well Installation Program: 

• Selection of location for drill sites. 

• Supervision of drill activities and monitoring well installations. 

• Logging of the drill holes, including SPT samples and dri.11 cuttings. 

Detailed drill logs are included in this report. 

• Laboratory testing of selected samples. 

• Selection of completion zones for the groundwater monitoring wells. The 

monitoring well completion details are included in this report. 

• Supervision of well development. 

• Training and supervision of monitoring well sampling. 
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SECTION 2 - 1996 MONITORING WELL INSTALLATIONS 

2.1 GENERAL 

The 1996 groundwater monitoring well installation program was conducted between 

October 30 and December 6, 1996. The 1996 groundwater monitoring wells were 

designed to serve as permanent groundwater monitoring points for the project. They 

will be utilized prior to operations, during the life of the mine and after mine 

closure. 

A total of nine sites were selected for well installations, as follows: 

• Six sites around the perimeter of the tailings storage facility (GW96-l, 

GW96-2, GW96-3, GW96-4, GW96-5, GW96-9). 

• Three sites around the perimeter of the mine (GW96-6, GW96-7, GW96-8). 

The locations of the drill sites are shown on Figure 1. 

A total of 15 monitoring wells were installed at the nine locations. Most sites were 

targeted for one deep and one shallow well. Only GW96-6 , GW96-7 and GW96-9 

had a single well completed. If two wells were targeted for a site, the geologic 

formations and hydrogeologic conditions observed during drilling of the first (deep) 

hole were used to select the well completion zone for the second (shallow) hole. The 

completion zones of the monitoring wells were selected to target preferential 

groundwater flow pathways near surface and at depth. 

A summary of the monitoring wells, their locations and completion zone details is 

provided on Table 2.1. 

2 .2 DRILLING 

The drilling was conducted with an air-rotary rig, provided by Drillwell Enterprises 

Ltd., of Duncan B.C. The holes were advanced with a 149.2 mm (5 7/8 inch) O.D. 
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Geologic descriptions and observations of moisture conditions, in-hole water levels 

and down-hole water production rares are provided on the drillhole logs in 

Appendix A. 

2.3 GROUNDWATER MONITORING WELL INSTALLATIONS 

After drilling and logging of the first (deep) drillhole was completed at each site, the 

zones of greatest groundwater yield within each of the overburden and bedrock units 

were selected for completion of the monitoring wells. If two wells were required, a 

second hole was then drilled for installation of the shallow well. At GW96-6 and 

GW96-7, bedrock was encountered at surface or beneath a very thin veneer of 

overburden and the bedrock permeability was relatively consistent. Therefore, only 

one well was installed at these locations. GW96-9 was a supplemental well 

specifically targeted for a near surface aquifer in the vicinity of GW96-3 and GW96-4 

and only one well was considered necessary. 

Each monitoring well consists of 50. 8 mm (2 inch) diameter, deconrarninated, flush

jointed, threaded Schedule 40 PVC tubing (screens and risers) installed within a hole 

approximately 150 mm (6 inch) in diameter. Screen lengths from 1.8 m (6 ft) to 6.1 

m (20 ft) were selected in the field, as required to capture the extent of the target 

zone. The screens were provided with #20 (0 .020 inch or 0.25mm) slots. The 

screens were surrounded by a filter pack of uniformly graded #16 silica sand. The 

well completion zone was hydraulically isolated by an upper and, where necessary, 

lower bentonite chip seal. In most cases, the upper seal was separated from the #16 

filter sand pack by a layer of fine-grained (#20-#30) silica sand in order to prevent 

downward migration of gelled bentonite into the primary filter pack. Above the 

upper seal , the hole was backfilled with a combination of bentonite chips and/or 

cemem-bentonite grout (installed using a tremmie pipe) and/or washed gravel (19 mm 

lo 37 mm). Each well installation was completed with a bentonite chip surface seal 

and a steel protective casing with locking cap at surface. 

Monitoring well completion details are provided in Appendix B. 
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2.4 IN-SITU TESTING 

In-sim testing was limited to Standard Penetration Tests (SPT's) within the 

overburden in GW96-IA, GW96-2A and GW96-3A for the purpose of collecting 

further information on foundation conditions at the tailings embankments. 

Uncorrected SPT blow counts are included on the drillhole logs in Appendix. A. 

2.5 LABORATORY TESTING 

Soil samples collected during Standard Penetration Testing in the 1996 groundwater 

monitoring well drillholes were sealed up and are in storage at the Mount Polley 

site. To date, no laboratory testing bas been carried out on these samples. 
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SECTION 3 - SUMMARY A1'1> CONCLUSIONS 

During the 1996 Groundwater Monitoring Well Installation Program, a total of 15 

monitoring wells were installed at 9 different sites , 6 of which were located around 

the perimeter of the tailings storage facility and 3 of which were located around the 

perimeter of the mine. Monitoring wells were completed in overburden and in 

bedrock. 

Groundwater quality sampling from the monitoring wells is required on a quarterly 

basis. Monitoring will be conducted prior to commencement of mining operations, 

in order to establish baseline water quality, during mining operations and for a 

period of at least 2 years after mine closure. The groundwater monitoring program 

will be administered and conducted by Mount Polley Mining Corporation. 
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- - . 
Monitoring General 

Well No. Location 

GW96-1A Tailings Facility 
GW96-1B Tailings Facility 

GW96-2A Tailings Facility 
GW96-2B Tailings Facility 

GW96-3A Tailings Facility 
GW96-3B Tailings Facility 

GW96-4A Tailings Facility 
GW96-4B Tailings Facility 

GW96-5A Tailings Facility 
GW96-5B Tailings Facility 

GW96-6 Minesite Area 

GW96-7 Minesite Area 

GW96-8A Minesite Area 
GW96-8B Minesite Area 

GW96-9 Tailings Facility 

TABLE 2.1 

MOUNT POLLEY MINING CORPORATION 
MOUNT POLLEY PROJECT 

SUMMARY OF 1996 MONITORING WELL lNSTALLATIONS 

Coordinates Ground Completion Zone 
Northine I Eastin2 El. (m) <m below eround s urface) 

5 819 939.06 

I 
595 415.82 927.89 52.4 - 60. l 

5 819 935.22 595 416.16 927.81 32.6 - 39.0 

5 819 449.92 596 065.40 931.42 50.9 - 55 .2 
5 819 447.08 596 074 .73 931.42 29.7 - 35.7 

5 818 308.97 595 768.75 912 .06 47.0 - 53 .0 
5 818 306.52 595 765.16 912.06 15.4 - 20.0 

5 818 164.58 595 147.94 940.56 19.2 - 25.0 
5 818 162.87 595 151.26 940.46 2 .7-7.3 

5 819 626.68 594 330.34 973.55 13.8 - 19.7 
5 819 629.64 594 329.79 973.44 3.0-7.l 

5 822 851.66 593 659 .21 1058.53 34.4 - 43.0 

5 821 520.53 592 983.23 1021.32 9.9 - 14.3 

5 822 468.46 591 861.59 1050. 10 35.2 - 40. l 
5 822 469.40 591 859.31 1050.09 11.0-15.7 

5 818 211.14 I 595 503.89 916.18 3.4 - 6. 1 

6-Feb-97 

Geologic Unit 

Bedrock 
Overburden 

Bedrock 
Overburden 

Bedrock 
Overburden 

Bedrock 
Overburden 

Bedrock 
Overburden 

Bedrock 

Bedrock 

Bedrock 
Overburden/Bedrock 

Overburden 
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PROJECT frlf fo//e,I - ' /lvdo/oq,~ti! Tnt1esf/aa/.&. PROJECT NO. 1621-.300 
LOCATION OF TEST HOLE TSF ~~~!!~~::~~'!7~~~~~·~ GROUND EL.~~ it!·:j 
DATE BEGUN /lav, 2~ /CJ6 DATE FINISHED DEc 6/~l, LOGGED BY PJP 

NOTES 
Water loss, type 
and size of hole, 
drilling method, 
groundwater level , 
etc. 
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0 TON OF TEST 0 ..!( ,.) 3A~ NS'f>./1BlOf/.''H:£9'S'rl>~T-S 

PROJECT NO. !62f.3oo 
31\: ?fl.Ob ·' GROUND EL. 3a~ ,,2.06 L CA I H LE T5FJ ~R: N'iMJA30b.~"2,t:5'~C::. H, 

DATE BEGUN Nol/. A {C'J6 DATE FINISHED Nov. o;/~6 
:r LOGGED BY PJ"P 

NOTES 
Water loss, type 
and size of hole, 
drilling method, 
groundwater level, 
etc. 
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w ffi 
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AIR. ~OTA~'/ .... 
tv/o W/..7eR. .... 

- S i-/a'' p tricf>'le .... 
hit -

-6'1.she/c.asin_j _ 

s. 2""' 
-

>Jule: 2.o....,;., -
Luc/{~ 2 -lo~ 1 o .f -
sl> ... J~ w;i/f~ -
i., j,o o,,..,,o-1 -
hole. -

,_ 

8.2....,., 
/vq/e: w~ler i}. t _24J r 
f"'J ~le o /; ~ ~ ';A 

I-

in 601/o'V'J a.f' 
3~% holt Ot/t"I niJJ,f. 

.... 

I-

..... 

5 
0 
l.J... 
.......... 
U'l 
3: 
0 
...J 
OJ 

SPT 
6 
'1~n: 
13 2.2.. 

18 

(.:> 
0 
...J 

:::c ....._ 
u 

ti: E :r; 
w a. o.._, <( 

0:: 
(.!) 

0 -
-
-

3 .o -
-
-

4 .'~S- -
-
-
-
-

_;_-c_ -
-
-
-

6.1 -
-
-

-
8.2 -

-
-
-
-
-
-

0.8 -
-
-
-

11.6 -
-
-
-

-
-
-

/1.6 -1,, -
14.71- -

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

SILT ( 'f=-u .. L.}- ..()//. COrvtp()sPCI o-1. s/lt -h'lf·
:S2"ld/) so...,e {Jr'111"/ l(/o-~,4)Jso,..,e 
chy (1tJ%)J low ~"~I 11~.-( ,,..,"i.5~ J,,°'vn 

- -f;t( ij ,.,_,;xfur< o+ silt 1ill :i..,J 
,s tu./oh~vs(~;,,l!. Sill-

S11 ... ;- ( GJac;o /~rv5/r/1'1f!J - so,,..,.,f c!~y 
-/ .. C l~yey1 very :s.f1'·/.0 iN:J..-h r 
hy1•! o-I slf;!hl- l'c>.1"">'1/'0:S/ /,,'o"/ 
c/,>~t ?"'!ef to~·;- ('A/1/e.J .:;re( lo 
!jr~ y- }Jrr;, ,,,..J '71 n'lo;s I, moclel'Cl~ j»dc,~ 
t;"./v,~I WJ/c. >) /t , :; 

- .J~e,,":'i;;1 S. lt-T I CL./:/ r ( {;/.u/o 1~(/d/,,e 
h':-1/f/le n cl i-/ ./ h l';Jr~ .fn s 7,,,, ..J /o,,re / 
~,I l~y'rS° IM...., , 

-Co/l/inued ICJr"7irp/t./.s11-T a,..,<:f CLAY 
{/to 3 .....,l"VI) ws ci~vt ~r !sf- r;.. 11 

-z,.. J J 2. 
11 -..:, Co~1se st' If ( ~e,,,~/f;11e) 

~5 <jvt'da ,.-;~ t/r7J,,.. v;~j,,, ~ ~·o/J. N
0

1e-· 
~?ml v,,,·f as ltS/,I w,'./n c..fT ;11.,,-$/tj.,.t·~f1 
ec-rtitr ;,,, yt;u:'J ~Wvn '1 tJ"P/; ,,,,,~$'s>°ve. 

- Co"- f /,,vtd <-oar~~ :si /.f v,,;..; PS 
~<1e. 
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KNIGHT PIESOLD LTD. TEST HOLE LOG ~~~~~E~~Nj.i_;: 
CONSULTING ENGINEERS SHEET 2 of -3 

PROJECT /Ylf fo//ey - J/v~ o /oq,'cN( 711vf'.1J/iaah PROJECT NO. 1621: 30o 
LOCATION OF TEST HOLE . - 'J GROUND EL. ___ _ 

,, 

DATE BEGUN iJo'J. 4 /flJ6 DATE FINISHED No11. ~ /'?J6 LOGGED BY _ ---'--PJ_P_ 
:)• 

NOTES ~ b 
Water loss, type >- f2 
and size of hole, w 5 '-.. 
drilling method, gj i5 ~ 
groundwoter level, u ~ g 
etc. a::: 5 ~1 

,_ 

-

-,__ . ,_ 
.. Sf>T 

_2~1/ 15" 

~s--311= 
- "" 153 iog 
;3% GD 

-
-
--
..... 

I-

..... 

..... 

--
. '~ ..... 1r/1 

23 
80/4+-

>:1o0~ n";;. 
~.s-

..... 

:c ,....._ 
b:: E 
w 
a~ 

/4.-r -
-
-
-
-
-
-

1r-.1 -
-
-
-

17-.5' -
-
-

Jt.6~ -
-
-
-
-
-
-

/~.8,._,-
-
-
-
-

2~.~ -
-
-
-
-

(._? 
0 
....J 

u 
:E 
a.. 
<( 
a:: 
(._? 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

StLI (Gl:ic/okc.vs-f.r;Y>e)- C()~ffe s;/f 
frim&r; /y w/./-h lr>re -,(',, SP"'~ s;;i-,l1r le~ 
11~* : I.ow Aloiv covnl.s a'v~ rb lo>.S o-f 
<orlli1t1er>? Pvt{ ;,.,,,d' l isfv, b>~d' l'~"d?J 
'/r''~~f,,/,., J o -1'/sl/I- ("' "n-;ihdt"c-) 
v,.,,,.._ (c,JS/ l>T~ :th•w?<i vn/I 1-v.~5 
vtry sf/f'.f) J jr~ It ;vrx ~/v~ S,c)./.,vP.d. 

S1Lr -a ... d SllN~ !'TILL) ... (o,,.,/,'nvec/. 
Ye't Je..,te_) /tl>)s.Jive_ ) low ~l'""'@~i/,'ly. I 

- occ a~; o,,,, >I C'o 6.6/€..$ ~ 2..S rvi 

~ 2s~ ..... 25 -
)/l{t: fiff'<J'f. ,_ 
/0,,..., ol w'>t>' -

-
-

; ~ k-ik.-.,, o.f- ,__ -
\...ole W'>'f~ ,_ -

-
-
-
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KNIGHT PIESOLD LTD. 
CONSUL TING ENGINEERS TEST HOLE LOG 

TEST HOLE No. 
C..W ~ 6 - 'V./<.R 

SHEET 3 of 3 

PROJECT /'r1f fo//ev - '/fv~ o /oq/crJf Tnve5fioa~ PROJECT NO. 
LOCATION OF TEST HOLE . - .._, GROUND EL. 

J62f.3oo 
•' 

- ----
DATE BEGUN Nov.4 /v;' DATE FINISHED ,Nov. ?/"J{, LOGGED BY /)JP 

:1· --------

NOTES 
Water loss, type 
and size of hole, 
drilling method, 
groundwater level, 
etc. 

>
w 5 
~> 
00 uo 

ORn.t...WELL -
A1~ 'f.oTA~V -
~v/o WATt;R '"' 

... 5'1/a'' f tricc~e .... 
bit- .... 

-6 '1 s~ee/ casi"j ...... 

Nofe..: Co,.,/>c ./- -
bl~~,, -/-ti/ -
t>.-td 6e/ro(I: _ 
/!> dry. _ 

tvc(../ z.o,.,,;,,,t1~..5 ,_ 
b •. rl- no ~"'' ·.J.-r .. .... 
d,,,' !led drf 

1 
.... 

lo clvsl( IV -
occz5io1-p I -
dJ(P ~~> . ... 

w 
a::: 

l
o e 
' (/) 

3: 
g 
ro 

I" 
b: E w a ...... 

3S -
-
-
-
-
-

52. / -
-
-

-
-

-
-
-

54.0) -
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

c.:> 
0 
_J 

u 
:I: 
a.. 
<( 
0::: 
c.:> 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

VoJr;i,,it/,>it'c &1Jlo-,erafe-(Jieclroc-k) -
"./r~,,,,./s '1 

0 -f he,.,,.J·//ol/r *-/leN</ lv@·,./l,!nd 
Stl;.-n1n-f c".......,,P''(-4(1' o -f vo/o.,/{: c?tl.s
dr/ (/tel ;,v;-{;,, f7ir11,,,p ./,, './. ._, So-I-I i 

- rod ct,75 se,,,~,,11y cl,i" p <lry w17t.; 
rtlw,., "..,5 ;ly. 

- f'OS>;Pfe -fY"7t-lvr( ( t,,..Af) ~O...,f ;J,S 
WJ~ftr;)/ c~_,es- ~c.rl iJs c/~_,r-5° 
?;-,ef ef-,7° -ft>r 0.S ·h /.O _,, 

£oH (1Bo++) 
r-------"---~-----------.. 
- w~i-/ 2C> ~;,.,v ~ S "'0 w-../1,,, ,•,., &llo,..,,, 

o .f- ho le. / 
- Pvll ro/,f t>~cl ,.e,.,,,e~svre ~ I' o .f tv>I,,,. 
/,, 6o l/o,.,, 0 ..f J,q /@ • 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS TEST HOLE LOG TEST HOLE No. 

GW~6-4A/48 
SHEET / of / 

PROJECT fr'Jf Po//ev - 'f/vd, a /oq,'cN( kvesliqah PROJECT NO. !62T: 30o 
.!. ( :\ "tlA! N .. C{~J~4. '>S E~S'J~t."> )IJ' LOCATION OF TEST HOLE TSJ=J 4s:Ns-Q1S1oi .sl;ESG%1s1.~6 4A: '?40..56 ·' GROUND EL. 4R: ..,40 .41. 

DATE BEGUN Nov. /B/~6 DATE FINISHED ilov. 20 )~6 
·l' • ---.----..,.----,...---· ----'------------1 

LOGGED BY P..TP 
NOTES ~ 1- c..? 

0 g 
Water loss, type 
and size of hole, 
drilling method, 
groundwater level, 
etc. 

DRILL.WELL -

>
w 5 
CY.> 
00 
uu 

w 
0:: 

Atti!. RoTA~Y ,... 
IN/a W/JiTGR ~ 

- S-;la'' r/ fric<>l'Je. r-
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- 6 '1 .s l e.el cas itlj ,__ 
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I-
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I-
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I-. I-

I-

I--

I-

I-

I-

1-

e 
.......... 
(/) 

:s: 
0 
_J 

CD 

::r: ........ u 
5: E S: w a.. a.._, <( 
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C> 
-
-
-
-
-
-
-
-
-

~.O -
-
-
-
-
-
-

4.5' -
-
-
-
-
-
-
-

:r-. 0 -

-
-
-
-
-
-

~.s -
-
-

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

SAND (T1t.1...)-jraveJ/y)SO-N1t' ~ ii+ -io .s iH~ 
+r~ce c.lay) vruy dcr.se \J.le ll jrJcJecl, 
low ~n~e?hi /d"(J /.?~/STJ M 1rl/:/,,,., 
~r"Own 

-(A~ta.J1of) +; 10 

1110!.: 2..o1 o-f r--
W>l r ;,, }x,/fo,,..., t-

-

Vo!ca,..ic./2.$./k. Co1.Jlo~l".-..../e ( j{ecfrdc-lc )
fr~J"4't~,,/.s o-/ J;e,.,~/;c, !fr "Mrer:/ vo6~/c 
; .,, 5t//,.,t,, I ,., >Ir i y. , re J- hro"',/,, h~rd, 
Jry. Ne oA!erV>/:J/e. /;?(lw~ t<A1t'.S. J ) -

o? l;ofe_ ""Prnljh+ ...... 
I I-

lb."'f -
-

- wol"J Jr; /J;k of waler 

-
2-S. O 



INVESTIGATION KP 1-11  483 of 500

) 
I 

I 

;1 

~ I 

~ , 

I 

I 

KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS TEST HOLE LOG TEST HOLE No. 

GW~6-SA!~..t 
SHEET I of / 

PROJECT fr1f Po!lev - ·hv~o/oq,'c11! kve.sliQak PROJECT NO. !62f.3oo 
LOCATION OF TEST HOLE T5~ J.~J ttsm"%i~:!!·~~~~~:~~ GROUND EL. §~: :Jff.Jf ·' 
DATE BEGUN Nov.21 /u;!t> DATE FINISHED ~ LOGGED BY PJP 

:r 

NOTES ~ 

Water loss, type >-
wt5 and size of hole, 

drilling method, CY-> 
00 

groundwater level, uu 
w etc. 0:::: 

DR1t..L\VELL -
At~ RoTA~'/ 

,_ 

Lv/0 Wl•:rtrR r 

-S"1/s'' f iricuie -
bit ... 

-6'1 .slee/c~si~ t--
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Alo w1J.,- r-
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,........ 
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c.:> 
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Q. 
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a:: 
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DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

SIL.I .( ~hla+io"' Till}-. :;,~ndy> so,,..,e 
jr-c?.;Q I ei'1d cl~y1 slil-f) mr;(l!,.,)lf 
J..,f// JOtf~~ )o.,.,,;;!rn?t~'l>;t·fy; we./ 
lo s~ lvrc 7t ef; d.~r.k LJrc~.,-n. 

- bt1.o W1in_J v~"t .sll.l'li M{)is I ./o 
W rt n, o is I, I !J;, la 1'11'1(' ~ ~ N'1 h ""n. 

,• ~s.s= 
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KNIGHT PIESOLD LTD. TEST HOLE LOG ~~~Hg:_~No. 
CONSULTING ENGINEERS SHEET / of/ 

PROJECT /l1f Fo//ev - 'flv~ o /oq,/;;;( Inves/iaa-k-, PROJECT NO. 1621-. 30o 

LOCATION OF TEST HOLE (flil/s;ie.):Ns"'iz2BSl. M>JeSOJ3~0).21 GROUND EL. /058.5.3 ~ 
DATE BEGUN Oc-1. 3o /rp6 DATE FINISHED Oc.t. ~ I /'16 LOGGED BY fJJP 

:)· . 
NOTES ~ 

Water loss, type >-
and size of hole, wf5 
drilling method, ~> 

00 
groundwater level, (...) (...) 

w etc. a:: 

DR1c..L1~E:L L -
A1e. RorA~Y ..... 

W/o 'Wl\T~R ..... 

f-
0 
f2 :r: .......... 
'-

b:: E (/) 
;:: w 
0 
-' 

o...._,. 
CD 

0 -
-
-

(.!) 
0 
-' 
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r 
0.. 
<t a:: 
(.!) 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

- 5 -;la''~ iriccl')e. ,_ I bit ..... -
- 6 '' .s -lee/ casi~ ._ 

I ..... 
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I 
,_ 
......_ 
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I .. ..... 
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I ,__ 

-
-
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-
I 

,__ 

-
-

I 
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..... . -~ 
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:;, . ..... 
~ 
~I .... 

.;, -
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-
-I ..... 
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-
-

"·' -
-
-
-
-
-
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-

-
-
-

15.2. -
-
-
-
-

24.4 -
-
-
-
-
-
-
-

36.6 -
-
-
-
-
-
-
-

4~. R -

- f}etOW?t';J s/111.lly IDi>;J4' <!)Oi>;f'cl 

to . nt1</o cl1or,:-;e (o~p.s~~o~ 
ep/(lo.J + k·pJr ~ /,1,., to,,,, ~//.: 
r~ i>IA r Ir_ ,,,, ,~~ i l/P/ i1 o "1.r?;6,,-

1 

/'tJJvud 

- lei holf' s./,,,tl rG,. eo .,.,,,-,,.,,i~ 
l.lfO"" /'e5f~r 'I; l. {-f o I' w)/r ;'~ 
ho lfo,,.,,, o./ ho k 

1 
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KNIGHT PIESOLD LTD. TEST HOLE LOG ~~;j~H~:_E+No . 
CONSULTING ENGINEERS SHEET / of / 

PROJECT /VJf Po//ev - 'IJvd o /oq,i;1J I /;nJP:sliaa/!Jr; PROJECT NO._i62f. 30o 
~ ~ ~ > 

LOCATION OF TEST HOLE(l)'l;Jh;h :NS"Pi21S'Z0.53 t:5~2G)~?.2:i GROUND EL. /D2i.32 

DATE_,. BEGUN No1J. r/~b DATE FINISHED No;=t/~G LOGGED BY PJP 
NOTES ~ t-

0 
Water loss, type 

w~ 
0 
Li.. 

and size of hole, .......... 
drilling method, o:~ en 

0 0 3:: 
groundwater level, u o 0 w _J 
etc. Cl:'. CD 

DR11...LW6LL -
Aa~ RoTA~"/ -
W/o WA:rGR. ..... 

- 5'i-/8
11 p iric.C>rJe. ..... 

t>;r ..... 

-6''.sJe.e/casi"j ,_ 

.... 

..... 

--
.... 

. -
.... 
.... 
,_ 

-
.... 
,_ 

.... 

-
,_ 

-
-
.... 
,...._ 

-
-

. ..... 
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,__ 
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-
.... 
,_ 

-
.... 

-
..... 

-

::r: ,..._,, 
b:: E w 
o ~ 

0 -
-
-
-
-

2.4 -
-
-
-
-
-

3.0 -
-
-

6.o -
-
-

~.o -
-
-
-

10.'f -
-
-
-
-
-

15.5 -
-
-
-
-
-
-
-
-
-
-
-

(!) 
0 
_J 

0 
:I: 
0.. 
<( 
a::: 
(!) 

DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 

511-I (TIL-L) - ~ ?ncl'I> so,.,.,e sra I.le I 
5,,.,cf cl~y, dtr15~ -lo 1,1~,y· tl~,,reJ ;..1:>~.f/v~,1 
/o,v /l_iri'YleEJIJ1·/, '/yl Mo/'5.t -lo V~r/ 
1YJOis'J /,towrJ. 

/Jior/./-e._ ( Beclrovk) -.f~ /jt>in@cl-=> 

..,,;c-1oc;'l~,, ·(P o,. ?'~'o<Pfe .,4 /el~, 
VO!On tC (1n./lf, M~ek ">ft') - ~f';;e4!/e1 munt/,:/P 
?*1/ olrlle c};.;;.,,t!c/ 1vnlc ct,/o..-, ·r-'t! 

?/{~,,.,(,~,, ?, ·-h·ulvrt.~ >~cl f;vo//.,_,,/ 

~ . .IJ~/1'15 M~kl'!J t-./~ 1~~ a/ Slo 10~/,v,~,. 

- /;etomi~ hi9'1/y .fnr/v,1</ t..-. 1 './J..1~~; 
f-;>v/f ._Jal.IJ.1- nlvl"l"Jf i'1 w ? f 'j · 
b/JI~ J>roC/e1(i'(.( c / I°}.(/ Mt'1. 

- l~r__9t #tiJ~~I'? f5 c.f. r~ck. hre~k;"'J 
of'f ~'~'"") focitl 1,-,si/e /,0/e. 
Roe k. ..fn;~~fJ Co ;i/>i11 nvr'1t',ov5 
Ca,/c;./e 5{,.;J111u~ --> fav/t 2/J~@. 
~ s./-1 ti /hotv'ti"'_J w~~ r 
~ '10/~ ((}v/n' ill"). 

EoH (s1') 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS TEST HOLE LOG TEST HOLE No. 

GVJ ~6- BAIAR 
SHEET 1. of 1. 

PROJECT Mf Po/lev - ·11vcto/()q1cNf T;,veslioak PROJECT NO. 162f.3oo 
r'I . Ll nA: NSAZ.'r4t.s. 4b. Jt. "'"'fRJ..1.t> fTf E BA: 10.so .Jo i' LOCATION OF TEST HOLc:.IJ);//s;R S&: AIS&l.2462 - 4o, tH'919$1J. 31 • GROUND L. 88; toso.o'!) 

> 

DATE . BEGUN Nor1.1 /~6 DATE FINISHED LOGGED BY PJP 
·I' 

NOTES ~ I-
0 

Water loss, type >- 0 

w~ 
u.. ::r:-and size of hole, .......... 

b: E drilling m ethod , ~> U'l 
00 ~ w 

groundwater level, uu 0 0.....-
w _, 

etc. a::: CD 

DR11..t..WELL - 0 
Ail?. F.oTA~Y - -
w/o W/t"fGR. ... -
- S'-;/s'' f i ric.crie. ..... -

b;t ... -
- 6 '' ~/ee/ Cc1Si'j ,__ -

-
.... a.4 -
- -
..... -- -

I 

I- -
. .... 4.s -... -

- -
- t .b -
.... -
.... -
... /2 .2. -
I- -
....._ -
- -
- -
..... -
..... -- 12.g -
..... -
... -

' - -
- -- ~1-.4 -
..... -
... -
..... 3b.~ -
... -
- -
- -
... 40.1 -
..... -
.... -

(.!) 
0 _, 
(.) 

:C 
a.. 
~ a::: 
(.!) 

DESCRIPTION AND CLASSIFICATION 
OF MATERIAL 

' 
$14#01 (FILL) - -f:I/ ~Or-"~~r/ o~ r~;v?r..ff',j 

St111¢1 ~i II- -/; // J.-Ji./-h Sr;,,.,,,f .!J''v~ I_, 
5./,:f.f, we-I f :J s:ilw·Jlc~ .(';// -h1.~!/r 
pvl/-ov-f- -/b,r .r-011<>1~ t'o/J-Jl/cn:..//~"7) 
./n r~ o~_,,.:,~ ,.,,,,,;>t~d .,.,,,,, ;}rt/ lo~ 
j>~,r_,p"~ ... · .t/y. ) 

SIL..T and 5/l,NJ) (TIL.t-)-3rtJve!iJ SOn?t'. 
c/~y, fr~te rol>l>k s

1 
W"'f. W>o 1t;i, 

/orµ rr""1!~./;j /,· 'i l?O Y f>10 dv~/r:J 
"'"~..;~,/ i;rown. 

- 6@ ro_., i '?J r/t>,,ff lo verv el@,,.f('J 
""'o isl to Vl'f'( mo i'sf; 

- ~ro,.,,/n_j ~''( ehnse arid h?Oi~f.. 

GRAvEL (Glac.iof/uvial)- .S()nalyJ de,,seJ . 
Svf:.ro..,,,,ftcf c /:>$/s

1 
l/~r-y P>t-0/5f lo i-i-f 

INf- 1;0-/- rrorl(/ci"V w~.Jr; h!Jh ;x-'1111~~//,'ly, 
~ Jef SfrJ,,,,/ -fo,, 20 ....,,,-,,v,tf ? .,, / 

Sf-f o+ w:1/,,, ;..., /;,ol/o~ o-f 
ho/@. 

1Jior/le { Beclmci) - ,,,,~c/iv,., Jr>/..,.~ 
,.,ps;; 11e/ 50,.,,e ... d,'71 e.vt>~I~.~ t:11P>i 
t,J1/o,,,'fe ;J /./e,,,.rho "'?. 

~ ""Jl~S° ~ ~ '~ IS.R / M,:~ 
- btcomt.S l"flWh J,~,.J,r ID efr,'// <1"1~ 

Cot11h11v~.f 7'o J>~rlv~ l..S-.R_/,.,,,,-,., , 

- Iii/. ..fr.?t/v~cl ;zo,,,e (sol'l~r) CJ,,/ 
,,ow pror/~5 6~ +o ro-1. I ,.,,1.,.,. 

-covtf;'1Vin_'I in 1-r;Jc,f(lre c<Mf W;f"1li,jqJ, 
f/o..., N.,,3 -lo Eoi.+. v 

EoH 
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KNIGHT PIESOLD LTD. 
CONSUL TING ENGINEERS TEST HOLE LOG 

TEST HOLE No. 
GW~6-3 

SHEET 1 of .1_ 

PROJECT 
LOCATION OF 
DATE BEGUN 

/r1f fo//e,/ - ·Jlvci o /oq_,(;iJ( 7TJve-s/ioaJ".v. PROJECT NO. 1621-.300 
I • ...., V •' 

TEST HOLE T5F: N58JB2/r. lt E.$0$03-EB GROUND EL. _~_/_6__.. J_...,8.....___ 
/Jov. 21 /IJb DATE FINISHED Nov.it /'6 LOGGED BY _-"-(J.._'J_P __ .r 

NOTES 
Water loss, type 
and si2e of hole, 
drilling method, 
groundwater level, 
etc. 
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DESCRIPTION ANO CLASSIFICATION 
OF MATERIAL 
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APPENDIXB 

GROUNDWATER MONITORING WELL 

COMPLETION DETAILS 
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1625.A42 

KNIGHT PIESOLD LTD. 
CONSUL TING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

PROJECT MT. POLLEY PROJECT 
LOCATION N:5 819 939.06 E: 595 415.82 

COMPLETION DATE Dec. 2/96 

Ground surface 
El. 92 7.89m 

PVC J cop 

PVC Stickup 
approx. 0. 6m 

42.4 
43.6 

47.6 

50.9 

0 

0 

0 

0 

0 

PROJECT No. 1628 
~------~ 

HOLE No. GW96- 1A 
GROUND ELEVATI ON 92789m 

Steel protective cosing 
with locking cop 

150mm (6") min. hole diameter 

Cement-bentonl le grout 

---- 50mm (2 ") Dia. PVC cosing 
(Schedule 40, decontaminated flush 
jointed, threaded c/w centralizers) 

Grovel, !9mm to 37mm woshed 

Bentonite chips 

Cement-Bentonlte grout 

Steel cosing shoe 

Bentonite chips 

~ 24 Filter sand (/'20- 30) 

Filter sand (/'lb) 3 --.-5""'3=-_o"'"--_-_-
51. 1 

Completion zone 

60. ! 

NOTES 

!. Cement- grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

---- 50mm (2') Dia. PVC screen ,f 20 
(Schedule 40, 0. 020 In. slot openings, 
decontaminated flush jointed, threaded} 

1;;...J.-+----pvc end plug (decontaminated, 
flush threaded) 

~- Bentonite 
~-Slough 

FIGURE 8 .1 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.MJ 

PROJECT MT POLLEY PROJECT PROJECT No. 1628 --------
LOCATION N:5 819 935.220E: 595 416.160 HOLE No. GW96- IB 
COMPLETION DATE Dec. 5/96 

PVC J cop 

PVC Stickup 
approx. 0. 6m 

.32.6 

Completion ?.one 

39.0 

NOTES 

f. Cement-grout mixture installed using 
tremmie pipe. 

2.1 

2. Depths shown from surface in metres. 

GROUND ELEVATION 92781 

Steel protective cosing 
with locking cop 

ISOmm (6") min. hole diameter 

Cement-bentonite grout 

----- 50mm (2') Dia. PVC cosing 
(Schedule 40, decontaminated flush 
jointed, threaded c/w centralizers) 

Benton/le chips 

Gravel f 9mm to J7mm washed 

Bentonite chips 
Fine sand (#20- 30) 

Filter sand {#!6} 

---- 50mm (2') Dia. PVC screen #20 
(Schedule 40, 0.020 in. slot openings, 
decontaminated flush jointed, threaded) 

PVC end plug (decontaminated, 
flush threaded) 
Filter sand 

Steel casing shoe 

Benton/le chips 

FIGURE 8.2 
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1625.A49 

KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

PROJECT MT. POLLEY PROJECT PROJECT No.~~~16~2~8~~-
LOCATION N: 5 819 449.92 E: 596 065.40 

~'""'--'-'---0.-'--''--_;;_-
HOLE No. GW96-2A 
GROUND ELEVATION 931.42 C OM PL ET 10 N DATE Nov. 17/96 

~----~~~~~~--~ 

NOTES 

Ground surface 
£!. 931.42m) 

PVC Stickup 
approx. 0. 5 m 

PVC J cop-

approx. 

50.9 

Completion zone 

55.2 

9.5 

o. 

0 
0 

o' 
0 . 

o . 

0 
0 

c ' 

o ' 
24.4 0. 

24.9 

27.4 27.' 

51.2 

1. Cement-grout mixture installed using 
tremmie pipe. 

67.6 2 . Depths shown from surface in metres. 
£0.H. 

Steel protective cosing 
with locking cop 

---- Filter sand 

Bentonile chips 

Crave/, 19 to 37mm washed 

Grovel, 19 to 37mm washed 

--- 50mm (2") Dia. PVC cosing 
(Schedule 40, deconlominoted flush 
jointed, threaded c/w centralizers) 

Cement- bentonite grout and grovel 

Cement- bentonite grout 

Slough 

Cement-benlonite grout 

---- 50mrn (2") Dia. PVC screen .f 20 
(Schedul~ 40, 0. 020 in. slot openings, 
decontaminated flush jointed, threaded) 

Bentonite chips 

filter sand (#20-30) 

Filter sand (j'16j 

.--- PVC end plug (decontomif?ated, 
flush threaded) 

Bentoliile chips 

filter sand /Slough 

FIGURE 8.3 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A50 

PROJECT MT. POLLEY PROJECT 

LOCATION N: 5 819 447.08 E: 596 074.73 
COMPLETION DATE Nov. 16, 17/96 

Ground surface 
£!. 931,42m PVC Stickup 

approx. 0. 6m-....:---r-

oeprox. 

approx. 

approx. 
approx. 

29.7 

Completion zone 

35.7 

NOTES 

1. Cement-grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

35.4 

0 
0 

0 

0 
0 

0 

£0.H. 

PROJECT No. 1628 
~~----~~ 

HOLE No. GW96- 28 
GROUND ELEVATION 931.42 

Steel protective cosing 
with locking cop 

Cemenl- ben!onite grout 

!50mm (6") min. hole diameter 

Grovel, 19 to 32mm washed 

Filter sand (/20-JO) 

--- 50mm (2") Oio. PVC screen /20 
(Schedule 40, 0. 020 in. slot openings, 
decontaminated flush jointed, threaded) 

- Filter sand (/16) 

PVC end plug (decontaminated, 
flush threaded) 

FIGURE 8.4 
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KNIGHT PIESOLO LTD. GROUNDWATER MONITORING WELL 
1625 .A51 

CONSULTING ENGINEERS COMPLETION DETAILS 

PROJECT MT. POLLEY PROJECT PROJECT No. f 628 --------
LOCATION N: 5 818 308.97E: 595 768.75 HOLE No. GW96-3A 

COMPLETION DATE Nov. 7,8/96 GROUND ELEVATION 912.06 

PROPOSED I 996 GROUNDWATER MONITORING WELLS 

SCHEMATIC DIAGRAM 

PVC Top cop 

PVC Stickup 
Ground surface approx. O. 5m 
£/. 9!2.06m) 

NOTES 

__ .........,\Y.~?;~~~y;~-

Completion zone 

47.7 
470 

53.0 53.8 

!. Cement-grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

Steel protective cosing 
with locking cop 

Cement-bentonite grout 

~-- 50mm (2") Oio. PVC casing 
(Schedule 40, decontaminated flush 
jointed, threaded c/w centralizers) 

Benlonite chips 

Filter sand (.#20- 30) 
50mm (2") Dia. PVC screen ,f 20 
(Schedule 40, 0.020 in. slot openings. 
decontominoted flush jointed, threaded) 

--- PVC end plug (decontaminated, 

~~~~----- flush threaded) 
~ Filter sand (f16) 

Benton/te chips 
Filter sand 

FIGURE 8.5 
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KNIGHT PIESOLD LTD. 
CONSUL TING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A52 

PROJECT MT. POLLEY PROJECT PROJECT No. 1628 
LOCATION N: 5 818 306.52 E: 595 765. 16 HOLE No. CW96-38 
COMPLETION DATE Nov. 9/96 

PVC J cop 
Ground sur face 

El. 9 12.06m ~~--------+---...,.+o1 

3. 7 

8 .5 

15. 4 

approx. 16m 
76.9 

Completion zone 

NOTCS 

1. Cement- grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

E. O.H. 

GROUND ELEVATION 912.06 

,,..-- Steel protective cosing 
with locking cop 

wm 

Bentonite chips 

150mm (6") min. hole diameter 

Cement-bentonite 9rout 

---- SOmm (2") Oio. PVC cosin9 
(Schedule 40, decontaminated flush 
jointed. threaded c/w centralizers) 

Bentonite chips 

- Filter sand (/20-·30) 

---- 50mm (2") Dia. PVC screen J'20 
(Schedule 40, 0. 020 in. slot openings, 
decontaminated flush jointed, threaded) 
Filter sand (/16) 
PVC end plu9 (decontaminated, 
flush threaded) 

Slough 

FIGURE 8.6 
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KNIGHT PIESOLO LTD. 
1625,A48 

GROUNDWATER MONITORING WELL 
CONSULTING ENGINEERS COMPLETION DETAILS 

PROJECT MT. POLLEY PROJECT 

LOCATION N: 5 818 164.58 E: 595 147.94 -------
COMPLETION DATE ___ N_o_v._ 19.;;..L.Y!'""""9'--"6 _ _ _ 

Ground surface 
£1. 940.56m 

PVC Stickup 
approx. 0. lm 

1.0 

19.2 195 

PROJECT No. 1628 ---'---""--"-------
HOLE No. GW96-4A 

GROUND ELEVATION 940.56 

Steel protective casing 
with locking cap 

Bentonite chips 

150mm (6") min. hole diameter 

Cement-bentonite grout 

- SOmm (2") Dia. PVC cosing 
(Schedule 40, decontaminated flush 
jointed, threaded c/w centralizers) 

Bentonite chips 

Filter sand (;/20-31)) 

Filter sond (.f!6) 

Completion zone ---- 50mm (2") Dia. PVC screen .f20 
(Schedule 40, 0. 020 in. slot openings, 
decontominoted flush jointed, threaded) 

25.0 

NOTES 

!. Cement-grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

24.7 
--- -PVC end plug (decontaminated, 

flush fhreoded) 

E.O.H. 

FIGURE 8.7 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A47 

PROJECT MT. POLLEY PROJECT 

LOCATION N: 5 818 162.87 E: 595 151.26 
COMPLETION DATE Nov. 20/96 

PVC J cop 

Ground surface 
£/. 940.46m 

PVC St/c:kup 
approx. 0. 7m 

2.7 

Completion Zone ---

7.3 

NOTES 

!. Cement- grout mixture installed using 
tremmie pipe. 

2 . Depths sh oen from surface in metres. 

.21._ 

3.4 

4.3 

7.2 

8.5 

.. 

£.0.H. 

PROJECT No. __ 1_6-=-28-'--- -
HOLE No. GW96-48 
GROUND ELEVATION 940.46 

Steel protective cosing 
with locking cop 

· JSOmm (6"} min. hole d/omeler 

Filter sand (/20- JO) 

50mm (2") Dia. PVC cosing 
(Schedule 40, decontaminated flush 
jointed, threaded c/w centralizers) 

Ft~ter sand (./16} 

50mm (2") Dia. PVC screen ,f 20 
(Schedule 40, 0. 020 in. slot openings, 
deco11laminoted llvsh j ointed. threaded} 

PVC end plug (decontomino/ed, 
flush threaded) 

Bentonite chips 

Slough (qroy sand. boiled out 
from 7. 3m to 8. Sm 

FIGURE 8.8 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A45 

PROJECT MT. POLLEY PROJECT 
---------'-~--------

PROJECT No. 1628 -----'-""------

LOCATION N: 5 819 626.68 E: 594 330. 34 
COMPLETION DATE Nov. 28/96 

Ground surface PVC Stickup 

El. 9 7 3. 55m ~77'r7..,.--o_P._'P_ro_x_. _o_. 6-m---t--.r.-H 

! 3.8 

Completion Zone 

!9.7 

NOTES 

I. Cement-grout mixture installed usrng 
tremmie pipe. 

2. Depths shown from surface 1n metres. 

14.6 
15.0 

25.0 

• 0 • ; 

. . . 
. . . 

~ .. .. 
E.0.H. 

HOLE No. GW96-5A 
GROUND ELEVATION 973.55 

Steel protective cosing 
with locking cop 

!50mm (6") mrn. hole diameter 

Cement- bentonite grout 

-- 50mm (2') Ola. PVC cosing 
(Schedule 40, decontaminated flush 
jointed, threoded c/ w centralizers) 

Bentonite chips 

Filter sand (#20-30) 

Filter sand (#16) 

---- 50mm (2") Ola. PVC screen #20 
(Schedule 40, 0. 020 in. slot openings, 
decontaminated flush /ointed, threaded) 

PVC end pluq (decon tomrnoted, 
flush threaded) 

Bentonite chips 

Filte.' sor1d 

FIGURE 8 .9 
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KNIGHT PIESOLD LTD. 
CONSULTING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A44 

PROJECT MT. POLLEY PROJECT PROJECT No. 1628 --------
LOCATION N: 5 819 629. 64 E: 594 329.79 HOLE No. GW96-5B 
COMPLETION DATE Nov. 29/96 

Ground surface 
£!. 97J.44m 

PVC J cop 

PVC Stickup 
approx. 0. 6m 

3.0 

Completion Zone 

7. I 

NOTES 

1. Cement-grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

3.7 

6.7 

£.0.H. 

GROUND ELEVATION 9 73.44 

Steel protective cosing 
with locking cop 

150mm {6") min. hole diameter 

---- SOmm (2") Dia. PVC casing 
(Schedule 40. decontaminated flush 
jointed, threaded c/w centralizers} 

Ft~ter sand (./IC) 

---- SOmm (2") Dia. PVC screen #20 
(Schedule 40, 0. 020 in. slot openings, 
decontaminated flush jointed, threaded) 

FIGURE 8 .10 
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KNIGHT PIESOLD LTD. 
CONSUL TING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.A54 

PROJECT MT. POL!.EY PROJECT 

LOCATION N: 5 822 851.66 E: 593 659.21 
COMPLETION DATE Oct. 31/96 

PVC J cop 

Ground surface 
Cl. I 058. 53m PVC Stickup 

approx. 0. Sm 

34.4 

Completion zo11e 

32.9 

35.4 

36.6 

43.0 42.8 42.7 

NOTES 

J. Cement-grout m/xture /nstolled us/ng 
tremmie pipe. 

2. Depths shown from surface in metres. 

43.6 

~ 
~ 
~ 
~ 
~ ~ 

0 

PROJECT No. 1628 -----'--""------
HOLE No. GW96-6 
GROUND ELEVATION 1058.53 

Steel protective cosing 
with locking cap 

Bentonile chips 

!50mm (6") min. hole diameter 

Cement-bentonite grout 

Filter sand (,f20-30) 

Filter sand (,fl6} 

---- 50mm (2") Oio. PVC screen ,f20 
(Schedule 40, 0. 020 in. slot opem'ngs, 
decontam/nated flush ;'o1'nted, threaded) 

PVC end plug (decontom/noled, 
flush threaded) 

F/ller sand (,f20-30} 

FIGURE 8.11 
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KNIGHT PIESOLO LTD. 
CONSUL TING ENGINEERS 

GROUNDWATER MONITORING WELL 
COMPLETION DETAILS 

1625.ASJ 

PROJECT MT. POLLEY PROJECT 

LOCATION N: 5 821 520.53 E: 592 983.23 

COMPLETION DATE Nov. 4/96 

PVC J cop 

Ground surface 
El. 102!.J2m PVC Stickup 

approx. 0.8m-----t-

9.9 

Comp/et/on zone 

14.J 

NOTCS 

1. Cement-grout mixture installed using 
tremmie pipe. 

2. Depths shown from surface in metres. 

4.0 

8.7 

10.8 

£.0.H 

PROJECT No. 1628 --------
HOLE No. GW96-7 

GROUND ELEVATION 1021.32 

Steel protective cosing 
with locking cop 

7 50mm (6') min. hole diameter 

Cement- bentonite grout 

fi~ter sond (/20-JO) 

-- 50mm (2') Dia. PVC screen #20 
(Schedule 40, 0 . 020 m. slot openings, 
decontaminated flush jointed, threaded) 

Filter sand (#16) 

PVC end plug (decontaminated, 
flush threaded) 

Slough 

FIGURE 8. 12 


