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MEMORANDUM

FROM Kent Pease PE

TO File

DATE January 22 2008

SUBJECT Parkdale Quarry Slope Stability Summary

This memorandum summarizes results of slope stability evaluations and calculations for the proposed

granite quarry of Front Range Aggregates Parkdale Quarry Calculations by Lyman Henn evaluated the

stability of rock slopes and the stability of fill placed on individual benches as part of mine reclamation

Calculation sets for both these evaluations are attached A summary of Lyman Henn recommended

approach to slope stability is included in our report presenting the maximum build out configurations
for the proposed mine and intermediate phases

Rock Slopes

The rock slopes were evaluated based the kinematic stability of rock blocks slabs and wedges defined

by the rock joint patterns Evaluation of rock mapping data by Lyman Henn and J A Cesare shows that

the most prevalent joints are vertical to subvertical in two to three sets Additionally several sets of

random joints at different strike orientations and dip angles were noted to be present Most of the joints
were determined to be fresh to slightly weathered and moderately rough to stepped With these

characteristics the joints were determined to have a friction angle ofbetween 39 and 50 degrees

For the vertical and subvertical jointing there is the potential for toppling and sliding of slivers but

these are expected to be limited to individual benches and highwalls Large scale instabilities involving

multiple benches and the overall quarry slopes are not expected as a result of these joints

For the nonvertical random jointing there is the potential for sliding of blocks slabs and wedges in

situations where the potential slide angle is steeper than the joint friction angle This condition is not

likely in the upper portion of the quarry above elevation 5800 where the quarry walls are inclined at a

dip angle of 39 degrees which is the lower bound of the likely joint friction angle For the lower

portion of the quarry below elevation 5800 the quarry walls are steeper with a dip angle of 51 degrees
and rock instabilities are kinematically possible However for a slide to occur the joint would have to

be relatively continuous and connected to other release joints to isolate a free block or wedge Because

these joints are random it is not expected that these conditions would be persistent throughout the

quarry As such there could be isolated areas of slope instability but it is not expected that the random

joints would result in slope instabilities on a large scale that would cause persistent problems

For any rock mass there is the possibility of large scale random joints with a low strength such as from

historic sliding weathering or clay infilling If such a joint or several joints exist and if these joints
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have a disadvantageous orientation and location then there could be a large scale slope instability
However field observations by Lyman Henn and by J A Cesare did not reveal any such joints Based

on current information there is no reason to believe that there would be a high risk for such events

As verification of these slope stability evaluations an Observational Approach will be used to develop
the quarry Using this approach a small area of the mine in the first phase and away from the limit of

mining will be excavated first and used to observe actual ground conditions and rock slope behavior

Providing that observed conditions are consistent with the basis of these slope stability evaluations and

that the rock slopes do not show unexpected behavior the mine will be developed to the maximum

extents as proposed in the mine plan Additionally with the upper portion of the mine at a more gentle

slope inclination than the lower portion of the mine a similar reassessment of the rock slope stability
can be made and appropriate changes to the rock slopes made when the mine is extended below

elevation 5800

Soil Backfill Slopes

Soil will be placed on benches as part of mine reclamation This soil is expected to be overburden

removed from above mineable rock weathered rock and unsaleable rock and fines as a byproduct rock

processing It is further expected that this soil would receive a low to moderate degree of compaction

except for weathered and waste rock containing large particles which is impractical to compact These

soils are all granular with angular to subangular particles and no more than approximately 25 percent

fines material finer than the number 200 sieve

Soil slope stability calculations are based on a purely frictional analysis neglecting cohesion which is a

conservative assumption Soil friction angles were estimated from correlations based on soil type and

density A safety factor of 11 was chosen by Lyman Henn to be the design criteria Based on these

analyses it calculated that fill derived from overburden and unsaleable material cold be placed on slopes
of175H to 1V or flatter and that weathered rock could be placed on slopes of15H to 1V or flatter

With a high level of compaction and with laboratory testing to verify the soil strength it is expected that

any of these materials could be meet the design safety factor on a slope with an inclination of1511 to

1V

Server0lcommonPROJECTS106052000 Parkdale Mine PlanR Records and CorrespondenceR08 Design CalculationsStability Memodoc



CALCULATIONS
File No

Sheet of

Client Qt1 e Date 1 y G

Project 4 1 Computed By

Subject p 2 5 f Checked By

ewvo

WA

aVe ua obi4i4 cti e57ilr u7dt

DreC lczGfQ SIJ5vP1llVli

I
f pry

r fe r PI jtv Gr1Ll f svy Q l Gt L

Ra 0fAfle C4

be teezs

y

MY ta
1

aGt

he FtIvUE
Ole00

JJfd vd Ian 0 1Dt 0 ti 2 2l ch6 S

m
ao

d
A

E

9
Z

R
a
LL
LL

LLN
b

QJ
U



CALCULATIONS
File No LOrpy 7

Sheet of

client

dd

u Date 7 1q10
Project Computed By

Subject Checked By
s

Ili oak IOrJ55 yofii S rr to SS pYGra 7 a e

0 j0

In ftUGv fJjie tif YliJ

jdinf d Je PMWhion A Ike J40e50

00S

tbL fvY12fC C C 2 0
AU N uv tavevetf

Pip 4wl Ifet40 he

8

Zo Y 0o 7
n

V

a

A
N
IL

u

9

gVe

Mod rO 4 CiS Mtad 9aiX

J I w7r a



CALCULATIONS
File No OS2
Sheet

7

of

Client pvc e G Date

Project PQCd Ce 9UUvv Computed By k o

Subject Checked By Ioj

r

get xlemlcl

J im

rv6kz4 veon elt ple
Wave

lltfGG

404
0

Zq 2 0 0

w 4LI 7 a 5 all near Va

e

6 YcoG 4 tocc uCCaf9 tit Seve Vim l

ellE

t3

LL

NQ
v
J
Q
U



CALCULATIONS
File No

Sheet of Cl

Client FvGwr avi Date Z l4Or
Project 1zwa auaY Computed By

Subject Checked By

0 tf4 2 d i vyJs L j44 iue

a14 Ulay

W iG1 16F g ad P w7i

ia1 Uy2 d 67 yGGwod r to 74k IQG IGv

x Jf1ela

11
1 Vhl

h e VPVGevt GG

WW

w4ekf e j01 in s 4a C40

tip 7

Va v I

awf510e evt ifvle
6

5e5
i tCr1

W rgJt 6 gvjodt2
reA ff 1 A Jcelie P11419UV9 hOle 0 1

rlkv C BUT JCe ec144

v
E
a
z

LL

S

s
U



CALCULATIONS
File No QG05 Z

Sheet of

Client on agq Date 1 qh
Project Q G e LC l V Computed By 457e

Subject Checked By

heAlp hohavlav w h

vevi ea Ke2 a f

7 iltlah1111 c 6e Male vt cc a e

a146P

67
vi

J

1i 1 rt SIvb A t 01 e

lay r2 yvUl lQ r vP d p

01 w Gvi n otFatil l iratrG 1

rn
w

E

Z

a

LL
LL

U

Jv
Yk dt i

1 J4r a flrflivv



CALCULATIONS

eClient okl K 406
Project avCC JG @

Subject fiL 5160

0

E

K
Eq
LL

O
Q
U

He No 06 0FZ

Sheet Of

Date d

Computed By f Gig

Checked By

57 C pf a s aff l ble o t

ovleiev 14ef 0

Tn fivau i ASS Cbae c a

J e5 f klcd Cd V ve l o14 a 11 GGI 7

r nr C
a

9

014 t

GtjGo th a1vip1 @ LVi hla15 jy50 6ejakel
I Oflc17 a O0 vlu VgS

oz
r

e14 v 50

W pf0 7 fL n a4
L

l @ r 6 UC r 7 fr fIe 1a 7 e J
5 a 0 yGS diine61 bjy 14 f9rG

A 0

0 6j

lln 2

upp f

jlG7e



CALCULATIONS
File No 106052
Sheet of

Q
Client G Rao Date G q

Project v G4p e1 Computed By

Subject
Checked By

OT ya ho12c441 MCI Joe

r o

To wf 1d T 1e eo ev to l e

would fit qlpldt f6

1epe allee wot14p Iaeq

r0 L 4 lortiev vf e u vvy
ACl EQ lQd fiJAl o QllllL S

0 tIIG

adu OF ccay 1 f lepAel DvJ Ag adu

7 f ti T amw e
l J D b 4 d JP Cvtl Gi 7i

rnJ pre sP 0co Ord S VAPA4 C

so 1 raGlt r15 5 iv7
To c j lot

oil

t
5

w

E

z

U



CALCULATIONS
File No Fz

Sheet of

Client Fv l4 1
G Date

Project yjljP 1 Computed By

Subject GG j Qr J t Checked By

r4w v2P1ridoo t41i1 Oto be k del o

4ev ILae likellal4241114 le 4kv I

l1e5 aL IrlaJe
f

E
E
v

z
Z

PV
a
of
LL

O

R
U



CALCULATIONS
He No J06052
Sheet of

f
Client iy at4

Date l F

Project a Gd 0a t Ct Computed By

Subject dG G 6 r
Checked By T116

lA

v
a

E

z
0

aN
K
k

U

0 9ale



1 mam 4e hki Vaftt
Ue c4orr5 favYeodc v v

4c Jail4f5 Gewc9
vf lavg5

Orientations

ID Trend Plunge

1 m 323 61

2 m 141 04

3 m 029 09

4 m 242 04

E

Equal Angle
Lower Hemisphere

48 Poles

48 Entries

S



j A ce5are oaq

p vecovI

t

v

i

i

i

i

i

i

i

i

i

i

i
i
i
i

lnFiblErnrcrn Lntlrfclli

FIGURE 1 APPENDIX I

STEREOGRAPHIC PLOT OF JOINT DIP

VECTORS FROM GRANITE QUARRY

PARKDALE PROJECT

PROJECT D04033



i r 4 1 in firi

DISCONTINUITY LOG

Project Company
Shcec 1ttr zDate22204

PARKDALE104433 J A CESARE ASSOCIATES Geologist PWL

Feature Location Assisted by

Joint Survey Granite quarry Units English

Traverse Northing Eastin Elevation Trend Plun a Traverse Length of Observ

5e t 26

Number Di ncc Lithol6gy Dip Azitnuth Dip Stru Cont End Roug Mois HardWea Open Thk Heal Notes and Comments

1 Granite 100 74 it 2 1 3 2 4 5 2 0 3

2 Granite 60 68 it 1 2 1 2 4 5 2 0 3

3 1 Granite 355 89 it 3 2 3 2 4 5 2 2 3 Clay on ointsurface

4 Granite 280 87 it 2 1 1 2 3 4 1 0 3

5 Granite 45 66 it 3 2 2 2 4 4 1 0 3

6 Granite 275 58 it 2 1 1 2 4 4 1 0 3

7 Granite 40 88 it 3 1 2 2 3 4 1 0 3

8 Granite 165 70 it 2 1 3 2 4 5 2 2 3 Clay on oint surface

9
r

Granite 30 87 it 3 2 2 2 4 4 1 0 3

10 Granite 10 71 it 2 1 2 2 4 4 1 0 3

11 Granite 20 57 it 2 1 1 2 4 5 1 0 3

12 Granlce 230 54 it 3 1 2 2 4 4 1 0 3

13 Granite 240 48 it 3 2 2 2 4 4 1 0 3

Granite 235 45 it 3 1 2 2 4 4 1 0 3

1 Granite 310 88 it 2 1 4 i 2 4 4 1 0 3 Clay on joint surface

Granite 215 65 it 2 1 3 2 4 4 1 0 3

r Granite 225 50 Jt 2 1 3 2 4 4 1 0 3

Granite 225 55 Jt 3 t 3 2
I

3 4 1 0 3

Granite 220 47 it 2 1 3 2 2 3 1 0 3

2 Granite 40 62 Jt 1 0 2 2 2 2 1 0 3

sosodding Rt titcppcd FlV13xlrcmcly lord 0 Tight
D1l I mn

fI2VeryhudBxBreccla R2Rough 1 Openness 02 13 mm

CICleavage Roughness R3 Med Rough Wall H3Hard

Structure CoCDdtaCt R4 Si rough llarducss H4 Moderately hard U3 3IU nnu

04 1030 nm

FlFault R5 SmMlt E15 Modcratcly soft

FOFollalldn R6 1unshed 116SOLI US 30 mm

JtJoInt
H7Vny son

11 Nune
ShSnear

71 Imm

WiFh lutekncss T2 13 mm

CI c
W2SI weafhcraJ W rresl 7t 310 nun

C2 la3 mm

Continuity C3 3I U III M I Dry nut passible W3slighly weatlercd r4 1030 mm

t S 30 nun

C4 1030 m N12Dry no evidence Wall W4Mud to sl wcatld j
C5 30 in M3Dry sane evidtniVeathcrby W5tvlodcralcly weathered

to strersglh ofvalt rockHLU cwnplutcly
Nlulstnre M40amp no free valef W6lnt to mod weathered

W7inicnsely weathered HLI50 or Wcakc thanudl rock

10None vWbc M5wel some ttrolxa
d Hcalins HI1 51Ahere

Ends EIOne visible M6Cont I10W low press IVSVory
im weat

a r e I TO No induration
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DISCONTINUITY LOG

Project Company Date22204 Sheet 2of2

PARKDALE D04033 J A CESARE L ASSOCIATES Geologist FNVL

Feature Location Assisted by

Joint Survey Granite quarry Units English

Traverse Northing Easting Elevation Trend Plunge Traverse Length of Observ

26

Number Distance Lithology Dip Azimuth Dip Stru Cont End Roug Mois Hard Wea Open Thk Real Notes and Comments

21 Granite 55 66 it 3 1 2 2 4 4 2 0 3

22 Granite 230 39 it 3 1 2 2 4 5 2 0 3

23 Granite 215 50 it 2 1 2 2 5 5 2 0 3

24 Granite 55 73 it 2 1 3 2 4 4 2 0 3

25 Granite 195 22 Jt 2 1 3 2 3 3 2 0 3

26 Granite 145 47 Jt 2 1 3 2 3 3 2 0 3

BdBedding RI Stepped HlExtremely hard 00Tight

BxBreccia R2 Rough 112Very bard Ol t mm

Ieavago Roughness R3ModRough Wall H3Hard Openness 0213 mm

Structure CoContact R4 I rough Hardness H4 Moderately hard 03 310 mm

FlFault RS Smooth H5 Moderately soft 04 1030 mm

Xoliatlon R6 Polished H6Soft OS 30 mm

Jtloint H7Vcry soft

SiShear
To N ne

T1t mm

Cl Im WIFresh Thickness 1213 mm

C2 13 m
W2Sl weathered to fresh T3 310 nun

Cominulty C3310m MIDry not passible W3Slighlywcalhored
T41030 mm

C4 1030 in 1vl2Dry no evidatce Wall W4Mod to sl weathaed TS 30 mm

CS 30 m M31ry some evidmiWastbering W5Moder2tely weathered

moisture M4Damp no Free water W61nt to mod weathered HU completely to strength orwa0 rock

EONone visible MS Wat some drops W7Intensely weathered HLI 50X or weaker than wall rock

Cads E1One visible M6Cont Dow low press WaVetyintweathcred Healing HU50

arrn we W9Deeemoosed HL314oinduration
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DISCONTINUITY LOG

Project Company Date22204 Shect 1 of2

PARKDALE D04033 J A CESARE ASSOCIATES Geologist FWL

Feature Location Assisted by

Joint Survey Granite quarry
Units English

Traverse Northing Eastin Elevation Trend Plunge Traverse Length of Observ

26

Number Distance Lithology Dip Azimuth Dip Stru Cont End Roug Mois Hard Wea Open Thk Heal Notes and Comments

1 Granite 100 74 it 2 1 3 2 4 5 2 0 3

2 Granite 60 68 it 1 2 1 2 4 5 2 0 3

3 Granite 355 89 it 3 2 3 2 4 5 2 2 3 Clay on joint surface

4 Granite 280 87 it 2 1 1 2 3 4 1 0 3

5 Granite 45 66 it 3 2 2 2 4 4 1 0 3

6 Granite 275 58 it 2 1 1 2 4 4 1 0 3

7 Granite 40 88 it 3 1 2 2 3 4 1 0 3

8 Granite 165 70 it 2 1 3 2 4 5 2 2 3 Cla on joint surface

9 Granite 30 87 it 3 2 2 2 4 4 1 0 3

10 Granite 10 71 Jt 2 1 2 2 4 4 1 0 3

11 Granite 20 57 it 2 1 1 2 4 5 1 0 3

12 Granite 230 54 it 3 1 2 2 4 4 1 0 3

13 Granite 240 48 Jt 3 2 2 2 4 4 1 0 3

14 Granite 235 45 Jt 3 1 2 2 4 4 1 0 3

15 Granite 310 88 it 2 1 4 2 4 4 1 0 3 Clay on oint surface

16 Granite 215 65 it 2 1 3 2 4 4 1 0 3

17 Granite 225 50 it 2 1 3 2 4 4 1 0 3

18 Granite 225 55 it 3 1 3 2 3 4 1 0 3

19 Granite 220 47 it 2 1 3 2 2 3 1 0 3

20 Granite 40 62 it 1 0 2 2 2 2 1 C 3

BdBedding R I Stepped 141Extremely hard OOTight
01 I nrm

BxBraccla R2 Rough HzVery hard

Openness 02 13 mm

CICleavage Roughness R3 Mod Rough Wall H3Hard
03 310 mm

structure CoContact R4 S1 rough Hardness H4 Moderately hard
04 1030 mm

FIFaull R5 Smooth H5 Moderately soft
05 30 mm

FoFoilation R6 Polished H6Soft

J W olnt
H7Vcry so0

TO None
ShShear T7 I min

CI 1 m
WIFresh 1iiiekness T2 13 mm

C2 I 3 m
w2SI weathaed to fresh T3 310 mnt

Connsuilty C3310 m MIDry not passible W3Sligtdyweathered
T4103Umm

TS 30 mm

C4 1030 m M2Dry no evidence Will W4Mod w stweathaed

C5 30 m M3Dry some evidencWcathering WSModaately weatlwed
0 ctnnpletely to strength or wall rockII1

Moisture M4Damp no free water W6Int to mod weathered
or weaker than wall rockIILI 50

EONone visible M5Wet soma tamps W7Inrasely weathered

Healing 111250

Ends EIOncvisible M6Cont flow low press WIIVery Ott weathered
14 L3 No induration

L E2BIXh vas isle M7lont HOW nt press
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APPENDIX B

DRILL HOLE SUMMARY

PARKDALE PROJECT

I

i

s

I
i

I

i

Hole

Number North ft East ft

Elevation

ft

Total

Depth ft
Depth to

Bedrock ft

Bedrock

Elev ft
Depth to

Water ft

Water

Elev ft

P1 68348 141945 57895 54 52 57375 46 57435

P2 72647 136277 57974 50 49 57484 48 57494

P3 65429 136349 57958 70 67 57288 53 57428

P4 65963 125801 57925 37 32 57605 D

P5 72382 126774 58057 64 63 57427 56 57497

P6 76760 127565 58097 67 66 57437 56 57537

P7 66293 116498 57912 37 35 57562 D

P8 77210 115592 58137 65 64 57497 49 57647

P9 75280 105840 58147 55 53 57617 49 57657

P10 65333 106177 57936 37 36 57576 33 57606

P11 70449 111042 58121 59 58 57541 46 57661

MW2 65930 132909 57993
MW3 66639 140236 57805

TH1 83558 145520 59115 150 100 59015

TH2 81521 148578 59280 170 50 59230

TH3 87914 147400 59994 210 100 59894

TH4 82232 152214 59614 240 95 59519

PC5 84184 149504 59624 199 10 59554 Dry

1 91285 142666 59754 1405 60 59694 Dry

JAC drilledPseries and PCseries holes in February 2004

Water levels were measured during drilling

CTLThompson drilled THseries holes in 2001 logs do not mention presence of groundwater
MWseries holes were apparently drilled by Azurite in 1997

All holes surveyed by Anthony Lutrey PLS in 2004

Project D04033
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Table 22 Base Friction Angles Putnam 1981 p 95

Material residual

degrees
Source

Amphibolite dry 32 1

Attapulgite 30 2

Basalt dry 3538 1

wet 3136 1

Calcite crushed 30 2

Chalk wet 30 1

Conglomerate 35 3

Dolomite dry 3137 1

wet 2735 1

Feldspar crushed 35 2

Gneiss schistose 2329 1

Granite 2935 1

Kaolinite 15 2

3Limestone 3337
4

Melbourne Mudstone 2535
2Montmorillonite 410

Muscovite 1724 2

Quartz crushed 35 2

Quartz Monzonite 32
2534

3
3Sandstone

Sandstone clean diamond cut 36 5

Sandstone bentonite coated
diamond cut 32 5

Shale wet 27 1

1
Siltstone dry 3133

1wet 2731

Slate dry 2530 1

1 Reported by Barton 1973
2 Kenney 1967
3 Reported by Morgen stern 1968
4 Parkin and Donald 1975

5 Pells Rowe and Turner 1980
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Figure 212 Joint Roughness Profiles

Barton 1978 p 345

Da VP 1770
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an equilibrium condition is achieved

Verification of these principles and equations

and an illustration of their practical application is

presented in Chapter 3
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90 CORRELATIONS OF SOIL PROPERTIES

TYPICAL ANGLES OF EFFECTIVE SHEARING RESISTANCE FOR COMPACTED CLAYS

Soil description Class deg

Silty clays sandsilt x SM 34
Clayey sands sandla SC 31
Silts and clayey silts ML 32
Clays of low plasticity CL 28

Clayey silts elastic silts MH 25
Clays of high plasticity C 19

UniGed classification system

plasticity index increases and she s ngttidecreases As described
previously the strength of clay n effec ve stress terms is basically
frictional so c0 This is cert my the case th remoulded saturated
clays but partially saturat clays where me sous effects draw the
particles together to pr uce interparticle sty s may appear to

have a small cokes n value though this ite is a frictional
phenomenon

Typical values the angle of shearing resistance q5 fo ompacted
clays are give to Table 63 Values are for soils compact to the
maximum d density according to the standard compactio tes

AASHT0 9551b rammer method or BS 13771975 test 12 2
yammer ethod

64 SHEAR STRENGTH OF GRANULAR SOILS

Because of their high permeability pore water pressures do not build
up when granular soils are subjected to shearing forces as they do
with clays The complication of total and effective stresses is therefore
avoided and the phenomenon of apparent cohesion or undrained
shearstrength does not occur Consequently the shear strength of

granular soils is defined exclusively in terms ofthe frictional resistance
between the grains as measured by the angle of shearing resistance

Typical values of the angle of shearing resistance for sands and

gravels are given in Table 64

Typical values for compacted soils are given in Table 65 Values
refer to soil compacted to maximum dry density at optimum moisture
content as defined in the standard compaction test AASHTO T99

55lb rammer method or BS 13771975 test 12 25kg rammer

method
A relationship between dry density or relative density and the angle

of shearing resistance is given by the US Navy 1982 as shown in

Rea ef
SHEAR STRENGTH 91

Table 6A TYPICAL VALUES OF THE ANGLE OF SHEARING RESISTANCE OF COHESIONLESS
SOILS

deg
Material

Loose Dense

Uniform sand round grains 27 34
Wellgraded sand angular grains 33 45
Sandy gravels 35 So
Silty sand 2733 3034
Inorganic silt 2730 3035

Table 65 TYPICAL VALUES OF THE ANGLE OF SHEARING RESISTANCE FOR COMPACTED
SANDS AND GRAVELS

Soil description Class Angle of shearing
resistance 0 deg

Wellgraded sandgravel mixtures GW 38
Poorlygraded sand gravel mixtures GP 37
Silty gravels poorly graded sandgravelsilt GM 34
Clayey gravels poorly graded sandgravelclay GC 31
Wellgraded clean sand gravelly sands SW 38
Poorlygraded clean sands gravelly sands SP 37

Unified elastrieation system
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Rgure613 Typical values ofdensity and angle ofshearing resistance ofcohesionless
soils modifted after US Navy 1982
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