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1.0 INTRODUCTION | 

Results of the Call & Nicholas, Inc. (CNI) pit slope 

design study for the BP Minerals America (BPMA) Flambeau open 

pit copper project are presented in the following report. 

1.1 Purpose of Study 

The purpose of this study was to recommend an optimum 

bench design and interramp slope angles for the BPMA project, 

based on an assessment of pit slope stability. 

1.2 Scope of Study 

The CNI portion of the study consisted of the following 

phases for the project site: ; 

1) reduction of both geologic structure 
and rock strength data; 

2) geologic structure analysis (fabric 
analysis) and development of a suitable 
engineering geology model; | 

3) analysis of bench stability using rock 
fabric data; | 

4) assessment of multibench stability using 
geologic maps and cross sections provided 
by BPMA; 

| 5) recommendations of bench geometry and 
interramp slope angles; and 

6) preparation of a final report. | 

CALL & NICHOLAS, JING



1.2 

Because of the absence of outcrops in the Flambeau 

project area, no detailed surface mapping of structure was 

possible. However, core drilling, core orienting, geomechan- 

ical logging, and point load testing were carried out by BPMA 

during 1987 and early 1988. Specifically, work done by BPMA 

included: | 

1) orienting, point load testing, and geo- 
mechanical logging of eight diamond 
drill angle holes at Flambeau; 

2) point load testing and geomechanical 
logging of an additional 20 diamond 
drill holes; and 

3) directing and performing a rock testing 
program at the University of Utah. | 

| A limited size small scale direct shear rock testing 

program was conducted at the University of Arizona Rock 

Mechanics Laboratory in Tucson. Triaxial compression, 

uniaxial compression and disk tension testing was conducted 

on rock samples at the University of Utah in Salt Lake City. 

In addition, two geotechnical consulting groups located in 

Wisconsin, conducted soils testing on overburden material in 

various programs during the 1970s and 1980s. Rock fabric | 

analysis and stability analyses were conducted in Tucson, 

Arizona. | 

Results of subsurface structure data collection, fabric 

analyses, and pit geology (developed by BPMA), and stability 

analyses are included in this report. Supporting documenta- 

tion is included in a separate structure and rock strength 

appendix. | 

| CALL & NICHOLAS, JaG.



2.0 SUMMARY 

During this engineering study, CNI evaluated slope 

stability for the BPMA Flambeau project and provided geo- 

technical input for mine planning. Recommended slope angles 

were based on evaluations of the expected impact of foliation 

on bench and multibench geometry. The work included core 

drilling, rock testing/strength properties evaluation, geo- 

logic fabric analysis, and probabilistic slope stability 

analysis. 

CNI completed most of the data processing and stability 

analyses were conducted in our Tucson office. BPMA conducted 

core orienting and geomechancial logging. Pincock, Allen & 

Holt, Inec., for BPMA, developed and made available to CNI the 

design pit plan. The surface geology plan and design cross 

sections used in this study were developed by BPMA geology 

personnel. Rock testing was conducted at the University of 

Utah, under the direction of BPMA, and at the University of 

Arizona, under the direction of CNI engineers. Soils testing 

was conducted by Foth and Van Dyke in Wisconsin, and Soil 

| Testing Services, Inc. in Wisconsin and Chicago, Illinois. 

2-1 Design Recommendations 

Slope Angles , 

CNI recommends the following design parameters for 

indicated wall orientations of the proposed Flambeau design 

pit (Table 2-1 and Figure 2-1). 

CALL & NICHOLAS, ING
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| 2.4 

2.< Engineering Geology 

The Flambeau volcanogenic massive sulphide copper | 

deposit is located in northwestern Wisconsin approximately 

130 miles northeast of Minneapolis-St. Paul and 220 miles | 

northwest of Madison. Immediately north of the project site 

is the town of Ladysmith, county seat of Rusk County. 

The NA5E trending economic mineralized zone is conforn- 

able to a series of steeply NW dipping (71°) schistose meta- 

volcanic rocks of Precambrian age. The schist varieties 

are metamorphic and hydrothermal alteration products of an 

original volcanic pile consisting of variably textured and 

multicompositional pyroclastic and extrusive flow units. 

An extensive supergene zone has altered the Precambrian 

voleanoclastic rock to depths up to 225 ft below the surface. 

A variably thick, intensely weathered saprolite-gossan unit 

caps the supergene alteration zone to a maximum depth of 30 ft. 

Overlying the weathered unit is a 35 to 90 ft thick layer of 

Pleistocene overburden consisting of glacial till, outwash and 

fluvial deposits. A discontinuous, thin layer of Cambrian 

Sandstone separates the saprolite-gossan zone and the Pleisto- 

cene soils. | 

Several E-W trending (Strike: 100° to 110°) faults have 

been interpreted along the 2500 ft strike length of the ore 

body. These structures have been interpreted from results of 

closely spaced diamond drilling that indicated offsetting of 

the massive sulfide mineralization and metavolcanic rock 

units. One of these interpreted faults has been observed in 

core holes drilled on Section 408. 

Foliation is well developed throughout the project area, 

is assumed to be continuous in length, and has a calculated 

spacing of about 2 ft. Because of the paucity of other 

closely spaced, adversely oriented fracture sets, CNI 

anticipates that foliation will control overall bench scale 

and probable multibench geometry. 

— CALL & NICHOLAS, JING



2.5 

2.3 Rock Strength 

Table 2-2 summarizes Flambeau natural fracture and | 

rock substance shear strength. Intact rock strength, elastic 

properties, and densities are shown in Table 2-3, and soil 

strength properties and densities are summarized in Table 

e-4. This data is derived from testing conducted at the 

University of Utah, the University of Arizona (Tables 2-2 and 

2-3) and in Wisconsin (Table 2-4). In Table 2-3 the esti- 

mated uniaxial compressive strength has been determined fron 

point load testing conducted on core samples by BPMA person- 

nel. Additional soil test results, such as permeability 

properties, Proctors and sieve analyses, were obtained from a 

report completed by Foth & Van Dyke. | 

In addition to the usual geologic and structural logging, 

as well as point load testing, geomechanical information such 

as RQD, rock hardness, and core length was collected from the 

drill core. Table 2-5 summarizes the calculated mean values 

for the indicated geomechanical parameters. 

2.4 Hydrology 

According to Zavis Zavodni of BPMA, the primary ground- 

water aquifer in the Flambeau project area "is believed to 

occur within the till and outwash deposits and the thin , 

Cambrian sandstone that overlie the generally poor Precambrian 

basement aquifer." These overlying Pleistocene gravels and 

sandy units are expected to produce significant quantities of 

groundwater during initial mining excavation. However, the 

inflow should fall off rapidly. | 

| | CALL & NICHOLAS, ING.



2.6 

Table 2-2 
| (1)Rock Natural Fracture and Rock Substance 

Shear Strength Properties 

Mean 
(3)Test Number of Cohesion Mean Rock Type Type camples (psi) Phi (deg) 

(Foliation) (2) D.S. 6 7.78 18.30 

| 2a(Joint) D.S. 1 0.81 32.41 

1a T.C. 3 145 D1 

Sta T.C. 3 500 55 | 
2a T.C. 5 120 58 
RC T.C. 3 620 44 

3a T.C. 1 240 28 

Le T.C. 2 135 64 
5 T.C. 1 1065 24 

- (1) Data Source: Natural fracture strength (D.S.) data - 
University of Arizona 

(2) Rock types included Ta, 2b, 2c, 3a, 4a, and 5. (3) D.S.: Small scale direct shear 
T.C.: Triaxial compression 

CALL & NICHOLAS, DING.
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: | 2.8 

Table 2-4 | 

| (1)Soil Shear Strength and Densities 

| Number Wet Dry | 
| Soil(2) Test of | Effective Strength Density Density 

Type Type Samples Phi (deg) Cohesion (psi) (pef) _(pef) 

| ML Triax C. 3 24.3 2.89 145.0 127.5 

OM Triax C. 1 28.5 3.56 ~—144.8 131.8 

OM Direct 1 33.0 0.Q0 - 124.0 
Shear 

SP Direct 1 36.0 0.00 - 113.8 
Shear 

, (1) Data Source - Foth & Van Dyke (1988) 

(2) ML: Low plasticity silt | 
SM: Sand to silty sand | 
SP: Clean sand to gravelly sand | 

CALL & NICHOLAS, JING
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| | 2.10 

CNI recommends a minimum 10 ft wide bench along the pit 

crest near the overburden-Precambrian bedrock interface to 

accommodate a drainage ditch to divert groundwater flow away 

from the mine. Due to anticipated permeability along folia- 

tion planes, coupled with the presence of cross jointing, 

groundwater flow in the Precambrian rocks, though quite low, 

should be adequate to preclude significant pore pressure 

buildup in the pit walls. | 

2.5 Seismicity 

CNI did not conduct a formal seismic study of the 

Flambeau area since it is relatively seismically inactive. 

Published material on earthquakes in the United States indi- 

cates a site acceleration of only about 3 percent g will 

occur in the next 500 to 1,000 years. Since the 3 percent g 

is considerably lower than an acceleration necessary to cause | 

damage to pit walls (approximately 10 to 15 percent g), 

seismic loading was not considered in the Flambeau stability 

analyses. 

2.6 Slope Design : 

The Flambeau pit was divided into (1) the Footwall 

Sector, (2) the Hanging Wall Sector, (3) the Northeast End 

Sector, and (4) the Southwest End Sector. The slopés com- 

prising these four sectors were analyzed for bench config- 

uration only. This is because, although E-W trending faults 

(Strike: 100° to 110°) which might impact multibench stabil- 

ity have been interpreted, no data is available regarding 

their dip or continuity. When more information concerning 

major structures is known, an evaluation of their presence 

and effect on slope stability should be made. 
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Bench Design 

CNI recommends the bench design shown in Figure 2-2 at 

Flambeau. This design, a modification of Ritchie's highway 

cut design, provides a practical method for preventing signi- 

ficant spill over from rock fall to benches below. The bench 

increments, as indicated in the figure, are in 20 ft intervals. 

CNI recommends that 60 ft high triple benching be utilized at 

Flambeau, with a nominal 27 ft wide minimum catch bench width. 

A bench face angle of 69° should be attainable in all 

design sectors at Flambeau. This face angle will be con- 

trolled by foliation structure, which is oriented roughly 

NL45E, dipping 70° NW, and parallel to the footwall and 

hanging wall pit slopes. | 

| The 60 ft bench height, 27 ft minimum catch bench width, 

and 69° bench face angle result in a 50° interramp slope 

angle. | 

CNI addressed the potential for two failure modes, buck- 

ling and slab failure in the footwall. These failures are 

sometimes observed in bedded or foliated rocks, particularly 

when the bedding or foliation planes are well developed, 

closely spaced, and relatively continuous. 

The analysis of both geometries indicates failure is 

unlikely in Flambeau pit walls. In areas of localized 

thinning of folia and/or pitward dipping rolls in the schist 

units, some plane shear failure is possible. 

| The hanging wall was evaluated for plane shear, wedge, 

step path, and toppling. None of these failure modes 

produced a critical geometry that would control the bench 

face angle. In the absence of a bench face angle structural 

control, the same bench face angle and interramp angle are 

recommended for the hanging wall to allow for backbreak 

resulting from blasting or toppling. | 
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CATCH BENCH DESIGN | 

| BHF t 

teeseee crtt seeeee! ao aft 

“S@.2° PS 

693° 

| MINING HEIGHT 20 ft 

CATCH BENCH INCREMENT 3 

BENCH HEIGHT 6@ ft. 

CATCH BENCH WIDTH . er ft 
BERM HEIGHT 5 ft 

BERM WIDTH 14 ft 

OFFSET @.6ft 

FACE ANGLE 69.0° 

BENCH FACE ANGLE 69.@° 

INTERRAMP ANGLE 5@,2° 

Figure 2-2: Flambeau Pit Catch Bench Geometry.
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Overall Slope Design 

several E-W oriented faults are thought to exist in the 

| - south central part of the proposed Flambeau pit area. 

However, these structures have generally not been observed in 

drilling, and no information is available concerning dip or 

continuity of these structures. , 

Once the Precambrian rocks are exposed during mining, 

major structure mapping should be conducted to establish the 

locations of these features. 

Rotational shear and sliding block analyses were 

conducted on the overburden material to determine potential 

failure geometries and optimum slope angles. Based on the 

analyses, CNI recommends a 36° continuous slope for the 

overburden material at Flambeau. An angle steeper than 36° 

is not recommended because of the potential for raveling of 

sand and gravel lenses. As indicated earlier, a minimum 10 

ft wide bench should be left near the base of the overburden 

slope and the bedrock interface. 

A rotational shear analysis was conducted on the south- 

west end of the design pit to assess the overall stability of 

the "pillar" between the pit and the Flambeau River. 

According to the analysis, only 6 percent intact rock is 

required along the rotational failure path for limited ) 

equilibrium (factor of safety = 1.0). Since the failure path 

cuts across jointing, we estimate there is considerably more 

than 6 percent intact rock along the potential failure path. 
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3.0 ENGINEERING GEOLOGY 

The Flambeau volcanogenic massive sulphide copper 

deposit is located in northwestern Wisconsin approximately 

130 miles northeast of Minneapolis-St. Paul and 220 miles 

northwest of Madison. Immediately north of the project site 

is the town of Ladysmith, county seat of Rusk County. 

| The following synopsis on regional and local geology is 

derived from papers provided CNI by BPMA. | 

3.1 Regional Geology 

The deposit is located within the southern lobe of the 

Canadian Precambrian Shield. The Precambrian basement con- 

Sists of deformed and slightly to intensely metamorphosed 

alternating intermediate to felsic fragmented metavolcanics 

of Penokean age (approximately 1.9 billion yrs old). The 

rocks trend east-northeasterly, are steeply dipping, _occur 

as moderately to highly schistose belts, and are interpret: : 

to be within a Penokean-age isoclinal fold. Subsequent 

regional metamorphism produced upper greenschist to lower 

amphibolite mineral suites. Surrounding the "greenstone" 

belts are large, intrusive bodies ranging in composition from 

granite to gabbro; granodiorite and tonalite are the most 

common. Overlying the Penokean-age rocks are scattered out- 

crops of gently dipping Barron quartzites (Middle Proterozoic 

age: 1.5 to 1.8 billion yrs old). Outliers of Cambrian 

sandstone, which form a continuous unit to the southwest, 

occur throughout central Rusk County. 

Development of a variably thick horizon of soil occurred 

during the latter stages of the Wisconsin Glacial Epoch 

(Pleistocene age). The soils consist of either alluvial or 

glacio-fluvial deposits, outwash plains, or glacial till 

material. | 
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Topographically, Rusk County is characterized by gently 

rolling sub-parallel ridges striking generally in an east-to- 

northeast direction. Greatest relief is normally found along 

the outside bends of the major rivers, although banks greater 

| than 50 ft are uncommon. The Flambeau River cuts diagonally 

across the county, meandering through the town of Ladysmith 

and across the southwestern end of the project site. 

3.2 Local Geology | 

The original volcanic pile at Flambeau was a complex 

interfingering of variably textured, multicompositional 

volcanics with abrupt vertical and horizontal facies changes. 

The crudely tabular-shaped 50 to 100 ft wide deposit is 

stratiform and, as indicated earlier, trends northeast (N45E) 

and dips roughly 70° to the northwest. The principal 

mineralized zone consists of a massive sulphide zone made up 

primarily of pyrite with subordinate amounts of chalcopyrite 

and sphalerite. <A gossan-oxide supergene enriched zone has | 

been developed and preserved along most of the 2500 ft strike | 

length of the deposit. Several smaller satellite mineralized 

zones lie in footwall rocks parallel to the principal deposit. 

The following is a brief description of major lithologic 

varieties. The terms "hanging wall" and "footwall" are used 

to imply spatial, not stratigraphic, sequences. Rocks have 

been classified based on their characteristic metamorphic 

mineral assemblages which have developed as a result of 

both metasomatism and regional metamorphisn. 

In general, Flambeau rocks fall near the average 

compositions of dacites and calc-alkaline rhyolites. 
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3.3 Hanging Wall Rocks 

Andalusite Schists 

A review of several cross sections provided by BPMA 

indicates that, in general, the dominant metavolcanic vari- 

eties comprising the hanging wall side of the design pit 

include the andalusite (+ biotite + quartz + chlorite + 

sericite) schists. Specifically, these units, designated 

M2a," "2b," or "2c," comprise 40 to 50 percent of the NW side 

pit wall. These schist varieties are apparently unique among 

Flambeau rock units in that they display a mixture of andalu- 

site and biotite porphyroblasts, making up 10-15 and 5-25 
volume percent, respectively. Locally, the andalusite 

porphyroblasts are strongly clay-chlorite altered. 

The presence of the andalusite/biotite porphyroblasts 

and chlorite matrix diminishes noticeably to the northeast. 

giving way to a corresponding increase in quartz and 

sericite. Sulphide mineralization is often associated with 

quartz-sericite fragments or as conformable thin lenses 

Within the rock matrix. | 

The andalusite-bearing schists commonly lie in contact 

with the ore zone on the hanging wall side of the deposit. 

Quartz-Augen Schist 

Quartz-augen or so-called "quartz eye" schist, designated 

as "3a" or "3b," comprises roughly 10 to 15 percent of the 

hanging wall side of the design pit. The distinctive "eyes" 

are made up of two types of fragments. First, aggregates of | 

quartz grains may form the characteristic augen features. 

second, lithic fragments are observed as elongated thin bands 

which are generally conformable to the foliation. 

CALL & NICHOLAS, ING.



3.4 

The matrix is fine grained and well foliated. Both 

chlorite and sericite, each of which can constitute up to 50 

percent of the rock volume, occur in thin layers with quartz. 

Chlorite Schist 

The general term chlorite schist includes three princi- 

pal subvarieties: (1) quartz-chlorite schist, designated "4a," 

(2) spessartite garnet-biotite-quartz-chlorite schist, desig- 

nated "4b," and (3) actinolite-chlorite schist, designated 

"Ac." The "La" and "Ab" varieties are well foliated and 

contain felsic volcanic fragments in a finely crystalline 

matrix of quartz, biotite, chlorite, and garnet. 

The actinolite schist ("4c") is sometimes, though not 

always, located at the base of the quartz-augen schist (3a, 

3b). Up to 45 percent of this rock consists of actinolite 

that occurs as long, somewhat randomly oriented needles or 

- rosettes up to 2 mm in size. | 

The chlorite schist varieties comprise roughly 10 to 15 

percent of the hanging wall side design pit wall. 

Meta-Dacite | 

A final mappable unit that occurs in variably thick 

horizons within the hanging wall has been designated "5." 

These sequences of conformable felsic to intermediate vol- 

canic rocks were apparently not altered enough to obscure 

their original igneous genesis. Locally, they exhibit a 

porphyritic texture and range compositionally to andesite. 
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In general, these units will comprise up to about 10 

percent of the hanging wall side design pit wall. A review 

of the sections indicates that, in general, they occur sone 

distance away from the massive sulphide deposit, relative to 

the other volcanic varieties. 

3.4 Ore Zone Rocks 

Two rock type designations have been applied to units 

hosting economic sulphide mineralization. The principal ore 

bearing unit is a sericite-quartz schist and has been desig- 

nated "Ja"; a subordinate unit, associated with the mineral- 

ization, is made up of discontinuous beds of meta-chert, and 

has been designated "1b." The designations have further been 

subdivided into "semimassive ore" (i.e., "Sta" and "S1b"), 

based on the weight percent of sulphide. | 

In general, the ore horizon is a light grey, fine- 

| grained, well foliated rock having a matrix of quartz (up to 

CO percent) and sericite (up to 50 percent) with accessory 

chlorite, biotite, and andalusite. Quartz/sericite lensoid 

to subrounded fragments make up an average 5 to 10 percent of 

the rock, though locally they may comprise up to 60 percent 

of the rock. 

As indicated above, the principle massive sulphide 

mineralized zone is variably thick, ranging from 50 to 

greater than 100 ft. 

3.5 Footwall Rocks 

All the aforementioned rock varieties occurring in the 

hanging wall also appear in the footwall section of the mine 

area stratigraphy according to recent data provided by BPMA, 
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although a paper written by Ed May (also provided by BPMA) 

indicates that the footwall units are composed primarily of 

more intermediate composition and chlorite phyllites and , 

schists, and quartz-augen schists. 

Andalusite Schist 

The andalusite schists, described earlier, will also 

comprise 40 to 50 percent of the footwall side pit rocks. 

The other major volcanic units also described earlier 

will comprise the remainder of the footwall design pit slope, 

excluding the Cambrian and younger soil horizons described 

below. 

3.6 Saprolite/Gossan 

| Late during the Precambrian period, a portion of the 

weakly mineralized folded Flambeau volcanics exposed to the 

effects of surface weathering decomposed completely, forming 

a clay-rich zone called saprolite. The saprolite, varying in 

thickness from 6 to 30 ft (averaging around 18 ft), appar- 

ently is best preserved under the Cambrian sandstone. Simi- 

larly, weathering effects form a gossan zone directly above 

the massive sulphide deposit. 

3.7 Cambrian Sandstone 

Up to 5 to 10 percent of both the hanging wall and 

footwall pit slopes will be composed of Cambrian sandstone, a 

weakly to moderately cemented, relatively flat discontinuous 

unit that unconformably overlies the Precambrian volcanics. 

Maximum thickness appears to be around 25 ft, averaging about 

13.5 ft. Directly over the ore body, sandstone thickness is 

less, averaging about 8.5 ft. 
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3.8 Pleistocene Glacial Cover 

Overlying the Cambrian sandstone is a sequence of soil 

units consisting of alluvial, outwash, and glacial till 

Material ranging up to roughly 90 ft thick over the ore body. 

This horizon represents between 15 and 20 percent of the 

hanging wall/footwall pit slopes. Where the pit wall cuts 

the overburden, bench heights averaging 30 to 35 ft composed 

of the soil horizon will result. In general, soil depths 

increase somewhat to the northeast of the ore body. 
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4.0 ROCK FABRIC ANALYSIS 

Because of the paucity of rock outcrops in the Flambeau 

study area, no surface cell mapping was possible. 

Oriented Core 

A total of eight oriented core holes were completed at 

Flambeau. These holes were strategically located to probe 

both the footwall and hanging wall rocks, as well as the ore 

zone along the deposit and the river pillar. Holes were 

generally oriented in a southeastern direction so as to 

intersect the trend of the dominant structural feature, 

foliation, at nearly right angles. Table 4-1 summarizes the 

specifics of the geotechnical drilling program conducted at 

Flambeau. The hole locations are shown in Figure 4-1. 

Site selection, core orientation and geomechanical 

evaluation were conducted under the direction of BPMA. 

4.1 Determination of Structural Domains 

At Flambeau, under the direction of Zavis M. Zavodni, 

fractures observed in core were qualitatively assessed based 

on planarity, roughness, and continuity. Specifically, 

surfaces were identified as either smooth joints, rough | 

joints, smooth breaks, rough breaks, or shear or fault zones. 

A smooth or rough joint represented a natural fracture 

surface, generally trending with the foliation (i.e., either 

jointing or bedding). Breaks represented fractures that 

generally did not trend with the foliation planes; some of 

these were likely artificially or mechanically produced 

during drilling or handling. 
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, Table 4-1 

Summary of Flambeau Project Diamond Drilling Program(1) 

Drill Total Hole Hole Oriented Geomechanically 

Hole Depth(ft) Bearing Inclination (yes/no) Logged yes/no) 

136(R5) 250 120° -60° Yes Yes 
137(R1) 164 121° -60° Yes Yes 
137A(R1A) 230 123.5° -61° Yes Yes 
138(R2) 255 120° -63° Yes Yes 

139(R3) 240 177° -61° Yes Yes 
140(R4) 275 125° -62.5° Yes Yes | 

141(R6) 390 123° -~62.5° ‘Yes Yes 
142(R7) 290 122° -58° Yes Yes 
143 210 NA -90° No Yes 
144 200 NA ~90° No Yes 

145 180 NA ~90° No Yes 
146 165 NA -90° No Yes 

147 120 NA -~90° No Yes 
148 190 NA -90° No Yes 

149 150 NA -90° No Yes 
150 130 NA -~90° No Yes 

151 80 NA -90° No Yes 
152 190 | NA -90° — No Yes 
153 120 NA -90° No Yes 
154 100 NA -90° No Yes 

155 70 NA -90° No Yes 
156 100 — NA -90° No Yes 

157 94 NA -~90° No Yes 
158 80 NA -90° No Yes 
159 80 NA -90° | No Yes 
160 110 NA -90° No Yes 
161 60 NA -90° No Yes 

162 Ld NA -90° No Yes 
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| ‘The following iterative process was used to determine 

7 structural domain boundaries at Flambeau: Schmidt plots. Oo 

- representing intervals of similar rock types were compared to. | - 

each other in individual holes to assess structural changes | 

vertically. Plots of similar rock types from distinct holes oe 

were then compared. Finally, pooled data plots for similar 

lithologic units from all holes were compared with plots of a 

other units in order to assess differences between rock OS 

types. | | ae So | | 

an Since all the Precambrian rocks in the project area are | 

 gtratigraphically conformable to each other, and have 

| relatively similar compositions, one would expect to see | 

similar fracture patterns between the schist varieties. oe 

| ‘Indeed, no significant differences were observed, with | 

several minor exceptions, in comparing Schmidt plots of — - | 

 gtructure data for individual rock types by hole, particu- | 

larly when comparing plots consisting of "Joint" data. - i 

: Foliation OB SF 

| | Foliation appears to be widely dispersed at Flambeau, | | 

 poth in terms of dip direction and dip. Figure 4-2 is a oe 

| lower hemisphere pole plot of "joint" structure. The broad ) 

band in the SE quadrant, identified as Set #1, is interpreted _ 

to represent. the foliation. Dip direction ranges fron 265° 

- to 355°: dip ranges from 49° to 88°. The fabric analysis _ | 

indicated maximum density lies at: DDR=309°, dip =71°, | 

a Interpreted maps provided CNI suggest that foliation in | 
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‘the project area is well behaved on a@ large scale. However, __ 

the foliation may be quite wavy on a small, say 10 ft inter- — 

val, scale. Orienting rock core having a diameter of 2 in. 

| would result in a highly dispersed data base, as suggested by 

- Figure 4-2. | Be a re a 

OO Deviation of core holes during drilling from design — 

bearing (DDR=133°) was approximately 13° counterclockwise, _ 

resulting in holes being completed at azimuths around 120°. ~ 

Interestingly, the foliation maximum central tendency is | 

parallel to drilling (i.e., 129°). This data suggests that | 

- the interpreted foliation orientation trend of N43E may be | | 

off by around 7°. a 

ss Gross Jointing _ a | | a | 

sR well developed cross joint set, identified as Set #6, 
observed in core samples is apparent in Figure 4-2. The. - - 

- contour high indicates the following orientation: DDR = 80°, — 
Dip = 24°. Significant dispersion occurs in the cross | | 

_ jointing also, reflecting the attitude change in foliation 

discussed above. Set #7 may also be cross jointing related to | 

the foliation (DDR = 128, Dip = 21°). a oo | 

ce Other Joint Sets — oe Be | a oe 

| The foliation and cross joint set are, by far, the most 
obvious and well developed structure sets at Flambeau. , 

Several additional, less well defined joint sets became  — | 

apparent during a review of the structure Schmidt plots. Ce 

The first set trends NW-SE, dipping NNE. Specifically, 

_ the average DDR is 17°, dipping 54° (Set #4). The set is 

| best developed in Drill Hole 1413 however, "fractures" in a- | 

similar orientation are present in holes 136, 138 and 142. 
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a _ A second anomalous set, also best developed in hole 141, © | 

- has a mean DDR of 15°, dipping 21° north (Set #5). Its 
- presence is also suggested in holes 137A and 142 by "frace, | 

tures" logged with a similar orientation. = | 
A weak put anomalous band of "joint" and "fracture" > 

structures (Set #8), oriented E-W, dipping 10° to 40° south, © 

was observed in holes 137A, 138, 140, 141 and 142. These may | 

represent cross joint structures, reflecting localized | 

| extreme dispersion in orientation of foliation discussed 7 | 

earlier. oe 7 a | a a | | a a 

| A fourth anomalous cluster of structures (Set #9) is 

oriented roughly N45W, dipping SW. Set #9 has a mean DDR of 
- 242 and dip of 64° SW. This set is well developed in holes. 

140 and 141, less so in hole 138. ee Oo 

ss Blind Zone | | | | | . | | 

| | The likelihood of intersecting a structure parallel to a 

- the plunge of drilling in ae in. hole is small. Within this 

so-called blind zone, structural data collection is minimal, 

unless structure sets have a very close spacing (i.e. <2 in.). 
_ Since all but one angle drill holes were oriented 7 - 

| roughly perpendicular to foliation, the blind zone forms a a 

20° band (10° steeper and flatter than the plunge angle of | - 

| roughly 60°, by convention). —— : - 

_ There is no indication fron any of the plots that a 

steep (>70°) structure set exists, other than foliation, in | 

the Flambeau project area. | | | | - 
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ss Change of Foliation Attitude with Depth 

oe Histogram plots of both dip and dip direction were | - 

completed for four of the eight oriented core drill holes to. : 

| determine whether a change in orientation occurs with dip. So 

‘The exercise indicated that locally, extreme dispersion of a 

either dip or dip direction may occur, but that the overall | 

mean orientation changes very little for dip direction (<15°) 

and dip (<5°),. a oe oe . 

———-s Gonelusions ~ —— oe os OS 

a Some differences were observed in both individual | OO 

a hole and pooled data central tendencies, and in degree of — 

- development of specific sets and minor orientation changes _ oe 

with depth; these differences, however, were not considered 

Significant enough to subdivide into distinct structural | = 

domains. Be Oo a 
| — Therefore, for design purposes, a single structural a 

domain, represented by structure data for all Precambrian : 

rock types for all oriented core holes, was established. 

- The composite plot of interpreted joint and foliation struc- 

ture is shown in Figure 4-3. Figure 4-3a, a plot of all | a 

structure data, is presented to illustrate that, despite a 7 | 

: much greater dispersion, principal central tendencies are 7 7 

essentially identical, as indicated by contour intervals 0.5 | 

percent, 1 percent and 2 percent respectively. = 

|  ‘Plambeau Project Geomechanical Data a : 

a During the core drilling program conducted at Flambeau, | 

geomechanical data, including Rock Quality Designation (RQD), | 

fracture frequency, length of longest piece, rock hardness, — ; 

| | - CALL & NICHOLAS, ING.
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and broken zone length measurements were taken on core. The 

_ -RQD, an indirect measure of fracture intensity, is calculated 

by dividing the sum length of all core pieces equal to or : | 

greater than approximately 4 in. (for NQ core) by the length 

of that particular drilling interval. This measurement, Oo 

| as well as the other geomechanical data collected, is not 

. ‘directly used in the slope stability analysis, but serves a5 

an input parameter for classifying the rock mass strength. 

| Rock substance strength influences core breakage and, an 

thus, affects RQD measurements. Low RQD values indicate _ 

_ either closely spaced fractures, low rock strength, or both. | 

Conversely, high RQD values usually indicate widely. spaced — a 

fractures and/or high strength. | | oe | 7 

: A review of Flambeau geomechanical parameters suggests _ . 

the following: © a a | ee 

| 4) RQD values within the ore zone are | | 
a extremely variable resulting in a high | : 

| dispersion. This variability no doubt OC _ 
| . ypeflects the change in rock quality due 

ee to factors such as varying silicifica- | | | 
| tion, degree of sulphide enrichment, _— - . 

ete. within the ore zone. | | oe | 

| | 2) Based on limited data, the ore zone | 

appears to be bounded on the hanging — | oo 

wall side by a 20 to 35 ft thick inter- a 

oe val of strongly fractured rock and on © | 

Oo the footwall side by a somewhat thicker | — 
| | 40 to 70 ft strongly fractured zone. a | 

. The hanging wall fractured zone RQD | 
| ranges O to 30 percent; the footwall _ | | 

| gone RQD ranges 30 to 45 percent. The | | | 
fractured halo about the massive sulphide 

- zone is usually present, regardless of | oe 

rock type. | | | | 

Oo re CALL & NICHOLAS, ING.
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| Table 4-2 summarizes geomechanical averages calculated — 

by rock type, by hole, and pooled averages. The "interval" | a 

column is the approximate total length of each rock type 
7 intersected, which gives the reader a feel for the weighting. | 

The far right column, "Location," indicates the relative — | 

: location of the rock type in the deposit, be it hanging wall, | 

ore zone, or footwall. The dispersion of geomechanical 

: characteristics for the ore zone (OZN) rocks, particularly SO 

a hardness and RQD values, is noted in Table 4-2. | | OC 

Pooled ore zone lithologies average 38 percent RQD; the Oo 

overlying weathered gossan zone averages 30 percent RQD. The 

remainder of the deposit Precambrian rock stratigraphy ranges _ - 

- 43 to 60 percent RQD, notwithstanding the footwall/hanging | | 

wall fractured "halos" about the central ore zone. OS 

; | | BS CALL & NICHOLAS, ING



: Oo: | a Oo! oo a | 
ot | ; Am | . ; 

~rkIZ 1 Wr Z , 
| MCI nt 2 fs 2 2 FF Fs FS et ow CInNs s te sis st sss ss ts ts Fs FFF SF | | 

| we OTS 7 1 Oo!1o mo , rn 
Do ss Ot Oo . Ol oo | SL | 

| eh a | : | | 
I re ot | a | | 
BF EeoooOOCOOOO! —&1oooCooDC COCO OOO OOSC ONO; 

| rFi¢nuoMOTONMIOnon |} FIOGRFOGHHOMHNHANNH NH MDH NMS | 
oh Zi KRENHMNHATaae | z | UNA NRK HN NOM Ae NA | 

ot ot - . 
Lt . j | ! a Do 
o to : | - 

, , . SO | 7 wn} a - | , 

tJ Wi ONnNMeGACWVONOD!S | ZIMORMMH AME OME TC OHORDOOVI! O 
| g | z21 OWUMNDONAWONOM!O A er Ona Mt ODNONDNNTHNFODO | O ee 

2 | FINAN aac ct mt : Li Gon AnnndAaK NON ANNA ON 

oe | . | | a al | _ a | | 

Ee LroLwennannanaeni « SB: ONenGRAERNMONRGORRONOOIO © 
c | OOaN TWIN ON | 1 YO FI SCVORVVIRAAVOTOOTVONMOID 

< 7), OUNMUNMDGONMANDIN NILORGgoNeMe anne nowNnoxnAcoiINA : | 
i RP that Oo WIM | MVC NNOACC¢ANeH MONA AW F€N IE | 

— aa | oe 7 : | nn OS | | oo 

tS wor | wf | : 
hm CW OQ | Le oS wo | oo a 

<ou Wi OUNnNtNHeoOawoi ty WitUDeEMNNNReTRTOOTORMANAMIS | 
ars ,m Leadon ernonesa 1 w TIL ODANTANDOMIDVHGVR AGHA D 

~ wo a |Onnmcoccooocoic ~'! LOOnn=OCarnoOnocoooCoCCCCoOo!S . 
— ~~ re . 3 Coe 

rrorRD ee | : : wd do | a So I 
s| OCW <P | : ri | | og 

- D> «| | | , oO: | | | 7 -  £ 
emo Pood | a | 7 3 

Veo <£ wi .} : | td. : a - 
qtfuu> a:rgi. | aio: | : . | | 5 
Oro —- HKLM own NnrnNoeowomin H+ IUIKONSIENONSOMaANAtDONNKeTOOIioO FGF 
v O° FL Fie omen nee Nar oi se Fie ender nerve Donna lonHNnaOnal o Le 

4 aZa x! 1ONANNa THAN OMI x | LON RN RRNA ROR NN KANT OMMI A 
c O Jf Ol .t oe | Co wi fe 

Sir Gini | | Ojiu! ae | | an 
} Io ri} | oo ce! So | i | 

Wit x Po oe | | 
moro to an b bo | 

- =O Oo fb... oe wy TO : | | 3 

we Fiotmuvurcoorc2RK tin! Ma FIiIDYRRATAMOCHHANNOHOOMAOIOD 2 
dey C1OnHugToOnNNerwnH i nT QiorrvOoKR Hort ONKHOTMHEONS! & g 

ww <- } - oe ee . . . . . ole . : = } . . . : . . . oe . . . . . . . . - . . . , . 

on wi ccoooocoocecona! on | Wi awooooooc ont OOO nOOONOO!O ° 

— . | . a . NY . > 

a l oT be OB a - 
| oO wey | a wy! | Oo 

a zi a qc Zz | | | |  £ | 
| Ci. co | | > 0 . a < 

Nicetnewrennmoo!ea N1oovernognetcmnovmocwroonoin = 
FOV eT On ae GNOFOOl VD) i}canmoocnwvoonnnerrTOoMol nr : 

| SPOounorrneNMOOI1 HE SIlLOCAMNNETNAMNNRONKRKORHOOMOIM Ji 
- : 9 - m4 | “a wt t s 

RN . | Oo NN! | | wr: 
a oe | : Cc 

ok : a mo | oO 
> | a Lu ~ i TH 

oo wl! 7 | WD x | 2 
— ut} : _ we AD ZO 

>!1Onoe¢onoceconi1 mz SLEORNCHERROORMNHROORHOEMNN 1 QON | 
O1omonoegnowrHho! so OP SMNOMDGOOOATHOSMDMOTANICN | 

wi Mmnrronwe sVOenR! MH wu lMNonnotenAnnMnerts DVOARMNNOWN I Vee 
| FE ReDOE STROSS ON | Oe FIRDGEHROONDONANTNOOAOOMINOO 

- No NI , | | a 
, Po | | | : Wiz : 

, ‘ : OY  f . i SF ij . 

wi GeaewmMd NOenOouwal .5 Ul oka ne NwDonaMrgnenseoKnn! .- 7) 
Ati aoneYe’rrrgrrge et TMOG ! w ao (attr rr rere FM HY HM owMMoMNmNnwoadi!i w-- 
Cf Ren KM MH eH mM Mette et | Dm I ae Ee ce oe co oe oe oe oe ee SY 

| | Tigeracnagcanagai¢- Firegeantacanraoannaanananenecoiar-e 

| | | |—6CCALL & NICHOLAS, ING



a oe | 4.1300 

 w# Rr Ie a - oo ae ce - Qt | 7 

| -. QbHYENe ct te tt 2 ts ts tte: | arFIZ 
a j | | 

~ O | O : 8 &€ © = S 5 =F & a AMN@QINe t 2 tes 1 ae | Zs) 

. a Ot: 
- 

f of we | O 2 oF FF te NCI nN f a 

Oy OS - - oO} . J ~wOo1Totl a 

t oo | | : | Ji. Oo} a - 

= | - | | a a ee | of Sg 

7 | Z! oo jooc - | | yd 7 | 4! | . , 

: zl ooeoogooeooooooo°! 
— si oe SE OS 

Bee eres ene a wi. pC Ooo8 | eiotl oe 

+ Zi} - TA - I eI! oon . wi | | 

u I. _ - 7 | = | | — I Zim : 

o- to a | 4 oo mi | | 

Wnt 
oe a 

" | 
q 

| 

NV oO: . BS 1 | Po / 

ou yioneo | | . | hd | : oe - 

) Moenenwenn . is | uy gigegegeegcescaggenin visenesssis Bigig 
| — CI HNAMANNAN 

Re HOU an ee A 
Zzioivo.; | | 

. . | . | - | <j . 

oo bo - BH - {0 | . 

| | 3 t¢¢¢cNNhRannooon . SO oF | So 

GiTERSNALBaRSsorsss is givegssssig gigis 
| Ni dUaeoed¢AnHovsroOoOmIE 

Gi. eh Go1ni1n | | 

| ome oe poem ome ee wis 7 i met ame io Ki ole 

ol - { . I i . ' x! ols. 

 @ . Wo}. an _ | 
| | 5 

Oi. a a 8 | | i | a 

B STN | | UB a wi | _ oe 
m Natrona oann rn | | | 

. ~iait wv NONIN TR 
O | | . 

0 BP ap een roopnvosne vr owgi sr vi kes oonol mo ayant oio : 

vi .f OOnHOOHHOOCOCOSCC
OSCOI CO ~iai...... 24d. ae — 

Oo] mt | | a - tat | mijtoo gy! | 

“Sloot 1! | mi i | art od 

N | fo. 

wrt} | 
al. i _! OC 

a} CLE paw oe whet wi ito 
| ri NMOnOranatonanevod ~ | I : a1Ggie 

yy Fif GOH BRONASMAONRS OM! OUFIZI ER HmeOOIR SIT GI RIN OB 

of Sit ne aa ext imornunni a x | igia... 

a | : | | | aOoiu: | Ol ot: st 

FY 4 = Oo - | jeri: ne ork Zi 

‘ 
. 

: O1;1ont¢nonann 
| | . I ij | OO | fo | 

SL RORA GOSH HHO OHDHN! So rFranoth ~Hn 1m a s. - 

a PT | OHoON | wo o:rmmatcrdnmni¢ robs bo 

| — AledccddcododddodsHiok iccdododio Qimim f 

| a oo , 3 Poo eooeoreo - Ui i O10 | 

_ ui | . a = ; j ; 
4 | Co 

zi. ° lu | oe | = 

page 
° 5 | Z| +e 

os | = S2MPOOMnN aK aN an , © | 7 = | 

_ Sss2hSeetnshzesssiee Sisgessesie  Nippeee 
NERRASHAOedAwrinCOSGOI EH Shoe ee ee EO TRiss 

i : : >i 
| : | oo 

i 
1 o> 

Ww 7 . 

EiSssB5nlelesseassaiee BiBReeBasis*® Bisiger 
- RiawdecicnsaneconodI eB Bicdnndogi ng O17 i ody - 

e SSik2 EF FSSSTRSISZ FISI SSS 
{ oe : mn. 

nN we] yo, - 

Shaome 
] i | Wd ae 

pwn anoenorarnn | LW oS BG U 

SAH TITIES TH HHH RHHS I wi” wi gpenoen! 6 pio! ec 

b mt wt ee ee ee ee ee ee ee : ee EO wim yu 3 hay 

. | ~ meamaneaceniadn fF ESSBSE55/:¢5 Gigtizegre | 

OS Oo ss GALL & NICHOLAS, ING. —



_ ai . zi. _ 2 Zl oe zie 

— OS . . oO}; | O ! oO ! — Ov. ” . 

ome | a : en | am | , m™ | ; emt] 

~e 1 J J J dt. ome I . { ake! oo J 4 are 1 aod ake 1} ad oi, 

Udi Ssse= SSBze |... Nd! Bes 2 2 = | N< 1 33> ss | ud lisszi Udrpsse ! 

. ~OluT Ut. i ~o iz { ow OV Ww uu | ~oOo!luwudc i ~OoO } Tu i. 

Oi |. Oo } Ct oO ! co _ © | . © |} . 

J | a a | a a ad a! ! oo 

| . - {. ae Poe 1 | a 

J | a |. a a J | ad 

<x it oe < | oo — Ci <i . 

> } a > | _ . > ! , > | >} ; 

wm: ooncoco!l - &€ 1 foodcodcono! g~firoqmoodi! e!ioo! ~eioood i! 

wi... ee ee I : Wi... .. Web. eee SS wi. .t Wt. . | , 

eine dt Nga | Fr OONnOME 1 - i woot | rei ve j eiggedw j 

¢ ZiaMInowm } ZI NUVAH ee | zicerwvonoe i Zire aimnnd 

~ | ot -m {| we ma of om =~ | ~ | 

Ll. ! a {- - . ] : | ! 

{ —  f 1 i. . { 

7 uw) 1 wi | w | — Di 

- . Gt - wt W) ! : Wi - wm! 

Ww wi nmoowonr Oi oe . wiandtceBOonr! W wieaMIOtnetl . wiovuin Ww i OM 1 & 

GC gg, eevorvir — glentoon!o. zi ovann)s  g1ouls ze) oun | Oo 

OQ Fl rata f et | rieNtNe ANA 1 © il aetet Cy mt | CY finale eri aqgmnn tit a 

id. = Li <i . . Ci . qi. ZI} 

a | - = 1 Oe x i x i}. x} 

! -_ i ' }. 1 

! Bato. — - 7: : 
j , . . é : . 

AriesaoNMrwrnhr | TH aAaitriorortodt ao a:aowuwncd i @ ArNwt Nn. QA! Qanw! @ 

. Sivponos! aa Sr anneooln oy Torani) oy, tt ta Oirnvol 

ramet NnNoOiwn. . irawernod]!] romrnmdat® 1 O- Iigmgotn. —hmhPU |MUVNM|M 1 

oO xi nooror oe xj anaes ft xP pvr i 0 REPRE e1agsig 

i b { i “~ ! OO ne 

- i ~ i | ww. ! ! 

uy 3 , oO W | uj | - iW ! : id} 

Oi a oO | Oo | : 7 mt Oo | Oo } Oo 

wi ahnnR OW OAT Og WA MnnroenRoOIR- Wi nNnnmNnaddii oo | wi odwoite wi nw OW 1 & 

a fe faeMQMQnaf ono! OW ani wueogowns @ amine DOW O | a me | MOO ll ~~ | RON ! O@ 

Geiat .... .. to © oi... ee be MEO mee tee te me OE 

rt i leet nt On Oj;  ™/ | froo0oo0o0cod!:orr it fee On Ol atin | fmol - wtf foor;:c 

old , ao mw} . | we to .t i i . | ow bd : 

TI ot oO ~~ I oI ; bm a . oe oO, 1 oJ ! | 

i} i z — f } ro! i etl | . w | ! 

‘ } oa m-) a OW ! 1 cm } } t+ | i 

Je ! { = Cu | | oi J z | { i . 

we |}. | ; ~ io. ] wi. ft | . ei}. ] ul |. | 

ap §' Of i a Wate} re Zaid! a1 Oi... 

twi Donner Oo! OF oO f’wWwidDonnmnrnmioaor>r>i wintnonenit & ~ i ul woin ~liliwioweeid 

: rei naackceodoink dW Spi OarAnNnMeatweanr lL erinownNno!lrosrr li err noir reio:iowvwvigs. 

time... ee Et fj q_u&ij......' 2.4 twmioe. . . . 6 Fe ed fudi. . bo. Poti... EO 

ot ia aN AN! eZ. { LHF NNUNNNe i Nes Lm et Cue CK be x i if tw ft ie <x | 1 fd Co em 1 CY 

Wy } . | O x i a | : eo l Jb qo} 4 ol} .i - 

bu - gy ofb,.. “oiiu l  . Voth ti Gi ut ; 

- ! : oO} { - Wm i Cw ! | x | 1 

~ i LJ wm i | | } ad ' oN 

i a ond { N { ~ ! i 

xi eet a | - x ! xii xi 

eye onmaneaior¢crk reicec¢cenOonewvoiwne rFimeromniow . he § OM 1 fei pom wo 

wcapPReaevunNnnwmst DOW o;onede ODO! Hc. GinrR enwm ! Oe Gina od o' moro! 

az i a | ad mt OE 2 eee ee | a, z !} to. wl lel | = z } rn | . zs} a | | 

WP ooooocol1oreg Wi Cooooo!oe Wir oOOoCoOO!o4 mwico!;o — Wi conto 

1 igo 1 - yt ! . > 4 | . 

j N ! . -~ i =r , } , — 

wo ew i — ty ot a ot ki} 

za i ee ti) | od Zz} a za 1 ~ 

O.1 i Ie = | S oO ! Ls CO} Cc: . . =z 

NM 1OC@errR 1} OD 8 Ciwonooodmw: U4 NSN lw OTute OR 1 Mr. N 1 WN to & NF FRW MO. 

poe nNoue: WEG Niue Ono i at fbeswaoclor rom! ti };OUWn I! RY 

. Coe ee de bo. ee .O dee eee a . .. dbo. Po... a : 

. mioenmrnni Nal ~TUNNn OD! Oi @m@ion¢enwy! Ha zHairigqgrigtyn @Bimyeol wry, . 
: ke Oo 868m itn ow j ul { J i pone 1. # Ln & 

éwod td i ool s ! x x} = ~ | a nod 

ie Re N x | i 4 © . { oO ! oe 

od OF { : te i oo W) 4 S 
> | eee } Oo >~ | | _ i mo , > |} ad 

ci | m< > | om x! , re £13 Zz wh =z 

us f i> & } oS tuo}. xr. iJ | id — fy - 

>!1onax¢d¢engd ti! nwa Ww lil OVdMdNonmin: >:10mooetd! Ooe¢ >! u%u mM) ty a >:;1orm 1 @ 3 

OidanawneVWDi Ore) 272i Ow MOvWnNn i! OW 9O:r¢vodtcqind  o:nol Goa o:'ooo i Ow 

to... ee be et QO}... . . 2.6 2k oO}... ... ' 80 Or ..f .¢ Wt. we be 

wr erongoen?} OOr oOroxw Jon Mi Te, Wi mane ot ! Oi. iinet avd i wi OVO | eo 

. wri oeoeoenrnonr si Ore. Wi dsoonvuounri an nwnieonoonr ! O & fi ewodiars rroeriiec 

| { wa  @ _ j aad , | | - 

Ni — tw po | J No | bt hsoro ox yo = 
i Qe ~ i t ! b } _ ¢ : a. 

io zw 1. Q | O ! > -b = 

< i cM i ! z . < ! mo io Y oO oo | << 

Wr ORR BOO. Wine OMeOeC: .< yh CNN Tg MS Of. wi!’ Bol — —oagb bo ee CED] = 

—~— .. v7AMNaemMae ! ur a+aJiMQMetedgddt fw. +3 mnar ses) ai Mt ft uisr wubb ered ius 

Ori nrtaetntnta | bet Oinwantawet aan jf OA Tp oe et ot POD Oban ji Oe Ct ote et i oom 

tTFiamaanaecai<¢c-r “Ti nrmananencite ~TieRnaaaoiqae ZTimai!c¢cr TFT: e@eecai<¢- 

| , CALL & NICHOLAS, ING |



z | z | az | | | zi. | 

| | oO | | Oo |! | . O | | a | . oO ! , . | 

mt | mt | OO , m | a , | oe mt | 
- | ake Il oa! | ar) Poo AR of | Ake} Ut. 

VC 1 ss) Moi Be ft W0o132 2 2 = = = st FF I aci 3! a, 

| ~ O1}WU2L |! ~ oO fz ii wots - 4 - ~OlDI |. 7 

| OF. :  . O44 — Ol oe | — O11 

a | | a oe a oad I | 7 

| <i | ED oo <i | : | qi. 

>i | ae . > 1 | : | > !} | | 

~fiood riod eriooooo0oo0coceccdcnec! | mi ol OS 

i to. wi. .t | SO a Md . . 

. Finwm} fe NW eFigrge¢nonooewrnol ei) 

£ Zz 1 Ow} z | 1. Zi! . tet Ae wf zie : 

beer | . nm | mt | wm | 

en | | be | | | | | 
. - O I ] ! i 

{. fo, , | | {- | | | | | 1 

¢t¢ Mt - mot : Gt Ww | 

| Ww 1 wm | Mb! : . 4. 

WwW wi oOo! o wi oot wlioonnononwvwoocoewi!:nm wu! ots : 

o zZzinrol sv ziowvoips zioounornonorinr . zioOotls | 

qq Ai..t . Or. . fo... i Ql. f.. . 

a finwrote« reimgai! a ri nnmawtn ae ANWAR 1 ON fT iota 

: < | Ea , < | oo | - : : <q! oo 

: x) xX] | x4 , oe _ xl Oo | 

. 1 : | : | | Tp | 

oie ale. re 
a Aingagio. mo;:1ooii!@ MmMicoononnoocd !) Ww mio! sg 

SOirinwvoi vs. O;7oota«  O81nmneonnNnonvoocnv lire  @aioiro | 

| : wl. eb oe. wi. . do. fo}. eee EO ES mf .l. 

—6GTlU NO ioe i  f<oWOoromooPr¢oBogonmi! ou 1O!ranr . 

mig i ift¢ : xf , uJ x1 Oo “ Maa O 1 Me ~ 2 

i. | oe 4 } 1 < 

a { - ~ { on i . m { nn |. 

~l , | ! zx i , / — poo uv | 

uboi oo : i | Ww ou . iW | Oo 

Oo, - oO i | OL © Of} O ! o 
Y | Ww f Ow | WO wiomiaed WietormMmoonrnrDooonoil Hh Wy fom fom | 

3 mjwmeglinwr te It Ose 1 MY aim 1 GCGUVtcoonrTtnNnod! GI o~ im i Cy i tu O 

c Qa } eto ep ms F af . . f New f @& | Co ee ee ee ww FOUL ES ~~ i aioe. t ot 

qi. inmOlanwwr~ tt ioo!rorwri jpooooonro coom! om ~ | tcics 

D wii oO | .i we | .t a Po. 0. - 

~ | oot cm Et ot qumi ii iu ao | if Iw 

c i Omi} 2.0! : | r cf) oo 7 

Oo nm | ). boro. 4 oo! i < Wi! | mt 

O tf tf { | [ | = } 3 x3 

— oi. | mul to. | AOwili.|d . oe ui |. | ote 

aid : wares Wai ct i oo: ~ a!:;ol 3 © 

oOAN , i Winn isgElE>y> twit rtn Orr tiwianrtertcoonvwronr!t at ~ lwioetinanwr~d. 

Po fk $F HIM lt OY rien eonietaorlaegi oeneroornnovoo!] &eo eioei mi wn Li. 

4 poi... | .9 res... i .S Pode ee ee Le bot ow. db. od 

— < | ieeN iene ew fo fae i MOS 1 ferNMNMNoOoOOn an HB OO 1 HS x! Jom f wm .. : 

. . Ot . 4 reo: .t . Of} .i Ss re om ot ft 

gt ola: mOtu! | eolriu: — ti Oflu r3Z i 
- aor i meri bo Zax} i QO «x 1 { ut 

- ¥ > i < ! —_ j te 

QD r | : - | | x i gq  . | 

— OP an a2 x! Q xr: 7 co mi = 

E+} Finnicg Finn: ow Fimd¢oeoowvnogce |! Su  FIiminm og 
Ooi om i OO o;i;inod;ynea m®yitOnNnorerwvnnren! BO city! We . 

Zio...) .a Zio. .t 1. Zi ee EO zi.!'! .3 

wi ooi!o ii oof OF wioocowooocecoxn! ow iy f et | om et 

_ aot. 2 ~ 3 5 si | _— | ati Io 
| Zz | . c | de OZ | 

i < | : | | Zz bo = 

. ee Mu ~ oS i . CC ui ! © 

z= | ~ =z | — = i , a NI ai UZ 

Ci ot Gs te Cir | | Or. a< 
N ! OGY Rw mw i Cc !es nN ?tonotcoococoood:}: fu sm |} © i OG aL 

. POO TW pocrs ;oorocecocoooti az. | Po 1roc a 

: . 4 _o . of . . - 9? . i . . : ’ . . : . . | - ed Seg . iyo. 

mj octet mi ori mw mievororooocnortrs & | Oo~~rerz a! 

, tml wi i om i tz. Ce = Q _ ws! 
: ~ I oC No | a no Lo, : bs ~w of == 

i a i te ! “ . o 1 ran 

i << i) 1 - tJ ' < 

>t. ~~ Oe 2 >I | | : >! Ww ut 
wm: wi x wi. | ao fr ! Be 

oo Lis: , u ul | < uy |. | ca ui | oO . 

: : >i noi ne >:;oo;cn >ioecevooncroools!ituu >t ataq..™N 

cirien!or 9:001 Nn O:coroovonwooec! nar ornmi mw. 

Off. -' -O ~- OE «te Ob ee eee ee Em OE ER 

| winagciicd Win O!rec wirmrvoownencorin.s Wf -m f am 

rt: orwmt en mi fadige cies GN CIR GMA Ot i gt ZO ergo 1 niwd. 

4 —— { to. 6 | a <x. ‘ oO 

~ < “| 8 “5 (23. x i © .. 

. i re i z= | v1 t. an 2 i . 

, | | Lu i < t Cw i IN! | 

i. { = : O i | : oO i wna! 

oO wep VNR TL. wp DN DPi. wi QE wow N TBR Oe! . wi ai. - 

3:1 mous wim ws 3; AMeNnnonnnrciwc- =. SF fa | 

C1 aw 1 Oe DQ rej o> Qi dat et at tte eK i om cp ft owe tl OD oe Cl 

Tianicr Tioga.<crH T.acaMwanagnacanitiét- ~~ - Ooi de~



5.0 ROCK PROPERTIES | Oo Oo 

a _CONI derived rock strength results as well as data on 

- ‘s0il characteristics for the Flambeau project from various 

sources, 
Co The earliest geotechnical report on the Flambeau project 

made available to CNI was published in late 1972 by Soil | | 

Testing Services of Wisconsin, Inc. A subsurface investiga- _—- 

tion of soils in the mine area included permeability tests, 
density determination, and direct shear tests of soil | 

| samples. | Bs | | oe Oo | a ; 

an More recently, Soil Testing Services of Wisconsin, Inc. | 

has published geotechnical reports completed in December | 

1975, January 1976, and February 1976. These reports provide | 

information on the Cambrian sandstone, Pleistocene soil hori- 

| zon and Precambrian saprolite zone. Specifically, informa- 

tion on soil permeability tests, compressive strengths of 

| materials, sieve analysis and Proctor tests were collected. - 

a In March 1988, Foth & Van Dyke and STS Consultants, Ltd., 

completed a triaxial compression testing program of Flambeau 

soils. ‘Sieve analyses, Proctor tests and permeability tests 

were also carried out on some samples. Oo OB 

As part of the overall rock strength data base, in addi- — | 

- tion to geomechanical logging, BPMA completed point load | | 

testing on angle and vertical core holes completed in the . | 

mine area. Most of the point load testing was done on core 

| oriented roughly perpendicular to foliation trends. However, 

_ some samples were also tested parallel to foliation. _ | 

| In March 1988, CNI completed a small scale direct shear - 

_ testing program on foliation planes (6 samples) and cross joint | 

fractures (1 sample) providing natural fracture shear _ 

strengths for the Precambrian rocks. | ee a 

a re CALL & NICHOLAS, ING.



| --: During 1987 and early 1988, BPMA conducted uniaxial 

compression, disk tension, and triaxial compression tests on ; 

a Precambrian rock core samples at the University of Utah, | 

So 7 Table 5-1 summarizes composited natural fracture shear oo 

. strength and intact rock strength (triaxial compression) _ oe 

- values for the indicated Precambrian rock types. Table 5-2 
summarizes individual and composited uniaxial compression, 

disk tension and rock density tests conducted at the Univer- a 

sity of Utah. Accompanying point load values, converted to oe 

estimated compressive strength (using a multiplication factor _ 

of 22.4), are also shown in Table 5-2. a | a 
Oo The compressive and tensile strength of schist is 7 - 

_ sensitive to the orientation of the foliation relative. to the 

| | direction of loading. For this reason, the tested strengths 

may be lower than the strength of intact rock where the — 

failure occurs across foliation. Oo a So | 

oe Table 5-3 summarizes individual and composited soil — a 

strength and density parameters for representative soil types 

overlying the Flambeau deposit. Foth & Van Dyke provided > 
. this data in early 1988.9 re 

LL Be NICHOLAS, ING.
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6.0 HYDROLOGY — OB | - 

| | According to Zavis Zavodni of BPMA, the primary ground- ae 

water aquifer in the Flambeau project area "is believed to _ 

occur within the till and out-wash deposits and the thin | 

| Cambrian sandstone that overlie the generally poor Precan— 

brian basement aquifer." This is based on hydrology-related | 

work done in the early and mid-1970s, as well as more recent 

work in the 1980s by Kennecott-—directed geotechnical groups. 

Design assumptions for this study have been to regard a 

the overlying gravel lenses and sandstone units as aquifers. 

During initial excavation into this stratigraphy, we expect — 

significant groundwater inflow; however, this flow should | 

fall off rapidly. a | | | 

On the other hand, the weathered layer of Precambrian | 

rocks, designated "saprolite," is expected to be a poor | 

aquifer, draining very slowly when exposed in pit walls. 

Limited pit water inflow is’ anticipated through the | | 

Precambrian rock primarily along the prominent northeast- 

southwest oriented foliation planes. | OB 

: Water Management . _ | - | 

| A basic design recommendation is the construction of 

a minimum 10 ft wide bench located near the over burden- = 

Precambrian bedrock interface. This bench would provide a | 

| platform along which a drainage ditch should be constructed 

to transfer a portion of the groundwater flow out and away | 

from the pit below. If vehicle access is required along the — 

bench, a wider bench would be necessary to accommodate both | 

the road and ditch. | | | a | 

ne CALL & NICHOLAS, INC.



| , - oo | 7 6.2 

Pore Pressure Buildup ee _ - 

‘Since groundwater flow is expected to be restricted in © 

the Precambrian rocks, another concern at Flambeau is the - | 

potential buildup of pore pressure along foliation in the NE- 

SW oriented pit walls. However, based on CNI's experience at 

an open pit mine in Sweden with similar geology and orienta- 

tion of foliation relative to pit walls, it is unlikely that 
pore pressure buildup will be significant enough to affect . . 

| slope stability. The studies conducted in the Swedish mine — | 

| indicated that although there was a much higher permeability 

along foliation, the cross joint sets allowed groundwater to 

flow between foliation planes in a pitward direction, pre- 

cluding excessive pore pressure buildup. | | 

7 Further, because of the extreme climatic conditions in 

the Swedish mine, a fully saturated slope condition was : 

hypothesized, assuming a completely frozen face, during which 

time groundwater would not be allowed to free flow. ‘However, | 

observations at the mine indicated that even at -30° C, 

drainage was not totally impeded. Based on the above discus- 

sion, CNI does not anticipate excessive pore pressure buildup. | 

| CALL & NICHOLAS, INC.



7,0 SEISMICITY | oo / a 

SO ‘The potential for seismic disturbance in the Flambeau _ 

area during the life of the mine has not been formally | 

assessed because the Canadian Shield, upon which the mine 

site is located, is relatively seismically inactive. | 

| Literature on the area indicates a low seismic risk. For 

example, a study completed by Milne and Davenport (1969) 

indicates that the return period for a 0.10 g in the southern 

| Wisconsin/ northern Illinois area is in the 500 to 1,000 year 

range; the expected seismic event would have an estimated 

| acceleration of 2.5 to 3.0 percent g. A seismic zoning map 

completed by the Army Corps of Engineers (Figure 7-1) indi- © 

cates the expected seismic event will have an acceleration of _ 

only about 2.5 percent g. | a | | 

At the mine, the effects of a 3 percent g load would be 

 mininal, with only minor ravelling occurring on the benches. | 

Studies have shown that acceleration of 10 to 15 percent g 

must occur before pit walls are substantially damaged. | | 

| Therefore, seismic loading as a result of an earthquake 

was not considered in the Flambeau stability analysis. | 

7.1 Perimeter Blasting | | | 

Controlled perimeter blasting techniques should be | / 

- utilized at Flambeau near final walls in order to attain 

optimum fragnentation while still limiting peak particle 

velocities (PPV) below 25 in./sec at final pit walls. It | 

has been shown at other mining properties that exceeding a . 

PPV of 25 in./sec causes excessive backbreak in bench faces. 

—— — CALL & NICHOLAS, ING.



7.2 Angie Hole Production Blasting | | _ OC | 

On the footwall side of the pit where the foliation : 

| dips into the pit, angled blast holes would produce a cleaner | 

break to foliation than vertical holes. Normally the — 

improvement in face condition is not great enough to justify 

the higher cost of angle hole blasting. However, where there a 

| is an additional benefit such as grade control, angle hole 

blasting. would be appropriate. | _ —— 

CALL & NICHOLAS, ING.
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| 8.0 DESIGN _ oe a Bo 

8.1 Flambeau Pit Design Sectors BS oe 

a | Slope angles within an open pit mine are influenced by - 

rock strength, geologic structure, hydrology, pit wall orien- | 

tation, ore distribution, and operational considerations. | - 

Design sectors are zones where these parameters are similar 

or will have similar impact on slope design. The primary a 

factors used to define the limits of a design sector are (1) | 

_ structural domain boundaries, (2) rock contacts, and (3) pit | 

wall orientation. In the Rock Fabric section (Section 4.0), | 

ait was concluded that the Flambeau study area consists of a | 

single structural domain. os | : | 

The design sectors established at Flambeau (Figure 8-1) | 

include the following: —— | a 

- | Sector Wall Average | 
Sector Designation © | Dip Direction (DDR) . 

| Footwall 313, 7 
| Hanging Wall | 133 © | 

Northeast End 223 
Southwest End 43 | 

8.2 Flambeau Pit Design Sector Fracture Sets oe oe 

With the sectors defined, the geologic structures to be | : 

used in the stability analysis can be determined. 

_ Fabric-scale oriented core structure, composed of 

jointing and foliation data, form the data base representing | | 

all fabric-scale structure observed to occur in the study 

area. oo - | | | 

GALL & NICHOLAS, ING



| The average sector wall orientation is then superimposed 

on the lower hemisphere structure pole plot of combined data — | 

present in the sector. Any structures dipping into the pit : 

(as determined by the average wall orientation) are con- a 

sidered potential failure surfaces. These structures are _ 

subdivided into three design sets, one plane shear and two a 

wedge sets, on the basis of the potential failure geometry 

they would probably forn. | | _ 

| Figure 8-2 shows the wall orientation and fracture sets 

; analyzed in the Flambeau study. The two left-most plots in) a 

| Figure 8-2 are present to show the relationship between | 

geologic set limits and design set limits. The large solid 

- dots represent the mean vector of each geologic set. | 

Se - CALL & NICHOLAS, ING.
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9.0 BENCH DESIGN | . oe ce 

9.1 Bench Configuration | ; | OS / 

oe - Bench configuration is a function of bench height, a 

| width, and face angle. The bench height is primarily a | 

| function of mining equipment; the bench width is a function | 

of bench height and safety considerations; and the bench face 

angle is controlled by the orientation of geologic structures 

and by excavation methods used at the mine, particularly 

blasting. a Be 

9.2 Bench Height and Catch Bench Width => a 

| Bench faces are usually mined as steeply as possible; _ 

as a result, rock falls and raveling are inevitable. Thus, 

| it is customary, and in many cases mandated by mining | a 

regulations, that catch benches be left in the pit wall to 

retain rock falls and raveling. 

Analysis of rock fall mechanics by Arthur Ritchie (1963) _ 

demonstrated that falling rocks impact relatively close to 

the toe of the slope, but because of horizontal momentum and 

spin, they can roll considerable distances from the toe. 

Based on his analysis, Ritchie developed width and depth 

| criteria for a ditch at the toe of a slope to protect | 

| ‘highways from rock fall. The concept was that the rock would 

fall into the ditch, and the side of the ditch would stop the 
horizontal roll. | | | | 

To excavate a ditch in an open pit catch bench is | | 

impractical; however, the same effect can be achieved by — 

casting up a berm (Figure 9-1). Assuming the berm can be 

emplaced with slopes of 1.3 to 1, the minimum bench widths 

a | | | | CALL & NICHOLAS, ING. —



| - : a 7 52 / 

OB CATCH BENCH DESIGN | : 

| | ——- ~=—sd BHF t | 

Co beee BP Ft ceed fue apart | 

a 5828 secede 

{89 a | 

oo MINING HEIGHT 28 Ft 
| CATCH BENCH INCREMENT 3 | | 

oe BENCH HEIGHT 60 ft | | 
, CATCH BENCH WIDTH | 2? ft | 

BERM HEIGHT | 5 ft : | | 
| BERM WIDTH 14 ft. | os 

- “OFFSET a @.eft - | 
| FACE ANGLE 69.8° | | 

BENCH FACE ANGLE 69.8° | 
oo INTERRAMP ANGLE 50.2° 

Figure 9-1: Typical Rock Catch Bench Geometry.



| a a | | 943 

presented in Figure 9-1 are recommended for bench heights 

| corresponding to multiples of a 20 ft mining bench height. | a 

For a given bench height and corresponding bench width, the - : 

upper limit of the interramp slope angle becomes a function | | 

| of the bench face angle. = = ~— | | a : 

9.3 Selection of Bench Face and Interramp | 7 
| Slope Angles Based on Reliability | 7 a 

| Under ideal conditions (controlled blasting with oe 

. vertical drill holes in unfractured rock), the bench face — 

angle would be vertical. In actual conditions, however, the 

bench face breaks back to a flatter angle along jointing and © : 

- other geologic structures. Uncontrolled blasting reduces the | 

rock integrity, resulting in further backbreak. Because of 

the variability of the geologic structures, backbreak is not _ 

| uniform, and the resulting bench face angles are a distribu- : 

tion rather than a unique angle. For a given interramp slope | 

angle, the bench width is variable, as shown in Figure 9-2. 

Therefore, a reliability approach determines the appropriate a 

interramp angle. The reliability is defined as the percent 

of the bench that will have a width greater than the minimun | 

required width. The reliability is obtained by using the 

predicted bench face angle distribution, and is described in a 

the following section. | _ | 

9.4  Footwall Sector Bench Design 
. (Precambrian Rocks) . 

| As indicated earlier, the foliation is dipping into the | 

pit in the Footwall Sector. Since the foliation is well | 

| developed and can be considered continuous, CNI assumed that | 

‘the bench face would fail in plane shear, resulting in bench | 

ss GALL & NICHOLAS, ING.
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a Figure 9-2: Catch Bench Reliability. | | | 
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: | OS | oe on | 9.5 a 

faces parallel to the foliation. In this case the dip dis- | 

- tribution of the foliation becomes the bench face angle BC 

oe _ @istribution. This distribution is shown in Table 9-1 and in a 

ee Figure 9-3 for the combined oriented core data. Since the 

| foliation is considered to be continuous, this distribution | 

would apply for all bench heights. Oe - | a a 

Based on the distribution of foliation dips, CNI recom- Oo 

a mends a design mean bench face angle of 69° for the Footwall a 

a | Sector of the Flambeau pit. Much of the orientation vari- Oo 

ability of foliation is due to the small-scale variability of © : 

| attitude of the fracture surface in core specimens of 2 in. © - 

diameter. In other words, the structure dispersion, partic-— | 

ularly the dip, would likely diminish significantly if an. 

_ | average orientation could be taken, say along a 6 ft diameter | 

| surface. The higher dispersion results in a lower reliability. 

Specifically, in the case of the 69° bench face determined | Oo 

| above, a reliability of 56 percent results, based on a popula- 

| tion standard deviation of 8.1° for the foliation. However, 

if the standard deviation of the dip mean is used as the | oo 

| | dispersion, a reliability of roughly 85 percent results. The 

actual reliability for the 69° dip lies somewhere between the 

| | 56 and 85 percent values. a ee | - | | 

_- Buckling (Footwall Sector) — OS | 

a Ags indicated earlier, for design purposes, the foliation - 

at Flambeau is considered continuous. On the footwall side 

of the pit, foliation dips pitward, averaging about 70°. 

Since these foliation discontinuities can be quite long and 

| thin, they may behave like structural columns lying on their | 

sides. Figure 9-4 shows a potential mode of failure in high 

- es - CALL & NICHOLAS, ING.



| Dip Prob a Dip Prob , 
a 0 0.0000. : 60. 9.1392 | oe 

| 1 0.0001 | 61. 0.1477 | | | 
a | 2. ©. 0001 - a — 62. OO 1876 | : 7 

3. 0.0002 | | 63. 0.2102 : 
4 0.0002 64. © 2358 a , 

. | 5 0.0003 | 65 °c. 2642 | 
— 6 0.0003 7 a 66. 9 2983 — | 

7. ©. 0004 | a 67. 0 3409 a : 
| 8 0.0005 a 68. O 3835 | 

| 9 -@. 0005 69. 0 4375 ~~ 
: 10. 0.0006 | 70. 0. 4915 - 

| 11. © 0006 : | : 71. 0.5625 | : 
| 12. 0.0007 | 72. O 6136 | | : 

| | 13. 0.0007 | 73. 0. 6563 | 
i 14. 0.0008 | 74. 0. 6903 a | | 

15. 0.0009 © | 75. 0.7358 _ | | 
| 16. 0.0009 | 76. 0.7869 3 | : 

a a 17. 0.0010 | 77. 0.8125 | | | 
7 | 18. 0.0010. 78. 0.8580. | | 

. 19, 9. O11 79. 0.8807 | | 
| | 20. 0.0011. oe | 80. 0.9063 | | 

| 21. 0.0012 | 81. 0.9233 | | / 
22. 0.0012 ~~ 82. 0.9375 

, 23. 0.0013 | 83. 0.9517 | 7 
24. 0.0014 > | | | 84. 0.9574 | | 

| 25. 0.0014 85. 0.9716 | 
a 26. 0. 0015. | 86. 0.9830 | 

| 27. 0.0015 Oo 87. 0.9858 
28. 0.0016 | | | 88. 0.9915 | : 
29, 0 0016 | 89. 0. 9943 | 
30. 0.0017 | 90. 1.0000 | 
31. 0.0018 

| 32. 0.0018 a | 
| 33. 0.0019 , | 

34. 0.0019 | . | | 
| 35. 0. 0020 : Mean Dip: 70.2° | 

/ 36: 0020 | S.D. Dip: 8.1° | 
| 37 °. Oon2 a Max. Dip: 90° | 

39. 0 0022 | Min. Dip: 51° | 
a 40. 0.0023 | , | : 

| | 41. 0.0023 | = 
| 42. 0.0024 | | | a | 

| 83. 0 0024 | . | 
44. 0.0025 | a | | 

| 45. 0.0026 | a 
, 46. 0.0026 | | | — 

47. 0. 0027 | | | | | 
a 48. 0.0027 | | | 7 

| 49. 0.0028 | | | 
50. - 0.0028 | 
51. 0.0085 oe | - 

, S52. 0.0114 | | 
 §3. 0.0199 | | | | 
54. 0.0398 | | | : | 
55. 0.0540 | | , | 

| $6. 0.0653 7 | 
57. 0. 0824 : | | | 

| 58. 9 0964 : | | | 
59. 0 1106 : oe . 

Table 9-1: Foliation Dip Distribution (Combined Data). . 

| | CALL & NICHOLAS, ING _



| 188 ———— _ | — ae 

- | -FLAMBEAU PIT FOLIATION DIP DISTRIBUTION | 

oo oe Sector: FOOTWALL Domain: COMBINED / | | 

. 38 — Single Bench | | - , fo 

- no uw Measured | | / | | a 

eat 7 , oe - fo 

| | rep | | J | oO 

| 1 62+ | | | | _ | 

Z | | | | 

| y 8 | : a | a 

> 48 oe | 
| 2 | | | | - 

- 3 

a iat | | —_ 

° 6 18 2a. ~«~C«S 40 58. —Sté«iG 78 EY $2 7 
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Figure 9-3: Foliation Data. 7 | | 
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7 oe CS 9.8 | 

lhe 7 oe 

- | | PP PRS ES a | a 
| | PELE LRN ne : 

. BP ey So ne | : 

| Qf fe i sepa : a | 

SO / a 

| , | t = column thickness | | | 

| Oo -  L = column lengths | | 

| | | | | y = density of material 

| | | 6 = dip of colum measured a 
a 1 from horizontal © | 

| XY - ¢ = friction angle —_ 

- GN E = Young's Modulus | 7 | 

| | fw \ , | | | 
: ‘ 2 , 

| a 3L7 2 max Y_sin (6-$) | - 

Cc T E sin (90-6) | | : 

7 Figure 9-4: Mechanics of Buckling of a Foliation. | oe | 

| - - CALL & NICHOLAS, INQ |



| | Oo —_ oe _ 9.9 | 

| dip slopes. According to most texts on strength of materials, | 

| buckling will occur when the axial stress exceeds the critical 

a stress predicted by Euler's Equation: a ae | 

: _ « 72 EE? | | | 

where — Sn _ 

ae Cr = critical stress for the column; re . - | 

an E = Young's modulus; | a | 

| t = column thickness; and © | | a | 

_ L = column length. | | — a 

| | When this o, equals the o axial, failure is imminent. - a 

As shown in Figure 9-4, the thickness for this case would be 

| calculated by using the following equation. - | : en 

| Op a ee | | 
7 | t =! 3L*_£max ysin (6-¢) | 

i mn? E sin (90-9) | | | 

This equation was used to calculate the critical slab thick- 

ness for a number of continuous columns with various dips - 

| for a 60 ft high slope. | | | | a | 

| | The buckling analysis indicated that slab thicknesses _ 

| of roughly 0.1 ft or greater would be stable. Incrementing | 

_ through a range of 50° to 80° revealed that the thickest slab 

-- required for stability was in the 65° to 75° range. These 7 

- results show that the potential for the buckling phenomenon : 

| is extremely low since it was determined from oriented | 

core data that foliation spacing is in the 2 ft range. There 

| - - may be some localized small-scale buckling or slabbing where 

OS CALL & NICHOLAS, ING.



7 foliation spacing is tight or in situations where folia roll 

| pitward at a relatively flat inclination, as shown below. | 

failure | : to fail partially | | | 
- | through intact | | 

ss However, these should be localized problems with backbreak | 

a not exceeding 2 to 3 ft. | | a | | 

oe “Slab Failures | , 7 | : | - | | a | 

| | Although a slab analysis was not conducted, this failure | | 

| - mechanism is unlikely since point load testing conducted by 7 | 

- BPMA indicates compressive strengths in the 6000 psi range. _ . 

The results of compression testing on core oriented perpen- _ | 

| dicular to foliation are roughly three times as high as | | 

- uniaxial compressive test results conducted at the University 

of Utah on core parallel to foliation. Apparently, actual 

| failure on most of these specimens occurred either parallel 

| | to or along actual folia planes. Therefore, these compres- = 

- give strength values may be unrealistically low. | 

| oo Using an intact rock compressive strength in the 6000. 

; psi range would preclude slab-type failure, assuming an a 

- - average slab thickness of roughly 2 ft (i.e., foliation | 

| spacing equals 2.1 ft). As in the case of the buckling | | 

| failure scenario above, there would be localized problems | | 

where folia are closely spaced and are extremely contorted. | 

ee GALL & NICHOLAS, ING.



a Footwall Sector Recommendations , Oo a | | 

7 In the Footwall Sector, foliation will control the bench. oo 

| face geometry. Therefore, CNI recommends 60 ft triple bench- | / 

a ing (20 ft individual bench heights), a foliation controlled ~~ 

69° bench face angle, and a minimum 27 ft wide catch bench 

for this sector, which will result in a 50° interramp slope | | 

| angle, | a OO | 

9.5 Hanging Wall Sector Bench Design a 
| | : (Precambrian Rocks) _ 2 | | an , 

| In the Hanging Wall Sector of the Flambeau pit, backbreak 7 

oo resulting from wedge, plane shear, and step path failure | | 

| modes on jointing and foliation was assessed. | | , 

| | Plane Shear Geometry — | Se Oo 

| Sn Plane shear is not a viable failure mode along the | - 

: Hanging Wall Sector pit slopes. A single geologic set, oe a 

| designated set #7, has a mean DDR of 128° and dips 21° SE. , | 

| The dip is much flatter than the friction angle of 31° : 

| _ determined for joint surfaces. Further, because of the | | 

- assumed short lengths of set #7, development of plane shear | 

| geometries is unlikely. Oo 

- Wedge Geometry | 

| | Geologic sets #6 and #8 form a potential wedge geometry. 

| | However, the resulting wedge intersection is flatter than | | 

a the friction angle. Additionally, the wide spacing and 

| expected short length for both sets preclude the likelihood 

| of many intersections in the pit wall. | , | 

- | CALL & NICHOLAS, ING
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| oe ‘Step Path Geometry —/ OC , re 

| | - Since foliation at Flambeau dips into the hanging wall — 

| — glope, no plane shear involving this structure is possible. | 

Similarly, as indicated earlier, cross jointing, because of 

| its assumed short length, would not form a bench scale — OO 

plane shear geometry. However, the intersection of the | | | 

| _ foliation and cross jointing form a potential step path 

— geometry. | | | OO | | 

| |  - The step path failure is similar to the plane shear in | 

a that it assumes displacement along joints or other failure | | 

- | surfaces subparallel to the bench face. However, the step 

_ path model assumes that the failure path consists of sliding 

me along a number of surfaces dipping into the pit (the master 

joint set) and separation along structures approximately _ 

oe perpendicular to the master set (the cross joint set), - , 

| | whereas the plane shear assumes displacement on a single _ | 

continuous structure. Where the master joint set lengths are 

| short, a continuous plane shear failure surface is unlikely, | 

and the step path is a more viable failure model. - : 

| - Geologie sets £6 and #7 in Figure 9-5 and Table 9-20 

oo 7 represent cross jointing to the foliation. Although the sets | 

were separated based on central tendencies as well as signif- 

| a icant differences in spacing, their differences are probably 

| related to the diverse range of orientations observed in the 

7 foliation. For the step path analysis, we have used set #6 

| statistics since they are more conservative, even though they 

| fall in more of a wedge orientation. | ; 

a - ‘Figure 9-6 simulates cross jointing and foliation | 

planes in the pit wall. Figure 9-6b diagrams the cross 

cutting relationship between these two structures. We have — | 

assumed that cross jointing terminates against foliation; 

Ce -  , GALL & NICHOLAS, ING
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| | Table 9-2 — Se | | | | | 

oo — oe - FLAMBEAU PROJECT ORIENTED CORE | oS oe 
- SUMMARY OF STRUCTURE SET STATISTICS - a 

| SET DIP DIR | DIP SPACING NUMBER | 
NUMBER MEAN VAR (1) MEAN VAR (1) MEAN IN SET - | 

1.0 309. 00 91.81 70.94 °#®67.02 2.12 352 
ee CO (88. 82) | (62.38) _ | 

4.0 16. 45 60. 21 53. 58 183. 32 12. O1 16 
| | a | (120.98)  — (122. 83) | a oe 

| 5.0 #413.16 281.52 21.38 88. 32. 22.07 25 
| | (312. 77) | (83. 85) a | | | 

6.0 80.86 324.96 # £22. 62 52.79 8. 98 7O 
| | (303.55) — | (52. 66) 7 : 

. 7.0 127.97 111.10 21.46 °#®21.11 — 20. 02 29 a 
- | (145.11) | | (31.96) a | oo | 

| 8.0 187.13 282.83 22.21 87.0 15.19 | 48 | 
| - a (297.91) (129. 71) . | Oo 

 §.0 241.94 vo. 69 64. 06 ~ 4&9. 22 17. 50 | 23 | 

| (86.82) (90.75) | a | 
10.0 261.77 292. 30 22. 02 143. 76 39. B82 —634 OO 

—_ | (391. 26) (199. 04) | | | 
an 11.0 280. 37 62. 84 72.98 42. 64 4.17 157 

| a (61. $7) (42. 85) | | | 

| (1) VARIANCE WITHOUT PARENTHESES: ARITHMETIC MEAN 7 
) VARIANCE WITH PARENTHESES: - | | / 

Var=Vare#(Ni-1)4+Var#(N2—-1)+. ... CONI+N2+N3+...9-No. OF SAMPLES | 

- . CALL & NICHOLAS, ING.
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- - a | - oe | 916 oe 

OO therefore, the step geometry involves a potential continuous ~ 

path up a foliation plane until a cross joint is intersected, 

thence across this structure until foliation is again inter- | oe 

| | sected, and so on. | | / oe OO 

a ; The beta angle is the resulting step path angle of the | 

7 intersection of the two structure sets. An angle of 99° was / 

| | calculated, indicating a nearly vertical and slightly over- | . | 

hanging geometry will exist in the hanging wall pit slopes. a 

: -- Poppling | ee - | 

, Although the length/width ratio of the blocks formed by | 

the foliation and cross joint falls within the criteria for ae 

a toppling, it is our opinion that simple toppling occurs. | 

OO during mining and is part of the normal backbreak of bench 

| | faces. Localized backbreak due to toppling may occur in | | 

areas where the foliation spacing is tight. However, the 

| probability of toppling extending beyond the design bench. 

face angle of 69° is very small (Figure 9-7). The empirical 

evidence from the hanging wall faces at Aitik, Pikwe and eo 

Tazadit, which are in similar foliated rock is that toppling _ 

| is not a problem. Based on our experience and on the _ - 

a - mechanics of slope deformation, we consider that toppling is | . 

almost always a post failure deformation rather than a | 

primary failure mechanisn. | oe OS 

| : CNI's assessment is that the bench faces should be 

stable and that a 69° bench face angle should be attainable | 

| ' along the hanging wall pit slopes. a | | a 

| Optimization of blasting is critical, and good digging 

| practices should be maintained so as not to undercut and ~ | 

thereby oversteepen the bench slopes. | | | 

CALL & NIGHOLAS, ING
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: Hanging Wall Sector Recommendations — - . | | 

| | CNI recommends a triple bench, 27 ft minimum catch bench _ 

— width, and a 69° bench face angle design for the Hanging Wall | 

sector, which also results in a 50° interramp slope angle. | 

«9.6 Northeast End Sector Bench Design | | oO 
| | | and Recommendations (Precambrian Rocks) | : 

7 Analysis of structure occurring in the northeast end of , 

- the design pit indicates most sets are favorably oriented. _ 

One adversely oriented fracture set, set #3 (262,22) discussed _ 

earlier, has a mean spacing of roughly 36 ft. This set, OO 

| | | coupled with more N-S oriented, west-dipping foliation, 

| | locally produces a step path geometry. However, the set #3 | 

| -—-« Spacing precludes continuity of this geometry. oe | 

OF Therefore, CNI feels a 69° BFA is attainable and recon—_ 

mend a 50° interramp slope angle for the Northeast End Sector. | | 

- 9.7 Southwest End Sector Bench Design and | a 
Oo | Recommendations (Precambrian Rocks) | oe | 

| : Two types of failure modes were addressed for the 

oe - Southwest End Sector: wedge geometry and full slope height | | 

| rotational shear. | | oe | : | 

| | Wedges | Oo | ae 

| ss Based on the fabric data for holes 137, 138 and 139, the 
Oo only critical discrete structural failure geometry is a wedge 7 

| _ formed by a foliation set (DDR = 349°, Dip = 57°) and the | 

ss gross jointing (DDR = 81°; DIP = 23°) represented in Figure 

. | re CALL & NICHOLAS, ING.
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| 9-8a. Since the cross jointing is not continuous, the cross | on 

— joint side of the wedge would form a step path. Based on the a 

| measured 5 ft spacing of the cross jointing and an estimated | 

oO length of 3 ft; the dip of the step path (i.e., beta angle) a 

| - would be 82° (Figure 9-8b). This step wedge has an inter- | 

section plunge of 56°, so it would not be daylighted by an | | 

a | interramp slope of 50°. Furthermore, the plunge of the 7 | = 

intersection between the cross jointing and the foliation is | | 

: : 22°, which is significantly below the friction angle and - : 

oe _ therefore stable. | re oe 

Taking the conservative assumption that both the cross - 

joint and the foliation are continuous, a stability analysis = 
- using fracture shear strength for a full wall height wedge | a 

a gave a safety factor of 1.75 for the dry case and 1.15 when | 

7 saturated. | _ | . 

ss Rotational Shear oO = - 

a A rotational shear stability analysis was performed on 

the SW wall of the proposed Flambeau Pit. The analysis | - 

a was performed to determine the overall stability of the pit = = 
| | wall adjacent to the Flambeau River. The Modified Bishop's 

| Method and Circular Search routine in the program STABL5 were | 

used. } | | | | 

| | Slope Model | | | : | a 

| The slope geometry was constructed based on the ultimate | 

| oo. pit plan presented in the June 1988, Slope Design Report. | | 

The interramp angle was 50° and the total slope height | 

| | measured 192 ft. The sides of the model were extended 400 ft 

from both the crest and toe of the slope, and the bottom of | 

the model was extended 300 ft below the toe of the slope. 

| | CALL & NIGHOLAS, ING. —
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‘The center line of the river was located 215 ft behind a 

| the crest of the slope. The piezometric surface was assumed | 

to be 15 ft lower than the crest and a simple linear drawdown ~ 

into the upper portion of the slope or to the toe of the slope ; 

ws assumed to exist. | | | a 

| 7 | A total of three rock types were used in the model. The - | 

| 7 thin, upper unit was composed of a soil layer. The "2A" © | 

| schist comprised the upper half of the slope. The "1A" and 

| —=1C" ore zone rocks were grouped together to form the lower | 

: half of the slope and pit bottom (since no strength data is a 

available for the "10" unit). | | | ; 

Oo Rock Mass Properties | _ a 

- | The rock properties used in the analysis were taken from 

the June 1988, Slope Design Report. A summary of the | | 

| properties used is shown in Table 9-3. a | | 

| | The percentages of intact rock strengths were based on a 

weighted average of joint shear strength and intact rock © | , 

| strength from triaxial testing. , | | 

oe Stability Analysis _ a a | 

| A rotational shear stability analysis was run, using the | 

| STABL5 program, to determine the percent intact rock required an 

on the failure surface for stability (safety factor = 1). | a 

- According to this analysis, only 6 percent intact rock is- | 

| required for rotational shear stability (Figure 9-9). Since . 

the rotational shear surface cuts across the joint and 

foliation orientations, there is considerably more than 6 | | 

7 percent intact rock along the potential failure path so the | 

slope would be stable with respect to rotational shear. | | 

7 - —- GALL & NICHOLAS, ING.



| - | a | 522 

| | Table 9-3 | | re 

| a | ~ Rock Mass Properties | 7 Oo | 

a «Unit Weight Cohesion i et—it*™ 
Rock Type. (wet/dry) | (psi) _ Friction Angle > | 

| Intact Rock Analysis | Oo - Oo - 

— SokL 4275 145000 18.30 
| 1A&16G 146.0 146.0 145.00 51.0. | 

| 2A 148.0 148.0 120.00 | 58.0 | 

| 7 Joint Shear Analysis ee a OO | 

Sod 127.5 145.0 4.17 | 18.3 | 
1A & 1C 146.0 146.0 ~— 0.81 | 32.4 | 

7 24 148.0 148.0 0.81 32.4 | 

| 6% Intact Rock Analysis : | 

Soil 12765 145.0 T—<—=~sé‘“‘iB‘CRC BAC 
| 1A &1C 146.0 146.0 — 8.60 33.1 | | 

2k 148.0 148.0. 8.70 B27 
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So Be RL 

| | Recommendations a | | | | _ 

So “Because of the absence of significant failure geometries, | 

a a bench face angle of 69° should also be attainable in the | : 

Southwest End Sector. Because this sector would have the | a | 

| Same bench height and catch width design as the other sectors, | 

a 50° interramp slope angle is also viable. Bn 

oe | CALL & NICHOLAS, ING |



_ 40,0 OVERALL SLOPE STABILITY ANALYSES 

_ $10.1 Major Structure Oo | - ca 

Co | | “Although several long faults have been interpreted in | 

no - the Flambeau deposit (Figure 10-1), these structures have not - 

teen projected onto cross sections developed by BPMA, indi- 

ee cating these features have not been observed in subsurface 
a - drilling.* If these structures are high angle, it is unlikely - 

OO they would have been intersected by most of the angle holes 
oo since the drilling was oriented subparallel to the discon-_ | 

oS | tinuities. There would be even less chance of the vertical . 7 

7 | core holes intersecting the interpreted faults. , | 

oe ss. Without knowledge of dip of these structures, assessing © 

Sn 7 potential for multibench failure is difficult. However, _ | 

- without the presence of N-NE oriented major faults or long | 

- jointing to complete a wedge geometry, multibench failure 

a would not occur.  — _ ae | | 

a | Obviously, when overburden is stripped off and bedrock 

- oo is exposed, a preliminary major structure-geologic model 

. - needs to be developed as soon as possible in order to | - 

- reassess the potential for major structure controlled multi- 

| OS bench failure. | | | | 

| 10.2 Overburden Slope Stability Using STABL5 | a 

| | ; This analysis was conducted to investigate the stability a 

. | | _ of the overburden at Flambeau, which consists of glacial till, | 

| | sandstone, and a low plasticity silt unit (referred to as & | 

. | * Since preparation of this report, BPMA geologists have | | oe 
toa. one of the structures in drill core along section | | 

| So CALL & NICHOLAS, ING
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OO ML unit by its Unified Soil Classification system symbol). | oe 

| The model is shown in Figure 10-2. Foth and Van Dyke | | a 

--—-« supplied the material properties and soil strength parameters. 

| used in the analysis. Although this data contained both a 7 

| total and effective strength information, only the latter -_ a 

| was used in CNI's analysis. | OS a So : 

| — In general, the glacial till was treated as anon- | / | 

| cohesive material with an effective friction angle of 36°. Oo 

| | The sandstone, known to be generally cemented but locally > an 

| | uncemented, was modeled for both cases where the shear © a 

| strength intercept was a minimum of zero and a maximum of oe 

288.0 psf. The effective friction angle was given at 36°. 7 

| For the ML unit, a range of strength values was reported, oo | 

| : making a statistical analysis for this material possible. a 

The values for friction angle and shear strength intercept Oo 

| were averaged, and their standard deviations were used for | - 

other cases. | | — So 

OO Figure 10-2 shows that the geometry of the analysis | 

| consisted of, from top to botton, a 65 ft layer of glacial | : 

till, 15 ft of sandstone, and 15 ft of the ML unit overlying | 
- | competent bedrock. We understand this to be the maximum a a 

expected slope thickness at the Flambeau site. The slope — 7 

| angle for all analyses was set at 36°. Since the glacial | 

: till and sandstone are expected to be permeable, the phreatic - 

surface was assumed to lie at the top of the ML unit within ; 
the slope and over the bedrock outside the slope. Oo 

10.3 Results of Analysis Oo | 

— Table 10-1 shows the results of the program STABL5 runs. oo 

a, Using mean strengths for the ML unit and a nominal cohesion ~ | 

/ of 288 psf for the sandstone, the safety factor was 1.26. | | 

| The critical circle, as shown in Figure 10-3, was shallow, | | 

| extending a maximum only 10 ft into the slope. | a 

OB «CALL & NICHOLAS, ING.
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| Co Table 10-1 a TOL 
oe - Summary of Flambeau Overburden Stability Analysis © . 

| | THIS SPREADSHEST CONTAINS RESULTS PROM THE SLOPE STABILITY ANALYSIS - | 
| oo CALLBD STABLS (BY ROW SIBGEL) FOR THE FLAMBEAU PROJECT. | : 

| - DAE OP ANALYSTS: APRIL 20-21, 1988 | oe 7 

| CNT «ss MBTHOD FACTOR «LITE & STRENGTH PARAMETERS §©-==PAILURE MODE/COMENTS = 
| OO RUN OF ce | a | | 

. NUMBER SAFETY «© UNIT-1 UNIT-2) UMIT-3 Oo Oo | 
: | oe | (MINIMUM) PILL © SAND ST. ML UNIT | - | | So 

| | 1 CIRCL2 1.063 C=0. 0PSF C=0.0PSP C=1572SF SHALLOW CIRCULAR FAILURE. — _ | 
| | - Oo PRI236 « PHI=36 © PHI=22.3 MAX DEPTH=10PT PBRP. T0 SLOPE Oo 

OO oa | Oe | ML UNIT: PRI=MEAN-ONE STD. DB. a 
BS , | = | C=MEAN-ONE STD.DEV. | | 

| a 2 CIRCL2 =: 1.066 C20. 0PSF C=0,0PSF C=157PSF SHALLOW CIRCULAR FAILURE = Oo 
SO — PHI=36 PRI=36-PHI=24,3 MAX DEPTH=10PT PRRP. TO SLOPE ) 

a | oe | ME UNIT: PRI=KBAI | | 

Be | | ss CSKEAN-ONE STD.DBY, : 

OB 3 CHRCL2. «=—-1.194 C=O. 0RSP C=288PSF C=157PSF SHALLOW CIRCULAR PAILURE - a 
| | | | PHI=36 ©PRI=36 © PRI=24.3 MAX DEPTH=12F7 PERP. TO SLOPE : 

: | , Se oe NL UNT'P: PRI =MEAN CO 
| | C=MBAN-ONE STD.DBV. OC 

| a §—— CIRCL2. «1.261 C=O. 0PSF C=288PSP C=416PSP SHALLOW CIRCULAR FAILURE = 
; oo PHI=36 «© PHI=36©- PHI=24.3 MAX DEPTHS1OPT PERP. TO SLOPE ee 

ce a , ML UNIT: PRIFMEAN PAD | 
| es | | CEA : 

5 CIRCL?. «1.261 C= 0. 0PSP C= 288PSP C=416PSP SHALLOY CIRCULAR PAILURE : 
| a PHI=36  PHI=36  PHI=22.3 MAX DEPTH=17P7 PBRP. T0 SLOPE 
9 | a - ML UNIT: PHI=MBAN-ONB STD. DEV. , | . 

a : a | C=MBAN. | = , 

| / | Gs CHRCL?.«=—«1.125 C=O. 0PSF C=0.0PSP C=416PSP SHALLOW CIRCULAR PAILURE | 
| PHI=36 © PHI=36 © PHI=24.3 MAX DEPTH=16FT PERP. 10 SLOPE | 

| | | NL UNIT: PHI=MEAN PBI | | 
| | | | - 7 | C=MBAN | 

| | | 7 CIRCL? «1.125 C=O. 0PSF C=0.0PSP C=416PSP SHALLOW CIRCULAR FAILURE | 
a | PHI=36 PHI=36 © PHI=22.3 MAX DEPTH=15FT PRRP. T0 SLOPB 

| a | | | ONL UNIT: PHISMEAN-ONB STD.DBV | 
SS C=MEAM : 

oe a 4 ~ BLOCK 1.169 C=0.0PSP C=0.0PSP C=157PSP DBEP CIRCULAR PAILURE ; 
a | PHI=36 © PHI=36 © PHI=22.3 MAX DBPTH=29PT. PERP. 0 SLOPE oo 

, , ML UNIT: PHI=MEAN-OME STD.DEV | 
| | | oe | C=MBAN-ONB STD. DEV. : 

| : a PAILURE FORCED THROUGH 127X2 PP. a 
| | - a | BLOCK AT THE BASE OF THE ML UNIT 

| BLOCK «=—='s«d895) C=0LORSP C=288PSP C=416PSF DBEP CIRCULAR PAILURE : 
| | oe  -PHI=36 PHI=36«-PHI=22.3 MAX DEPTH=40FT. PBRP. 0 SLOPE a 

| | BS OO KL UNIT: PHI=KEAN-ONB STD. DEV | 
| , | —CENEAN | 

| _ PAILURE FORCED THROUGH 12712 FT. Oo 
| | | BLOCK AT THE BASE OF THE ML UNIT



a OF - “Table 10-1 (Continued) | 7 - 10.6 / 

| |THE FOLLOWING RUNS INCLUDE SBNSITIVITY ANALYSIS AND SPECIFIC MODELING CASES | a | 

CTRL 1.208 C=0.0PSF C=288PSF C=416PSP SHALLOW CIRCULAR FAILURE a | a | 
OS PHI=36 PHI=36  PHI=22.3 MAX DEPTH=L4FT PERP TO SLOPE oe OO 

: a —_ Ss SAP PHI=MBAN-ONE STD.DEV, 
Oo | —  PATDURB PORCED THRU BOTTOM OF SS . 

BOR 2,489 C=0.0PSP C=288PSF C=416PSF SHALLOW CIRCULAR FAILURE = — 

oo —-PHI=36 PHI=36 © PHI=22.3 MAX DEPTH=LOFT. PERP. 70 SLOPB - : 

| : | oe : «SAP PHI=MBAN-ONE STD. DEV. — | 

| | | PAILURE FORCED THRU MID SAP TO MID) = | 

7 ee $$ W/ SHORT 21X2PT.BLOCK AT TOE | | 

_ 12 BLOCK. «= s«21.170 C=O. 0PSF C=0.0PSF C=0.0PSP BXTREMELY SHALLOW CIRC. PAILURE | _ 

a St PHI=36 PHI=36 PHI=22.3 SAP PHI=MBAN-ONE STD. DEV. SS | 

| a | | 7 , a PAILURE FORCED FROM TOE TO CREST oo 

OS | ee / | W/127X2PT. BLOCK AT SAP BASE | - 

w BLOCK «2.857 C=0.0PSP C=2B8PSF C=416PSP EXTREMBLY SHALLOW CIRC. PAILURE 
| | PHI=36 © PHI=36 © PHI=22.3 SAP PHI=MBAN-ONE STD. DEV. | | 

So 7 Oo | PAILURE FORCED FROM TOR 10 CREST = - 
| | | | W/SKALL BLOCK AT BACH ; OO 

14 BLOCK «©=-s 0.954 C=O. 0PSF C=0.0PSP C=0.0PSF ‘BYTREMELY SHALLOW CIRC. PAILURE 
| | -—-PHT=36-- PHI=36 = PHI=22.3 SAP PHISMBAN-ONE STD. DEV. 

7 | —-PATLURE PORCED FROM TOR TO CREST 
| oo : a a W/SMALL BLOCK AT BACH Bo | 

HORS: | OTHER CONSTANT STRENGTH PARAMETERS USED: Oo | | | 

- | DRY DENSITY WET DENSITY , | a 7 

a oe (PSF) (PSP) | | | | 

a Mb ORS | So 
; SANDST. 126.5 143.0 

| Sap, 1265 143.0 | | : | | 

~—CIRCL2 18 A RANDOM CIRCULAR PAILURE SURFACE GENERATOR | | OO ; | 
7 WHICH LOCATRS CRITICAL FAILURE SURPACBS AND CALCULATES — | | - 

A PACTOR OF SAPETY BASED ON THE MODIFIBD BISHOP METHOD. | . 

BLOCK 1S A RANDOM SLIDING BLOCK FAILURE SURFACE GENERATOR — So 

| WHICH USES ACTIVE AND PASSIVE PORTIONS OF THE SLIDING | Fo 
| SURFACE ACCORDING TO THE RANKINE THEORY 70 LOCATE CRITICAL | Oo Oo 

| FAILURE SURFACES. FACTORS OF SAPETY ARE CALCULATED USING : | | 

| THE MODIFIED JANBU METHOD. - | | | | 

| | - | CALL & NICHOLAS, ING. |



| | oe SC / 7 7 10.7 —_ 

| Oo To test for probability of failure, the cohesion and | 

friction angle of the ML unit were both reduced to -1 | - 

ss standard deviation, and the sandstone cohesion was dropped _ | 

to 0. This combination gave a safety factor of 1.06 which is | 

| approximately limiting equilibriun. Since the joint proba- — | 

- | bility of both the cohesion and friction angle being less ~ | ; 

- than the standard deviation is 3 percent, the conclusion is 

| that the probability of failure is 3 percent, assuming the - a 

oe -gandstone is uncemented (cohesion = 0). a . i | | 

| a — Runs with a deeper failure surface forced through the ML 7 

Unit showed a higher stability. net OO 

| : The only condition which had a safety factor less than | | 

- one was when all the cohesions were reduced to 0, the | | - 

OS friction of the ML unit was reduced to -1 standard deviation | , | 

| and the failure surface was forced to a full slope shallow | 

failure. this run was made to simulate ravelling assuming - 

all the material was uncemented. a | _ 

10.4 Conclusions SO an | a Bo 

ko glope angle of 36° is recommended for the following oe 

reasons: os | | | Oo - 

- a 4) Slope angles steeper than 36° could result | | 

| oo | in ravelling of uncemented glacial material | a 

- and sandstone. a | Oo | 

a 2) A slope angle of 36° is stable for rotational ae 
| - shear failure geometries. | | | | | 

Oo - GALL & NICHOLAS, ING |
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