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Interbedded gro; shale and mudstone. 
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corbonoceour materials.’ . 

‘Marine shale with sideritic concretions. 

and mudstones. 

Cyclic alternation of 
_...___.. . . . . . . . . . -..wee... interbedded gray shale and 

coarse’ to fine groin sond- 

stone, conglomerate and. coal 

. . . . . . . . . . 

MOOSEBAR Marine shale with sideiitic concrerioos ; 
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NOTE: Rock mass strength envelopes are baied on criteria 
developed by Hoek and Brown (1980). FIG. 12 
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Breakback of Lx\\ 
Bench Crest 

BENCH GEOMETRY PARAMETERS FOR FOOTWALL SLOPES 

H = Bench Height 

KEY - 

P= Design Bench Face Angle 

4b= Breakback of Bench Crest &= Apparent Plunge or Dip of 

le= 
Failure Considered to Control 

Effective Berm Width Bench Stability 

1 = Design Berm Width (=k*.&) pe= Effective Bench Face Angle 

8 = Intermediate Slope Angle 

.& 
i-7 

Breakback of 
Bench Crest. 
Along Stepped 
Failure Surface 

BENCH GEOMETRY PARAMETERS FOR HANGING WALL SLOPES 
FIG. 21 
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TABLE I 

PERCENTAGE COMPOSITION BY ROCK TYPE 

CLAYSTONE TO 
CARBONACEOUS 

CLAYSTONE 

27 

ROCK MASS 
UNIT 

SILTSTONE SANDSTONE 

-t- 
15 13 

AREA COAL 

18 

15 

, CONGLOMERATE 

27 Grizzly - NE Limb 

Hanging Wall' Grizzly - SW Limb 30 2 

Transfer 

All Areas 

20 

3 

36 

a2 
Imned iate2y3 
Footwall 

Intermediate4'5 Grizzly and Transfer 
Footwall - East Limb 

Transfer - West Limb 

52 .- 

- / 

100 Competent4" 
Footwall 

I 

NOTES: 1. Based on geotechnical core logging of diamond drill cores by PAEL. 
2. Initial (up to 3m) less competent material immediately beneath Seam K2. 
3. Based on 1:50 scale detailed seam correlations provided by CjCL (C&L Dwg. 86-903-26-002). 
4. Initial Urn stratigraphically below the immediate footwall strata. 
5. Based on 1:200 scale seam correlations provided by QCL (QCL Dwg 86-903-26-003). 



TABLE II 

SUMMARY OF STATISTICAL ANALYSIS OFls2 

GEOTECHNICAL CORE LOGGING DATA 

HARDNESS3 DEGREE OF3 
H BREAKAGE 

TRUE SPACING 
OF NATURAL 

BEDDING JOINTS 
(ml 

NATURAL 
CROSS JOINT RDD 

FREQUENCY 
(No./m) 

(%I 

41 

1.3 70 

1.3 75 

ROCK TYPE LENGTH OF 
CORE LOGGED 

(ml 

RECOVERY 
(%I 

a7 Coal 7.7 (C-K) 95 2.7 

149 2.8 9.6 (C+/D-) 0.5 

Claystone - 
Carbonaceous 
Claystone 
(Shales) 

97 

98 102 3.0 10.6 (D-/D) 0.6 
Silty Claystone/ 
Siltstone 
-. 

Sandstone 98 3.4 10.3 (D-/D) 0.8 97 

99 Conglomerate 69 3.9 11.3 (D/D+) 0.8 

NOTES: 1. Based on geotechnical logging conducted on diamond drillholes 87001, 87002, 87003 and 87004. 
2. Average values determined by weighting results of cumulative sums analyses based on length of core 

logged. 
3. Refer to Appendix A for a description of rock Hardness and Degree of Breakage. 



TABLE III 
-_ 

SUMMARY OF ESTIt@TED PIT INFLOWS 

TRANSFER PIT GRIZZLY PIT 

Surface Area of Pit (Km2) 

Surrounding Surface Area which 
Drains Towards Pit (km2) 

Inflow Due to Direct Precipitation' 
and Surface Runoff (L/s) 

Inflow from Seepage Through2 
Surficial Sediments (L/s) 

2.57 1.00 

0.95 0.58 

64 26 

2.1 1.3 

Steady-state Inflow Due to3 
Groundwater Seepage from Rock (L/s) 18 7 

Transient Inflow Due to Dewatering4 
of Rock Mass in Response to Mining (L/s) 15 14 

TOTAL ESTIMATED INFLOW TO PIT (L/s) 99 48 

NOTES: 1. Assumes average annual precipitation of 700mm/year, runoff coef- 
ficient of 0.35 from areas outside pit perimeter, and no evaporation 
of direct precipitation over pit areas. 

2. Assumes recharge equal to 10% of average annual precipitation over 
catchment areas which drain towards pits. 

3. Assumes steady-state inflow to pits controlled by precipitation on 
area extending 0.5km out from pit perimeters. Recharge was assumed 
to equal 10% of average annual precipitation and recharge areas were 
estimated to be 7Km2 and 2.2Km2 for the Transfer and Grizzly Pits, 
respectively. Inflow from west end walls of 1.7 L/s (based on com- 
puter modelling) is included in these values. 

4. Assumes that drawdown due to pit excavation extends approximately 
0.5Km out from pit perimeter, average drawdown is 4Dm, drainable 
porosity is 1% and pit life is 6 years for the Transfer Pit and 2 
years for the Grizzly Pit. 



TABLE I” 

S"MWAAY W PIEZOMETER INSTAUATIONS 

LOCATlOl 

Q”RN7004 

QHRN7007 

OHM7013 

QHR87017 

QHRN7023 

Q”RN7024 

rJHNN7033 

pHON600N 

65 

90 

65 

90 

90 

90 

-_ 

90 

50 1325.06 P2 1265.04 J seam t5.52 1331.50 0.05 .0034 7x10-8 

53 1291.54 Above 0 2 0.13 







APPENDIX A 

GEOTECHNICAL LOGS, BEDDING 

DIP INTERPRETATIONS AND 

DEGREE OF BREAKAGE AND 

HARDNESS CLASSIFICATIONS 



. . . --- 

FINE SANDSTONE THIN CRUSHED OR BROKEN 
LAYERS 

LITHOLOGY STRUCTURE 

PEBBLE CONGLOMERATE 

CRUSHED ZONE ( THICKNESS 
INDICATED IN cm.) 

COARSE SANDSTONE 

BROKEN ZONE ( LIMITS INDICATED) 

MEDIUM SANDSTONE 

SILTSTONE INTENSE CALCITE VEINING 

CLAYSTONE AND 
CARBONACEOUS CLAYSTONE 

FAULT. 

COAL 

CLAY OR SILT INFILLEO JOINT 
COALYlJR CARBONACEOUS ( THICKNESS OF INFILLING 
STRINGERS INDICATED IN cm. ) 
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APPROXIIULTE Rll"tE OF 
""COHFIHED COWZSSI"2 STRE,,GM 

tmONE.sS CoHS*mnCl FIELD IOEHTlFlCATlO/l 

w* &I.,. 

51 

52 

53 

s4 

&.r,,y penemted several lncher by fw: 
rbrr dfrtlnct hei marks. 

Earlly penetrated several Inches by thumb; 
faint heel marks. 

can be penetrated by thumb *In mderate 
effort; dffffcult to c"t *itn hand spade. 

P.ea!,,y lndenred by thumb bYL Penerrated 
only ~4th great effort: cannot be cut with 
hand spade. 

a.025 43.5 

0.025 - 0.05 3.5 - 7 

0.05 - 0.30 I- 14 

0.1 - 0.2 14 - 28 

55 

56 

RO 

Rl 

R2 

very rt,ff snll 
lleacllly indented by thumhnafl: requires 
pne"mat!c spade for exca"afl"". 0.20 - 0.4 28 - 56 

hard SOI1 lndenfed ",Lh difficulty by thumbnail. 30.4 ,56 

cnremely YJft r"Ek Indented by fh"mm3il. 0.2 - 0.7 26 - 100 

cru!h,er under f!rm b,"!G lfth P0l"L Of 
wry raft rod ,,;,g,,,, p,cr: can he peeled by a pocket 0.7 - 7.0 lo.3 - 1.m 

can be peek?* by a QDcker kntfc "Ith 
aft rock dlfflculty; rhallo~ IndenCatlonr made by 7.0 - 28 l.Mo - 4.wo 

firm blow of gealoglcal pick. 

RI 

RS 

RS 

hard rock Specimen requlm mrc than mc blow with 
hamaer end Of ge"logical p,cr to fracture it. 

56 - 112 *.coo - 16,WO 

wry hard rod Specimen requfres many blcwr of hamner ad 
Of geo,og,ca, pick t" fracture it. 112 - 224 16,wo - 32,OOO 

extremely hard rock spec,men cm only be ChlQQEd wltll geologIca 
p,c!c. 

$224 >32.WO 

51 to 56 radlfled after Tsrlaghi. K. and Peck. R.9.. 1967. %I1 nechanlcs I" Engl"eer,"g Practice. 2nd Edit,"". .!"h" Ylley 
an* sons. Inc.. "Em lark. p.m. 

Rl to R6 H"d,fftJd after Pltea". cu., 1970. "Oeohgfca, Fact"rr Slgnlficant to the Stablllty of Slopc~ C"t In ROW !n 
Planning Open Pft Hines. "an Rensbvrg Ed. Rug. Zg-Sept. 4. 1970. Balkaaa. p.51 u,d 68. 
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TABLE A-2 
DEGREE OF BREAKAGE CLASSIFICATION 

s - 
Degree.of Breakage is a visual and thus somewhat subjective estimation of 
the quality of the, rock in terms of the number of fractures or breaks. 
General categories, numerical equivalents and qualifying descriptions are 
given below. Photographic illustrations of the Degree of Breakage 
Classifications are given in Fig. 2. 

I I MEAN SPACING 
NUMERICAL OF BREAKS OR 

CATEGORY EQUIVALENT DIAMETER OF 
FRAGMENTS 

(in.) 

A- l Mostly fault gouge with/without 
minor rock fragments 

A 2 t+ Gouge and crushed rock 
A+ 3 Crushed rock with/without minor 

wge 

QUALITY DESCRIPTIONS 
I 

B- 4 Crushed rock - no gouge 
B 5 Crushed rock - diameter of 

g to 2 pieces <2 in. 
B+ 6 Broken rock - fracture spacing 

<2 in. 

c- 
C 
c+ 

D- 
D 
D+ 

7 Mean spacing 2 to 3 in. 
8 2-4 Mean spacing 3 in. 
9 Mean spacing 3 to 4 in. 

:: 
Mean spacing 4 to 6 in. 

4-a Mean spacing 6 in. 
12 Mean spacing 6 to 8 in. 

EE- 
E+ 

13 
14 
15 

>8 
Mean spacing 8 to 12 in. 
Mean spacing 12 to 14 in. 
Mean spacing >24 in. 

NOTE : Care should be taken to identify all fault/shear zones (Category A). 
However, for other Degrees of Breakage, the category should be averaged 
over the length of the core run. 

. 



A (2) 

A+(s) D- (10) 

DEGREE OF 8RkAKAGE CLASSIFICATION 

. ,i - -ii 
‘p:,: : f :. ..::‘_. .._ :‘;,.-- .:: .LJ rai 



APPENDIX B 

LOWER HEMISPHERE EQUAL AREA 

PROJECTIONS OF JOINTS RELATIVE TO 

VARIOUS BEDDING ORIENTATIONS 



OBSERVATIONS: 55 
~ POPULATION: 55~ 

CONTOUR PLOT 

b 

LRBEL DIP DIRECTION Dip CONCENTRRTION <%> 
Jla 112 81 5 
Jib 120' 86 5 
JlC 093 81 6 
J2a 052 53 7 
J2b 027 54 6 
J2c 039 75 3 
J3a 072 53 8 
J3b 079 76 7 . 
J4a 359 5 
J4b 810 

ii 

4 
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OBSERVRTIONS: 55 CONTOUR PLOT 
POPULATION: 55 

N 

B DIP DIRECTION DIP CONCENTRHTIiN (%) 
Jla 092 72 6 
Jib 113 76 5 
JiC 310 90 4 
Jld 148 81 4 
J2a 032 39 9 
J2b 064 36 6 
J2c 037 65, 4 - 
J3a 081 51 8 
J4a 355 57 5 
Ml 171 52 4 
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OBSERVRTIONS: 55 CONTOUR PLOT 

POPULRTION: 55 
N 

m‘ DIP DIRECTION DIP CONCENTRATION <%) 

Jia 108 76 6 
Jib 118 72 5 
Jlc 309 89 4 
Jid 146 85 4 
J2a 026 23 9 

J2b 001 34 5 

J2c 043 53 4 
J3a 092 56 8 
J4a 349 45 4 
J4b 34 63 

4 
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OBSERVRTIONS: 66 CONTOUR PLOT 
POPULATION: 66 

. N 

w DIP DIRECTION DIP CONCENTRRTION <%) 
Jla 305 96 10 7 
Jlb 283 86 7 r 
J2a 211 58 8 5 
J+b 243 55 6 4 
2:: 249 193 55 71 5 64 3 

J3a 152 68 53 
JlC 095 77 32 
J3b 171 68 32 
J3c 176 81 3 2 
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OBSERVATIONS: 66 CONTOUR PLOT 
POPULRTION: 6k 

LFlBEL DIP DIRECTION DIP CONCENTRATION (%) 
Jld 284 75 85 
Jlb 308 83 64 
JiC 124 83 64 
J2a 218 42 85 

zt 
254 42 6'+ 
186 42 

2 J8b 252 61 
J3a 144 56 6’t 
J3b 172 3% 
J3c f% g ~94 
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OBSERVATION& 66 CONTOUR PLOT 
POPULATION: 66 

N 

LRBEL DIP DIriECTION DIP 
Jld 

CONCENTRATION (2) 
290 68 75 

Jlb 3ti 81 53 
JlC 122 81 
J2a 

7s ‘: 
220 31 85 

Et 
265 36 53 
178 34 43 

J4b 261 52 3= 

J4e 259 46 3% ._. 

J3a 138 50 

Jt$ 

6”t. 

g1 24 
2:~: ~’ 

QlJINi%iE COAL LIMITED 273 
SC-L 3t 
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APPENDIX C 

TEST PIT LOGS 

SOILS TESTING RESULTS 



EXPLANATION OF TERMS 
USED IN THE ,SOIL CLASSIi=ICATION 

1. Coarse Material 

- SAND (#200 sieve to #4 sieve) 
- CRAkL -. (#4 sieve to 76 mm) 
- COBBLES (76 ml to 200 l-ml 
- BOULDERS (rock greater than 200 mm) 

2. Percentage of Ninor Components 

- and (35 to 50%) 
- some (20 to~35%) 
- little (10 to 20%) 
- trace (1 to 10%) 

3. Plasticity 

- High (Liquid limit above 50) 
- Medium (Liquid limit between 30 and 50) 

. . - Low (Liquid limit below 30) 
- Slight (Plasticity Index between 4 and 7) 

4. Structure and S&nsitivity 

- Stratified 
- Laminated 
- Varved 
- FissuFed 
- Slickensided 
- Blocky 
-~Nuyyetted 
- Homogeneous 
- Lensed 

(Alternating layers of varying type) 
(Alternating layers less than l/4", 6 mm) 
(Where the laminatiows consists of ve-y fine material) 
(Material breaks along plane of fracture) 
(If fracture plane appeared glossy) 
(If material can be broken in small and hard.anqular lumps) 
(If soil breaks into small nuggets or cubes) 
(Consistent material mixture such as nonstratified clay, till) 
(Small pockets of different texture) 

Sensitivity 

- High (8 - 16) 
- Medium (4 - 81 
- LOW (2 - 4) 

5. Consistency and Density (As determined by pocket penetrometer readings and 

- very Soft 
- soft 
- Firm 
- Stiff 

5. - Very stiff 
- Hard 

- very loose. 
- Loose 
- Medium dense 
- Dense 
- Very dense 

SPT tests) 
ii' 

Less than 12 kPa (Undrained shear strength) 
12 to 24 kPa 
24.to 48 kPa : -. 
48 to 95 kPa 
95 to is0 kPa . 
Greater than 190 kPa R 

: 
O-4 blows/O.3 m 
4-10 blows/O.3 m' .: 
lo-30 blows/O.3 m (Compct) ‘.! 

30-50 blows/o.3 m P-z 
over 50 blows/o.3 m 

6. Group Symbols (refer to Eollowiny page) 3 

551, G?, GM, GC, SW, SP, S;4, SC, XL, CL, OL. XH. CH, OH. PT 



GROUP 
SYMBOLS 

TYPICAL 
NMES 

WJOR DIVISIONS 
CUSSIFICATION CRITERIA 

U.ll-p.d.4 prw.,, .nd 
Or.“.L-..d .LII”..., 
urr,. or M *in.. 

c1.y.y gr.v.,n, Or.“.,-..w‘- 
c1.y .lIIYI.. 

CL 

$ 

UNIFIED SOIL CLASSIFICATION SYSTEM 



TEST PIT NO. 1 METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION GRIZZLY DUMP 2 

GROUND SURFACE ELNATI0N -863m 
@J- GRAB SAMPLE 

GROUNDWATER ELEVATION _ 
q - UNDISTURBED SAMPLE I 

(at time of digging) 

l-’ 

-3 

2-L 

3.-- 10 

‘4 - 

(’ -15 

5- 

- 

6 l-20 

7 ‘i 

-25 

a- 

Symbol Description 

mBKUWN PEAl 
- soft. 

TAN CLAYEY SILT UITH TRACE 
ORGANIC FIBRES - soft - high 
compressibility 

DARK GREY SILT /C.LAYEY SILT 
.WITH TRACE FINE SAND - soft 
to firm - low plasticity. 

BROWN GREY SILTY SAND TO SANDY 
SILT WITH GRAVEL AND COBBLES 
- medium dense, till like 

- grades coarser, drier and 
denser with depth 

TO = 5.3m 
- considerable sloughing and 

intermittent seepage from 
2.0 to 3.5m 

. 

. 

QUINTETTE COAL LiplITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYOROGEOLOGICAL STUDIES 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

., ‘.kNCOUVER CALGARY 

. I 

LOG OF TEST PIT- By: AFS ;;;;.'.ua7 

Connnents 

I.C. = 413% 

I.C. = 79.1% 
'.L. = 51.4% 
.:L. = a3.0% 

I.C. = 21.6% 
'.L. = 20.2% : 
..L. = 26.6% 

._ 

‘.C. = 9.2% 

I.C. = 10.7% 

. 

NO. 1 



TEST PIT NO. 2 METHoD OF DIGGING TEST'PIT CAT 235 BACKHOE 

LOCATION GRIZZLY DUMP 2 

GROUND SURFACE ELEVATION -84Bm 
pJ- GRAB SAMPLE 

GROUNDWATER ELEVATION _ a - UNDISTURBED SAMPLE 

(at time of digging) 

- 

I 

10 

15 

!O 

5 

. . 

Description 

MOTTLED DARK BROWN SILTY SAND 
WITH GRAVEL AND TRACE COBBLES 
AND ROOTS 

LIGHT BROWN SILTY SAND/SANDY SIL 
WITH L.ITTLE GRAVEL AND TRACE 
RuUTS - medium dense 

BEDROCK 

TO = l.6m 
- no seepage or sloughing 

QUINTETTE COAL LIMITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYOROGEOLOGICAL STUDIES 

1 

zi 

Conments 

PITEAU AiSOClATES 
GEOTECHNICAL CONSULTANTS 

._ ‘.~iNCOU’.kR CALGARY 



TEST PIT ND. 3 METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

. 
LOCATION GRIZZLY DUMP 2 '? 

q - GRAB SAMPLE 
GROUND SURFACE ELEVATIDN --@wm 
GROUNDWATER ELEVATION - q - UNDISTURBED SAMPLE 

(at time of digging) 

2-. 

3-j 

4- 

I' - 

5- 

5 

- 

10 

15 

?D 

5 

Ei 

6 i-; 

GRIZZLY TRANSFER PROJECT 
GEDTECHNICAL/HYDRDGEDLDGICAL STUDIES 

I 

Symbol Description 

BROWN/GREY SILTY SAND WITH 
GRAVEL,CDBBLES AND BOULDERS 0 

-TO .3m IN DIAMETER,TRACE ROOT 

BROWN/GREY SILTY SAND/SANDY SIL 
WITH SOME GRAVEL AND COBBLES 
- medium dense to stiff 

BEDROCK AT 2.4m 
TO = 2.4m 

'- slight seepage and sloughin 
at i.Om 

TE COAL LIMITED PITEAU ASSOCIATES 
GEOTECXNlCAL CONSULTANTS I .&NCOUVER CALGARY 

LOG OF TEST PIT By: AFS ;$'87 

- 

IP 
'S : 

- 

.T 

I 
I 

x iS1 W.C. = 18% 

'NO. 3 
Job:. 
8&33L&‘-df. Owg: 

Coannents 

I 



.ep.L-.-... . ..- - 

TEST PIT NO.-- METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION SED. POND 3 

GRAB SAMPLE 
GROUND SURFACE ELEVATION -775m 

2 

GROUNDWATER ELEVATION 
a'- UNDISTURBED SAMPLE 

(at time of digging) 

Description 

BROWN/GREY SILTY CLAY WITH TRACI 
ORGANICS AND NUMEROUS LENSES 
OF SAND, AND SAND AND GRAVEL 
- low to medi,um plasticity 
- stiff 

BROWN/GREY SAND AND GRAVEL, WITt 
COBBLES AND BOULDERS TO 0.3m 
IN DIAMETER AND TRACE SILT 
- medium dense 
- granular material is rounder 

- grades cleaner and denser 
with depth 

'4 

6 .20 

TO,= 5.lm 
- no seepage 
- caved in when T.P. at 5.lm 

depth 

25 

s - 

QUINTElTE COAL LIMITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEOLOGICAL STUDIES 

- 

f4 
‘;; 
,E v) 

- 

Sl 

- 

IS? 

'S3 

- 

- 

I 

Cormnents 

W.C. = 26.3% 
P.L. = 12.6% 
L.L. = 29.6% 

LIKELY GLACIOFLUVrAl. DEPOSIT 
(see grain size analysis) 

PlTEAU ASSOCIATES 
GEOTECHNICAL ‘CONSULTANTS 

.vANCOUVER 1 CALGARY 

. . . 

LOG OF TEST PIT’ By: AFS ;;;;:'87 

NO. li 
Job:' 
81-33$-Gi' 

owg: 
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TEST PIT NO. 5 - METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

_. LOCATION GRIZZLY DUMP 3 

:E ELEVATION --gD GROUND SURFAC 
GROUNDWATER E :LEVATION - 
(at time of d lig ging) 

q - GRAB SAMPLE . 

q - UNDISTURBED SAMPLE 

Symbol 

,. -:'. 
.1.. .._ -. 

. : - -: .I' 
; .._ : . 
., _._. 
. .L 

. . . . . : 

.Description 

DARK BROWN SANDY SILT WITH 
LITTLE GRAVEL. ORGANICS IN 
UPPER 0.4m 
- medium dense/stiff 

UARK BROWN SAND AND GRAVEL WITH 
LITTLE SILT AND COBBLES. 
: medium dense = granular 

material is subanoular 
LIGHT BROWN SILT WITH LITTLE FIN 

SAND AND LENSES OF SAND AND 
'GRAVEL : medium dense 

LIGHT BROWN SILTY SAND AND GRAVE 
- medium dense-saturated 

BROWN/GREY FINE TO MEDIUM SAND 
WITH TRACE SILTS COARSE SAND 
AND GRAVEL 
i medium dense 

TD=5.3m 
- no seepage 
-. slight sloughing throughout 

,.. 

. : 

QUINTETTE COAL LIhlITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEOLOGICAL STUDIES 

Cormnents 

- 

z 
z 
5 
6-l 

- 

51 
- 

22 

- 

X3 

- 

L 

;s4 

d.C. = 28.6% 

I 

E 

( il.C. = 16.7% 

L 

I (SEE GRAIN SIZE ANALYSIS) 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

:VANCOUVER CALGARY 

LOG OF TEST PIT By: AFS ;$BT 

NO. 5 
job:. 
81-33&Y’. 

Dwg: 



C 

TEST PIT NO. 6: METHdD OF DIGGING TEST PIT CAT 235 BACKHOE 

LDCAT ION 271 y nIllAp 7 

pJ- GRAB SAMPLE 
GROUND SURFACE ELEVATION m 
GROUNDWATER ELEVATION - 

- q - UNDISTURBED SAMPLE 

(at time pf digging) 

c 
1 
l 

: 
c 

1 

2 

3 

4 

5 

6 

7 

s 

?D 

!5 

Description 

- 

.IGHT BROWN SAND AND GRAVEL WITH 
COBBLES AND TRACE SILT AND 
BOULDERS TO .25m DIAllETER 
- medium dense 
- granular material is rounded 

,--grades grey 

TD = 4.Bm 
- no seepage 
- little sloughing after T.P. 

reached 2.5 to 3$Um' 

: 

__ I, 

IINTETTE COAL LIMITED 
GRIZZLY TRANsFER PROJECT 
GEOTECHNICAL/HYDROGEDLOGICAL STUDIES 

1 .~ 
LOG OF TEST PIT By.: AFS ;;$B7 

NO. 6 
Job:. 
&33Cjw~;i‘. Owg: 

comments 

iS1 

;s2 

LIKELY GLACIOFLUVIAL DEPOSIT 

(SEE GRAIN SIZE ANALYSIS) 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTiNTS 

., :VANCOUVER . CALGARY 

. . 



TEST PIT NO.-- METHDD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION w  
3 GRAB SAMPLE 

GROUND SURFACE ELEVATION eB7Dm 
GROUNDWATER ELEVATION 

a - UNDISTURBED SAMPLE 

- (at time of digging) 

1 

2 

3 

'4 

5 

6 

7 

: 

1 
c 

: 
c 

- 

5 

10 

'15 

.2D - 

,25 

Description 

BRDWN/GREY MEDIUM SAND 
- medium dense 

BROWN,GREY SAND AND GRAVEL WITH 
TRACE COBBLES - medium dense , 

BROWN/GREY SILTY FINE SAND WITH 
LENSES OF SANDY SILTY CLAY AND 
TRACE GRAVEL AND COBBLES 
- dense 

- grades siltier and denser 
with depth 

GREY SILTY CLAY/CLAYEY SILT, 
TRACE FINE SAND 
- medium plasticity 
- very stiff ', 

TD = 6.2m 
- no seepage or sloughing 

: 

_, ..I 

- 
In aI 

2 
s 

- 

Comments 

is1 

- 

is2 
5 
S4 

:SEE GRAIN SIZE ANALYSIS) 

SANDY SILTY CLAY 
MEDIUM PLASTICITY~ 

S5 
- 

56 
- 

- 

I 

I.C. = 20.3% 

4.C. = 25,3% 
'.L. = 20.9% 
:.L. = 33.D%.' 

‘_ 

‘_. 

I 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS UINTE'I-TE COAL LIMITED 

&ZLY TRANSFER PRDJECT 
GEOTECHNICAL/HYDROGEOLDGICAL STUDIES ‘, :ViNCOUVER CALG4RY 

1 
. . 

LOG OF TEST PIT‘ By: An ;;;Y-Q~ 

NO. 7 
Job:. 
BI-339‘-GT'. Dwg: 



'TEST PIT NO. 8 METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION GRIZZLY DUMP 3 

pJ- GRAB SAMPLE 
GROUND SURFACE ELEVATION " 
GROUNDWATER ELEVATIDN - 

a - UNDISTUREEO SAMPLE 

(at-time of digging) 
- 

L 
- 

I 

5 

1t 

15 

20 

!5 

IItl 

RS=5.2m 
- no seepage 
- caved in when T.P. reached 

5.2m depth 

,- 

.  ‘. 

QU TE COAL LIMITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEDLOGICAL STUDIES 

I .- 
LOG OF TEST PIT By: AFS .;;$B, 

NO.8 
job:. 
&33lJ& Dwgz 

Description 

BROWN FINE TO MEDIUM SAND WITH 
ORGANICS 
- loose to medium dense 

BROWN/GREY GRAVEL WITH SAND AND 
TRACE COBBLES 

- medium dense 
- granular material is 

subrounded to rounded 

: 

52 

- 

- 

I 

Cormnents 

(SEE GRAIN SIZE ANALYSIS) 

PITEAU ASSOClATES 
GEOTECHNICAL CONSULTANTS 

‘_ :ViNCOUVER CALGARY 



TEST PIT NO. g 

LOCATION SED. POND 2 

METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

GRAB SAMPLE 
GROUND SURFACE ELEVATION -7B0m 

q J.- 
GROUNDWATER ELEVATION _ •j - UNDISTURBED SAMPLE 

(at time of digging) 

10 

- 

L5 

10 

5 

Symbol Description 

DARK BROWN SILTY CLAY/CLAYEY 
SILT WITH TRACE SAND,GRAVEL 
AND ORGANICS (ROOTS IN UPPER 
0.4m) 

- medi'um plasticity 
- stiff 

is1 

iS2 

BROWN/GREY GRAVEL WITH SAND, 
COBBLES, TRACE SILT AND TRACE 
BOULDERS UP TP .25m IN 
DIAMETER 

.- medium dense 
- granular material is rounded 

63 SEE GRAIN SIZE ANALYSIS) 

TO = 4.3m 
- no seepage 
- some sloughing after,T.P. 

reached 2.5m depth 

[NTElTE COAL LIMITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL[HYDRDGEOLOGICAL STUDIES 

I 
LOG OF TEST. PIT By: AFS ;;:eyr*B7 

NO. 9. 
Job:. 
81-33gqjf' DKJ~ - 

Comments 

1.c = 26.3% 

I.C. = 26.7% 
‘.L. = 17.0% 
..L. = 35.1% 

PI-i-EAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

., :ViNCOlJVER CALGARY 



TEST PIT NO. 10 METHdO OF DIGGIN! TEST PIT CAT 235 BACKHOE 

LOCATION SED. POND 2 
pJ- GRAB SAMPLE 

GROUND SURFACE ELEVATION -78Dm 
GROUNDWATER ELEVATION 

a - UNDISTURBED SAMPLE 

(at time of digging) - 

INTETTE COAL LIMITED 
IZZLY TRANSFER PROJECT 

- 

2 

: 
c 
r: 

2 
- 

- 

5 

10 

15 

10 

!5 

Symbol Description 

BROWN SAND AND GRAVEL AND TRACE 
SILT, COBBLES AND ORGANICS 
- medium dense is1 ‘C 

t3ROWN/GREY SAND AND GRAVEL WITH 
LITTLE COBBLES AND TRACE 
BOULDERS TO 0.25m IN'OIAMETER 
- medium dense c iSi 
- granular material is rounded 1 

TD = 3.8m 
- no seepage 
- some sloughing after T.P. 

reached 3.0m depth' 

. 1. 

'SEE GRAIN SIZE ANALYSIS1 

GEDTECHNICAL/HYDROGEOLOGICAL STUDIES 
I 

- 
I 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

‘_ ..i’iNCOUVER CALGARY 
J 

LOG OF TEST PIT By: AFS ;;;;:,87 

NO. IO 
Job:. 
&33&f “g: 

Comments 



1 

2 

3 

'4 

,' 

5 

6 

7 

TEST PIT NO. li METHoD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION SED. POND 1 

I@- GRAB SAMPLE 
36m m 

""-'-"'REED SAMPLE 
GROUNDWATER ELEVATION u!J- UNlJI>IU 

(at time of digging) 
e" 785m 

: 
: 
: 
2 - 

I 

s 

10 

15 

To- 

!5 

IN1 TCE COAL LIMITED 
dRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYDRDGEOLOGICAL STUDIES 

I 

LOG OF TEST PIT By: AFS $"y:-'B7 

Symbol Description 

BROWN SILTY SAND AND GRAVEL WITH 
ORGANICS - loose 

GREY SAND AND GWIVEL WITH COBBLE 
AND TRACE BOULDERS UP TO 0.2011 
IN DIANETER 
- saturated 
- medium dense 

GREY CLAYEY SILT/SILTY CLAY 
- very soft to soft 

TD = 6.Um . 

- 

u 
a 

7 

: 
v: 

- 

Corrments 

I.C. 1 ;;.$ 
‘.L. ’ . 
..L. = 40.0% 

I.C. = 38.4% 
'.L. = 19..7% 
..L. = 39.0% 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

._ :ViNCOlJVER CALGARY 

NO.1 I 
Job:. 
81-339’-,$. !“g: 

. 



TEST PIT NO. I2 METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION SED. POND 1 
pJ-- GRAB SAMPLE 

GROUND SURFACE ELEVATION --7BGm 
GROUNDWATER ELEVATION la- UNDISTURBED SAMPLE 

(at time of diooino) -784ii 

E 

1 
+ 

5 
c 

1 

2 

3 

'4 

,' 

5 

6 

‘7 

s - 

QUINTEl-TE COAL LIMITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEOLOGICAL STUDIES 

1 
LOG OF TEST PIT By: AF5 ;;;;:-s, 

Description Cements 

IOTTLED GREY/BROWN CLAYEY SILT/ 
SILTY CLAY WITH TRACE SAND 
- stiff 

iS1 

)ROWN SAND AND GRAVEL WITH 
COBBLES 
- saturated 

:- medium dense 
- granular material is rounded 

ID = 4.5m 
- continuous.sloughing,below. 

2.lm depth 

I.C. = 29.8% 
'.L. = 26.2% 
..L. = 40.0% 

- 

PITEAU ASSOCIATES 
GEOTECHNICAL ‘CONSULTAKTS 

- 
._ :ViNCOUVER CALGARY 

NO.12 



1 
GREY SAND AND GRAVEL WITH COBBLE, 

AND TRACE BOULDERS Up TO 0.20m 
iN DIANETER 

5 - medium dense 

2 

3, 10 

TD 5 3.5m 

‘4 i some sloughing after test pi, 
reached 2.5m depth 

I: 
- no seepage 

15 

5 

6 20 

TEST PIT NO. ~13 METHOD OF DIGGING TEST PIT CAT 235 BACKHOE 

LOCATION SED, POND 5 
IZJ- GRAB SAMPLE 

GROUND SURFACE ELEVATION -79Om 
GROUNDWATER ELEVATION _ El- UNDISTURBED SAMPLE 

(at time of digging) 
- - 

Symboi Description Coriments 

- 
RUSTY BROWN SAND AND GRAVEL WITH 

CUBBLES, LITTLE SILT AND TRACE 
URGANICS - medium dense 

QUINTEiTE COAL LIMITED 
GRIZZLY TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEOLOGICAL STUDIES 

I 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

‘_ :ViNCOUVER CALGARY 

LOG OF TEST PIT By: AFS ;;;;:'B7 

NO. I3 
Job: 
8&33lj-$ Dwg: 

-- 



HOI, 

N o. 

Sample 

NO. 

2 

3 

I 

W.C.’ La Pw II 
Depth 

( J 
% o/d % % 

D.rcrlpilon e R.mlrrkr 

z.; 34. I f33.0 51.4 31. I 

21.6 26,1, 2xl 6.4 

26.3 t 29.6 l2.h 17.0 

0 0 10 10 20 30 20 30 40 30 40 30 60 60 70 80 70 80 90 90 100 100 110 II0 120 120 130 130 

LIQUID LIMIT 

PLASTICITY CHART F0.R SOIL CLASSIFICATION 

Plasticity (clays) or CompressIMllty (silts ) 

Medium I Hlah 

bv 
PLASTICITY kHART 

Hwti .~ dy4”G $37 

jobsi- 
dw! 



t&l.+. GRAIN SIZE SCALE 

IO 

meshes/inch 

I I 

1.0 0.1 
GRAIN SIZE , mm. 

Tp4-5A*2 q Tp4-5A*2 q 

-I-P5-5h\sI:4 P -I-P5-5h\sI:4 P 

TP6-33* 1 + TP6-33* 1 + 

i 

I 

~ 
0. oc )I 

22 ‘,’ > 

f 
I 

coarse 
3, 

BOULDSR COBBLE coarse I medium I fine 1 medium 1 fine fine qroined 

s 
SIZE SIZE GRAVEL SIZE ,SAND SIZE SILT SIZE CLAY SIZE 



IO 

3 
0 m 

. 

U.S.S. ‘siwa size. meshes/inch 

40 6CI ‘IQ0 290 

oh 
GRAIN SIZE , mm. 

P 

7 
I 

I? 
BO,,LDER COBBLE coay 1 medium I fine coarse ) medium 1 fine fine qrained 

G 
SIZE SIZE GRAVEL SIZE SAND SIZE SILT SIZE ‘CLAY SIZE’ 

T 

M,l.i. GRAIN SIZE SCALE 

LEGEND 

-rP~-5b~l ,a -----I -5Alt+3 a 

1-P8-5A +tz + 

I 0.000l 



M.I.?. GRAIN SIZE SCALE 

Size of opening, I?cher.u U.S.S. slave size, meshes/inch ,_ 
24” 12” 6” 3,’ 

011 
GRAIN SIZE , mm. 

P 

7 .’ I 

Y 
BOULDER COBBLE course 1 ‘medium I fine course 1 medium 1 fine fine qroined 

z 
SIZE SIZE GRAVEL SIZE SAND SIZE SILT SIZE CLAY SIZE 



.APPENDIX D 

HYDROGEOLOGICAL LOGS , 



Completed 
Construction 

t---- 
137 mm 

I 
I 

” 

I 
I 

I 

I 

I 
I 

I 
I 
I 
I 
I 

I 
I 

COWXh-r . . . . . . . . . . . . . . . . . - . . . . . . Logged by -PM6 .._...... 
,Dofa sl.rfd . .._...____._............. Checked by ___.__.._._. -.I 

‘Ja!a fb+h.d . . . .._..___..______..... Dale ____ &LL1!,!E? I.., 

Comments 



II HYDROGEOLOGIC 

2113, 

Ca~mpleted 
Construction 

:hacbd by ____.__..__._... A., Logead bv _.... PM.+ . . . . . . .._._I... C 
*h.rk.l.d numb.” ..,.r ,a no,., Idlowina Sk. Io.3, 

-- 

I 
I 

3the 

- 
-- 



Lithology 

--10 

-20 

-do 

!) 131 

Completed 
Construction 

. ----- 

- I,, mm 

I 

I 

I 

I 

I 

I 

I 

Logged by . ..%? _.__._.._.... 
Dds slorfcd .._________.__......_ I... Checked by .._...._..._._..~.. 

Dale ____ uG..+,!S.? __._..... 

Durina 

-- 

- 

)Iha, 

- 

-i. 

04 
b-4 - 

,-- 

- Comments 

._._-------- 
mti UP: 

Pl.064#“. 

Iv.= 0.59 m 

53= 0.12 m 

‘_ 



I 
I , 

HYDROGEI DLOGIC LOG IContinued) 

41 Lithology I 

PROJECT .@l!~TElTE. - GRIZZLY PII? 

:21,3, 

Completed 
Construction 

---------- 

COAL - F SEAM (“’ -r--- 
I‘ 

I 
I 
1- 

ling - 



.j HYDROGEOLOGIC LOG 
 ̂

DRILLHOLE No.QHR87o13 

She&.I... of.-Z..w 

Drilling fluid _____ 5% ______._____.__._________ Casing slicku p..A!! ____ m-above ground 1 

(31 

Completed 
Construction 

Pt pLs3 

r 

4--_-_ 
- 137 mm 

I 
I 

I 

I 
I 

I C0lWXtor . . . ..-.....” . ..-_. __.__,. Losssd by. .__. P11.4 _....__ 

Ode *t.md . .._...-__._........_ i.. CheFLed by..- . ..____..... 
Dote finihd . ..__._..___...._._..... oOla.~.,.-luL*n~~~~., 



COAL - G SEAM 

HYDROGEOLOGIC LOG Wanllnuedl DRILLHOLE No QHR81013 

Shee~...L.of..C-.- u 
3 PROJECT _-~U!~~.~.GRlr-~~~-------~-----------. 
CN Reference elev~lion..lad~l5._._m-.II 

a - 
~ lIIl2l* I: !b 131 ing i ’ 

- 
; ~~ 

z Lithology Completed 
Construction 

j 

____ ----i-w-.-. 

-90 

xksd by __._. _ _._.___..__... 



HYDROGEOLOGIC LOG DRILLHOLE NO. QHR87017 
Shce1-eL of...& ____ 

-,.,,, n,,,P.,l-rrrc -GR,ZZL-f p,T ,_.__ _________ _ ___......_...- __ -.-..... _.____ __.- _ . . . . . . ..-.-..........---- 
Rsfeerenca elcvolion.-.!Q!4:9.3 .____ m - 031 

,1,121* 

Lithology 

-10 

-24 

-60 

!I 13, 

Completed 
Cofistruction 

COnl~c~~r.. .......................... Logged by . .” .+. ..... I.. .... 
Date earfed ..... .._._ ... . .......... Checked by,.-: ..... .._...._ .. 

Data finished.. ...................... Date ...... h!4k-,i.,l9.B;I.. ... I 

er Drillin< 

1 h Comments 
I- 



I% 
COAL - J, Kl (878, 

140 SEAM 

HYDROGEOLOGIC LOG (Continued) DRILLHOLE No QHR87c~7. 
Sheet.2 .___ of-Z.... 

..~~!.~-~~.~.~.G~!~~~~-..~~--.--~-.- .._._._.----- _ -I---- _ Reference clcvdion..-!M22 ______ m-ad 

2, I.31 l- a ’ Drilling 

cdmpleted 
-- i- nduc ly 

Construction 
- Comments 

'I-----~ 
I 

by .___._....___...... 

,h* lop, 

SCALE, Varliml lg......... _._ . . . . . wP’o*‘a.” 
~Horizonlal - N.Lr II 

-- 



__---- 

,131 

Completed 
Construction 

7 
i- 
‘apth 

ml 
- 

-- 

- 

llher 
m/al 
- 

--_ 

Comments 

mc<-“P: 

PI I 0.60 “. 

PL= 0.75 m 

‘-3 = 0.78 m 

CO"lWMCS ..___________.._.._........ Logged by _____. ??.%; _........ SCALE, “.,firnl II ________.......... ‘)..‘O.L-d. PITEA” d Assocml= 

o.ats ,~orted __...._.._____.__...~... Chocked by ..-........ -.....-- HorizonId . N.LL c,~o,~c,wuL ccw”Pw 

eats finbhad _._...._._.,____........ cm. ..____. ~c?h.r . . . . . . . . . . *~~,ork.,.dnumb,r. r.1.. toibr followin. th. l.gl 

_- .- 
. _ ._ _. 

!r Drilling 

kmlii Conducti 



T- 
hp, 

It-4 - 
-- 

2113, 

Completed 
Construction 9 Comments -1 

- 
+2-------j -- 

i. 

(1524.4) 971 

- COAL- F SE&l 
- loo 

Irn.0 
Il490b) 

-I10 

Logged by _.__. P.&L- ..__... Chocked by . .._____. . . . . . ..___. 

*eatk.l*d mmlb*r, ml., lo no,43 follO*ing Ih. log, 



DRILLHOLE No. QHR87024 . 

bo 

Completed 
Construction 

C0ntrdOr . . . . . . . . . . . . . . . . . . . . . . . . . . . . Logged by . ..WG _...__~._. 

Dabs starlad ..__... _._ . ..__....__. Checked by _._.... :.- _.... 

Date finbhad . ..__. _ _........_._.... Da~e....&*ug..?~l!Z . . . . . . . 

- 

)thc 

- 

-_ 

SCALE, Varlt.l I ’ . . . . . . . . _ . . . . . . . . . ‘PP.-i”.l. 
Horixonf.l - N.t. 

Comments 

.--------- 
TICK-UP 

:, r 0.e m 
‘Z,= csm 
-:.7 o.ym ._ 



I 

HYDROGEOLOGIC LOG V+nllnuedl ’ 

I 

DRILLHOLE No 
ShceG-pf...Z.... 

- 
“g 
Gi- 

Ei 
,W - 
-- 

!I (31 

&&ted 
Construction loher 

- 

-- 

- 

___------ 
1. .I~ 3.4.. 5L0T.5 I. 

t -  

COAL - Jl,KI,H’L 

110 SEAM 

by .___.__._.__ - .._..__ 

- 
SCALI ._.. 



II HYDROGEOLOGIC LOG DRILLHOLE No. 

of ____ L . .._ 

I Lithology 

30 31.L 

COAL- G SEAivl (I’% 

a4 

2,131 

Completed 
Construction 

COnfr=CW ..-.........-...._ ....... togged by . .I?+ S ........... 
be +amd.. ... .._ ................. Checked by .._......__ ...... 
Dafa finihd.. ... .._ ............... Dots .... rlTx.I!P%. ........ 

Comments 



I 

I 
HYDROGEOLOGlC LOG IContinued) 

I ___-----__- 
90 K 99.0 
loo (13?%7) 

2, fJI 

Cdmpleted 
Construction 

-IQ 

mksd by ..__._._.____.._.__ Logged byA?% .._._..__.__.._ Cl 

*b,ck.,,d numhn r,,, r IO nom follwir,, hfog, 

ii- 
)CP 

2 
-- -_ 

DRILLHOLE No QMQ7033 
She&.Z_..of-L... I 



I Lithology 

- IO ~m.sa) Ip ~m.sa) Ip 

- COAL - F SEAM COAL - F SEAM 

COAL - G SEAM 

(I2PS.W 4 

Completed 
Construction 

CO~l~‘XtO~---.-.- . .._..._._ Logged by -2.k?%-..--. 
Date slurted ____ __._I_._._.. .I... Checked by- .__I -._ 
Dots finbhcd . .._. - ___.__._.._ Date _..._. &G-?.!%-a... 

L 
- 

cptt 

,W 
- 

-- 

I 
i- 
31he 

- 
.-- 

Comments 

-_ -. -.--- 



_.- 

?I 131 

Completed 
Construction 

77 ,Z T ’ : 
-7 
ii- 
)ap,l 

ml - 
-- 

r 

Ither Dspd ml - 
--, 

-I40 

--Is0 

-It0 

lpssad by ____ II% ~__,._________ Checked by . .._._____________. - SCALI 

*BrorXe,cd nvmbcr, r&r lo nod, 

-- 

HYDROGEOLOGIC LOG (Conllnued) DRILLHOLE No QHD86006 

ShaaGL.of..Z _____ 

Horizontal 

- 
-- 



TABLE D-I 

SUMMARY OF CHEMICAL ANALYSES FOR GROUNDWATER 

SAMPLES FROM THE GRIZZLY/TRANSFER AREA 

RESAMPLE dF 
DHR87013-P2 QHR87017-P2 QHD86006-P22 QHD86006-P2 
JULY 21187 JULY 21/87 JULY 21/87 AUG. 22/87 

EYSICAL PARAMETERS 

PH 8.14 8.29 12.5 -12. 
Total Suspended Solids 10.0 .4.0 -11.3 41.b 
Total Dissolved Solids ‘. 425. 585. 5200. 8750 
Hardness CaC03 205. 272. 3600. 2130~ 
Conductivity umhos/cm 440. 583. 9010. 8960 

ANIONS AND NUTRIEE - 

Alkalinity CaC03 
Chloride Cl 
Fluoride F 
Dissolved Sulfate so9 
Dissolved Phosphorous .P 
Ortho Phosphorous P 

Total Phosphorous P 
Ammonia Nitrogen / 
Nitrate Nitrogen 
Nitrite Nitrogen N 
Total Kjeldahl Nitrogen N 

252. 357. - 2210. 2340 
2.04 1.02 549. 555 
0.52 0.74 0.080 0.072 
5.99 a.0 a.0 a.0 
0.007 0.020 0.44 
0.007 (0.005 X0.005 0.040 

0.0013 0.10 7.58 
1.09 1.39 2.70 
0.12 0.07 ~(0.50 

<O.ODl 
1.09 !-E1 . 

(0.001 
1.22 . 

OTHERS 

Chemical Oxygen Demand (EGO) <25. <25. .<25. 
Total Carbon 
Total Organic Carbon C 

39. 56. 
El: 

4.6~ 

Total Phenols (as Phenol) zo2 <:::02 <0.002~ 

< = less than detection limit shown 
Results are expressed as milligrams per litre. 

NOTES: 1. Analyses'performed by ASL Laboratories, Vancouver, B.C. 
.2.' Chemistry of water contaminated by Portland cement grout used to make seal in 

drillhole. 



TABLE D-II 

.SUMMARY OF LABORAToRY ANALYsES FOR TOTAL AND DISSDi$D,ljETALS 

FESULTS OF ANALYSIS 
July 21,1987 

File No. 4406~ 
Pap 3 Of 3 

ELEIIENT PHRE7013 QHRE7017 QHOBb006 

Total. net415 

EEh 
Cadmium 
Calcium 
Chromium 

Cob.31 t 
p,,r 

Lead 
,Haqnesium 

Selenium 
Silicon 
Silver 
Soalum 
Srrontlum 

Tin 
Titanium 
Vanadium 
Zinc 

0.013 
%i~~o5 <pg5 

‘“3%05 <0:0005 
20.1 

1.21 

(0.02 

:“o*::: 
to:005 

0.10 
0.000, 

:%zo2 
<0:001 

(0.2 
0.10 

<O.OOl 
41.1 
<o.oos 

(0.01 
‘pJ,“l 

to:01 
24.7 

<0.005 

(0.2 
0.06 

<0.001 
1460. 

<o.oos 

<O.Ol 
5.99 
0.03 

:g:p’ 

(0 . 00s 

%:oo5 
to:oos 
893 

yl& 

<o:ooos 
191. 

17.7 

(0.02 

:v% 
<o:oos 

CO.05 
0.0001 
0.0002 
7.64 

(0.001 

(0.2 
(0.01 
<O.OOl 

1440. 
<o.oos 

(0.01. 
0.051 

:E% 
<a:1 

<0.005 

tOO%005 
;&05 

:og-ogo5°5 
<o:ooos 

190. 
lb.2 

(0.02 

x”,: 
<o:oos 

< = less than detection limit shown 
Results ?re expressed a5~ milligrams per litre 
l Oetection linit elevated due to requrred drlution prior tQ analysis 

Note: Analyses performed by AX Laboratories, Vancouver, B.C. 



APPENDIX E 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS 

ILLUSTRATING KINEMATICALLY POSSIBLE 

FAILURE MODES FOR VARIOUS PIT SLOPE AND 

BEDDING ORIENTATIONS 



GEOPLN - LOWER HEMISPHERE EQURL ARER PROJECTION OF PLRNES 
. 

PROJECT: 
DATE: 
STRUCTURRL DOMAIN: SW LIMBS BD 38 

KEY 

+% 

= -1 
J3)Y' 

BD - BEDDING 
P tJ=57 APPARENT PLUNGE OR DIP OF 

.’ FAILURE CONSIDERED TO CONTROL 
:...22a 

- .PEAK ORIENTATIONS OF >( N.-. BENCH STABILITY 

’ J3a ./’ L JOINT SETS POTENTIAL WEDGE FAILURE 

E-. 

**‘G L- - POTENTIAL PLANE FAILURE 

PIT SLOPE ORIENTATION LOCUS OF POTENTIAL FAILURE MODE! 

QUINTETTE COAL LIMITED ‘\ 

I-@ 

PITEAU ASSOCIATES 
GRIZZLY-TRANSFER PROJECT 1 GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEOLOGICAL STUDIES VANCOUVER CALGARY 

a*: OITE:~ 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DOMAIN i 

PMH SEPT 87 

RELATIVE TO A BEDDING DIP OF 3o'Sd 



il GEOPLN - LOWER HEMISPHERE EQUAL RRER PROJECTION OF PLANES 

PROJECT: 
DRTE: 
STRUCTURRL DOMAIN: SW LINBS BD 45 

ii 
2 N 

g 

plE ttAN&= 
, . . . . .......“.. . . . . . . . . . . 

NOTE: SE FIG. E-l FOR KEY 

! J 
QUINTETTE COAL LIMITED 1. 
GRIZZLY-TRANSFER PROJECT 

I-@ 

PITEAU ASSOCIATES 
i GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEOLOGICAL STUDIES VANCOUVER CALGARY 

I LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTU$L DOMAIN I 
RELATIVE TO A BEOOING DIP OF45%vJ 



GEOPLN - LOWER HEMISPHERE EQUAL AREA PROJECTION OF PLRNES 

PROJECT: 
DRTE: 
STRUCTURAL DOMAIN: SW LIMBS BD 66 

SW FOOTWALL 

NOTE: SE FIG. E-l FOR KEYi 

QIJINTETTE COAL LIMITED 
GRIZZLY-TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEOLOGICAL STUDIES 

- 

PITEAU ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 

rn”i I DI,c: 

I iOldER HEMISPHERE EQUAL AREA PROdECTIONS OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL LIOf~lAIN \ 
RELATIVE TO A BEDDING DIP OF @5d 



.; 
I 

GEOP~LN - LOWER HEMISPHERE EQQFlL RRER PROJECTION‘OF PLRNES 

I 
PROJECT: 
DATE: 

I 

% 
STRUCTURRL DOMRIN: NE LIMBS BD 38 

.r" 
2 N 

E 034O 

QUINTETTE COAL LIMITED ‘\ 
GRIZZLY-TRANSFER PRDJECT 

I-@ 

PITEAU ASSOCIATES 
s GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEOLOGICAL STUDIES 
VANCOUVER CALGARY 

LOWER HEMISPHERE EQUAL AREA PROJECTIDNS OF PLANES REPRESENTING ‘;tjB D1’L’ 
PEAK ORIENTATIONS UF JOINT SETS IN STRUCTURAL DOMAIN Z SEPT 87 
REIATIVE TD A BEDDING DIP OF 3+IE 



i 
1 : GEOPLN - LOWER HEMISPHERE EQUAL FIRER PROJECTION OF PLANES 

I 
I 

PROJECT: 

I 
DRTE: 

s 
STRUCTURRL DOMAIN: NE LiMBS BD 45 

s 

2 
N 

Q 
U34O . 

NE FOOTWALL 

I 

SW HANGING WALL 

NOTE: SE FIG. E-l FOri]KEY- 

QUINTETTE COAL LIMITED PITEAU ASSOCIATES 

GRIZZLY-TRANSFER PROJECT 
GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEOLOGICAL STUDIES VANCOUVER CALGARY 

Oli OhTEa 

I LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF JOINT SETS JN STRUCTURAL DOMAIN 2 
RELATIVE TO A BEDDING DIP OF 45 NE .~ 



GEOPLN - LOWER HEMISPHERE EQUAL RREA PROJECTION OF PLANES 

PROJECT: 
DRTE: 
STRUCTURRL DOMRIN: NE LIMBS BD 60 

NE FOOTWALL 

. . *---- . . . . . . . . .._._.. ;*-.---” 
SW HANGING WA1 

NOTE: SE FIG. E-l .FOR KEY- 

QUINTETTE COAL LIMITED 
GRIZZLY-TRANSFER PROJECT 
GEOTECHNICAL/HYDROGEOLOGICAL STUDIES‘ 

PITEAIJ ASSOCIATES 
GEOTECHNICAL CONSULTANTS 

VANCOUVER CALGARY 
_“. 1 -..F; 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING -‘;ljH -I/ 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DOMAIN 2 

SEPT 87 

RELATIVE TO A BEDDING DIP OF 60°X 



GEOPLN - LOWER HEMISPHERE EQUFIL ARER PROJECTION OF PLANES 
_ 

PROJECT: 
DATE: 
STRUCTURRL DOMAIN: SW LIMBS EiD 30 3oo” 

NW END ~WALL 

_.. 

SE END WALL 

NOTE: SE FIG. E-l FOR KEY- 

QLIINTETTE COAL LIMITED 

P 

‘l PITEAU ASSOCIATES 
GRIZZLY-TRANSFER PROJECT GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEOLOGICAL STUDIES VANCOUVER CALGARY 

LOWER HEMISPHERE &AL AREA PROJECTILINS OF PLANES REPRESiNTING 
8”: D1IE: 

PMH SEPT 87 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DOMAIN 1 
RELATIVE TO A BEDDING DIP OF 30°5W 



GEOPLN - LOWER HEMISPHERE EQURL AREA PROJECTION OF PLANES 

PROJECT: 
DATE: 
STRUCTURAL DOtlAIti 'SW LIMBS BD 45 

3oo" 
NW END WALL 

. ..-... . . . . . . 

sE END WALL : 

NOTE: iE FIG. E-l FOR KEY- 

QUINT!ZTTE COAL LIMITED 

i+@ 

PITEAIJ ASSOCIATES 
GRIZZLY-TRANSFER PROJECT GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEDLOGICAL STUDIES VANCOUVER CALGAR? 
e.“Z CA%: 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING PMH .SEPT 87 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DONAIN I- 
RELATIVE TO A BEDDING DIP OF42’M 
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.I 

CEOPLN,, - LOWER HEMISPHERE EQUFIL AREA PROJECTION OF PLRNES 

I PROJECT: 
I DATE: 
I STRUCTURAL DOMRIN: SW LIMBS BD 68 3oo” 

NW END WALL 

SE END WALL 

NOTE: SE ,FIG. E-l FOR KEY- 

-..- -.-I--- 1 - . . - - - . -, 
a”. CmE: 

LOWER HEMISPHERE EQUAL AREA PROdECTIONS OF PLANES REPRESENTING PMH SEPT 87 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DOMIN L 
RELATIVE TO A BEIIIIIN~ DIP OF &#%I : 

IpIRa” DIG: 
d E-9 
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GEOPLN - LOWER HEMISPHERE EQUAL AREA PROJECTION’OF PLANES 

PROJECT: 
DATE: 
STRUCTURAL DOMAIN: NE LIMBS BD 38 314O 

NW END WALL 

SE END WALL 

NOTE: SE FIG. E-l FOR KEY- 
I 

I QUINTETTE COAL LIMITED 
GRIZZLY-TRANSFER PROJECT ~-~--~~~~~~~~. ~~~~--. ----.. -- I m flm? PlTEAlJ ASSOCIATES 1 ,f 

r 
GEOTECHNICAL CONSULTANTS 

GEUTECHNICAL/HYDROGEOLOGICAL STUDIES VANCOUVER CALGARY 

8”’ OllE: 

GLOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DOMIN 2 

PMH SEPT 87’ 

RELATIVE TO A BEDDING DIP OF 3@‘NE: 



GEOPLN - LOWER. HEMIS’PHERE EQUAL AREA PROJECTION OF PLANES 

PROJECT: 
DRTE: 
STRUCTURAL DOMRIN: NE LIMBS BD 45 

SE END WALL : ~. 
: 

. . 

. 

NOTE: SE FIG. ,E-1 FOR KEY- 

QUINTETTE COAL LIMITED 

P 

‘PITEAU ASSOCIATES’ 
GRTZZLY-TRANSFER PROJECT fi GEOTECHNICAL CONSULTANTS 

GEOTECHNICAL/HYDROGEOLOGICAL’STUDIES VANCOUVER CALGARY 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING 
PEAK ORIENTATIONS OF JOINT SETS IN STRUCTURAL DOMAIN 2 

‘;,lH ... Sq;T .BT 

RELATIVE TO A BEDDING DIP OF 45%/3 



GEOPLN - LOWER HEMISPHERE EQURL RRER PROJECTION OF PLANES 

PROJECT: 
DATE: 
STRUCTURRL DOMRIN: NE LIMBS id 60:~ ‘. 

: 

304O . 
NW END WALLS ~: .. 

SE END WALL 

NOTE: SE FIG. E-l FOR KEY : 
. . . .~ .: 

QUINTETTE COAL LIMITED QUINTETTE COAL LIMITED :~. :~. “+ PITEAU ASSOCIATES .~ ~. PITEAU ASSOCIATES .~ ~. 
GRIZZLY-TRANSFER PROJECT GRIZZLY-TRANSFER PROJECT : I GEOTECHNICAL CONSULTAkTS GEOTECHNICAL CONSULTAkTS 

GEOTECHNICAL/HYDROGEOLOGICAL STUDIES GEOTECHNICAL/HYDROGEOLOGICAL STUDIES P VdNC,-,l I”!?? VeiNCOWER CALCXRY : CALGARY ’ 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES 
,an @AIL: an 

LOWER HEMISPHERE EQUAL AREA PROJECTIONS OF PLANES REPRESENTING 
I @AIL: _ 

PEAK ORIENTATIONS OF JOINT SETS. IN STRUCTUA-’ ---- PEAK ORIENTATIONS OF JOINT SETS. IN STRUCTURAL DOMIN 2 
PMH SEPT 87 

RELATIVE TO A BEDDING DID ne-e-ra-‘d RELATIVE TO A BEDDING DIP OF- GOoNE . 




