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SECTION 1 

INTRODUCTION 

1 .1  G E N E R A L  G E O G R A P H I C  A N D  PHYSIOGRAPHIC POSITION OF LICENCES 

The Elk River Coal Project i s  located in the East Kootenay regional 

d i s t r i c t  of southeastern B . C .  

a rea ,  which cons i s t s  of 7,782 ha of coal l icences on Elk Provincial 

Approximate centre  of the  project  

Forest land,  i s  50' 24 '  north l a t i t ude  and 114' 56 '  west longitude. 

The l icence area roughly covers the upper par t  o f  the Elk River 

Valley between the confluence of Aldridge Creek and the Elk River 

in the south and Cadorna Creek and the E l k  River in the north.  

This represents  a sect ion of the E l k  River Valley approximately 

12  kin long and includes the eastern and western flanks of the valley. 

Access i s  gained t o  the area along approximately 44 km of B . C .  

Forest Service Road r u n n i n g  northward from Elkford, ( s e e  Index 

Map, Page 2 ) .  

1 . 2  PROPERTY DEFINITION 

1.21 Historical  Background 

The Elk River coal deposit  has been known since 1883 when 

f i r s t  examined by Dr. G . M .  Dawson o f  the  Canadian Geological 

Survey. As ea r ly  a s  1905 propectors had uncovered 22 seams 

- 1 -  





1.2 PROPERTY DEFINITION Cont 'd .  

1.21 H i s t o r i c a l  Background Cont 'd .  

and by 1910 t h r e e  coa l  companies had acqu i red  leases i n  the  

area. 

d e p o s i t  i n  any systemat ic  way, w i t h  t h e  d r i v i n g  of a 650 f o o t  

a d i t  ( A l d r i d g e  Tunnel)  i n t o  B i g  Weary Ridge, approx imate ly  

The year  1920 saw t h e  f i r s t  a t tempt  t o  exp lo re  t h e  

one m i l e  south o f  Weary Creek. 

I n t e r e s t  i n  t h e  E l k  R ive r  depos i t  receded a f t e r  1920 and most 

l i c e n c e s  were dropped. The area was i d l e  u n t i l  1952 a t  which 

t i m e  West Canadian C o l l i e r i e s  c a r r i e d  o u t  sampling on the  B i g  

Weary Ridge exposures. 

I n  1967 Scurry-Rainbow O i l  L td .  began a c q u i r i n g  coa l  l i c e n c e s  

f o r  t h i s  d e p o s i t  and i n  1968, Nor th  American Coal Corporat ion,  

under an o p t i o n  agreement w i t h  Scurry-Rainbow O i l  L td .  under- 

took  an e x p l o r a t i o n  program, p r i m a r i l y  on B i g  Weary Ridge. 

When Nor th  American Coal Corpora t ion  d i d  n o t  exe rc i se  i t s  

o p t i o n ,  Scurry-Rainbow O i l  L td .  independent ly  extended e x p l o r -  

a t i o n  o f  t he  depos i t  n o r t h  t o  i n c l u d e  L i t t l e  bleary Ridge. 

I n  December 1969 Emkay Canada Natura l  Resources L td . ,  a w h o l l y  

owned Canadian s u b s i d i a r y  o f  Morrison-Knudsen Company, I nc . ,  

- 3 -  



1.2 PROPERTY DEFINITION Cont 'd .  

1.21 H i s t o r i c a l  Background Cont 'd .  

acqu i red  a 50% i n t e r e s t  i n  the  coal  l i cences .  E x p l o r a t i o n  

o f  t h e  l i c e n c e s  by t h e  j o i n t  owners resumed i n  J u l y  1970 

and cont inued through t h e  s p r i n g  o f  1971. 

a d d i t i o n a l  coa l  l i c e n c e s  were acqu i red  b r i n g i n g  t h e  t o t a l  

number o f  i n d i v i d u a l  l i c e n c e s  t o  42 f o r  a t o t a l  area o f  

19,200 acres  (7,782 ha). 

Dur ing  t h i s  t ime 

I n  May 1975, E lco  Min ing  L im i ted ,  a c t i n g  on b e h a l f  o f  a 

group o f  European s t e e l  companies, acqu i red  Emkay Canada 

Na tu ra l  Resources L t d . ' s  50% i n t e r e s t  i n  t h e  coa l  l i c e n c e s  

Dur ing  1975/76 E lco  Min ing  L i m i t e d  c a r r i e d  o u t  a p r e f e a s i -  

b i l i t y  s tudy  which i n v o l v e d  e x p l o r a t i o n  i n  the  B i g  Weary 

and L i t t l e  Weary Ridge areas. 

I n  October 1976, t h e  S tee l  Company o f  Canada L t d .  and Home 

O i l  Company L t d .  acqu i red  25% and 15% i n t e r e s t s ,  r e s p e c t i v e l y  

i n  the  p r o p e r t y  f rom Scurry-Rainbow O i l  L im i ted .  A j o i n t  

ven tu re  agreement was then concluded between t h e  f o l l o w i n g  

p a r t n e r s  w i t h  t h e i r  r e s p e c t i v e  i n t e r e s t s :  

E lco  Min ing  L i m i t e d  50% 

S te l co ,  I nc .  25:, 

Home O i l  Company L i m i t e d  15:; 

Scu r ry  Rainbow O i l  L td .  10: 

- 4 -  



1.2 PROPERTY DEFINITION Cont 'd.  

1.22 Cur ren t  Owner 

E lco  Min ing  L im i ted  was appointed P r o j e c t  Manager and 

immediate ly  undertook a f e a s i b i l i t y  s tudy  which i nvo l ved  

t h e  most ex tens ive  e x p l o r a t i o n  program t o  date.  

program, which extended from October 1976 t o  June 1977, 

was ma in l y  concentrated on t h e  n o r t h e r n  h a l f  o f  t h e  v a l l e y ' s '  

e a s t  f l a n k  and inc luded  L i t t l e  Weary Ridge and p a r t  o f  B i g  

Weary Ridge. Also,  d e t a i l e d  i n v e s t i g a t i o n s  were f o r  t he  

f i r s t  t i m e  c a r r i e d  o u t  on t h e  v e r t i c a l  t o  over tu rned seams 

on t h e  west f l a n k  o f  t h e  v a l l e y .  The f e a s i b i l i t y  s tudy 

was completed January 1978 and p r e p a r a t i o n  o f  t h e  Stage I1  

submissions were underway. 

Th is  

The Stage I1 r e p o r t  f o r  t h e  E l k  R i v e r  Coal P r o j e c t  was 

submi t ted  on August 28, 1978. F o l l o w i n g  t h i s ,  a s i g n i f i c a n t  

amount o f  a d d i t i o n a l  work was under taken a t  t h e  request  

o f  t h e  government rev iew ing  agencies.  

1 )  

2) 

On February 22, 1979, t h e  Environment and Land Use Committee 

of  t h e  B.C. Cabinet gave a p p r o v a l - i n - p r i n c i p l e  t o  t h e  p r o j e c t ,  

s u b j e c t  t o ,  however, comple t ing  an a d d i t i o n a l  program o f  

Stage 111 work. 
3)  

- 5 -  



1 . 2  PROPERTY DEFINITION Cont'd. 

1 . 2 2  Current Owner Cont'd. 

Elco Mining Limited current ly  remains Project Manager of 

the Elk River Coal Project  and i s  continuing t o  carry out 

Stage 111 permit a c t i v i t i e s .  The original pace of the 

project  has somewhat decelerated due to  the softening 

demand f o r  s teel  products and metallurgical grade coal on 

the world markets, especial ly  in  Europe. 

1.23 Brief Economic Assessment 

The Elk River Coal Project ,  however, remains to  be a very 

viable project .  

developed which will produce 4.0 million tonnes of clean 
3 coal per year a t  an overall  s t r ipping r a t i o  of 3.27 bm / t .  

This plan involves the mining and blending of more than 

18 seams of varying qua l i ty  to  produce a low v o l a t i l e ,  good 

cokeabi l i ty  product which will meet the requirements of 

most of t he  world's coking coal consumers. Furthermore, 

i t  has been proven t h a t  s imilar  open p i t  reserves extend 

southwards onto Big Weary Ridge which would give a t  l e a s t  

an additional 20 years of mining a t  the above r a t e  of 

production, however a t  a somewhat higher s t r ipping r a t i o ,  

(approximately 6 .0  bm / t ) .  

A 36 year open p i t  mine plan has been 

3 
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1.2 PROPERTY DEFINITION Cont 'd.  

1.23 B r i e f  Economic Assessment Cont 'd.  

Wi th  t h e  growing wor ld  wide demand f o r  thermal coal  the  

economic p o t e n t i a l  o f  the  seams loca ted  on the  west f l a n k  

o f  t h e  E l k  R ive r  coal depos i t ,  which i n v e s t i g a t i o n s  t o  

date, have i n d i c a t e d  t o  be a low c o k e a b i l i t y  h igh  v o l a t i l e  

coal ,  i s  r a p i d l y  inc reas ing .  Here t h e r e  i s  an i n d i c a t e d  

open p i t  p o t e n t i a l  o f  174 m i l l i o n  tonnes o f  c lean coal  a t  

an approximate s t r i p p i n g  r a t i o  o f  7.0 bm /t. 3 

Underground reserves o f  c lean coal  f rom w i t h i n  t h e  t o t a l  

l i c e n c e  area are  es t imated  t o  be i n  t h e  order  o f  600 m i l l i o n  

tonnes f o r  cok ing  coal  and 558 m i l l i o n  tonnes f o r  thermal 

coal  (see Geological  Map o f  t h e  E l k  R iver  Coal Licences, 

page 8). 
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1.3  SUMMARY OF 1979/80 DEVELOPMENT WORK 

During t h i s  term of l icence,  Elco's f i e l d  a c t i v i t i e s  o r  "on 

property" work increased over t h a t  of the two previous terms. 

Work was car r ied  out  d u r i n g  t h i s  term in the  following program 

areas:  

b Mine and Mine Fac i l i ty  Overburden Geotechnical Investigations;  

b Mine Rock S1 ope Geotechni cal Investigations ; 

b Railway Terrain Analysis Study; 

b 

b Field Surveying. 

Railway and Access Road Corridor Topographic Mapping; 

(see Appendix 1.0-A; Sheets la  & 2a of 7 ,  and Appendix 1.0-6, 

Sheet 2-7 of 7. 

1.31 Geophysical Surveying 

Engineering seismic re f rac t ion  surveys were carr ied out 

i n  support o f  the  overburden geotechnical invest igat ions.  

Thir ty-f ive surveys were made a t  selected locat ions on 

the  proposed haul road alignment, r i v e r  diversion channel, 

access road, and Weary Creek waste dump area.  
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1.3 SUMMARY OF 1979/80 DEVELOPMENT Cont 'd.  

1.32 D r i l l i n g  

T h i r t y  n i n e  overburden t e s t  holes,  ranging i n  s i z e  f rom 

114.3 mn t o  177.80 mm were completed on t h e  proposed 

d i v e r s i o n  dam, r i v e r  d i v e r s i o n  channel, s e t t l i n g  pond and 

haul road. I n  a d d i t i o n ,  a 203.2 mm pumping we l l  was d r i l l e d  

i n  t h e  overburden depos i ts  a t  t h e  proposed d i v e r s i o n  dam 
. 

and PVC type  piezometers were i n s t a l l e d  i n  the  overburden 

t e s t  ho les.  

A s e r i e s  o f  f i v e  bedrock pumping w e l l s  were d r i l l e d  i n  

bo th  t h e  proposed mine f o o t w a l l  and h ighwal l /endwal l  areas 

f o r  a t o t a l  o f  10 holes.  Each pump t e s t  s i t e  cons is ted  o f  

one 200 mm d iameter  pump w e l l  and f o u r  150 mm d iameter  

obse rva t i on  w e l l s ,  each completed w i t h  3 PVC standpipe 

type  piezometers.  

1.33 Pump Tes t ing  

A 72 hour  pump t e s t  was performed i n  t h e  proposed d i v e r s i o n  

dam area t o  eva lua te  ground water cond i t i ons  i n  t h e  a l l u v i u m  

and seepage c o n t r o l  measures t h a t  w i l l  be needed below t h e  

dam embankment. 
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1 .3  SUMMARY OF 1979/80 DEVELOPMENT Cont'd. 

1.33 Cont'd. 

Twenty three-day and 33-day pump t e s t s  were carr ied o u t  

respect ively in the  proposed n o r t h  endwall/highwall area 

and the proposed footwall area i n  order t o  evaluate the 

hydrogeology and define dewatering requirements f o r  b o t h  

slope s t a b i l i t y  and the handling of ground water inflows into 

the proposed open p i t .  

1.34 Geological Surveys 

Detailed s t ruc tura l  logging of selected d r i l l  cores ,  stored 

from e a r l i e r  d r i l l  programs a n d  s t ructured f i e l d  mapping of 

rock exposures w i t h i n  the approximate 2,600 hectare invest i -  

gation area was carr ied o u t  in  conjunction with the rock 

slope s t a b i l i t y  s tudies .  

Geological reconnaissance was carr ied o u t  along the proposed 

alignments fo r  the haul road, r i ve r  diversion channel, 

diversion dams, west waste dump, s e t t l i n g  pond ,  t a i l i ngs  

pond, p lan t  s i t e ,  fo re s t ry  by-pass road, northeast  interceptor 

d i tch  and Weary Creek waste dump and diversion channel. 
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1.3  SUMMARY OF 1979/80 DEVELOPMENT Cont 'd .  

1.34 Geological Surveys Cont 'd .  

Te r ra in  a n a l y s i s  and s u r f i c i a n  geology mapping was c a r r i e d  

o u t  on approximately 9,800 hec ta re s  along E l c o ' s  proposed 

rai lway alignment.  

1.35 Topographic Mapping 

New 1:ZOOO s c a l e  topographic  mapping was made f o r  t h e  

proposed ra i lway and access  road c o r r i d o r s .  A t o t a l  of  

6,360 hec ta re s  were mapped i n  both pencil  manuscript  and 

fairdrawn form. 

1.36 F ie ld  Surveying 

Two programs of f i e l d  surveying ,  involving l i n e  c u t t i n g  

were c a r r i e d  o u t .  

Program No. 1 e n t a i l e d  t h e  l ayou t  of t h e  proposed al ignments  

f o r  the haul road,  haul road channel c ros s ings ,  west waste 

dump t o e  l i n e ,  n o r t h e a s t  i n t e r c e p t o r  d i t c h ,  t a i l i n g s  pond 

dyke c e n t r e  l i ne ,  s e t t l i n g  pond dyke c e n t r e  l i n e ,  river 

d ive r s ion  c u t o f f  dam c e n t r e  l i n e s ,  Bleasdel l  Creek rai lway 

c ross ing  and impar t ,  the f o r e s t r y  bypass road and t h e  
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1.3 SUMMARY OF 1979/80 DEVELOPMENT Cont 'd .  

1.36 F i e l d  Survey ing Cont 'd .  

Weary Creek d i v e r s i o n  channel. I n  t o t a l  23.3 k i l o m e t e r s  

o f  l i n e  c u t t i n g  was c a r r i e d  o u t  i n  t h i s  program. I n  

a d d i t i o n  t o  l i n e  c u t t i n g ,  f i e l d  survey ing  i n  t h e  second 

program a1 so i n v o l v e d  : t h e  e r e c t i o n  o f  permanent pr imary 

c o n t r o l  s i g n a l s ;  new permanent secondary c o n t r o l  surveys; 

new road,  d r i l l  s i t e  and t e s t  p i t  surveys, new bench mark 

surveys; and o l d  a d i t  and d r i l l  s i t e  surveys. 

1.37 Tes t  P i t s  

Seventy f o u r  t e s t  p i t s ,  each approx imate ly  measuring one 

meter by t h r e e  meters were completed f o r :  

road;  r i v e r  d i v e r s i o n  channel; west waste dump; f o r e s t  

bypass road; t a i l i n g s  pond; s e t t l i n g  pond; and Weary Creek 

waste dump. 

the  proposed haul 

1.40 Summary o f  Work by Licences 

See Table 1.4 - 1, "Summary o f  Work by Licences,"  Page 14. 
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1.3 SUMMARY OF 1979/80 DEVELOPMENT Cont 'd .  

1.40 Summary o f  Work by Licences Cont 'd .  

Table  1.4 - 1 

SUFPIARY OF WORK BY LICENCES 
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SECTION 2 

WORK PROGRAMS 

2.1 FIELD SURVEY' 

F i e l d  survey ing  was d i v i d e d  i n t o  two work programs and each was 

l e t  o u t  under separate c o n t r a c t .  

Eng ineer ing  L td .  was respons ib le  f o r  t h e  survey work under Program 

No. 1 w h i l e  K e r r  Wood Le ida l  and Associates L td .  was respons ib le  

f o r  Program No. 2 survey work. 

McElhanney Survey ing and 

2.11 Survey Program No. 1 

T h i s  was t h e  most ex tens i ve  o f  t he  two survey programs 

completed. I n  t o t a l  554 man-days were worked i n  the  f i e l d .  

T h i s  was accomplished by th ree  3-man crews and one superv isor .  

I n  genera l ,  t h e  work cons is ted  o f  t h e  f o l l o w i n g :  

Using p lans  and da ta  supp l i ed  by Elco,  proposed 

a l ignments were l o c a t e d  on t h e  ground and c o n t r o l  

s t a t i o n s  es tab l i shed  a long these a l ignments;  

Coord ina t i on  o f  a l l  c o n t r o l  s t a t i o n s ,  d r i l l  holes 

and t e s t  p i t s  was c a r r i e d  o u t  upon comple t ion  of 

geotechn ica l  f i e l d  work; 
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2.1 FIELD SURVEYING Cont'd. 

2.11 Survey Program No. 1 Cont'd. 

a Plans were prepared of a l l  surveys (including the 

r i v e r  diversion survey described l a t e r  under  Survey 

Program No. 2 )  and prof i les  of cer ta in  alignments, as 

specified by Elco, were constructed. 

The following surveys were completed: 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Horizontal Control 

Monumentation of Primary Control Points 

West Waste Dump 

Tailing Dike Alignment 

Se t t l i ng  Pond Dike Alignment 

Weary Valley Road Traverse 

Forestry Bypass Road 

Haul Road Alignment 

Haul Road Crossings 

Weary Creek Diversion Channel 

Bleasdell Creek Railway Crossing 

River Diversion 

Cutoff Dams 

Sewage Lagoon 

Northeast Interceptor Ditch 
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2.1 F I E L D  SURVEYING Cont'd. 

2.11 Survey Program No. 1 Cont'd. 

a Geotechnical Exploration Dril l  Holes and Test 

P i t s  - IECO 

a Geotechnical Dril l  Holes - Golder 

a Old Exploration Dril l  Holes and Adit Surveys 

See Appendix 2.0 "Survey Stat ion Reference Plan," McEl hanney 

Surveying and Engineering L t d . ,  Sheets 1 and 2. 

Previous work consisted of t raverses  along road and 

transmission corr idors  of the E l k  Valley and t r i l a t e r a t i o n  

between prominent locations i n  the  val ley.  This work had 

been completed over a period of several years dating back 

t o  1968. Bench marks had been located i n  1976/1977 from 

the McElhanney level r u n  car r ied  out  in  1970. Elevation 

da tum i s  a t  Michel Creek near Sparwood. 

The accuracy o f  t h i s  work i s  no t  documented so i t  was 

necessary to  t i e  the horizontal control with remeasurements 

whenever i t  was intended t o  use any of the control points. 

I t  was decided t o  make control monument 3620 the or ig in  of 

coordinates and the l i n e  3620 t o  Bleasdell the or ig in  of 
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2.1 F I E L D  SURVEYING C o n t ' d .  

2.11 Survey Program No. 1 Cont'd. 

bearings fo r  a l l  connections made during the program. 

Distances were reduced t o  the 1500 meter da tum.  The radius 

o f  curvature used was 6378231.834 meters. The reduced 

dis tance was obtained by u s i n g  the following relat ionship:  

S, = (Cr/Cr + (hA + hB - 1500) ) x So 
2 

Where: S1 = distance reduced t o  the 1500 meter datum 

Cr = radius o f  curvature 

hA = 

h8 = 

So = distance between A and B reduced to  the 

elevat ion of Stat ion A 

elevation o f  Stat ion B 

horizontal p l a n e .  

All t raverse  loops and control t i e s  were adjusted using 

the compass rule .  

All control connections were made using Wild T2 t heod i l i t e s  

and an HP 3808 dis tance measuring instrument. 

were car r ied  out  using Wild T2 and 20" reading theod i l i t e s .  

Traverses 
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2.1 FIELD SURVEYING C o n t ' d .  

2.11 Survey Program No. 1 Cont'd. 

Other dis tance measuring instruments used f o r  t ravers ing 

were Sokkisha Red 1 A  and K & E Autoranger. 

Prof i les  were carr ied out using the level and chain o r  by 

u s i n g  the t r a n s i t ,  rod and s tadia  in te rcepts .  When using 

s t ad ia  in te rcepts  the reductions were computed using the 

following re la t ionships :  

2 Horizontal Distance = S.I. x cos a 

Where: S . I .  = difference between top and bottom intercepts  

times 100 

a = slope angle 

Vertical Displacement = S . I .  x cosa x sina 

Levels were car r ied  ou t  t o  t h i rd  order accuracies which 

requi re  t h a t  the misclosure be l e s s  than 24 mm JT, where 

K i s  the dis tance between bench marks in  kilometers. A 

ne twork  of level loops has been i n i t i a t e d  and these a re  

r u n  both  ways. 
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2.1 F I E L D  SURVEYING Cont 'd .  

2.11 Survey Program No. 1 Cont 'd .  

In o r d e r  t o  preserve  the survey information generated d u r i n g  

the 1980 program t h e  fo l lowing  procedures were c a r r i e d  ou t .  

Traverse cont ro l  s t a t i o n s  c o n s i s t  of  r eba r  s e t  i n  concre te .  

Survey cont ro l  da t a  ca rds  were prepared f o r  each of  these  

s t a t i o n s .  Traverse s t a t i o n s  were marked w i t h  10" or 12" 

spikes and h u b s  o r  l a t h s  were placed near  t o  the sp ike .  

Each s t a t i o n  was marked w i t h  a metal t a g  stamped w i t h  a 

number. All r e f e rences  t o  each s t a t i o n  i n  t h e  f i e l d  notes ,  

plan and coord ina te  l i s t i n g s  a r e  t o  t h e  number on t h e  t a g .  

Seventeen s i g n a l s  were f a b r i c a t e d  and e rec t ed  a t  t h e  

fol lowing con t ro l  s t a t i o n s :  

3606 

3609 

361 0 

3620 

3621 

4752 

4756 

4849 

Bleasdel l  

Rivers ide  

Underhill No. 5 

Underhil l  No. 6 

Underhil l  No. 7 

Underhil l  No. 8 

Underhi l l  No. 9 

Underhil l  No. 11 

8006 
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2.1 FIELD SURVEYING Cont 'd .  

2.11 Survey Program No. 1 Cont'd. 

The c o s t  o f  c o n s t r u c t i n g  t h e  s igna ls  was $167 per  s igna l  

and i n c l u d i n g  c o s t  o f  labour  and h e l i c o p t e r  t ime the  cos t  

o f  c o n s t r u c t i n g  and e r e c t i n g  t h e  s igna ls  was $580 per  

s i g n a l  (see F igure  2-11-1, " D e t a i l s  o f  Survey Cont ro l  

Monument Signal  ," page 22) .  

Dur ing t h e  program, t i e s  were made between va r ious  pr imary 

c o n t r o l  monuments. The coord ina te  l i s t i n g s  have been amended 

t o  t h e  new values obta ined.  Two new s t a t i o n s  were s e t  and 

surveyed i n .  These were 8005 and 8006. S t a t i o n s  4849 and 

3609 were found t o  have had t h e  survey monument removed. A 

new monument was es tab l i shed  a t  each o f  these s i t e s .  

The f o l l o w i n g  i s  a summary o f  t h e  c o n t r o l  work completed 

and t h e  c losu res  obta ined:  

3620 - 4849 - 8024 - 3620 

3620 - 3610 - 4849 

3620 - 3609 - 4849 

4849 - 8005 - R ive rs ide  - 8006 - 4849 

8005 - U658 - 4849 

1 : 79856 

1 :185303 

1 : 76565 

1 :73374 

1 : 58282 
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2.1 FIELD S U R V E Y I N G  Cont 'd .  

2.11 Survey Program No. 1 Cont 'd .  

To a s s i s t  t h e  geotechnica l  s tud ies  and p rov ide  data f o r  

f u t u r e  des ign work p r o f i l e s  were prepared on t h e  f o l l o w i n g  

a l ignments ,  (see Appendix 3.0-A through 3.0-M). 

b 

b 

b 

b 

b 

b 

b 

Haul Road (see Appendix No. 3.0-A, Sheets 1-14) 

Haul Road Crossing No. 1 (see Appendix No. 3.0-B, 

Sheets 1-2) 

Haul Road Crossing No. 2 (see Appendix No. 3.0-C, 

1 sheet o n l y )  

Haul Road Crossing No. 3 (see Appendix No. 3.0-D, 

Sheets 1-2)  

S e t t l i n g  Pond Dyke (see Appendix No. 3.0-E, Sheets 1-3) 

T a i l i n g s  Pond Dyke (see Appendix No. 3.0-F, Sheets 1-7) 

R ive r  D i v e r s i o n  C u t o f f  Dam No. 1 (see Appendix No. 3.0-6, 

1 sheet o n l y )  

R ive r  D ive rs ion  C u t o f f  Dam No. 2 (see Appendix No. 3.0-H, 

1 sheet o n l y )  

R i v e r  D ive rs ion  C u t o f f  Dam No. 3 (see Appendix No. 3.0-1, 

1 sheet  o n l y )  

R ive r  D ive rs ion  C u t o f f  Dam No. 4 (see Appendix No. 3 . 0 4 ,  

1 sheet o n l y )  
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2.1 F I E L D  SURVEYING Cont 'd.  

2.11 Survey Program No. 1 Cont 'd.  

0 Rive r  D ive rs ion  C u t o f f  Dam No. 5 (see Appendix No. 3.0-K, 

1 sheet o n l y )  

0 Bypass Road (see Appendix No. 3.0-L, Sheets 1-5) 

0 Bleasde l l  Creek Rai lway Cross ing (see Appendix No. 3.0-M, 

Sheet) 

2.12 Survey Program No. 2 

Survey Program No. 2 i n v o l v e d  survey ing  o f  t h e  proposed r i v e r  

d i v e r s i o n  channels for which t h e r e  a r e  th ree .  These a r e  

known as t h e  nor thern ,  midd le  and southern channel segments. 

Two 2-man survey crews completed t h e  no r the rn  and middle 

segments between J u l y  2 and J u l y  31 w h i l e  one 2-man crew 

completed the  southern segment between J u l y  31 and August 26. 

I n  general ,  t h e  work cons is ted  o f  t h e  f o l l o w i n g :  

0 Using conceptual  des ign  p lans  developed by Ker r  Wood 

Le ida l  (KWL) channel c e n t e r  l i n e s  were l oca ted  on 

the  ground; 

0 Cross-sect ions f o r  t h e  purpose o f  de termin ing  excavat ion  

q u a n t i t i e s  were r u n  across t h e  cen te r  l i n e ;  
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2.1 FIELD SURVEYING Cont'd. 

2 .12  Survey Program No. 2 C o n t ' d .  

0 Detailed topographical surveys of t h e  i n l e t  and 

o u t l e t s  t o  each channel segment were completed; 

m Coordination of a l l  control s t a t ions ;  

0 Preparation of plans of a l l  surveys and p ro f i l e s  o f  

cross-sections and  center  l i n e  sect ions.  

Pr ior  t o  KWL undertaking their surveys, McElhanney established 

control points on each channel segment a s  a basis f o r  primary 

(EMGS) network control t i e s .  

Survey procedures used a r e  s imilar  t o  those used by McElhanney 

and which have been described i n  Section 2.11. 

To a s s i s t  the geotechnical s tudies  and  provide data fo r  future  

design work, plans and prof i les  were prepared. Plan views were 

t ransfered and a re  presented in Appendix 2.0,  "Survey Station 

Reference Plan", McElhanney Surveying and Engineering L t d .  

P rof i les  a re  presented in  Appendices 4.0-A and 4.0-B. 
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2.2 TOPOGRAPHIC MAPPING 

Pacif ic  Survey Company Limited was contracted t o  carry out 

manuscript a n d  fa i r  drawn mapp ing  of Elco's proposed railway and 

access road corridors.  

which had begun, and  which has been reported on in the 1978/79 

term of l icence work report  

graphy and the ground control survey were completed. 

This mapping was a continuation of the work 

During t h a t  period the aer ia l  photo-  
4 ) '  

This mapping was undertaken f o r  the purpose of carrying o u t  

conceptual design work on Elco 's  proposed railway and access road. 

Mapping was produced a t  a s ca l e  of 1:2000 with a 2 meter contour 

interval  and a 1 meter interpolated contour interval .  

Mapping was confined t o  a 500 meter wide s t r i p  centered over the 

separate alignment center  l i nes .  For the railway, t h i s  began near 

the Fording Coal Ltd . ' s  spur l i n e  and the Fording River junction, 

( i n  the so-called Boivin Pass a rea)  fo r  the access road a t  the 

town of El kford. 

Both  alignments r u n  northward approximately 50 km t o  Elco's pro- 

posed mine s i t e .  The access road alignment becomes the fo re s t  

bypass road a t  Elco's proposed plant  s i t e .  I t  extends northwards 

on the west s ide of the mine a rea ,  then loops eastward over the 

proposed r iver  diversion dam t o  re jo in  the exis t ing forestry road, 

a length of approximately 8 km. 
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2 . 2  T O P O G R A P H I C  M A P P I N G  Cont'd. 

Where the railway alignment approaches the proposed E l k  River 

crossing, mapping was extended t o  fu l l  valley bot tom coverage. 

Where the railway and access road alignments converge, s t r i p  

maps 750 meters wide were made. Also, map coverage was widened 

to  include a l l  Elco 's  proposed plant  s i t e  area.  

Fair  drawn mapping was stopped a t  the plant s i t e  area,  while 

manuscript mapping continued along the l e n g t h  o f  the fores t ry  

bypass road  alignment. Topographic plans a re  presented in  

Appendix 5.0.  
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2.3 GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK 

Elco undertook three separate geological/geotechnical f i e l d  

programs d u r i n g  the 1979/80 term of l icence.  These were as 

fol  1 ows : 

0 Railway Corridor Geological/Geotechnical Investigations;  

0 Mine/Mine Fac i l i t y  Overburden Geological/Geotechnical 

Investigations;  

0 Mine Rock Slope Geological/Geotechnical Investigations.  

These programs were carr ied out  by three separate consulting 

firms. The mine related programs were f i e l d  supported by Elco 

b o t h  d i r ec t ly  and through separate  contracts  f o r  the following: 

Permits, Administration and Coordination; 

Communications, 

Safety,  

Surveying, 

Labour and Construction (roads,  t e s t  p i t s ,  d r i l l  s i t e s ) ;  

Dri l l ing and  Pump Testing, 

Laboratory Analysis, 

Camp and Catering, 

Archeological, 

Recl amati on  and Environmental Admi ni s t r a  t i  on .  
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2 . 3  GEOLOGICAL AN0 GEOTECHNICAL FIELD WORK Cont'd. 

McMeekin Construction Ltd.  was retained t o  carry out  road 

r epa i r ,  road and d r i l l  s i t e  construction, t e s t  p i t  digging 

and timber slashing and cleanup. Two D6D, wide-track dozer 

t r ac to r s  were used fo r  road and d r i l l  s i t e  construction. A- 

0.76 cubic meter, model 2800 Linkbelt tracked backhoe was 

used t o  a s s i s t  with the road building and t o  d i g  the t e s t  

p i t s .  

roads and d r i l l  s i t es ,  t o  cut and remove any trees which 

had f a l l e n  i n t o  standing timber and to  hand c l e a r  t e s t  

s i t e s  located i n  areas  designated a s  environmentally 

sens i t i ve .  See Appendix 1.0-A, "Plan of 1980 Field Work - 

Mine S i t e , "  fo r  locat ions of completed roads, d r i l l  s i t e s  

and tes t  p i t s .  

A 2-man saw crew was used t o  s lash cleared timber on  

McMeekin Construction Ltd.  was a l so  under  cont rac t  t o  Elco 

f o r  the providing o f  camp and catering services .  A 46-man 

camp consis t ing of a kitchen/diner,  5 s leeper  un i t s ,  one 

washllaundry u n i t ,  two o f f i c e  uni t s  and a l i g h t  p lan t  was 

s e t  up on Elco's former Weary Creek camp s i t e ,  (see 

Appendix 1.0-A, Sheet 2A of 7 f o r  camp s i t e  loca t ion) .  
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2.3 G E O L O G I C A L  A N D  GEOTECHNICAL FIELD WORK Cont'd. 

All Kind Dri l l ing L t d .  ca r r ied  o u t  overburden d r i l l i n g  and 

sampling and piezometer i n s t a l l a t i o n s  in  the overburden test 

holes. To perform t h i s  work two d r i l l s  were used, one, a 

Fail ing 1500, truck mounted r i g  s e t  u p  f o r  standard water/ 

mud d r i l l i n g  and coring, the second, a Boa M-60 t rack mounted 

d r i l l  set  u p  f o r  auger and core d r i l l i n g .  

. 

Drillwell Enterprises Ltd. was contracted t o  carry o u t  the 

la rge  diameter well d r i l l i n g  f o r  the  pump t e s t  programs. This 

included pump t e s t s  i n  both overburden and bedrock. A truck 

mounted Bucyrus-Erie 12R ro ta ry  d r i l l ,  equipped w i t h  a i r  

c i r cu la t ion ,  down-hole-hammer and casing hammer was used. 

CPI Equipment  L t d .  was contracted t o  carry out pump t e s t ing  

services i n  both the overburden and bedrock pump tes t ing  

programs. Equipment included e l e c t r i c  submersible pumps, 

well pipe,  discharge p i p e ,  monitoring equipment, e l e c t r i c  

generators, and a hoisting truck. A 2-man setup/takedown 

crew, and a monitoring technician were provided. 
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2.3 GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK C o n t ' d .  

2.31 Terrain Analysis and Surf ic ia l  Geological Mapping of 
Railway Corridor 

Thurber Consultants Ltd.  were contracted to  carry out a 

detai led t e r r a in  analysis  and su r f i c i a l  geological study 

along Elco 's  proposed 47 kilometer railway corr idor  beginning 

from the C P  Rail 

and running northward along the Elk River Valley t o  Elco's 

proposed mine s i t e .  

Fording Mine spur - Fording River junction 

The purpose of t h i s  study was to  ident i fy  important 

geotechnical problems so t h a t '  Elco could: 

0 Assess a proposed alignment and  ad jus t  t o  optimum 

1 ocations ; 

Develop preliminary cost  estimates for construction, and 

Identify areas requiring fur ther  studies.  

0 

0 

Seven days of f i e l d  work f o r  this study were completed i n  

l a t e  June of 1980. 

inary a i r  photo in te rpre ta t ion  which delineated areas f o r  

f i e l d  invest igat ions.  Soil samples were col lected and 

analyzed. 

Figures 2.31-1 t o  2.31-3, pages 33 t o  35. 

The f i e l d  work was preceded by a prelim- 

Results a r e  included in  Table 2.31-1, page 32 and 
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T a b l e  2.31-1 
DESCRIPTION OF SOIL SAMPLES 

UNIFIED f f l I S T U R E  ATTERBERO 
SAWLZ S O I L  z LIMITS G R A I N  SIZE I 

No. CHAINAGE LOCATION CLAS.SIFICATION S O I L  DESCRIPTION ( Id )  LL PL PI Gravel Sand S l l t  Clay 

80.1 Sl ide  3 c . r ~  nea r  km 26.5 CL S a n d y  s i l t y  c l a y  tines. 2.3 25 15 10 - - - - 
80-2 Sl lda  s c a r p  n u r  km 26.5 CL S l l t y  o l ay  t ines.  Low 3.6 - - - - - - - 

p1ast io .  

SO-3 Power l i n e  access read C L  S l l t y  olay,  some sand,  2.2 26 15 11 - - - - 
80-4 Flcus l lde  s c a r p  nea r  1 CL-HL S l i g h t l y  c layey sandy 11.6 21 15 6 - - - - 
80-5 Stream c u t  f a c e  nea r  GY-OH S i l t y ,  Jandy gravel .  - - - - 41.3 49.9 8.8 

80-6 S l Ide  sca rp  nea r  km 25.1 CL S i l t y  c l a y  u l t h  sand. 6.1 20 12 8 19.2 28.2 34.6 18.0 

n u r  km 26.8 medium p l a s t i o .  

km 28.5 gravel .  Y e l l  graded. 

km 3.4 

Hedium p l a s t i o  t i n e ¶ .  

80-1 S l l d e  s c a r p  - access road CL S i l t y  o l ay  t l n e s .  Lou - 13.4 24 1 6  8 - - - - 
near km 25.8 medium p l a s t l o .  

80-8 S l i d e  s c a r p  - a c c e s s  road OH Organio s i l t y  o l a y  f i n e s .  - - - -  - - - - 
I near km 25.8 High p l a s t l o .  
w 
N 80-9 S l ida  acarp near km 17.9 KL Sandy clayey silt  fines.  3.1 21 11 4 19.0 34.8 37.2 9.0 

80-10 Carbonate pan Crm amall  
a l l d e  near km 11.9 

80-11 S l i d e  s c a r p  above rook 
canyon - km 11.4  

80-12 Access road no r th  o t  l i n e  
terminus n u r  km 46.1 

80-13 Fores t ry  road near km 43.8 

80-14 &arrow p l t  a t  h 41.6 

80-15 Terrace south o t  Blrgay 

80-16 Drlrt crposurs abbve Elk 
Rlver near  km 39.8 

D r i f t  exposure nbbve E l k  , 
River nedr  km 39.8 

C r e e k  o p p m l t s  km 23.3 

80-17 

CL 

CL 

CL 

CL-KL 

OH 

CL 

CL 

C e m e n t e d  s o i l .  - - - -  
S i l t y  c l a y  t i n e s  wi th  3.1 23 15  8 
sand and g rave l .  

Clayey silt  and s i l t y  15.8 31 11 1 4  
c l ay  w i t h  o rgan ic s .  

S l l t y  c l ay .  Hedlum plas-  15.0 21 16 11 
t i c .  Layered. 

Sandy s i l t y  olay.  Very 7.2 18 11 I 

S i l t y  sandy gravel .  - - - -  
hard. 

Sandy s i l t y  c l a y  t l nea .  0.9 11 10 I 

Layered s i l t y  a l ay .  Seams 21.3 23 12 11 
o t  t i n e  sand. 

- - - - 
19.1 24.8 31.1 19.0 

- - - - 
5.8 28.1 31.1 29.0 

68.2 21.0 - 4.8 - 
- .) - - 
- .. - - 

17.1 21.0 1.9 

COHHENTS 

T i l l .  

F i n e s  interbaddsd ln tIl1. 

T i l l .  

T l l l .  

Fan alluvlum. 

Near p r e t e r r e d  E l k  River 
c r o s s i n g  alignment.  

Small r e c e n t  f a i l u r e  near  
a c c e s s  road. 

Sort a l l u v l a l  sol1 cverly-  
i n g  till i n  scarp.  

. I  

Small shallow s l i d 0  on 
l a r g e  g u l l y  310~s. 

Carbonate pan from s o i l  
horizon. F o r m  continuous 
l a y e r s .  

T i l l .  

T i l l .  

O l a c i o l a c u s t r l n e  mater ia l .  

1111. 

G1sciolac"atr l"e  -to- 
r i a l  - water bear ing i n  
s i l t  - sand ho r i ron i .  

Very dense Carbonate . . .  . . 
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TYPICAL TILL SAMPLES 

Nat, Water Content %I ;;a,y - 
Liquid Limit 34.6 37.1 37.1 

I 

w 
u1 
n 

THUREER 

Plastic Limit I 1 I 1 Sand 1 28.2 j 24.8 1 .?&I 5.8 1 
Plastic Index Gravel 19.2 19.1 

Classification 

CO N 6 U LTANTS LTD., t3eoteahnlcel Engineers  

~ 

C L I E N T  Elco Mining L t d .  
PROJECT R a i l  Extens ion  1 
LOCATION See Table  1 I SAMPLE I 
TEST DATE July 14-17, 1980 F I L E  NO 17-848-0 



2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2.31 T e r r a i n  Ana lys i s  and S u r f i c i a l  Geologica l  Mapping o f  
Rai lway C o r r i d o r  Cont 'd .  

The geotechn ica l  eva lua t i ons  a r e  shown on t h e  1:12,000 

s c a l e  maps (see Appendix 1.O-B, sheets 2-7)  w i t h  d e s c r i p t i v e  

geotechn ica l  comments. Separate t e r r a i n  mapping was a l s o  

undertaken by Thurber. T h i s  i s  shown on t h e  1:12,DOO s c a l e -  

mosaics, (see F i g u r e  2.31-5, sheets 1-7, pages38 t o  44) .  

Mapping u n i t s  a r e  descr ibed i n  t h e  T e r r a i n  Mapping Legend, 

(see F igu re  2.31-4, page 37) .  
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T E X T U R E  OESCRIPTOR 
( P a r t i c l e  s i z e s  based upon U n i f i e d  S o i l  C l a s s i  

f i c a t i o n  System and N . R . C .  F i e l d  D e s c r i p t i o n )  

S p e c i f i c  C l a s t i c  T e r m s :  
b b o u l d e r y  203 mm p l u s  
k c o b b l y  76 - 203 mm 
p z r a v e l l y  5 - 7 6  mm 
s sandy  . 0 7 5  - 5 mm 
$ s i l t y  . 002  - , 0 7 5  mm 
c c l a y e y  m i n u s  . O W  mm 

Common ( G r o u p e d )  C I a s s e s :  
a b l o c k y  a n g u l a r  b o u l d e r s  

W e l l - s o r t e d  m a r e r i a l s  a r e  d e s c r i b e d  by t h e  
use o f  a s i n g l e  t e x t u r a l  term; less w e l l -  
s o r t e d  and p o o r l y  s o r t e d  m a t e r i a l s  a r e  
d e s c r i b e d  u s i n g  t w o  t e x t u r a l  terms w i t h  
the  s u b o r d i n a t e  t e x t u r a l  t e r m  g i v e n  f i r s t .  

r r u b b l y  a n g u l a r  g r a v e l  
and  c o b b l e s  

---___ ---__ ---__ ---__ ---___ --____ 
------_____ 

---___ ---__ 

STRAT I GRAPH I C DATA: 

The hor izon ta l  bar  indicates that the 
TERRAIN UNIT SYMBOL 

g m i x t u r e  o f  g r a v e l  and c o a r s e r  
-s- s i l t  and sand m i x t u r e  $ and s 
f f i n e s  m i x t u r e  $ and c 

O r g a n i c  S o i l s :  
e f i b r i c  rn m e s i c  h h u m i c  

[' GENETIC MATERIALS 1 
A An t h r o po  ge n i c '' 
c C o \ l u v i a l *  ' o O r g a n i c "  
E E o l i a n  R B e d r o c k  
F F l u v i a l ( A l l u v l a l l  S S a p r o l i t e "  
I G l a c i e r  I ce "  V V o l c a n i c  
L L a c u s t r i n e  W M a r i n e  
M M o r a i n a l  (T I I I I  

U U n d i f f e r e n t i a t e d  
* (Marks m a t e r i a l s  f o r  w h i c h  form- 
a t i v e  p r o c e s s e s  a r e  assumed a c t i v e :  
o t h e r s  a r e  assumed i n a c t i v e ) .  

I n  a r e a s  o f  a i r  p h o t o  i n t e r p r e -  
t a t i o n  w i t h o u t  f i e l d  c h e c k i n g ,  
t e x t u r e s  o f  g e n e t i c  m a t e r i a l s  
a r e  commonly n o t  shown. Tex- 
t u r e s  a r e  t h e n  assumed to l i e  
w i t h i n  a range w h i c h  i s  d e f i n e d  
f o r  t h e  Gene t i c  M a t e r i a l  w i t h i n  
t h e  E.L.U.C. p u b l i c a t i o n .  

SURFACE EXPRESSION DESCRIPTOR 

a a p r o n  m subdued  
b b l a n k e t  r r i d g e d  
f f a n  s s t e e p  
h hummocky t t e r r a c e d  
I l e v e l  v v e n e e r  

The use o f  two ( o r  r a r e l y  t h r e e )  
s u r f a c e  e x p r e s s i o n s  t o g e t h e r  i m p l i e s  
t h e r e  i s  a m i x i n g  of  d i s c r e t e  forms 
and n o t  a c o m b i n a t i o n  o f  i n t e r m e d i a t e  
forms. B l a n k e t  i n d i c a t e s  d e p o s i t s  
g r e a t e r  t h a n  1 m e t r e  t h i c k :  veneer 
i n d i c a t e s  d e p o s i t s  less t h a n  1 m e t r e  
t h i c k .  The use o f  s i s  r e s e r v e d  f o r  
e r o s i o n a l  s l o p e s  g e n e r a l l y  g r e a t e r  
t h a n  35O on b o t h  c o n s o l i d a t e d  and 
u n c o n s o l i d a t e d  m a t e r i a l s .  

Reserved 
f o r  o r g a n i c  

F Fen Gene t i c  ~~ ~ 

s Swamp J M a t e r i a l s  
A A c t i v e  P r o c e s s  
I I n a c t i v e  P r o c e s s  

A c t i v e  p r o c e s s e s  a r e  t h o s e  wh ich  g i v e  
ev idence  f o r  b e i n g  r e c u r r e n t  o r  con- 
tempora ry ;  i n a c t i v e  p r o c e s s e s  a r e  those 
w h i c h  a r e  n o t  r e c u r r e n t  and wh ich  have 
ceased. M o d i f y i n g  P rocesses  and form- 
a t i v e  p r o c e s s e s  f o r  Gene t i c  M a t e r i a l s  
a r e  assumed to be e i t h e r  a c t i v e  o r  i n -  
a c t i v e .  A s u p e r s c r i p t  m o d i f i e r  i s  
shown o n l y  where a p r o c e s s  s t a t e  i s  
c o n t r a r y  t o  t h e  common assumpt ion.  

I 0' 

?,.-OM 

F l u t i n g  

Roche Mou tonnee  
( s t o s s - a n d -  l e e )  
G l a c i a l  S t r i a e ,  
( i c e  d i r e c t i o n  known) 

G l a c i a l  S t r i a e ,  
( i c e  d i r e c t i o n  unknown) 

M o r a i n e  r i d g e  
( e n d  m o r a i n e )  

M i n o r  m o r a i n e  r i d g e s  

E s k e r s ,  d i r e c t i o n  o f  
d e p o s i t i o n a l  f l o w  known 

E s k e r s ,  d i r e c t i o n  o f  
d e p o s i t i o n a l  f l o w  unknown 

K e t t l e  

I 

OUAL I F Y I  NG O E S C R  I P T O R  1 
O u a l i f i e s  g e n e t i c  m a t e r i a l s  o r  
m o d i f y i n g  p rocesses  a lways  as 
s u p e r s c r i p t  f o l l o w i n g  t h e  t e r m  
s o  q u a l i f i e d .  

G G l a c i a l  

S m a l l  g l a c i a l  m e l t w a t e r  
c h a n n e l  

Abandoned  s h o r e l i n e  

A c t i v e  d u n e s  

I n a c t i v e  d u n e s  

B l o c k  f i e l d s  

Rock g l a c i e r s  

E s c a r p m e n t  

C i r q u e  

A v a l a n c h e d  

P i p i n g  

Gul I i e d  

E r r a t i c  

R u a t e r n a r y  F o s s i  I l o c a l i t y  

A n t h r o p o g e n i c  s i t e  

Lands1 i d e  s c a r  

K a r s t  

M i n e  o r  R u a r r y  

B o r r o w  Pi t  

U n i t  b o u n d a r y  - b r o k e n  
l i n e  w h e r e  a p p r o x i m a t e  

M O D I F Y I N G  P R O C E S S E S  

- A  
-B 
- C  
-0 
- E  
- F  
- H  
- K  
- N  
-P  
-S 
- V  
-w 

A v a l a n c h e d *  
Beve I l e d  
C r y o t u r b a t e d  * 
Oef l a t e d  
C h a n n e l  l e d  
F a i l i n g "  
K e t t l e d  
K a r s t  M o d i f i e d "  
N i  v a t e d "  
P i  p i n g "  
S o l  i f l u c t e d "  
G u l  I i e d "  
Washed 

* Marks  p r o c e s s e s  assumed 
t o  b e  a c t i v e ;  c t h e r s  a r e  
assumed i n a c t i v e  , 

Sandy g r a v e l l y  and  c o a r s e r  f l u v i o g l a c i a l  
t e r r a c e  d e p o s i t s  w i t h  c h a n n e l s  e r o d e d  by  
g l a c i a l  m e l t w a t e r ;  t h e  w h o l e  u n i t  o v e r -  
l y i n g  s i l t y  c l a y  t i l l .  

COMPOSITE UNITS: 

= c o m p o n e n t s  on e i t h e r  s i d e  
o f  t h i s  symbol  a r e  a p p r o x -  
i m a t e l y  e q u a l  i n  a r e a .  

/ t h e  componen t  i n  f r o n t  o f  
t h e  symbo l  i s  more  a b u n -  
d a n t  ( 5 5  t o  70%) t h a n  t h e  
one t h a t  f o l l o w s .  

// t h e  componen t  i n  f r o n t  o f  
t h e  symbo l  i s  c o n s i d e r a b l y  
m o r e  a b u n d a n t  ( 7 0  t o  90%) 
t h a n  the  componen t  t h a t  
f o l l o w s .  

examp l  e 1 : 
Mb=R, M o r a i n e  b l a n k e t  a r e a  
r o u g h l y  e q u a l s  t h e  e x p o s e d  
b e d r o c k  a r e a .  

examp le  2: 
Mb/R, M o r a i n e  b l a n k e t  a r e a  
i s  m o r e  t n a n  t h e  a r e a  o f  
e x p o s e d  b e d r o c k  

e x a m p l e  3: 

Mb//R, M o r a i n e  b l a n k e t  a r e a  
i s  c o n s i d e r a b l y  m o r e  t h a n  t h e  
a r e a  o f  exposed  b e d r o c k .  

M o d i f i e d  by Thurber  C o n s u l t a n t s  L t d .  f rom " T e r r a i n  C l a s s i f i c a t i o n  System",  
B r i t i s h  Columbia E.L.U.C. S e c r e t a r i a t ,  1978 ( 3 r d . p r i n t i n g ) .  Re fe r  t o  t h i s  
p u b l i c a t i o n ,  a v a i l a b l e  f r o m  t h e  Resource A n a l y s i s  Br., B.C.  M i n i s t r y  o f  
Env i ronmen t ,  f o r  i m p o r t a n t  d e s c r i p t i v e  d e t a i l s  o f  t h e  t e r r a i n  mapping legend.  

THURBER CONSULTANTS LTD. 
"8CTOFili "ANCOUVEFi EDMONTON 

F igure  2.31-4 
T E R R A I N  M A P P I N G  LEGEND 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont'd. 

2.32 Geotechnical Investigations of the Mine S i t e  Overburden 
Deposits 

International Engineering Company Inc. (IECO) was under 

contract  t o  carry out overburden geotechnical and  overburden 

hydrological s tudies  on the various proposed open p i t  mine 

f a c i l i t i e s .  These f a c i l i t i e s  included the Elk River diversi-on 

and integrated mine haul road, Weary Creek diversion and waste 

dump, northeast interceptor  d i t c h ,  mine water s e t t l i n g  pond, 

t a i l i ngs  pond, west waste dump,  f o r e s t  service bypass road, 

and other minor f a c i l i t y  a reas ,  (see Appendix 6 .0 ,  "Si te  

Exploration Plan---," Sheets 1 - 2 ) .  

During Elco's f e a s i b i l i t y  s tud ies  i t  was recognized t h a t  

more detai led information was required on the overburden 

geology, hydrology and geotechnical parameters before f ina l  

cu t  and  f i l l  and foundation designs could be made on the 

diversion channels and dams, re ten t ion  ponds and  waste dumps. 

Ear l ie r  studies had indicated t h a t  preglacial  and/or i n t e r -  

glacial  channels f i l l e d  w i t h  water bearing gravels could 

e x i s t  within the glacial  t i l l  and on the bedrock surface. 

These could pose ser ious problems in  pa r t i cu la r  t o  the 

r i v e r  diversion. To carry o u t  t h i s  f i e l d  program IECO had 

two geological engineers and one s o i l s  engineer in the f i e l d  
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2.3 G E O L O G I C A L  A N D  G E O T E C H N I C A L  FIELD WORK Cont'd. 

2.32 Geotechnical Investigations of the  Mine S i t e  Overburden 
Oeposi t s  

on a f u l l  time basis and one geological engineer, one 

hydrologist  and two geophysicists on a par t  time basis. 

The  overburden geotechnical f i e l d  program extended from 

Ju ly  15  t o  September 13. 

Even though the d r i l l i n g ,  pump t e s t i n g ,  t e s t  p i t  digging 

and laboratory analysis  were under Elco cont rac t ,  I E C O  

d i r e c t l y  supervised t h i s  work. 

and in te rpre ta t ions  were carr ied o u t  by I E C O  geophysicists. 

See F igure  2.32-1, page 47 fo r  methods of seismic analysis,  

and Table 2.32-1, page48and Figure 2.32-2, sheets 1 - 2 ,  

pages49 and50 for  r e s u l t s  of seismic invest igat ions.  

Seismic refract ion surveys 

Dr i l l i ng ,  t e s t  p i t  and l ab  analysis  r e s u l t s  a r e  reported 

separately under Appendices 7 .0 ,  8.0 and 9.0 respectively.  
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Table: 2.32-1  
TABLE 0-1 

SElSMlC REFRACTlON DATA 
ELK R I V E R  COAL PROJECT - 1980 

LocationrLine t 

Haul Road -- 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
17 
18 
19 
20 
21 

Diversion 
Channel - 16 

22 
23 
24 
25 
26 
27 
28 
29 
31 
32 

Sewage 

El kford 
Lagoon - 30 

Road - 34 
Ueary 

Creek - 35 

Seismic Velocity (meterslsecond) Depth (meters) 
V I F  V I R  v2 v3 DIF DIR DZF OZR 

700 950 5200 3.7 4.0 
710 2100 4100 3.4 6.7 
580 610 2100 5800 2.7 3.0 17.7 17.4 
880 700 1700 4000 3.0 2.1 9.1 10.1 
760 760 1250 3WO 4.0 1.8 14.6 15.9 
790 580 2100 4300 4.3 10.1 6.7 
730 730 4100 3.0 3.0 

1100 850 4400 4.9 3.0 
580 490 4100 4.0 4.0 
760 950 4000 3.7 4.9 

1100 850 4300 3.7 3.7 
880 520 1600 6100 5.5 5.8 19.8 22.3 
760 640 4100 3.4 3.4 
490 460 4000 4.3 4.0 
370 550 4300 3.4 4.0 
940 850 2100 4000 2.1 3.7 11.6 
790 530 4600 4.0 3.4 
550 640 3400 3.4 4.3 
700 850 4000 3.0 3.7 
490 760 4300 3.4 3.0 

580 
640 
450 
550 

1300 
750 
450 
610 
450 
580 
700 

1100 

700 

490 

640 
550 
700 
580 
750 
750 
580 
610 
550 
640 
640 

850 

640 

640 

2400 
1200 
2600 
1700 
2000 
2300 
2400 
2300 

2400 

2500 

2500 

61 00 
3700 
4300 
3700 
4000 
4300 
5200 
5200 
4300 
4100 
4100 

. 
t 

3.0 3.0 16.5 24.1 
1.8 9.8 3.4 
4.0 7.0 29.0 16.5 

3.4 2.7 23.5 16.5 
3.7 2.7 16.8 16.8 
4.6 2.4 15.2 17.4 
4.0 2.7 15.9 9.1 
2.1 2.7 20.7 17.7 

4.6 3.4 
4.6 2.4 
4.0 3.4 

2.1 2.7 + * 

3.4 3.7 

3.7 4.9 

EXYLRNATlON 
VIF - Velocity of su r f i c i a l  deposits from faward seismic shot 
V I R  - Velocity of su r f i c i a l  deposits from reverse seismic s h o t  
V2 - Velocity of intermediate layer (glacial  t i l l  o r  grave l )  
V3 - Velocity of bedrock 
DIF - Depth to  intermediate velocity layer (VZ) from forward shot 
0lR - Depth t c  intenilediate velocity layer (V2) from reverse shot 
DZF - Depth to  bedrock (V3 )  f r o m  forward shot 
OZR - Depth to bedrock (V3) f r t m  reverse shot  

- The minimiurn depth to  bedrock i s  24 mte r s .  teophone spacing 
l imits  the detrnnination of depth t o  bedrock t o  this  level. 
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2.3 G E O L O G I C A L  A N D  G E O T E C H N I C A L  FIELD WORK Cont'd. 

2.32 Geotechnical Investigations of the Mine S i t e  Overburden 
Deposits 

2.321 River Diversion 

The r i v e r  diversion cons is t s  of three sections which 

include a diversion dam a t  the Elk River - Cadorna Creek 

confluence, f i v e  small cutoff dams t o  be incorporated in to  

the h a u l  road embankment, and 5500 meters of excavated 

diversion channel west of the  ex is t ing  Elk River. The 

proposed method f o r  river diversion around the planned 

mine i s  shown i n  Appendix 6 . 0 ,  Sheet 1 .  The s i t e  of the 

diversion dam was selected a f t e r  a review of environmental, 

mine planning, geology engineering, economic, surface 

hydrology and geotechnical f ac to r s .  Evaluation of geo- 

technical data has shown t h a t  the d e p t h  t o  bedrock 

increases both upstream and  downstream and t h a t  longer 

dam embankment would be required.  I t  has been concluded 

t h a t  the s i t e  selected i s  the most su i tab le  s i t e  fo r  the 

diversion dam. 

2.3211 Diversion Dam 

1 .  Exploration and Testing 

Seventeen d r i l l  holes t o t a l l i n g  302.4 l i nea r  meters 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2.32 Geotechnica l  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2.321 R i v e r  D i v e r s i o n  Cont 'd .  

2.3211 D i v e r s i o n  Dam Cont 'd .  

were completed a t  t h e  proposed s i t e  o f  t h e  d i v e r s i o n  dam 

(see Appendix 6.0) .  

on r e p r e s e n t a t i v e  samples f rom bor ings  ( s e e  Appendix 9.0). 

Gra in  s i z e  analyses were performed 

2. Foundat ion Cond i t ions  

The proposed d i v e r s i o n  dam w i l l  be founded on a l l u v i u m  

which v a r i e s  i n  th ickness  from 16 meters on t h e  eas t  bank 

t o  one meter  on t h e  west bank (see F igures  2.3211-1 and 

2.3211-2, pages 53 and 54 ) .  The a l l u v i u m  v a r i e s  f rom 

sandy g rave l  and g r a v e l l y  sand t o  s i l t y  sand and s i l t y  

g r a v e l .  The depth  t o  ground water i s  u n i f o r m l y  l e s s  than 

two meters.  

G l a c i a l  till, which occurs below t h e  a l l uv ium,  c o n s i s t s  o f  

a heterogeneous m i x t u r e  o f  s i l t ,  sand and g rave l .  I t  

v a r i e s  i n  th i ckness  f rom 13 meters on t he  e a s t  bank t o  one 

meter on t h e  west bank. 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2.32 Geotechnical I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts 

2.321 R ive r  D ive rs ion  Cont'd. 

2. Foundat ion Cond i t ions  Cont 'd. 

P r e g l a c i a l  a l l u v i u m  was found below t h e  t i l l i n  d r i l l  ho les 

DHlRD, DH2RD and DH3RD. Th is  a l luv ium, composed o f  sandstone 

grave ls ,  i s  l o c a l l y  up t o  7 meters t h i c k  and may be p a r t  of 

a b u r i e d  channel found i n  o the r  p a r t s  o f  t h e  p r o j e c t  area 

(see Appendix 6.0). 

A bedrock contour  map o f  t h e  d i v e r s i o n  dam area i s  shown on 

F igu re  2.3211-3, page 56. The map i s  based on i n f o r m a t i o n  

from holes d r i l l e d  i n  t h e  d i v e r s i o n  dam area. 

b u r i e d  channel appears as a nor th -south  t r e n d i n g  depress ion 

under t h e  s i t e  o f  t h e  d i v e r s i o n  dam. 

The p r e g l a c i a l  

The p e r m e a b i l i t y  o f  t h e  upper a l l u v i a l  m a t e r i a l s  i s  expected t o  

be h igh  i n  sand and g rave l  where t h e  percentage o f  m a t e r i a l  

pass ing t h e  #ZOO s ieve  i s  l e s s  than 17%. 

which i s  cha rac te r i zed  by h i g h  percentages, up t o  47%, o f  

m a t e r i a l s  pass ing t h e  11200 sieve, i s  expected t o  be r e l a t i v e l y  

Dense g l a c i a l  t i l l ,  
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2.32 Geotechnical I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts 

2.321 R ive r  D ive rs ion  Cont 'd .  

2. Foundation Cond i t ions  Cont 'd.  

impervious. Pe rmeab i l i t y  o f  t h e  p r e g l a c i a l  gravel  i n  t h e  

bu r ied  channel i s  expected t o  be lower  than the  upper a l luv ium.  

3. Seepage Contro l  

The r e s u l t s  o f  t h e  pump t e s t  conducted between t h e  d i v e r s i o n  

dam and t h e  mine i n d i c a t e d  t h a t  water  i n f i l t r a t i o n  may be 

expected through a l l u v i u m  o v e r l y i n g  t h e  g l a c i a l  till and 

poss ib l y  through narrow p r e g l a c i a l  channels under ly ing  t h e  

g l a c i a l  t i l l .  

2.3212 D ive rs ion  Channel 

1. Exp lo ra t i on  and Tes t i ng  

Nine d r i l l  ho les t o t a l l i n g  97.7 l i n e a l  meters, 12 t e s t  p i t s  and 

1 5  seismic l i n e s  were completed a long t h e  proposed d i v e r s i o n  

channel (see Appendices 6.0, 7.0 and 8.0 r e s p e c t i v e l y ) .  Gra in 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2.32 Geotechnica l  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Depos i ts  

2.321 R i v e r  D i v e r s i o n  Cont 'd.  

2.3212 D ive rs ion  Channel Cont 'd .  

1. E x p l o r a t i o n  and Tes t i ng  Cont 'd .  

s i z e  analyses, A t t e r b e r g  l i m i t s ,  and s p e c i f i c  g r a v i t y  t e s t s  

were performed on r e p r e s e n t a t i v e  samples f rom bo r ings  and 

t e s t  p i t s  (see Appendix 9 . 0 ) .  

2. Foundat ion Cond i t ions  

The proposed d i v e r s i o n  channel i s  d i v i d e d  i n t o  no r th ,  m idd le  

and south sec t i ons  t o  f a c i l i t a t e  d e s c r i p t i o n  (see Appendix 6.0). 

Geologic  p r o f i l e s  a long t h e  d i v e r s i o n  channel c e n t e r  l i n e  a re  

shown on F igu res  2.3212-1 through 2.3212-3 pages 59 t o  63. 

P r o f i l e s  normal t o  t h e  d i v e r s i o n  channel a r e  presented on 

F igures  2.3212-4 through 2.3212-6, pages 64 t o  66. 
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2.3  GEOLOGICAL A N D  GEOTECHNICAL FIELD W O R K  Cont'd 

2.32 Geotechnical Inves t iga t ions  of  t h e  Mine S i t e  Overburden 
Deposi ts  

2.321 River Diversion Cont 'd .  

2.3212 Diversion Channel Cont 'd .  

3. Seepage Control 

Seepage from t h e  rock sec t ion  o f  t h e  proposed d ive r s ion  channel 

i s  expected t o  be minimal. 

south  s e c t i o n s  which  will  be founded on al luvium wi l l  r equ i r e  

a c u t f o f f  t o  prevent  flow i n t o  t h e  mine. T h i s  c u t o f f  wi l l  be 

incorpora ted  i n t o  t h e  haul road des ign .  

Those po r t ions  o f  the  middle and 

4 .  C u t  Slope Criteria 

Recommended c u t  s lopes  i n  s o i l  w i l l  be 2 h o r i z o n t a l :  1 v e r t i c a l .  

Rock s lopes  on the e a s t  bank of  the new r i v e r  channel should be 

c u t  p a r a l l e l  t o  t h e  rock bedding p l a n e s ,  a s  shown i n  Figure 

2.3212-4, page 64. Rock s lopes  on t h e  west bank should be 

cut p a r a l l e l  t o  a s t r o n g  j o i n t  s e t  which i s  p a r t i c u l a r l y  

n o t i c e a b l e  i n  t h e  t h i c k e r  sandstone beds. 

analyzed rock s t r u c t u r a l  da ta  and i n d i c a t e d  t h a t  t h i s  j o i n t  

se t  d i p s  60' t o  80' NE. 

Golder Associates  
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2 .3  GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK Cont 'd .  

2.32 Geotechnical I n v e s t i g a t i o n s  o f  the Mine S i t e  Overburden 
Deposits 

2.321 River Diversion Cont'd. 

2.3212 Diversion Channel Cont 'd .  

5. Erosion P r o t e c t i o n  

The nor thern  and southern  s e c t i o n s  of  t h e  proposed r i v e r  

d ive r s ion  channel a r e  p r i m a r i l y  i n  a rock c u t .  Erosion i n  

t h e  rock s e c t i o n s  i s  n o t  expected t o  be a problem. However, 

i n  t h e  a l luvium and t i l l  s e c t i o n s ,  which a r e  p r imar i ly  i n  t h e  

middle s e c t i o n  o f  the  river channel ,  w i l l  need e ros ion  

p ro tec t ion  ( s e e  Figure 2.3212-2), pages 61  & 62. The alluvium 

w i l l  be highly e r o d i b l e  both i n  the channel bottom and on 

the banks. Erosion p r o t e c t i o n  w i l l  be designed f o r  the 

a l l u v i a l  a r eas .  The  dense w i l l  w i l l  a l s o  be e r o d i b l e  b u t  

no t  t o  t h e  e x t e n t  t h a t  i t  would r e s u l t  i n  uns tab le  channel 

condi t ions .  

2.322 Haul Road and Cutoff Dams 

The proposed haul road extends south from t h e  d ive r s ion  dam 

t o  t h e  s i t e  of  t h e  s e t t l i n g  pond, a d i s t ance  of  6590 meters ( s e e  

Appendix 6 .0 ,  Shee ts  1-2) .  The haul road w i l l  a c t  a s  a dyke 
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2.3  GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK Cont 'd.  

2.32 Geotechnical I n v e s t i g a t i o n s  o f  the Mine S i t e  Overburden 
Oeposi t s  . 

2.322 Haul Road and Cutoff Dams Cont 'd .  

between the d ive r s ion  channel and the mine. Five cu to f f  dams 

a r e  planned t o  prevent  f low from t h e  new d ive r s ion  channel back 

i n t o  the exis t ing E l k  River channel .  These c u t o f f  dams will be 

incorpora ted  i n t o  t h e  haul road embankment where p r a c t i c a l .  

Explora t ion  and Tes t ing  

1 .  Haul Road 

Four d r i l l  ho le s ,  DHlHR t o  D H 4 H R ,  t o t a l l i n g  22.6 l i n e a l  meters ,  

and seismic l i n e s  1 through 15 were completed dur ing  the 1980 

program o f  geotechnical  i n v e s t i g a t i o n s  (see Appendix 6 .0 ,  Sheets  

1 - 2 and Figure 2.32-2, pages 49 and 50 r e s p e c t i v e l y ) .  

2. Cutoff  Dams 

Two d r i l l  ho le s ,  D H l O R D  and O H l l R D ,  and t e s t  p i t  TP12RD were 

completed a t  the  proposed s i tes  of the c u t o f f  dams during t h e  

1980 program o f  geotechnical  i n v e s t i g a t i o n s  (see Appendix 6.0,  

Shee t s  1 - 2 f o r  l o c a t i o n ,  and Appendices 7.0 and 8 .0  r e s -  

pec t i  vely f o r  l o g s ) .  
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2.32 Geotechnical  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts  Cont 'd.  

2.322 Haul Road and C u t o f f  Dams Cont 'd  

Foundat ion Cond i t ions  

1. Haul Road 

The proposed hau l  road w i l l  be founded on a l luv ium,  g l a c i a l  till 

and bedrock (see F i g u r e  2.322-1, page 7 1 ) .  

s u r f i c i a l  depos i t s  v a r i e s  f rom 2 t o  21 meters w i t h  an average 

th ickness  of approx imate ly  f i v e  meters. The average depth t o  

ground water  i n  t h e  m idd le  s e c t i o n  o f  t h e  haul road i s  about one 

meter,  A l l u v i u m  and g l a c i a l  t i l l  a r e  o f  h igh  dens i t y ,  w i t h  blow 

counts f rom standard p e n e t r a t i o n  t e s t s  approx imate ly  65 blows 

per  0.3 meteres i n  non -g rave l l y  m a t e r i a l s .  

The th ickness  o f  

S i l t s t o n e  and sandstone ou tc rops  a r e  common a long the  haul road 

a l ignment .  S t r i k e  o f  bedding i s  approx imate ly  N20° W w i t h  d i p s  

o f  30' o r  g r e a t e r  t o  t h e  southwest. 

ranged f rom 3.0 t o  4.4 meters i n  t h e  holes d r i l l e d .  

The depth t o  top  o f  bedrock 
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2.3  G E O L O G I C A L  A N D  GEOTECHNICAL FIELD WORK Cont 'd.  

2.32 Geotechnical I n v e s t i g a t i o n s  of  the Mine S i t e  Overburden 
Deposi ts  

2.322 Haul Road and Cutoff Dams Cont 'd .  

2. Cutoff Dams 

Cutoff  Dam No. 1 ,  a t  the southern  end o f  the r i v e r  channel north 

s e c t i o n ,  has moderately hard t o  hard sandstone exposed on both 

abutments.  Seismic l i ne  17,  l oca t ed  near  t h e  north abutment, 

i n d i c a t e s  t h a t  bedrock i s  p r e s e n t  a t  a depth o f  fou r  t o  seven 

meters ;  however, the haul road grade will be i n  bedrock (Figure 

2.322-1, page 71. 

Cutoff Dam No. 2 i s  under la in  by al luvium t o  a d e p t h  o f  2.6 t o  

4 .6  meters  (see Figure 2.322-2, Sheets  1 - 2 ,  pages 73 and 7 4 ) .  

Standard pene t r a t ion  t e s t s  i n d i c a t e  t h a t  the al luvium i s  of  high 

d e n s i t y  w i t h  blow counts  ranging from 50 t o  96 per 0 .3  meters.  

Glac ia l  t i l l  of  h i g h  d e n s i t y  i s  p r e s e n t  below t h e  alluvium t o  

a depth o f  u p  t o  e i g h t  meters .  S i l t s t o n e  was encountered below 

t h e  g l a c i a l  t i l l .  Ground water  i s  found a t  an average depth of 

2 .0  meters. 

Cutoff  Dam No. 3 s i t e  i s  under la in  by sand t o  a depth of  0 .3  
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK C o n t ' d .  

2.32 Geo techn ica l  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Depos i t s  

2.322 Haul Road and C u t o f f  Dams C o n t ' d .  

2. C u t o f f  Dams C o n t ' d .  

me te rs  and s i l t y  g r a v e l  t o  a d e p t h  o f  a t  l e a s t  2.4 meters.  

Depth t o  ground w a t e r  was 1.7 m e t e r s  i n  TP12RD. Sandstone 

o u t c r o p s  a r e  p r e s e n t  on t h e  s o u t h  bank o f  E l k  R i v e r  and bedrock 

i s  expec ted  a t  a s h a l l o w  d e p t h  on t h e  n o r t h  bank (see F i g u r e  

2.322-2, shee ts  1-2, pages 73 and 7 4 ) .  

Between C u t o f f  Dams No. 2 and No. 4 most  o f  t h e  haul  road  

f o u n d a t i o n  w i l l  be i n  a l l u v i u m  and t i l l  (see F i g u r e  2.322-1, 

page 71 ) .  

proposed hau l  r o a d  embankment i s  l o c a t e d  a l o n g  t h e  E l k  R i v e r  

upst ream o f  C u t o f f  Dam No. 3. The p r e g l a c i a l  E l k  R i v e r  a l s o  

f l o w e d  t h r o u g h  t h i s  same a rea .  

The g r e a t e s t  t h i c k n e s s  o f  a l l u v i u m  below t h e  

Cutof f  Dam No. 4 i s  u n d e r l a i n  b y  bedrock and t h e  r i v e r  i s  

f l o w i n g  o v e r  bedrock.  A l l u v i u m  i s  v e r y  s h a l l o w  on t h e  n o r t h  

bank o f  t h e  E l k  R i v e r  and t h e  bedrock on t h e  sou th  bank i s  

cove red  by t h i n  d e p o s i t s  o f  s l o p e  wash and t i l l .  
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2 . 3  GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2 . 3 2  Geotechnical  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2 . 3 2 2  Haul Road and Cuto f f  Dams Cont'd. 

2 .  C u t o f f  Dams Cont 'd .  

Cuto f f  Dam No. 5 i s  t h e  southern-most c u t o f f  dam and may be t h e  

o n l y  one cons t ruc ted  separate f rom t h e  haul  road embankment. The 

r i g h t  abutment (no r th )  i s  mos t l y  bedrock covered w i t h  a t h i n  

d e p o s i t  o f  a l l uv ium.  On t h e  l e f t  abutment bedrock i s  noted a t  

t h e  r i v e r ' s  edge (see F igu re  2 . 3 2 2 - 2 ,  sheets 1 - 2 ,  pages 7 3  

and 74. No subsurface e x p l o r a t i o n  was conducted a t  t h e  s i t e s  

o f  C u t o f f  Dams No. 4 and No. 5. 
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2.3 GEOLOGICAL AND GEOTECHNICAL F I E L D  WORK C o n t ' d .  

2.32 Geo techn ica l  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Depos i t s  ~- 

2.323 West Haste Dump 

The proposed west waste dump w i l l  be l o c a t e d  west  o f  t h e  E l k  

R i v e r  (see Appendix 6 .0) ;  i t s  app rox ima te  a rea  i s  2.9 x 10 

square me te rs .  Maximum dump h e i g h t  i s  expected t o  be approx-  

i m a t e l y  140 meters.  

6 

To i n t e r c e p t  r u n o f f  f r o m  t h e  s l o p e  above t h e  west waste dump, 

a d r a i n a g e  d i t c h  w i l l  be excava ted  on t h e  west  s i d e  o f  t h e  

bypass road. T h i s  d i t c h  w i l l  d i v e r t  r u n o f f  i n t o  d ra inages  t o  

t h e  n o r t h  o r  s o u t h  o f  t h e  proposed waste dump. 

E x p l o r a t i o n  and T e s t i n g  

F i f t e e n  t e s t  p i t s ,  TPlWW t h r o u g h  TP15WW, were excava ted  d u r i n g  

t h e  1980 f i e l d  season. 

p i t s  were s u b j e c t e d  t o  g r a i n  s i z e  a n a l y s e s  and A t t e r b e r g  l i m i t s  

d e t e r m i n a t i o n s .  

p resen ted  i n  Appendix 9.0. 

Four  r e p r e s e n t a t i v e  samples f r o m  t e s t  

The r e s u l t s  o f  t h e  l a b o r a t o r y  t e s t i n g  a r e  
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2.3 GEOLOGICAL AND GEOTECHNICAL FItLD WORK Cont'd. 

2.32 Geotechnical Investigations o f  t he  Mine S i t e  Overburden 
Deposits 

2.323 West Waste Dump C o n t ' d .  

Foundation Conditions 

A typical cross-section through the west waste dump i s  shown 

on Figure 2.323-1, page 79. The waste dump will be underlain 

by glacial  t i l l ,  slope wash, loca l ly  deep lenses of alluvium 

and peat. Slope wash, overlying the t i l l ,  i s  characterized by 

sandy, s i l t y  gravel and poorly graded gravel. The t i l l  i s  

composed of s i l t ,  sandy s i l t ,  s i l t y  gravel and  local concentra- 

t i o n s  of boulders. Sandy and gravelly a l luv ia l  lenses a re  

present l oca l ly  as  are  moderate thicknesses of peat. 

t o  ground water averages 2.5 meters. Local saturated areas 

w i t h  standing water a r e  common in the eastern par t  of the waste 

dump a rea ,  

from the  west t o  the southeast. During September 1980 the flow 

in each o f  these streams was estimated t o  be between 0.10 and 

0.14 m / s .  

The depth 

Two small streams flow across the waste dump area 

3 

Representative samples from t e s t  p i t s  were c l a s s i f i ed  as C L ,  

CL-ML, SM and SM-SC with 20% t o  94?; o f  the materials passing 
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2 . 3  - GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2 .32  Geotechnical  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2 . 3 2 3  West Waste Dump Cont 'd.  

Foundat ion Cond i t ions  Cont 'd .  

t h e  #200 s ieve .  

p l a s t i c i t y .  

these m a t e r i a l s  should be compared t o  optimum water  con ten t  

d e r i v e d  f rom compaction t e s t s .  

These f i n e  p o r t i o n s  o f  t he  samples a r e  low 

The low n a t u r a l  mo is tu re  conten t  (9% t o  28%) f o r  
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2.3 __ GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK C o n t ' d .  

2.32 Geotechnical Investigations of the Mine S i t e  Overburden 
Deposits 

2.324 Plant S i t e  

Geotechnical invest igat ions of the proposed p l a n t  s i t e  during 

the  1980 f i e l d  season were confined to  l i m i t  exploration a t  

the s i t e s  of the sewage lagoon and the hostel .  

The proposed plant s i t e  i s  on the west bank of the Elk River 

and west o f  the south sect ion of the diversion channel (see 

Appendix 6.0,  Sheet 1 - 2 ) .  The sewage lagoon will be located 

on the n o r t h  edge o f  the  plant  s i t e  in an east-sloping, low, 

swampy area.  The hostel will be on  the east-facing slope west 

of the plant  s i t e .  

Exploration and Testing 

Field invest igat ions i n  1980 a t  the s i tes  of the above described 

p l a n t  s i t e  appurtenances were limited by time and budget consid- 

e ra t ions .  Seismic l ine 30 and d r i l l  hole DHlSL were located a t  

the proposed s i t e  of the sewage lagoon, and t e s t  p i t s  TPlH and  

TPZH were located a t  the 

Appendix 6 .0 ,  Sheet 1 ) .  

proposed s i t e  o f  the hostel (see 

Grain s i z e  analyses and  Atterberg 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2.32 Geotechnical  I n v e s t i g a t i o n s  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2.324 P l a n t  S i t e  Cont 'd.  

E x p l o r a t i o n  and Tes t i ng  Cont'd. 

l i m i t s  de termina t ions  were made on 1980 t e s t  p i t  samples. 

Numerous t e s t  p i t  samples f rom t h e  1977 geotechn ica l  i n v e s t i g a t i o n s  

were t e s t e d  f o r  phys i ca l  p r o p e r t i e s ,  see t e s t  r e s u l t s  

Appendix 3 . 0 ) .  

Foundat ion Cond i t ions  

The proposed sewage lagoon w i l l  be u n d e r l a i n  by h i g h l y  o rgan ic  

m a t e r i a l  which covers dense g l a c i a l  t i l l  (see F igu re  2.32-2, 

Sheet 2, page 5 0 ) .  The g l a c i a l  t i l l  below the  peat  appears 

t o  be imperv ious and has a h i g h  d r y  s t reng th .  The m a t e r i a l s  

were c l a s s i f i e d  as c layey ,  s i l t y  sand, s i l t y  g rave l ,  and organ ic  

c l a y  and s i l t ,  and were taken f rom t e s t  p i t s  t o  a depth  o f  f i v e  

meters d u r i n g  p l a n t  s i t e  i n v e s t i g a t i o n s  i n  1977. These m a t e r i a l s  

a r e  l a y e r e d  and form lenses. D r i l l  h o l e  DHlSL i n d i c a t e d  t h a t  

m o i s t u r e  con ten t  i n  t h e  dense g l a c i a l  t i l l  decreases below 

n i n e  meters.  Water was on the  sur face  o f  t he  lagoon area and 
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2.3 ~~ GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2.32 Geotechnical  I n v e s t i g a t i o n  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2.324 P l a n t  S i t e  Cont 'd .  

Foundat ion Cond i t ions  Cont 'd .  

t he  t i l l  was sa tu ra ted  t o  a depth o f  approx imate ly  th ree  meters. 

Depth t o  bedrock i n  t h i s  area i s  g r e a t e r  than 23 meters, and 

p a r t  o f  t h e  p r e g l a c i a l  E l k  R i v e r  channel may u n d e r l i e  t h i s  area. 

The proposed hos te l  w i l l  be founded on l a y e r s  and lenses of  s i l t ,  

s i l t y  grave l  and organ ic  s i l t  which were sampled t o  a depth o f  

5.5 meters b u t  which con t inue  t o  a undetermined depth.  Ground 

water  i s  ve ry  sha l low w i t h  an average depth l e s s  than one meter. 

Bedrock was n o t  encountered a t  e i t h e r  s i t e .  

Labora tory  t e s t s  performed on g l a c i a l  t i l l  i n d i c t a e d  from 19% t o  

74% o f  m a t e r i a l  pass ing t h e  a200 s ieve .  Most samples a r e  CL, ML 

o r  ML-CL m ix tu res  w i t h  l ow  p l a s t i c i t y  i n d i c e s  ( P I  = 7.5 t o  20.7). 

Compaction and p e r m e a b i l i t y  t e s t s  performed on a till sample f rom 

TPlH i n d i c a t e d  a m a t e r i a l  o f  l ow  p e r m e a b i l i t y  and h i g h  bearin! 

capac i t y .  

t e s t s  and n a t u r a l  water con ten t  i n d i c a t e s  t h a t  t h e  t i l l  may be 

t o o  wet t o  be p laced i n  i t s  n a t u r a l  s t a t e .  

A comparison o f  optimum water  conten t  f rom compaction 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd  

2.32 Geotechnical  I n v e s t i g a t i o n  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2.325 Rai 1 road 

I E C O ' s  geotechnica l  i n v e s t i g a t i o n s  du r ing  t h e  1980 f i e l d  season 

were l i m i t e d  t o  t h e  v i c i n i t y  o f  t h e  proposed r a i l r o a d  loop  and 

t h e  c r o s s i n g  a t  B leasde l l  Creek. 

E x p l o r a t i o n  and T e s t i n g  

E x p l o r a t i o n  a long t h e  r a i l r o a d  a l ignment  cons is ted  o f  t e s t  p i t s  

T P l R R  and TP16TD a long t h e  proposed r a i l r o a d  loop,  and one se ismic 

l i n e  a t  t h e  B leasde l l  Creek c r o s s i n g  (see Appendix 6.0, Sheet 2 ) .  

No l a b o r a t o r y  t e s t i n g  was performed i n  1980. 

Foundat ion Cond i t i ons  

The proposed r a i l r o a d  l o o p  w i l l  be founded on g l a c i a l  t i l l  composed 

o f  s i l t  (ML), sand (SP) and s i l t y  g rave l  (GM) w i t h  boulders up t o  

0.3 meters i n  d iameter .  The t i l l  i s  ve ry  dense below th ree  meters 

and backhoe r e f u s a l  occur red  i n  t e s t  p i t s  between 3.4 meters and 

5.5 meters.  Ground water  was encountered a t  t h r e e  meters i n  

t e s t  p i tTP16TD. Sur face water  ponding i s  widespread. 
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2.3  GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK Cont 'd .  

2.32 Geotechnical I n v e s t i g a t i o n  of  t h e  Mine S i t e  Overburden 
Deposi ts  

2.325 Railroad Cont 'd .  

Foundation Conditions Cont 'd.  

Seismic i n v e s t i g a t i o n s  a t  t h e  c r o s s i n g  o f  Bleasdel l  Creek were 

made. Because of  h i g h  background no i se  from flowing water ,  

r e s o l u t i o n  o f  t h e  se i smic  r e f r a c t i o n  log  was poor; however, 

bedrock i s  expected t o  be a t  a depth o f  15 t o  20 meters i n  t h e  

c e n t e r  o f  t h e  c reek  bed. 

2.326 T a i l i n g s  Pond 

The proposed t a i l i n g s  pond wi l l  be loca t ed  west of t h e  E l k  River, 

approximately 6 km south of  the Elk River-Cadorna Creek confluence 

( s e e  Appendix 6 .0 ,  Sheet 2 ) .  

dam w i l l  be 2760 meters w i t h  a maximum he igh t  of  20 meters .  

t a i l i n g s  confinement a rea  o r  t a i l i n g s  pond will have an a rea  of  

approximately 710,000 square  meters .  

The c r e s t  l ength  of  t h e  t a i l i n g s  

The 

Explora t ion  and Tes t ing  

S i x t e e n  t e s t  p i t s ,  TPlTD through TP16TD, were excavated along 
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2.3 GEOLOGICAL A N D  G E O T E C H N I C A L  FIELD WORK Cont'd. 

2.32 Geotechnical Investigation of the Mine S i t e  Overburden 
Deposits 

2.326 Tailings Pond Cont'd 

Exploration and Testing 

the center  l i n e  of the proposed t a i l i n g s  dam and within the 

confinement area.  P i t  depth varied from 2.7 meters t o  5.5 

meters. Physical property t e s t s  performed on representat ive 

tes t  p i t  samples were mechanical analyses, Atterberg l imi t s ,  

spec i f i c  gravi ty ,  natural  moisture content,  compaction, perme- 

a b i l i t y  and consolidati~on. The r e s u l t s  of these t e s t s  a r e  

presented i n  Appendix  9.0. 

Foundation Conditions 

The  proposed t a i l i n g s  dam will be founded on moderately dense 

to  dense glacial  t i l l  composed of c lay,  s i l t ,  and gravel ly ,  

sandy s i l t   see Figure 2.326-1, page 87). 

covered by u p  t o  0.5 meters of saturated peat. 

a r e  common i n  the t i l l  and a re  frequently water-bearing. T i l l  

s t ra t igraphy in the mine area indicates  t h a t  these lenses a re  

not continuous. Gravel content in the t i l l  generally increased 

The t i l l  i s  commonly 

Gravelly lenses 
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2.3 GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK C o n t ' d .  

2.32 Geotechnical Investigation of the Mine S i t e  Overburden 
Deposits 

2.326 Tailings Pond Cont'd 

Foundation Conditions C o n t ' d .  

w i t h  depth. Seismic re f rac t ion  surveys show the t i l l  t o  range 

from 10 t o  48 meters thick i n  t he  area of the t a i l i ngs  dam. 

Laboratory t e s t s  performed on glacial  t i l l  indicate tha t  60% t o  

87% of materials pass the  #200 sieve.  A sample, representative 

of typical t i l l  mater ia l ,  i s  characterized by low p l a s t i c i t y  and 

a dry density of  1815 kg/m a t  an optimum moisture content of 

13.8%; t h i s  value i s  c lose  t o  the natural moisture content of 

the material. 

resulted i n  K values typical of impermeable materials 

(6.1 x lo-' t o  1 x 10-l' cm/sec). Consolidation t e s t s  performed 

on a disturbed composite sample ind ica te  t h a t  settlement will be 

minimal and within acceptable l imi t s  f o r  the t a i l i ngs  dam. 

3 

Permeability t e s t s  performed on compacted samples 
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2.3 G E O L O G I C A L  A N D  GEOTECHNICAL FIELD WORK Cont'd. 

2.32 Geotechnical Investigation of t h e  Mine S i t e  Overburden 
Deposits 

2.327 S e t t l i n g  Pond 

The proposed s e t t l i n g  pond will be located east  of the  Elk 

River, approximately 6 km south of the E l k  River-Cadorna Creek 

confluence, and across the river from the proposed t a i l i n g s  

dam (Appendix 6.0,  Sheet 2 ) .  

i s  approximately 1200 meters. The embankment will  have a c r e s t  

e levat ion o f  1548 meters and a maximum height of 10.7 meters. 

The pond will cover an area of approximately 150,000 square 

meters and have a reservoir  capacity of approximately one 

mil l ion cubic meters. 

The c r e s t  length o f  the embankment 

Exploration and Testing, 

Eight d r i l l  holes,  DHlSP through DH8SP, were completed along 

the  proposed embankment and in the pond area (Appendix 6.0,  

sheet  2 ) .  

17.1 meters and d r i l l i n g  to t a l l ed  84.6 l inea l  meters. Stand- 

pipes (2.5 cm I.D. P V C ) ,  t o  measure water leve ls  were in s t a l l ed  

in  a l l  of the  d r i l l  holes except DH7SP, ( see  Appendix 7.0, 

Dri l l  Hole Logs). Eleven t e s t  p i t s ,  T P l S P  through T P l l S P ,  

were excavated along the proposed embankment and i n  the pond 

The d e p t h  of t h e  d r i l l  holes varied from 5.2 to  
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2.3 G E O L O G I C A L  A N D  GEOTECHNICAL FIELD WORK Cont'd. 

2.32 Geotechnical Investigation o f  t he  Mine S i t e  Overburden 
Deposits 

2,327 Se t t l i ng  Pond 

Exploration and Testing Cont'd. 

area. 

5.5 meters (see Appendix 8 . 0 ) .  

The depth o f  the t e s t  p i t s  varied from 2 . 1  to  

Physical property t e s t s  were made on representative samples 

from the d r i l l  holes and t e s t  p i t s .  These t e s t s  included 

sieve and hydrometer ana lys i s ,  Atterberg l imi t s ,  specif ic  

gravi ty ,  compaction, permeability and consolidation. Results 

o f  these t e s t s  are  presented in Appendix 9.0. 

Foundation Conditions 

Typical geologic cross-sections along the center l i n e  o f  the 

proposed s e t t l i n g  pond embankment and across the s e t t l i n g  pond 

a r e  seen in  Figures 2.327-1 and  2.327-2, pages 9 1  and 9 2 .  The 

s e t t l i n g  pond will be founded on alluvium, which varies in 

thickness from 4.0 to  15.3 meters. 

o f  s i l t ,  gravel,  s i l t y  gravel a n d  s i l t y  sand. The gravels 

which cover much o f  t he  s e t t l i n g  pond embankment area will have 

The alluvium i s  composed 
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2 . 3  GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd.  

2 . 3 2  Geotechnical  I n v e s t i g a t i o n  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2.327 S e t t l i n g  Pond Cont 'd.  

Foundat ion Cond i t ions  Cont 'd .  

a h i g h  p e r m e a b i l i t y .  The s i l t s  w i l l  have a lower  permeab i l i t y ;  

however, no p e r m e a b i l i t y  t e s t s  were made d u r i n g  t h e  1980 exp lo r -  

a t i o n .  

1.9 t o  3.3 meters. Ground water  l e v e l s  i n  the  d r i l l  ho les 

appeared t o  be i n f l u e n c e d  by t h e  water  l e v e l  i n  the  E l k  R iver .  

S i l t s t o n e  and sandstone were encountered i n  d r i l l  ho les below 

t h e  a l l uv ium.  

The depth t o  ground water  i n  d r i l l  ho les  ranged from 

Conso l ida t ion ,  pe rmeab i l i t y ,  and compact ion t e s t s  were performed 

on d i s t u r b e d  samples f rom t e s t  p i t s .  Labora tory  t e s t  r e s u l t s  

and s tandard p e n e t r a t i o n  t e s t s  i n d i c a t e  t h a t  t h e  a l l u v i u m  w i l l  

p r o v i d e  a founda t ion  o f  adequate s t r e n g t h  t o  suppor t  t h e  

proposed embankment, and r e s e r v o i r  seepage i s  expected t o  be 

min imal .  
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2.32 Geotechnical  I n v e s t i g a t i o n  o f  t h e  Mine S i t e  Overburden 
Deposi ts  

2.328 Weary V a l l e y  Waste Dump and D ive rs ion  Channel 

The proposed Weary V a l l e y  waste dump w i l l  be l o c a t e d  on t h e  e a s t  

s i d e  o f  t h e  E l k  R ive r  i n  a narrow v a l l e y  eroded by Weary Creek 

i n t o  t h e  Fe rn ie  sha le  (see Appendix 6.0, sheets 1 - 2) .  

sur face  area o f  t h e  proposed waste dump w i l l  be 1.45 x 10 

meters.  

r u n o f f  i s  channe l led  i n t o  Weary Creek. 

The 

6 square 

The v a l l e y  su r face  i s  hummocky and uneven, and su r face  

An i n t e r c e p t o r  d i t c h  o r  d i v e r s i o n  channel w i l l  p revent  r u n o f f  

f rom t h e  s lopes above t h e  waste dump f rom f l o w i n g  through t h e  

dump and w i l l  c a r r y  t h e  f l o w  o f  Weary Creek. 

channel w i l l  be l o c a t e d  approx imate ly  a long t h e  1800 meter 

contour  a t  t he  eas t  boundary o f  t he  waste dump. An a l t e r n a t i v e  

would be the  des ign  o f  a c u t  and cover  channel a t  t h e  bottom o f  

Weary Creek Va l l ey .  The channel cover  would be designed t o  

c a r r y  t h e  l o a d  o f  t h e  dump and Weary Creek would f l o w  through 

the  channel f o r  t h e  l i f e  o f  t h e  dump, approx imate ly  s i x  years.  

When t h e  dump i s  no l o n g e r  a c t i v e ,  a new Weary Creek channel 

would be designed and cons t ruc ted  across t h e  t o p  o f  t h e  dump. 

The d i v e r s i o n  
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2.3 G E O L O G I C A L  AND G E O T E C H N I C A L  FIELD WORK C o n t ' d .  

2.32 Geotechnical Investigation of t h e  Mine S i t e  Overburden 
Deposits 

2.328 Weary Valley Waste Dump and Diversion Channel C o n t ' d .  

Exploration and Testing 

Six t e s t  p i t s ,  TPlWC through TP6WC, and seismic l i ne  35 were 

completed in  the area of the proposed waste dump. Test p i t s  

TP7WC through TPllWC were located along the  Weary Creek 

diversion channel (see Appendix 6 .0 ,  Sheets 1 - 2 ) .  Physical 

properties tests performed on representat ive t e s t  p i t  samples 

included mechanical analyses,  Atterberg l imi t s  and natural 

moisture content. The r e s u l t s  of these tes ts  a re  presented 

i n  Appendix €3. 

Foundation Conditions 

1 .  Waste Dump 

The proposed waste dump will be founded on slope wash, 

alluvium and loose glacial  t i l l ;  these materials a re  composed 

of s i l t y  sand, s i l t  and gravel. Ground water i s  present a t  

5 .5  meters depth in t e s t  p i t  TP2WC. Water-bearing a l luv ia l  
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2.3 G E O L O G I C A L  A N D  G E O T E C H N I C A L  FIELD WORK Cont'd. 

2.32 Geotechnical Investigation of the  Mine S i t e  Overburden 
Deposits 

2.328 Weary Valley Waste Dump and Diversion Channel Cont'd. 

1 .  Waste Dump Cont'd. 

lenses a re ,  however, common throughout the glacial  t i l l .  

Seismic re f rac t ion  surveys indicate  tha t  the bedrock depth 

i s  a t  l e a s t  23 meters (see Figure 2.32-2, Sheet 2 ,  page 5 0 ) .  

Sieve analyses of representative tes t  p i t  samples ind ica te  

t h a t  3% t o  8% of materials pass the #ZOO s ieve.  

content of f i nes  indicates  t h a t  the foundation materials may 

be highly pervious. 

The low 

2 .  Diversion Channel 

The proposed Weary Creek diversion channel will be founded 

primarily on slope wash composed of c lay and s i l t y  gravel.  

Bedrock was present a t  a depth  o f  5.5 meters i n  t es t  p i t  TP11WC. 

Ground water was no t  encountered. Sieve analyses of t es t  p i t  

samples indicate  t h a t  5% t o  12% of materials pass the #ZOO 

sieve.  The low content of f ines  indicates  t h a t  the foundation 
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2.3 GEOLOGICAL AN0 GEOTECHNICAL FIELD WORK C o n t ' d .  

2.32 Geotechnical Investigation o f  the Mine S i t e  Overburden 
Deposits 

2.328 Weary Valley Waste Dump and Diversion Channel C o n t ' d .  

2 .  Diversion Channel Cont'd 

material may be highly pervious. The loose, pervious nature of 

t he  foundation suggests t h a t  the channel must be l ined. 

2.329 Northeast Interceptor Ditch 

The proposed northeast interceptor  di tch i s  located on the west 

sloping h i l l s i d e  eas t  of the mine area a t  about 1700 meters 

e levat ion.  The di tch alignment follows the natural contours 

o f  the  h i l l s ide ,  except a t  the northern end, where the flow 

will  be carried in  an ex is t ing  gul ly  west t o  t h e  Elk River a 

shor t  distance upstream from the diversion dam. The slope o f  

t he  di tch varies from 0.00034 t o  0.00056 m/m. Where s ide-hi l l  

slopes are too steep t o  construct  a channel, flumes will be 

used t o  carry the flow. 

Exploration and Test ing 

To date ,  geotechnical exploration of the northeast  interceptor 
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2 . 3  GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont'd. 

2 .32  Geotechnical  I n v e s t i g a t i o n  o f  t he  Mine S i t e  Overburden 
Deposi ts  

2 .329  Nor theas t  I n t e r c e p t o r  D i t c h  Cont'd. 

E x p l o r a t i o n  and T e s t i n g  Cont 'd.  

d i t c h  has been l i m i t e d  t o  a i r  photo i n t e r p r e t a t i o n  and a 

reconnaissance t r a v e r s e  o f  t h e  survey c u t - l i n e  which c l o s e l y  

f o l l o w s  t h e  proposed d i t c h  a l ignment  (see Appendix 6.0, 

Sheet 11, and one t e s t  p i t ,  T P l N E I  (see Appendix 8.0) .  

s i z e  a n a l y s i s  performed on a rep resen ta t i ve  sample f rom t h e  

t e s t  p i t  i n d i c a t e d  t h e  m a t e r i a l  t o  be s i l t y  g rave l  (GM). 

Gra in 

Foundat ion Cond i t ions  

Surface t rave rses  i n d i c a t e  t h a t  most m a t e r i a l s  t o  be excavated 

w i l l  c o n s i s t  o f  t a l u s ,  s lope wash, weathered t i l l  and a l l u v i u m  

depos i ted  i n  fans,  t e r r a c e s  and t h e  E l k  R ive r  f l o o d  p l a i n .  

Because t h e  maximum d i t c h  depth i s  l e s s  than 2 . 5  meters, l i t t l e ,  

i f  any bedrock i s  expected t o  be encountered i n  channel excavat ion.  

The t a l u s  and s lope wash c o n s i s t  o f  sand, s i l t  and grave l ,  w i t h  

angu lar  t o  subrounded r o c k  fragments. I n  genera l ,  these 

m a t e r i a l s  a r e  l oose  and permeable. 
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2 . 3  GEOLOGICAL AND GEOTECHNICAL FIELD WORK C o n t ' d .  

2.32 Geotechnical Investigation of the Mine S i t e  Overburden 
Deposits 

2.329 Northeast Interceptor Ditch Cont'd. 

Foundation Conditions C o n t ' d .  

The alluvium i s  mostly sandy gravel w i t h  subrounded to  rounded 

p a r t i c l e s ,  including boulders. Rocks in the alluvium are  primarily 

limestone, sandstone and qua r t z i t e ,  w i t h  lesser amounts of shale. 

The  t i l l  cons is t s  of clayey, s i l t y  gravel with subangular t o  

subrounded pa r t i c l e s .  A sieve analysis  performed on a t i l l  

sample from f i v e  meters d e p t h  t e s t  in t e s t  p i t  TPINEI indicated 

7% passing the #200 sieve.  Large boulders of sandstone, limestone 

and qua r t z i t e  a r e  common. T i l l  s t r ipped from the mine area can be 

used a s  a source of impervious l i n ing  f o r  the di tch.  The excavated 

pervious materials can be u t i l i z e d  a s  f i l l  t o  construct the 

down slope embankment. R i p r a p  mater ia ls  t o  be used for  channel 

protect ion can be obtained from a l luv ia l  and col luvial  material 

excavated during d i tch  construction. 

Rock s l i d e s  a r e  present along the d i t ch  alignment and extend to 

the e a s t  up the various gu l l i e s .  Vegetation present in these 

areas  indicates  these sl ides have been s t a b l e  for  many years.  
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2.3 GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK Cont'd. 

2.32 Geotechnical Investigation of the Mine S i t e  Overburden 
Deposits 

2.329 Northeast Interceptor Ditch Cont'd; 

Foundation Conditions Cont'd. 

Their presence does, however, show t h a t  a potential  fo r  future  

rock s l i d e s  e x i s t s ,  par t icu lar ly  in the event of an excessive 

accumulation of snow on slopes above the interceptor  d i tch .  

Surface water was noted in the deeper gu l l i e s .  A t  higher 

e levat ions i t  i s  flowing on bedrock b u t  a t  the elevation of the 

in te rceptor  d i tch  i t  i s  flowing a few f e e t  below the surface 

t h r o u g h  the coarsealluvium t h a t  has accumulated in  the bottom 

of the g u l l  i es .  

2.33 Other Geotechnical Overburden Investigations 

2.331 Forestry Bypass - Access Road 

The access road alignment extends along the west s ide of the 

val ley from the town of Elkford t o  the mine s i t e  a distance of 

48.3 km. 

wherever possible.  The fores t ry  bypass road will continue from 

the mine s i t e  n o r t h  for  a distance of 8 km.  I t  will be bu i l t  

on the  west slope of the valley north of the plant s i t e ,  turning 

The alignment of the ex is t ing  road  i s  followed 
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2.3 GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK C o n t ' d .  

2.33 Other Geotechnical Overburden Investigations Cont'd. 

2.331 

eas t  t o  cross the Elk River on the c r e s t  of the diversion 

dam, and  joining the ex is t ing  road e a s t  of the r i v e r ,  (see 

Index Map, page 2. 

Forestry Bypass - Access Road Cont'd. 

The access road will have a gravel surface during the const:ruction 

phase of the mine, t o  be upgraded t o  a bituminous surface when 

mining operations begin. 

bypass road will d ive r t  runoff from the west slope away from the 

west waste dump and the plant  s i t e .  

A drainage di tch on the west s ide of the 

Exploration and Testing 

Five t e s t  p i t s ,  TPlFB t h r o u g h  TP5FB,  were excavated t o  a maximum 

depth of 5.5  meters along the n o r t h  section of the  fores t ry  

bypass road west of the Elk River-Cadorna Creek confluence 

(see Appendix 6.0,  Sheet 1 ) .  

analyzed fo r  grain s i ze  and Atterberg l imi t s .  

encountered in  the t e s t  p i t s  was medium t o  very dense glacial  

t i l l  composed of s i l t y ,  clayey gravel ( G M )  t o  sandy gravel ( G P ) ,  

generally overlain by 0.3 t o  0.6 meters of organic material .  

Representative samples were 

The  material 
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2.3 GEOLOGICAL A N D  G E O T E C H N I C A L  F I E L D  WORK Cont'd. 

2.33 Other Geotechnical Overburden Investigations C o n t ' d .  

2.331 Forestry Bypass - Access Road Cont'd. 

Exploration a n d  Testing Cont'd. 

The f ines  a r e  c l a s s i f i ed  as s l i gh t ly  t o  moderately p l a s t i c  clay 

o r  s i l t .  Gravel content i n  the t i l l  commonly increased with 

depth and contained cobbles and boulders t o  1 . 2  meters in 

diameter. Water inflow occurred a t  a depth o f  three meters in 

t e s t  p i t  TP3FB,  b u t  water was not encountered in  the other test 

p i t s .  Bedrock was n o t  reached in any of the t e s t  p i t s  (see 

Figure 2.330-1, page 103). Details of t e s t  r e s u l t s  a r e  presented 

i n  Appendix 9.0. 

Foundation Conditions 

Most of the  road will be constructed on glacial  t i l l ,  b u t ,  loca l ly ,  

the road will be on outwash gravel,  a l luv ia l  fan mater ia l ,  and  

a l luv ia l  gravels i n  t h e  flood plains of the Elk River and t r ibu tary  

streams. In general ,  the  materials a t  the surface will present 

no problems i f  sa t i s fac tory  drainage i s  provided. Compressible 

organic overburden will require removal. Some local depressions 
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2.3 GEOLOGICAL A N D  G E O T E C H N I C A L  F I E L D  WORK Cont'd. 

2.33 Other Geotechnical Overburden Investigations C o n t ' d .  

2.331 Forestry Bypass - Access Road C o n t ' d .  

Foundation Conditions Cont'd. 

in  t i l l  which a r e  f i l l e d  with saturated s i l t s ,  sands and  organic 

material will a l so  require a t t en t ion .  The depressions will 

require complete excavation and back-fil l ing with well-compacted 

material to  provide a s t ab le  foundation for  the access road.  

Roadside ditches will be necessary t o  co l l ec t  flow from runoff 

and poorly drained areas and d i r e c t  i t  away from the road. 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2.34 Overburden Ground Water I n v e s t i g a t i o n s  on t h e  Mine S i t e  

The purpose o f  t he  overburden ground water  i n v e s t i g a t i o n s  was 

t o  determine the a l l u v i a l  a q u i f e r  c o n d i t i o n s  a t  t he  E l k  R iver  

d i v e r s i o n  dam s i t e  a t  t h e  n o r t h  end o f  t h e  proposed open p i t  

mine. 

then be s tud ied  once t h e  a l l u v i a l  a q u i f e r  parameters had been 

determined by t h e  e v a l u a t i o n  o f  pumping t e s t  data.  

Seepage beneath t h e  d i v e r s i o n  dam and i n t o  the  mine cou ld  

The scope o f  work i n c l u d e d  t h e  d r i l l i n g  o f  a pump-test w e l l  

and obse rva t i on  w e l l s .  Geotechnical  e x p l o r a t i o n  d r i l l  holes d r i l l e d  

i n  1977 were a l s o  i nc luded  as obse rva t i on  w e l l s .  Golder Associates 

i n v e s t i g a t e d  t h e  bedrock a q u i f e r  i n  t h e  r i v e r  d i v e r s i o n  dam area 

d u r i n g  1980. However, a rev iew o f  t h e i r  t e s t  da ta  was n o t  

i n c l u d e d  i n  t h e  I E C O  scope o f  work. 

t h e  a l l u v i a l  a q u i f e r  and bedrock a q u i f e r s  was n o t  f u l l y  determined. 

The r e l a t i o n s h i p  between 

E v a l u a t i o n  o f  t e s t  da ta  and de te rm ina t ion  o f  ground water parameters 

a ided  i n  t h e  conceptual  des ign  o f  severa l  a l t e r n a t i v e s  f o r  seepage 

c o n t r o l  under the  d i v e r s i o n  dam. Hydro log i ca l  t e s t i n g  was l i m i t e d  

t o  t h e  d i v e r s i o n  dam s i t e .  No r e g i o n a l  hyd ro log i c  water l e v e l  

o r  water  q u a l i t y  s tud ies  were performed. 
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2.3  GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK Cont 'd .  

2.34 Overburden Ground Water I n v e s t i g a t i o n s  on t h e  Mine S i t e  Cont 'd .  

A pumping t e s t  well and a s e r i e s  o f  observa t ion  we l l s  were con- 

s t r u c t e d  and developed i n  o r d e r  t o  e v a l u a t e  the hydrogeologic 

parameters of  the unconsol idated s u r f i c i a l  d e p o s i t s  i n  the 

d ive r s ion  dam a r e a .  The obse rva t ion  we l l s  were d r i l l e d  by 

A l l k i n d  D r i l l i n g  Company, u s i n g  a F a i l i n g  1500 r o t a r y  d r i l l i n g  

rig. Dr i l lwel l  E n t e r p r i s e s  d r i l l e d  the pumping  t e s t  well u s i n g  

a Bucyrus-Erie 12-R r o t a r y  d r i l l i n g  rig. 

D r i l l i n g  of the obse rva t ion  we l l s  began i n  Ju ly  1980. 

d r i l l i n g  f l u i d  (Rever t )  was used t o  p r o h i b i t  well p l u g g i n g  by 

d r i l l i n g  f l u i d s  and t o  provide b e t t e r  hydraul ic  connection 

between t h e  well and t h e  a q u i f e r .  The d r i l l i n g  was observed 

and t h e  holes  were logged by an IECO geo log i s t .  

s tandard pene t r a t ion  d r i v e  samples were a l s o  taken ( s e e  d r i l l  

hole logs  i n  Appendix 7 . 0 ) .  

Organic 

Pe r iod ic  

Per fora ted  PVC cas ing  was i n s t a l l e d  i n  the d r i l l  holes and the 

annular  space and b a c k f i l l e d  w i t h  washed r i v e r  g rave l .  

bentoni te  s e a l  was used t o  prevent  s u r f a c e  water i n f i l t r a t i o n .  

Typical cons t ruc t ion  d e t a i l s  a r e  shown i n  Figures 2.34-1 and 

2.34-2, pages 107-108). Piezometers i n s t a l l e d  i n  1977 were a l s o  

incorpora ted  i n t o  t h e  water  l eve l  monitoring network. 

A 
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Figure: 2.34-1 
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2.3 GEOLOGICAL AN0 GEOTECHNICAL F I E L D  WORK Cont'd. 

2.34 Overburden Ground Water Investigations on the Mine S i t e  Cont'd. 

The tes t  well was d r i l l e d  on Augus t  17, 1980, by the a i r  rotary 

method. Steel casing and UOP Johnson wire-wound V notch 

s t a i n l e s s  s t ee l  screen were in s t a l l ed  on  A u g u s t  24,  1980. See 

Figure 2.34-3, page 110 fo r  well log and well construction 

d e t a i l s .  The  t e s t  well was developed na tura l ly  by a i r  pumping. 

Preliminary quant i ta t ive flow estimates obtained during the 

development period indicated t h a t  the capacity of the well could 

be about 750-1150 l i t r e s  per minute ( l p m ) .  

On September 5,  1980, a 10 hp  test pump was in s t a l l ed .  Orawdown 

achieved by t h i s  pump was minimal. 

subs t i tu ted  in order t o  achieve a grea te r  drawdown i n  the pumped 

well and observation wells. The pumping t e s t  s t a r t ed  on 

September 7, 1980, using a four s tage 20 h p  Pioneer submersible 

pump. 

hours. The flow ra te  was monitored by a McCrometer Flowmeter. 

The tes t  well produced an average of 2170 lpm f o r  4320 minutes 

with a drawdown of approximately 0.56 meters. 

capacity of the  well i s  approximately 3875 lpm per meter of 

drawdown. 

1300 minutes. 

A higher capacity pump was 

Pumping of the t e s t  well continued fo r  a period of 72 

Specif ic  

Near equilibrium was at ta ined a t  approximately 
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2.3 GEOLOGICAL AND GEOTECHNICAL F I E L D  WORK Cont'd. 

2.34 Overburden Ground Water Investigations on the Mine S i t e  Cont'd. 

Fifteen observation wells and one pump well were monitored 

during t h e  pumping t e s t  and during the recovery phase of the 

tes t .  Water leve ls  were a l so  recorded on a da i ly  basis 

during a period of time from the end of July t o  the beginning 

of the pump t e s t  in ear ly  September (Figures 2.34-4, page 112).  

Locations of the observation wells and  the pump well a r e  shown 

on Figure 2.34-5 page . 

After p u m p i n g  s t a r t ed ,  the observation wells were monitored in 

a standard pumping t e s t  sequence. After 4320 minutes of 

pumping, the sequence was repeated f o r  the recovery o f  water 

leve ls  i n  the pump well and observation wells. Recovery was 

monitored f o r  420 minutes. 

Aquifer parameters were analyzed graphically u s i n g  the Theis 

(1935) non-equalibrium equation and  Cooper and Jacob's (1946) 

modification of the Theis method. These graphical analyses are 

based on formulas tha t  mathematically describe the cone of 

depression t h a t  expands with time, resu l t ing  from constant 

pumping of a well. The Theis equation i s :  

4 T t u  T = Q W ( u )  s =  
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2 .3  G E O L O G I C A L  A N D  G E O T E C H N I C A L  FIELD WORK Cont 'd .  

2.34 Overburden Ground Water I n v e s t i g a t i o n s  on the Mine S i t e  Cont'd 

Where : 

Q =  
s =  
T =  

s =  

r - - 

t =  

W(u) = 

3 -1 uniform discharge  from w e l l ,  ( L  T ) 

drawdown i n  t h e  observa t ion  w e l l ,  (L) 
t r a n s m i s s i v i t y  o f  the a q u i f e r ,  ( L  2 T -1 ) 

s t o r a t i v i  t y  (non-dimensional ) 

d i s t a n c e  from c e n t e r  o f  pumped well t o  t h e  observa t ion  

we l l ,  ( L )  

t ime s i n c e  s t a r t  of p u m p i n g ,  (T) 

t h e  well func t ion  o r  exponent ia l  i n t e g r a l  of  u 

(non-dimensional ) 
2 r s (non-dimensional) 

4Tt 

Jacob and Cooper (1946) modified t h e  Theis non-equilibrium 

formula t o  make use of a graphical  s o l u t i o n  t h a t  i s  l i n e a r l y  

r e l a t e d  t o  t h e  logar i thm of time. T h i s  approach i s  considered 

v a l i d  i f  u i s  equal t o  o r  l e s s  than 0.01. 

eva lua t ion  of t h e  semi-log p l o t  o f  drawdown and time a r e :  

Equations used f o r  

T = 2.300 S = 2.25 Tto 
2 4 T f s  r 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd  

2.34 Overburden Ground Water I n v e s t i g a t i o n s  on t h e  Mine S i t e  Cont'd. 

Where: 

3 -1 Q = un i fo rm d ischarge from w e l l ,  ( L  T ) 

5 = drawdown over  one l o g  cyc le ,  ( L )  

T = t r a n s m i s s i v i t y  o f  a q u i f e r ,  (L  T ) 

S = s t o r a t i v i t y  (non-dimensional)  

to = t ime  a t  zero drawdown i n t e r c e p t ,  (T) 

r = d i s t a n c e  from t e s t  we l l  t o  observa t ion  w e l l ,  (L)  

2 -1 

F igures  2.34- 6 through 2.34- 11 pages 116 through 121 show 

se lec ted  Theis and Jacob drawdown t ime p l o t s .  

T r a n s m i s s i v i t i e s  computed f rom t h e  pump we l l  and observa t ion  

w e l l s  ranged between 2500 and 5100 square meters per  day. A 

r e p r e s e n t a t i v e  t r a n s m i s s i v i t y  f o r  use i n  t h e  d i v e r s i o n  dam 

area i s  3400 square meters per  day. Table 2.34-1, page 122 

presents  c a l c u l a t e d  a q u i f e r  c o e f f i c i e n t s  us ing  b o t h  drawdown 

and recovery  da ta  f o r  rep resen ta t i ve  observa t ion  we l l s .  Assuming 

an a q u i f e r  th ickness  o f  12 meters, average h y d r a u l i c  c o n d u c t i v i t y  

would be 0.33 cm/s. 

t o  0.11 i n d i c a t i n g  t h a t  unconf ined and semi-conf ined cond i t i ons  

e x i s t  a t  t h e  va r ious  obse rva t i on  we l l  l o c a t i o n s .  Upper po r t i ons  

The s torage c o e f f i c i e n t  ranges from 0.003 
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CALCULATED AQUIFER COEFFICIENTS FROM 

SELECTED OBSERVATION WELLS 

Distance From - 

Observation Pump Well Transmissivi ty  S t o r a t i v i t y  
Method o f  Analysis T(m 2 /day) S (Dimensionless) Well Number (m) 

Pump Well - Theis 3280 

Jacob 3350 

Jacob (recovery) 3960 

OH - 3-RO 106 Jacob 5080 

Jacob (recovery) 3760 

DH-4-RD 56 Jacob 4820 

Jacob (recovery) 3240 

DH-5-RO 44 Jacob 3910 

Jacob (recovery) 2840 

DH-7A-RO 9 Jacob 3350 

Jacob (recovery) 2530 

OH-8A-RO 24 Theis 3200 

Jacob 3300 

Jacob (recovery) 2940 

OH-9A-RO 18 The i s 3200 

Jacob 3130 

Jacob (recovery) 2570 

0.004 

0.003 

0.01 

0.004 

0.02 

0.01 

0.11 

0.39 

0.03 

0.02 
0.03 

0.08 

0.08 

0.09 
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2 .3  GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK Cont 'd .  

2.34 Overburden Ground Water I n v e s t i g a t i o n s  on the Mine S i t e  Cont 'd.  

o f  t h e  a l l u v i a l  sediments a r e  o f t e n  s i l t y  and t h e i r  low perme- 

a b i l i t y  may cause some confinement.  

A combination o f  severa l  water con t ro l  methods can be used on 

th i s  p r o j e c t .  These methods inc lude :  

0 Impervious wa l l s  t o  provide a c u t o f f  t rench beneath 

d ive r s ion  o r  cu to f f  dams. These may be cons t ruc ted  

through use o f  a ben ton i t e  s l u r r y  t rench  o r  a compacted 

e a r t h - f i l l e d  t rench  completed w i t h  g l a c i a l  t i l l  o r  o ther  

low permeabi l i ty  m a t e r i a l .  

0 Horizontal  d r a i n s  - d r i l l e d  ho r i zon ta l ly  from the mine 

s lope .  

0 Sump systems t o  remove water i s s u i n g  from horizontal  

d r a i n s  and mine s lopes .  

0 French d r a i n s  a t  the t o e  of the s lope  and o t h e r  i n t e r -  

cep t ion  d r a i n s .  
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2.3 GEOLOGICAL AND GEOTECHNICAL F I E L D  WORK Cont 'd  

2.34 Overburden Ground Water I n v e s t i g a t i o n s  on t h e  Mine S i t e  Cont'd. 

0 W e l l p o i n t  system - a dewater ing system p laced on a berm 

on t h e  mine s lope a t  t h e  con tac t  o f  the  g l a c i a l  till. w i t h  

t h e  lower  a l l uv ium.  

be used f o r  dewater ing zones beyond t h e  vacuum l i f t  

l i m i t  o f  convent ional  w e l l p o i n t  systems. 

W e l l p o i n t  j e t  eductor  systems can 

e Deep w e l l s  - p a r t i a l  pre-drainage o r  dep ressu r i za t i on  

o f  t h e  recen t  and/or p r e - g l a c i a l  a l l u v i u m  a t  t h e  r i v e r  

d i v e r s i o n  s i t e .  

M o s t  o f  these methods can be used t o  some e x t e n t  f o r  water 

c o n t r o l  i n  t h e  a l l u v i u m  o r  bedrock a t  t h e  E l k  R ive r  mine s i t e .  

However, i n  o rde r  t o  prec lude excessive i n f i l t r a t i o n  i n t o  the  

s p o i l  m a t e r i a l s ,  t o  min imize h i g h  pumping costs ,  and t o  d im in i sh  

the  impact  o f  long- term pumpage of  ground water,  an impervious 

w a l l  o r  c u t o f f  t rench i s  recommended. The c u t o f f  would reduce 

f l o w  i n  t h e  unconsol idated permeable zones beneath d i v e r s i o n  

dams, and a long d i v e r s i o n  channels. 

c u t o f f  w a l l s  and f rac tu red  bedrock may be i n t e r c e p t e d  by we l l s ,  

o r  a w e l l  po in t -educ to r  system, i f  requ i red .  

Minor seepage through 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont'd. 

2.35 Mine Rock Slope Geological/Geotechnical Investigations 

Golder Associates L td .  was under contract  t o  carry out bedrock 

slope s t a b i l i t y  and hydrogeological invest igat ions on the 

proposed open p i t  mine. In addi t ion ,  they would a l so  study 

the foundation areas  o f  the  two external rock waste dumps 

and make recommendations f o r  dump des ign .  

To carry out  the f i e l d  work Golder had two hydrogeologists, 

one s t ructural  geologis t ,  one technician and one waste dump 

spec ia l i s t  in the f i e l d  f o r  varying periods of time. I n  a l l ,  

the hydrogeological invest igat ions were the most extensive. 

To a s s i s t  Golder with t h e i r  inves t iga t ions ,  two contractors ,  

Drillwest Enterprises L t d .  and CPI Equ ipmen t  L td .  were under 

Elco contract  t o  carry o u t  well d r i l l i n g  and pump tes t ing  

respectively.  These cont rac tors ,  however, were under Golder 

suDervi s i  on. 

The Golder 1980 geotechnical f i e l d  program consisted of three 

main topics:  

- Ground Water Invest igat ions 

- P i t  Slope S t a b i l i t y  Investigations 

- Evaluation of Waste Dump S t a b i l i t y .  
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont ' d .  

2.35 Mine Rock Slope Geological/Geotechnical Investigations Cont'd. 

2.351 Ground Water Investigations 

As par t  of the 1977 invest igat ion,  Golder Associates were to  

assess the ground water conditions in bedrock in  the area of 

the proposed open p i t .  

t h a t  high hydrostat ic  pressures existed in the basal sandstone 

of the footwal l ,  and a l so  t h a t  the nature of the overlying 

sedimentary sequence presented a se r i e s  of contrast ing per- 

meabi l i t i es ,  which could have serious implications with regard 

to  e f f ec t ive  dewatering. 

Results of work carr ied out  indicated 

Based on the findings of the preliminary study, Golder Associates 

were again retained i n  1980 t o  thoroughly invest igate  the  

dewatering requirements for the proposed open p i t  development. 

The invest igat ion was t o  be r e s t r i c t ed  t o  bedrock hydrogeology 

only a n d  was directed t o  invest igate  endwall, highwall and 

footwall requirements. The  purpose of the 1980 investigation 

was to ver i fy  the r e s u l t s  of the e a r l i e r  study over a greater  

a rea ,  to provide an in te rpre ta t ion  of the hydrogeology and t o  

def ine dewatering requirements f o r  b o t h  slope s t a b i l i t y  and 

the  handling of ground water inflows. 
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2.3 GEOLOGICAL AND GEOTECHICAL FIELD WORK Cont 'd .  

2.35 Mine Rock Slope Geologica l /Geotechnica l  I n v e s t i g a t i o n s  Cont 'd.  

2.351 Ground Water I n v e s t i g a t i o n s  Cont 'd .  

The bedrock geology o f  bo th  t h e  h ighwa l l  and endwal ls c o n s i s t  

o f  an in terbedded sequence o f  s t e e p l y  d i p p i n g  coal  seams, 

sandstones, s i l t s t o n e s ,  shales and mudstones. Th is  sequence 

i s  bounded on t h e  eas t  by t h e  u n d e r l y i n g  basal sandstone 

member o f  t h e  Kootenay Format ion.  The basal  sandstone member 

forms t h e  f o o t w a l l  o f  t h e  proposed open p i t  development. 

The f i e l d  t e s t  program was designed t o  t e s t  each bedrock member 

o f  t h e  Kootenay Format ion by means o f  pumping t e s t s .  One pump 

t e s t  was l o c a t e d  a t  t h e  n o r t h  endwal l  t o  t e s t  t he  coa l -bear ing  

member, and a second t e s t  was l o c a t e d  midway a long t h e  f o o t w a l l  

t o  t e s t  t h e  basal sandstone member. Resu l ts  f rom t h e  n o r t h  

endwall t e s t  would a l s o  be a p p l i e d  t o  t h e  h ighwal l  a s  i t  w i l l  

expose t h e  same sequence. 

Each pump t e s t  s i t e  c o n s i s t e d  o f  one 200 mm d iameter  pump 

w e l l  and four  150 m diameter  o b s e r v a t i o n  w e l l s  each completed 

w i t h  3 PVC s tandpipe t ype  piezometers.  F igu re  2.351-1,  page 128 

i l l u s t r a t e s  complet ion d e t a i l s  o f  a t y p i c a l  observa t ion  w e l l .  
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2.3 GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK Cont'd. 

2.35 Mine Rock Slope Geological/Geotechnical Investigations C o n t ' d .  

2.351 Ground Water Investigations C o n t ' d .  

Both pump t e s t  s i t e s  were located t o  take advantage o f  exis t ing 

pneumatic piezometers which were in s t a l l ed  during the 1977 

invest igat ion.  

Enterprises u s i n g  a Bucyrus-Erie 12R top dr ive a i r  rotary d r i l l  

r i g .  

a casing hammer. 

air-operated down hole-hammer d r i l l .  

All d r i l l i n g  was car r ied  o u t  by Drillwell 

The overburden was d r i l l e d  w i t h  t r icone  and cased using 

The bedrock was d r i l l e d  open hole using an 

The d r i l l i n g  was constantly supervised and directed by Golder 

Associates. During d r i l l i n g ,  samples o f  d r i l l  cut t ings were 

col lected every 1.5 m t o  e s t ab l i sh  a l i t ho log ic  l o g .  

encountered, water flows were measured and recorded on the logs. 

Well completions were carr ied o u t  by Golder Associates with the 

a id  o f  the  d r i l l  crew. The d r i l l i n g  and completion logs o f  a l l  

holes a re  contained in Appendix 10.0. 

Where 

Once i n s t a l l a t i o n  o f  the pump well and a l l  observation wells 

was completed a t  each s i t e ,  a period o f  piezometer monitoring 

was undertaken to  ensure equi l ibra t ion  o f  piezometric heads 

p r io r  t o  commencement of pumping. Drawdown due  t o  pumping 
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2.3  G E O L O G I C A L  AND G E O T E C H N I C A L  F I E L D  WORK C o n t ' d .  

2.35 Mine Rock Slope Geological/Geotechnical I n v e s t i g a t i o n  Cont 'd.  

2.351 Ground Water Inves t iga t ions  Cont 'd .  

and recovery (once t h e  pumping had ceased)  were monitored i n  

a l l  p iezometers  and t h e  wel l .  

2.3511 North Endwall/Highwall Pump Test Cont 'd.  

The l o c a t i o n  and  layout  o f  t h e  nor th  endwall pump t es t  i s  

i l l u s t r a t e d  i n  plan and s e c t i o n  i n  Figures  2.3511-1 and 

2.3522-2, pages 13 land  132. A t  the highwall and endwalls ,  

it was considered necessary t o  a s s e s s  t h e  q u a n t i t i e s  of 

ground water  flows w h i c h  would be encountered. For t h i s  reason,  

the nor th  endwall/highwall well was cons t ruc t ed  by screening  t h e  

e n t i r e  l e n g t h  o f  bedrock d r i l l e d .  The well was d r i l l e d  t o  the 

a n t i c i p a t e d  p i t  depth of 180 m below ground. By screening the 

e n t i r e  bedrock s e c t i o n ,  pumping  would e x t r a c t  ground water  

from a l l  un i t s  i n t e r s e c t e d  and t h u s  would s imula t e  the pe r fo r -  

mance o f  an ac tua l  dewatering well. 

D u r i n g  d r i l l i n g ,  t h e  v a r i a b l e  na tu re  o f  the rock units with 

regard t o  hydrogeologic c h a r a c t e r i s t i c s  became very obvious 

a s  water  f lows ranged from 6 l / s e c .  i n  O.W.  1 t o  l e s s  than 

0.1 l / s e c .  i n  O.W.  3. I n  gene ra l ,  g r e a t e r  f lows were 
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2.3 GEOLOGICAL AND GEOTECHNICAL FIELD WORK Cont 'd .  

2.35 Mine Rock Slope Geologica l /Geotechnica l  I n v e s t i g a t i o n  Cont 'd.  

2.351 Ground Water I n v e s t i g a t i o n s  Cont 'd.  

2.3511 Nor th  Endwal l /H ighwal l  Pump Tes t  'Cont 'd.  

exper ienced i n  t h e  sandstone u n i t s  however, t h i s  was n o t  always 

t h e  case and t h e r e  i s ,  t he re fo re ,  a s t rong  i n d i c a t i o n  o f  secondary 

p e r m e a b i l i t y  due t o  s t r u c t u r e  ( i . e .  j o i n t i n g ,  e t c . ) .  

The pump w e l l  was completed w i t h  a s l o t t e d  l i n e r  cas ing t o  

p r o v i d e  p r o t e c t i o n  f o r  t h e  pump and t o  ma in ta in  ho le  s t a b i l i t y .  

Development us ing  an a i r  j e t t i n g  t o o l  was c a r r i e d  o u t .  General ly,  

a l l  d r i l l i n g  and h o l e  comple t ion  procedures were c a r r i e d  o u t  

w i t h  a minimum o f  d i f f i c u l t y .  

Once t h e  s i t e  was prepared and completed and a f t e r  s u f f i c i e n t  

t i m e  had passed t o  a l l o w  e q u i l i b r a t i o n  o f  t h e  p iezomet r i c  heads 

t h e  pump t e s t  was c a r r i e d  ou t .  

A f i v e  ( 5 )  horsepower, 42 s tage submersible pump was i n s t a l l e d  

in t h e  w e l l  a t  a depth  o f  180 m on a 50 mm d iameter  p ipe.  

50 m diameter  PVC p i p e  was l a i d  o u t  f rom t h e  pump w e l l  t o  

d ischarge water  approx imate ly  100 m south o f  t h e  w e l l .  

meter was a t tached t o  t h e  d ischarge p ipe  approx imate ly  8 m f rom 

t h e  pump w e l l .  

A 

A f l o w  
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2.3 GEOLOGICAL A N D  GEOTECHNICAL F I E L D  WORK Cont'd. 

2.35 Mine Rock Slope Geological/Geotechnical Investigation C o n t ' d .  

2.351 Ground Water Investigations Cont'd. 

2.3511 North Endwall/Highwall Pump Test Cont'd. 

Several shor t  duration pumping  t e s t s  were performed i n i t i a l l y  t o  

determine the most e f fec t ive  pumping r a t e  fo r  the  l i f e  of the 

t e s t .  After each t e s t ,  the wells were allowed t o  recover fu l ly  

before the next t e s t  was i n i t i a t e d .  

After s t a r t i n g  the pump t e s t ,  the pumping r a t e  ranged generally 

from 0.57 t o  0.88 l / sec .  with an average of 0.69 l / sec .  As the 

drawdown in  the well increased, the pumping r a t e  was f o u n d  to 

lower, s ince the  water had t o  be pumped against  a n  increasing 

hydraulic head. 

I t  was intended t o  produce a s  much drawdown i n  the well as was 

ava i lab le ,  and thereby create  a s  la rge  an impact as possible.  

In doing th i s ,  i t  became increasingly d i f f i c u l t  t o  maintain a 

constant discharge r a t e  a s  mentioned above. Not only was the 

pump qu i t e  sens i t ive  t o  changes i n  hydraulic head, b u t  the 

aqui fe r  i t s e l f  was very sens i t ive  t o  only minor f luctuat ions 

in  discharge r a t e .  S l igh t  var ia t ions in discharge r a t e  ( l e s s  

than 0.1 l / s e c . )  were found to  have dramatic e f f e c t s  on  the 
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2.3 GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK C o n t ' d .  

2.35 Mine Rock Slope Geological/Geotechnical Investigation C o n t ' d .  

2.351 Ground Water Investigations C o n t ' d .  

2.3511 North Endwall/Highwall Pump Test C o n t ' d .  

water level in  the well. 

constant ly  monitoring the discharge ra te  and pumping leve l ,  and 

a l so  t o  constantly a d j u s t  the gate valve t o  maintain the desired 

discharge r a t e .  The i n i t i a l  discharge r a t e  of 0.88 l /sec.  was 

roughly maintained fo r  the  f i r s t  7 t o  8 days of pumping  a f t e r  

which s ign i f i can t  f luctuat ions occurred. Fortunately, the 

flow meter was a type which also recorded to t a l  volume d u r i n g  

the tes t  and, therefore ,  a n  average discharge r a t e  f o r  the 

e n t i r e  23 day test  could be calculated.  

ceased, recovery readings were taken unt i l  s u f f i c i e n t  

s t a b i l i z a t i o n  had been achieved. 

I t  was necessary t o  have personnel 

Once pumping had 

2.3512 Footwall Pump Test 

The  locat ion and layout of the footwall t e s t  i s  shown in 

Figures 2.3512-1 and 2.3512-2, pages 136 & 137. Ear l ie r  studies 

had indicated high hydrostatic pressures,  in the basal 
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2 .3  GEOLOGICAL A N D  G E O T E C H N I C A L  F I E L D  WORK Cont 'd .  

2.35 Mine Rock S1 ope Geol ogi cal /Geotechnical  Inves t iga t ion  Cont'd. 

I .  

2.351 Ground Water I n v e s t i g a t i o n s  Cont 'd.  

2.3512 Footwall Pump Test 

sandstone,  which would be undes i rab le  i n  terms of  s lope  

s t a b i l i t y .  The footwal l  t es t  was aimed a t  determining i f  

reduct ion  o f  t hese  h i g h  p re s su res  could be achieved by 

induced methods ( i . e .  we l l s  or d r a i n s ) .  

As i t  was requi red  t o  t e s t  on ly  t h e  basal sandstone member, the 

pump well was cons t ruc ted  i n  such a way t h a t  flows from m a t e r i a l s  

above t h e  basal sands tone  were sea l ed  o f f  and prevented from 

interferring w i t h  basal  sandstone flows. The pump well was 

d r i l l e d  t o  a d e p t h  of 113 m a t  203 mm diameter .  

diameter  u n i t  c a s ing  was lowered t o  the bottom of  t h e  hole  

and cemented i n  p lace .  The hole  was then advanced a t  152 mm 

diameter  t o  182.9 m. The well was t h e n  developed by t h e  a i r  

surge method u s i n g  a j e t t i n g  t o o l .  

A 152 m 

In d r i l l i n g  the pump well and obse rva t ion  w e l l s ,  water  f lows 

ranging between 0.5 and 1 .5  l / s e c .  were encountered. These 

flows were a lmost  e x c l u s i v e l y  from the coa l -bear ing  Kootenay 
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2.3 GEOLOGICAL A N D  G E O T E C H N I C A L  FIELD WORK Cont'd. 

2.35 Mine Rock Slope Geological/Geotechnical Investigation C o n t ' d .  

2.351 Ground Water Investigations Cont'd. 

2.3512 Footwall Pump Test Cont'd. 

formation (coa ls ,  sandstones and  s i l t s t o n e s ,  e t c . )  which 

over l ies  the basal sandstone. Only in  hole O.W. 4 did the 

basal sandstone contribute any measurable flow (0.3 l / s ec . ) .  

In a l l  o ther  holes,  no detectable  ground water flows were 

experienced in  t h e  basal sandstone uni t .  Apparently, the flow 

in  O.W. 4 was f r ac tu re  re la ted.  

Dr i l l ing  of a l l  holes was done quickly and without d i f f i c u l t y  

through the coal-bearing member. When the basal sandstone was 

encountered ( a t  the  base of no. 2 coal seam), d r i l l i n g  was 

s ign i f i can t ly  slower and penetration of t h i s  very hard and 

apparently massive sandstone uni t  was qui te  d i f f i c u l t .  

All hole completions were carr ied o u t  successful ly  and w i t h o u t  

any d i f f i c u l t y .  Piezometers were in s t a l l ed  and monitored fo r  

approximately one month, a f t e r  which the piezometric leve ls  

were considered t o  have reached s t ab i l i za t ion  and  pump tes t ing  

could proceed. 
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2 .3  GEOLOGICAL A N D  GEOTECHNICAL FIELD WORK C o n t ' d  

2.35 Mine Rock Slope Geological/Geotechnical Investigation Cont'd. 

2.351 Ground Water Investigations C o n t ' d .  

2.3512 Footwall Pump Test Cont'd. 

A pump, identical  t o  t h a t  used a t  the n o r t h  endwall t e s t ,  was 

lowered t o  a depth o f  183.5 m in the footwall well. A 50 mm 

diameter PVC pipe was l a i d  out  from the  well t o  discharge water 

a t  a point below observation well no. 1 .  A flow meter identical  

t o  t h a t  used a t  the  endwall t e s t  was attached near the end of 

the discharge l i n e  in  the only f la t - ly ing  area avai lable .  

Since inflows were obviously not su f f i c i en t  t o  keep u p  with 

even very low pump r a t e s ,  i t  was decided t o  pump the water 

level down t o  near the t o p  of the pump (approximately 180 m) 

and  roughly maintain t h i s  drawdown in the well f o r  the duration 

of the t e s t .  In t h i s  way, a sink i s  created which will have 

the  grea tes t  impact possible on the surrounding piezometers. 
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2.3512 Footwall Pump Test C o n t ' d  

The procedure f o r  maintaining a depressed water level was t o  

turn the pump on periodically and  discharge whatever water h a d  

accumulated. The guidelines for th i s  were t o  l e t  the water 

level recover no more than 10 m (approximately 10 m depth) and 

then pump the level down again t o  the 180 m depth level .  

I n i t i a l l y ,  t h i s  meant turning the pump on three times a day 

(every 8 hours) as the inflow ra te  was approximately 5.8 x 

l / sec .  

o f  approximately 3.5 x 10-31/sec. which meant the pump needed 

turning on only twice a day. 

As time progressed, the inflow ra t e  reduced t o  an average 

The water level was kept depressed in the well for  approximately 

33 days while monitoring of the piezometers was carr ied o u t .  

After 33 days, the well was permitted to  recover towards a s t a t i c  

1 eve1 . 

The pump t e s t  data was reduced using Golder Associates pump t e s t  

program. The  reduced data was then used t o  p l o t  hydrographs f o r  

each pump t e s t  and to permit analysis by conventional methods. 

2.3513 North Endwall/Highwall Pump Test Analysis 

The hydrograph of t h i s  pump t e s t  i s  i l l u s t r a t e d  in Figure 2.3513-1, 

page 142. 

- 141 - 





2.3513 North Endwall/Highwall Pump Test Analysis Cont'd 

I t  can be seen t h a t  drawdown re su l t s  were s i g n i f i -  

cant ly  affected by the f luctuat ion of the discharge ra te .  

However, recovery results a re  uniform and consis tent  and 

permit a good check on the r e su l t s  of the analysis .  

Three conventional methods of analysis  were used f o r  t h i s  tes t .  

The Theis curve and Jacob methods were used to  analyze draw- 

down da ta ,  and the Theis recovery method was used to  analyze 

the recovery data. Although many of the assumptions inherent i n  

a l l  these methods were violated,due mainly to  the geological 

nature of the material being tes ted ,  i t  i s  f e l t  t ha t  the r e su l t s  

of analysis  a r e  adequate f o r  the purposes of th i s  study. 

I n  the absence o f  ana ly t i c  techniques f o r  complex s i tua t ions ,  i t  

i s  acceptable t o  u t i l i z e  conventional techniques as l o n g  as the 

l imi ta t ions  and inaccuracies a re  kept  in  mind when applying t h e  

r e su l t s  t o  required designs. 

In using the  Theis and Jacob methods fo r  analysis  of drawdown, 

only ear ly  time was analyzed due t o  f luctuat ion of pumping r a t e  

and obvious e f f e c t s  of leakage from overburden during the l a t t e r  

par t  of the tes t .  The leakage i s  ignored a t  t h i s  s tage s ince i t  

i s  assumed t h a t  a drained condition in the overburden would  e x i s t  

fo r  the mining operation. Because ear ly  times were used, the 

discharge rate was chosen a t  0.88 l / s ec .  which i s  most cor rec t  f o r  
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2.3513 North Endwall/Highwall Pump Test Analysis Cont'd 

t h i s  period. 

The recovery analysis  should be considered more r e l i ab le  since 

the curves a re  smooth and uniform a n d  a re  n o t  influenced by a 

f luc tua t ing  pump ra te .  The overall  average pump r a t e  of 

0.68 l / sec .  was used f o r  the recovery analysis as t h i s  i s  the 

theoret ical  r a t e  of recharge which would be balancing the average 

pumping ra te .  

The r e s u l t s  o f  analyses a re  summarized in Table 2.3513-1, Page 145. 

For des ign  purposes, the inflow from the endwall i s  expected to  be 

in the order  of 0.076 l/sec. (1 Imp. gmp) per meter length of wall .  

These flows could be handled in the ditches and directed towards 

p i t  sumps o r  pumped d i r e c t l y  out  of the p i t .  

The highwall i s  expected to  behave s imilar  t o  the endwall with 

regard to  drainage i n  t h a t  f l o w s  will be small and  the material 

s h o u l d  be self-draining.  However, the or ientat ion of the bedding 

a l o n g  the highwall may in t e r f e re  with drainage should less per- 

meable beds c rea te  ba r r i e r s  and  hence cause pressure build- 

up. 

by more massive beds, o r  the f r ac tu re  

t o  f r e e  drainage. 

This s i t ua t ion  would occur i f  f rac ture  flow were interrupted 

pattern was not conductive 
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TABLE 2.3513-1 

RESULTS OF HIGHWALL PUMP TEST 

OBSERVATION STRAIGHT THEIS 
WELL NOS. THEIS CURVE JACOB LINE RECOVERY ROCK TYPE 

T m 2 /see.  S T m 2 /see .  S T m 2 /sec. 
- - 

3.3 x 1.9  x 3.66 x 1.5 x 2.77 x Coal Seam #4 
I 

c. 

in 
I 

e O.W. 1 3.42 x 10-5 1.28 x 10-4 3.93 10-5 1.02 10-4 2 .62  10-5 SST 

7.5 x 10-5 2.5 x 10-4 8.48 10-5 1 .83  10-4 2.73 10-5 SST 

4.38 10-5 5.4 x 10-4 4.88 10-5 4.7 10-4 1 .41  10-5 SLST 

3.89  10-5 9.94 10-3 5.75 10-5 6.56 10-3 2.3 10-5 SST 
O.W. 2 

1.34 x 5.02 x 1.99 x 3.7 x 4.19 x Coal Seam 1/4 

1 .17  10-4 8.97 10-4 1 .61  10-4 6.44 10-4 7.0 10-5 SLST 
O.W. 3 

3.33 x 10-5 3.65 x 10-4 2.83 10-5 3.71 10-4 3.19 10-5 SST 

O.W. 4 5.69 x 2.88 x 6.85 x 2.22 x 4.44 x 10-5 Coal Seam 88 

1.25 10-4 5.48 10-4 1.3 10-4 4.2 10-4 7.11 10-5 SST 



2.3513 North Endwall/Highwall Pump Test Analysis Cont'd 

In order to  avoid the possible pressure build-up affect ing 

bench s t a b i l i t y ,  inclined drain holes s h o u l d  be d r i l l ed  in to  

the bench faces ,  see Figure 2.3513-2, Page 147. 

For design purposes, the hole should be located a t  25 m i n t e r -  

vals on every bench (15 m ver t ical  separation) on the ultimate 

wall. Holes on successive benches should be o f f s e t  l a t e r a l l y  

by 12.5 m. 

The holes can be d r i l l e d  with a standard airtrack-type d r i l l  and 

s h o u l d  be inclined upwards a t  30 degrees from the horizontal to  

a minimum depth of 30 m long. 

i n s t a l l ed  i n  the hole and where high ground water flows are  

encountered, additional holes d r i l l e d  a t  12.5 m spacing on e i the r  

side.  

A perforated pipe should be 

Water draining from the drain holes and from the slope should be 

collected in ditches on the inside of haul roads on the face and 

then conducted t o  the in-p i t  sumps. 

2.3514 Footwall Pump Test Analysis 

The pump t e s t  hydrograph for  the footwall t e s t  i s  shown in Figure 

2.3514-1, Page 148. As i l l u s t r a t e d ,  the piezometers showed no 

response to  the depressed water level in the well. Some 
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2.3514 Footwall Pume Test Analysis Cont'd 

f luctuat ions were monitored b u t  these a re  no t  a t t r ibu ted  t o  the 

test .  

Since response was v i r tua l ly  non-existant, analysis i s  limited to  

the recovery of the water level in the pump well. Two analysis  

techniques a re  avai lable  fo r  t h i s  s i tua t ion .  The Hvorslov 

technique solves f o r  hydraulic conductivity i n  a t e s t  where 

response from a s i t ua t ion  of non-equilibrium towards equilibrium 

i s  monitored. Such i s  the case in  the well where the depressed 

water level represents a non-equil ibrium condition and the recovery 

o r  the r i s ing  head i s  towards equi l ibra t ion .  The de ta i l s  and  ca l -  

culations of t h i s  analysis  are i l l u s t r a t e d  in Figure 2.3514-2, 

Page 150. The r e su l t s  o f  t h i s  analysis  indicate  a hydraulic 

conductivity fo r  the basal sandstone member of 4.1 x 10-lom/s. 

A second analysis  technique i s  one t h a t  was used f o r  the endwall 

t e s t ,  namely the Theis recovery analysis .  The plot t ing a n d  

calculat ions fo r  t h i s  analysis  of the footwall well are included in 

Appendix B with the endwall t e s t  calculat ions.  The s tab i l ized  in-  

f low r a t e  of 3.5 x 

analysis .  The results of the analysis  indicate  a transmissivity 

value of 4.2 x lo-' m2/sec. fo r  the basa l  sandstone. 

l / sec .  was used as the pump r a t e  fo r  t h i s  

As mining progresses along the footwall ,  quant i t ies  of ground 
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2.3514 Footwall Pump Test Analysis Cont'd 

water will be encountered in the coal-bearing member which i s  

being stripped of f  the basal sandstone. Since these quant i t ies  

will be s imilar  t o  those encountered a t  the endwalls and the 

h i g h w a l l ,  pr ior  dewatering of t h i s  member does n o t  appear 

necessary and  flows could be handled with in -p i t  systems. 

The basal sandstone member i s  seen t o  possess high hydrostatic 

pressures which are  n o t  l i ke ly  t o  d iss ipa te  rapidly as mining 

progresses. To control the h i g h  pressures and maintain a s table  

p i t  wall the following measures should be taken: 

# Improve natural surface drainage a t  the c r e s t  and 

behind the footwall t o  reduce recharge to  t h i s  uni t .  

e Locate gravity drain holes along the  face as mining 

progresses in an attempt t o  intercept  as  much f rac ture  

flow as i s  possible. 

Ins ta l l  and monitor pneumatic type piezometers t o  check 

the progress of pore pressure diss ipat ion 

2.352 P i t  Slope S t a b i l i t y  Studies 

The geotechnical rock slope s t a b i l i t y  s tudies  carr ied o u t  in 1980 

involved the following: 

0 Detailed s t ruc tura l  logging o f  selected rock core for  

the highwall area. 
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2.353 P i t  Slope S t a b i l i t y  S tud ie s  Cont 'd 

0 S t r u c t u r a l  mapping o f  exposures i n  highwall a rea .  

0 S t r u c t u r a l  mapping o f  exposures i n  footwal l  a r ea .  

2.3521 Highwall Study 

The s t r u c t u r a l  i n t e r p r e t a t i o n  o f  t h e  highwall a r e a  made i n  1977 

ind ica t ed  t h e  p o s s i b i l i t y  o f  increased  j o i n t  d ips  toward the 

south with the result ing p o t e n t i a l  f o r  s t e e p e r  bench f aces  and 

ove ra l l  s lope  angles .  Confirmation o f  the highwall s t r u c t u r e  

was made by reviewing exp lo ra t ion  cores  and by d e t a i l e d  s t r u c -  

t u r a l  f i e l d  mapping. Or ien ted  core  logging was performed i n  

o r d e r  t o  r e l a t e  j o i n t s  t o  bedding such t h a t  t r u e  j o i n t  o r i e n t a -  

t i o n  could subsequent ly  be determined. 

A geotechnical  mapping program was a l s o  undertaken t o  examine a l l  

s u r f a c e  exposures i n  d e t a i l  f o r  j o i n t  and bedding con t inu i ty .  

S t r u c t u r a l  Mapping 

Rock c u t s  and exposures i n  the  highwall a rea  were mapped, recording 

the o r i e n t a t i o n  of t h e  b e d d i n g  and j o i n t i n g  f r a c t u r e s .  Figure 

2.3521-1, Page153 shows the l o c a t i o n s  of  t h e  exposures mapped. 
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S t r u c t u r a l  Core Logging 

All core  was logged i n  d e t a i l  f o r  geotechnical  parameters.  

Features  recorded i n  the logging included:  

downhole depth 

0 rock q u a l i t y  des igna t ion  

0 recovery 

Addit ional  s t r u c t u r a l  da ta  recorded included:  

0 f r a c t u r e  type  

0 d i p  

@ d i p  d i r e c t i o n  ( r e fe renced  t o  bedd ing)  

0 form o r  shape 

0 roughness 

i n f i l l i n g s .  

Included i n  the d r i l l  ho le s  l o g g e d  by Golder Associates  were two 

ho le s  requested by IECO.  As these  holes  were loca ted  i n  the h i g h -  

wall a r e a ,  they were included i n  t h e  i n t e r p r e t a t i o n  of the  highwall 

s t r u c t u r e .  

The d r i l l  holes  logged were as fo l lows:  

DH 25 63 
DH 26 64 
DH 41 77" . -  
DH 42 77 
DH 53 124 
DH 54 131* 
* Denotes d r i l l  ho les  logged a t  r eques t  of  I E C O .  
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Referenced o r i e n t a t i o n s  were used t o  d e r i v e  s t r u c t u r a l  f a b r i c  or -  

i e n t a t i o n s  based upon t h e  ove ra l l  geological  i n t e r p r e t a t i o n .  

To determine s t r u c t u r a l  t r e n d s ,  the proposed highwall has been 

d iv ided  i n t o  f ive  segments f o r  the  purpose o f  de r iv ing  s lope  design 

parameters .  The segments, t oge the r  w i t h  approximate co-ordinate  

boundaries and r e l a t e d  da t a  groups, a r e  as  fo l lows  ( s e e  Figure 

2.3521 -1 , Page 153) : 

Seqment Coordinate  Boundaries Drill Hole Data 

12+000N - 14+000N OH 25/26 
14+000N - 15+250N DH 41/42 
15+250N - 16+500N DH 53/54 
16+500N - 18+000N DH 63/64/72/133 
18+000N - 19+500N DH 77/124/131/127 

T h i s  d a t a  i s  presented  s t e r e o g r a p h i c a l l y  i n  Figures  2.3521-2 

t o  2.3521-8, pages 156 t o  162 r e spec t ive ly .  

I n i t i a l  i n t e r p r e t a t i o n  o f  these  da ta  groups i n d i c a t e s  t h a t  the most 

s i g n i f i c a n t  s t r u c t u r a l  f e a t u r e  i s  t h e  j o i n t  s e t  dipping perpendicular  

t o  bedding and d ipping  i n  the same d i r e c t i o n  a s  t h e  proposed p i t  wall 

(see Figure 2.3521-2, Page 156).  

The s t e r e o g r a p h i c  p ro jec t ions  of  t h e  d i s c o n t i n u i t y  da t a  i n d i c a t e s  the 

presence o f  t h r e e  major j o i n t  sets throughout  the a rea .  

o r i e n t a t i o n  o f  these  sets a r e  a s  fo l lows:  

The mean 
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2.3521 Highwall Study Cont 'd  

Q 

55 degrees  
52 degrees  
80 degrees 

D i p  Di rec t ion  

126 degrees 
071 degrees  
343 degrees 

To e v a l u a t e  t h e  t r end  o f  j o i n t  d ips  along t h e  highwall ,  t h e  da ta  

from each s t r u c t u r a l  segment was analyzed s e p a r a t e l y  and d i p  

his tograms der ived .  A mean d i p  value was then determined for a l l  

the j o i n t  sets recorded i n  each segment, t oge the r  w i t h  a shal low 

end o f  range value.  Approximately 80 per c e n t  o f  t h e  cumulative 

populat ion a r e  s t e e p e r  than th i s  value.  The mean j o i n t  d i p s  f o r  

the r e l e v a n t  s t r u c t u r a l  segments a r e  t abu la t ed  below: 

Mean J o i n t  Dip Shallow End o f  Range Value 

Segment Core Loqging Surface  Mapping Core Logging Surface  Mapping 

1 65 
2 60 
3 60 
4 55 
5 50 

65 
65 
65 
60 
60 

40 
50 
50 
40 
40 

50 
50 
50 
50 
55 

The above da ta  infers t h a t  t h e  j o i n t s  a r e  s t e e p e r  near  su r face  than 

a t  depth i n  the highwall a r ea .  The discrepancy between the su r face  

mapping and t h e  d r i l l  ho le  da ta  does not  i n d i c a t e  t h a t  t h e  sequence 

has a sha l lower  bedding d i p  a t  depth.  However, i t  should be noted 

t h a t  fewer da ta  poin ts  were recorded i n  t h e  s u r f a c e  mapping than i n  

t h e  co re  logging ,  and t h e  small v a r i a t i o n  i n  mean d ips  does not  a f f e c t  

the o v e r a l l  s l o p e  des ign .  
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S ince  t h e  values f o r  j o i n t  d i p  ob ta ined  from core  logging i n d i c a t e  

gene ra l ly  shal lower j o i n t  d ips  than those  obtained from su r face  

mapping, the des igns  f o r  the highwall have been based on the 

sha l lower  va lues .  

2.3522 Footwall Study 

S ince  only  l i m i t e d  geotechnical  mapping had been performed i n  both 

t h e  1971 and 1977 geotechnical  programs, a mapping program was under- 

taken t o  examine a l l  s u r f a c e  exposures  i n  d e t a i l  f o r  s t r u c t u r a l  

t r e n d s ,  j o i n t  and bedd ing  c o n t i n u i t y .  

T h i s  mapping da ta  was used t o  confirm t h e  i n i t i a l  footwall  da ta  and 

t o  r e v i s e  the i n i t i a l  footwal l  s l o p e  des ign .  

The sandstone below No. 1 seam f r e q u e n t l y  shows cross-bedding 

f e a t u r e s  w i t h  some na tura l  s epa ra t ion  along the f o r s e t  beds. 

r e f l e c t e d  i n  the s t r u c t u r a l  core  l o g g i n g  c a r r i e d  o u t  i n  1977 which 

shows a d i spe r s ion  o f  da t a  f o r  bedding d i p  angles .  

This i s  

A s t e r e o p l o t  of  d e t a i l e d  mapping o f  exposures i n  the footwall  sequence 

recognized the  fo l lowing  j o i n t  sets:  

9 
65 degrees 
87 degrees  
74 degrees  
50 degrees  
50 degrees  

Dip Direc t ion  
132 degrees  
165 degrees  
013 degrees  
098 degrees 
076 degrees  
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Using the proposed design, the resu l t ing  ultimate footwall below 

L i t t l e  Weary Ridge would be up  t o  400 m high without benches. 

The angle of t h i s  slope would be t o t a l l y  dependent on bedding dip. 

The footwall mapping recorded a mean dip of approximately 40 de- 

grees i n  the s o u t h  end o f  the proposed p i t .  Towards the n o r t h  end 

of the property, the bedding dips a re  known t o  steepen s l i g h t l y ,  

reaching a mean of approximately 45 degrees. 

ult imate footwall north of 14+500N would be approximately 150 m 

h i g h  w i t h  no benches. 

The resu l t ing  

2.353 

Elco has proposed t o  develop three waste dumps f o r  the disposal of 

waste rock overburden t h a t  will be generated in the  course of t h e i r  

proposed open p i t  mining operation. As par t  of the 1980 geotechnical 

study, Golder Associates were requested t o  evaluate the s t a b i l i t y  of 

the proposed waste dumps. 

The waste dumps will  be developed within three a reas ;  the East dump 

will be located within the Weary Creek Valley, the  West dump will be 

located in the Elk River Valley northwest of the western l i m i t  of the 

proposed mine (Figure 2.353-1, Page 166 and the th i rd  dump will be 

located in the open p i t  i t s e l f .  

The object ive of the study was to  make s t a b i l i t y  recommendations 
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2.353 Eva lua t ion  o f  Waste Dump S t a b i l i t y  Cont 'd  

concerning the  waste dump foundat ions and face angles f o r  the 

opera t i ng  dumps p r i o r  t o  regrad ing  the  s lope t o  the  angle o f  

repose i n  accordance w i t h  government regu la t i ons .  

The foundat ion cond i t i ons  w i t h i n  the  area t h a t  w i l l  be occupied 

by t h e  proposed sur face  waste dumps were i n v e s t i g a t e d  by means o f  

a i r p h o t o  i n t e r p r e t a t i o n ,  ground reconnaissance, mapping o f  s o i l  

and rock exposures, and excavat ion o f  shal low t e s t  p i t s .  

2.3531 Weary Creek Waste Dump 

I n v e s t i g a t i n g  the  foundat ion  cond i t i ons ,  several  exposures, par -  

t i c u l a r l y  a long t h e  south  f o r k  o f  Weary Creek, were found t o  

c o n s i s t  o f  coarse sand and gravel  con ta in ing  a l a r g e  p ropor t i on  

o f  s i l t ,  w i t h  s c a t t e r e d  cobbles and boulders.  These sediments 

appear t o  be g l a c i a l - f l u v i a l  i n  o r i g i n ,  and the p l a t e a u - l i k e  

f e a t u r e  between t h e  n o r t h  and south f o r k  appears t o  be a g l a c i a l  

f l u v i a l  outwash depos i t .  

The g l a c i a l - f l u v i a l  sediments a r e  under la in  by g l a c i a l  t i l l ,  

which i s  i n  t u r n  under la in  by r o c k s  o f  the Fern ie  group. Both the  

n o r t h  and south f o r k s  o f  Weary Creek appear t o  have eroded and 

downcut i n t o  both t h e  g l a c i a l - f l u v i a l  sediments and t h e  under ly ing  

g l a c i a l  till, and t o  have exposed t h e  Fern ie  sha le  bedrock along 

t h e  creek. 
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Stream erosion has resul ted in oversteepening of the banks on 

e i t h e r  s ide of b o t h  the north and s o u t h  forks of Weary Creek, 

and the slopes above the creek show evidence of old f a i lu re  

sca r s ,  although none of these exhib i t  signs of recent ac t iv i ty .  

Several test  p i t s  were excavated in the proposed nor th  fork 

waste dump area as par t  o f  the f i e l d  invest igat ion program 

carr ied out by IECO. Access to  the t e s t  p i t  locat ions was 

gained using a bulldozer. 

of the slope and angled upward in a norther ly  direct ion along 

the western s ide of the n o r t h  fork. 

cons t i tu tes  an  excel lent  so i l  exposure along the slope and a t  

several locat ions revealed exposures of colluvium, and in some 

cases ,  old s l i d e  debris which i s  underlain by a layer  of peaty 

topsoi l .  

i n s t a b i l i t y  along the natural oversteepened s ides  o f  the drainage 

courses. 

The resu l t ing  cu t  s t a r t e d  a t  the toe 

The backslope of t h i s  cu t  

This i s  supporting evidence of past  shallow-seated 

Generally, the su r f i c i a l  s o i l s  witnin the foundation area of the 

waste dump cons is t  o f  a variable thickness of s i l t ,  s a n d ,  sandy 

gravel and glacial  t i l l .  

The main so i l  types encountered in the t e s t  p i t s  were as follows: 

o Loose brown SAND with organic debris .  
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2.3531 Weary Creek Maste Dump Con t ' d  

o Loose brown sandy GRAVEL w i t h  cobbles and subangular t o  

subrounded boulders.  

S t i f f ,  grey/brown, s i l t y  TILL w i t h  some sand and grave l  

1 ayers. 

0 

Experience i n d i c a t e s  t h a t  t h e  s t a b i l i t y  o f  waste dumps comprised o f  

Kootenay fo rmat ion  rocks i s  governed p r i m a r i l y  by the  s lope o f  

t he  topography on which the dump i s  const ructed.  

The g r a d i e n t  o f  t h e  dra inage course, i n  the  downstream d i r e c t i o n  

i s  r e l a t i v e l y  f l a t ,  and the re  i s  v i r t u a l l y  no p o s s i b i l i t y  t h a t  the 

dump cou ld  f a i l  as a r e s u l t  o f  "en masse" base s l i d i n g  i n  the 

d i r e c t i o n  p a r a l l e l  t o  the  a x i s  o f  the stream. Furthermore, a long 

t h e  sec t i ons  t ransverse  t o  t h e  a x i s  o f  t he  Weary Creek dra inage 

course, t h e  l a t e r a l  l i m i t s  o f  t h e  proposed waste dump w i l l  be 

suppor ted by the  s l o p i n g  topography a long bo th  t h e  eas t  and west 

s ides  o f  t h e  v a l l e y .  Th is  w i l l  p rec lude i n s t a b i l i t y  a long the  

l a t e r a l  boundar ies o f  t h e  dump. 

A segment o f  t he  completed dump w i l l  ex tend a s h o r t  d is tance down- 

s t ream f rom the  j u n c t i o n  between the  n o r t h  and south f o r k s .  Th is  

segment w i l l ,  i n  e f f e c t ,  be t h e  o n l y  " face"  presented by the dump 

i n  i t s  f i n a l  c o n f i g u r a t i o n ,  and w i l l  again be con f ined  on e i t h e r  

s i d e  by s lopes o f  Weary Creek. 

s a t i s f a c t o r i l y  d i v e r t e d ,  p reven t ing  the  "bu i ld -up ' '  o f  pore water 

Prov ided t h a t  stream f l ows  are 
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2.3531 Weary Creek Waste Dump Cont'd 

pressures,  there i s  l i t t l e  poss ib i l i t y  t h a t  t h i s  segment of the 

waste dump might become unstable. 

2.3532 West Waste Dump 

The natural slopes within t h i s  area a re  generally l e s s  t h a n  15 

degrees, and generally dip toward the eas t .  The topography i s  

undulating, the surface containing a number o f  swampy depressions 

t h a t  a r e  f i l l e d  with peat and  organic material .  

Test p i t s  indicate  t h a t  the proposed area of the West dump i s  

underlain by sandy s i l t ,  gravel and s i l t y  t i l l s ,  s imilar  t o  the 

nat ive foundation s o i l s  a t  the Weary Creek waste dump. Up t o  1 

meter of peat was excavated in T.P. 1 4 ,  and several poorly drained 

depressions within the foundation area of the dump are f i l l e d  with 

peat a n d  highly organic s i l t s .  

Any peaty s o i l s  t h a t  occupy i so la ted  depressions within the foun- 

dation area of the waste dump should be removed prior to  construc- 

t ion of the dump. 

Considering the proposed perimeter channel t o  the north,  west and  

s o u t h  o f  the dump, and the r i v e r  diversion t o  the eas t ,  there will 

be minimal surface run-off entering the foundation area of the dump. 
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As the  operating crest i s  advanced progressively, coarse rock 

will segregate ou t  of the advancing face t o  form a pervious zone 

over the base of the layer.  The coarse segregated rock a t  the 

base of the waste p i l e  will be su f f i c i en t ly  pervious t o  ac t  as a 

drain f o r  percolation t h a t  will occur through the dump i t s e l f .  

This will prevent the development of any hydrostat ic  pressures 

beneath the base of the dump t h a t  could adversely a f f e c t  

s t ab i  1 i t y  . 

2.3533 Open P i t  Waste Dump 

The proposed open p i t  waste dump i s  planned t o  be developed by 

backf i l l ing  a f t e r  mining operations have been completed a t  the 

n o r t h  end of the p i t .  

When construction commences, the dump will be developed by f ree  

d u m p i n g  o r  by end dumping, the actual construction being largely 

dependent  upon the actual mining sequence. 

I f  the i n - p i t  waste dump i s  developed progressively from the p i t  

f l o o r ,  a t  one end of the p i t ,  the waste rock, with the exception 

of the developing c re s t s  and slope face,  will be confined by the 

p i t  walls.  

The s t a b i l i t y  of the backfil led dump during i t s  development will 
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be dependent on the angle of the slope face. As even small " s l ive r "  

f a i lu re s  could in t e r rup t  mining operations along the p i t ,  the slope 

face should be maintained a t  an angle equal o r  shallower to  the 

angle of repose. Alternat ively,  the dump could be developed in 

l a t e r a l  stages by the progressive construction of berms, across the 

p i t  f l oo r  t ha t  would prevent "run-out'' of debris from occasional 

s l i v e r  f a i l u r e s  in the slope face. 
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SECTION 3 

OTHER DEVELOPMENT WORK 

3.1 EXPLANATION OF O T H E R  DEVELOPMENT WORK 

Dur ing  the  1979/80 term o f  l i c e n c e  Elco c a r r i e d  o u t  o t h e r  work 

which, w i t h  except ion f o r  the reclamation a c t i v i t i e s ,  was n o t  

d i r e c t l y  a s soc ia t ed  w i t h  t he  work programs descr ibed in  SECTION 

2 of  th is  r e p o r t .  This included c e r t a i n  "of f  property"  work 

which per ta ined  t o  t h e  developnient of the  Elk River Coal Pro- 

j e c t .  T h i s  work i s  descr ibed  below. 

3.2 CORE STORAGE RENOVATIONS 

Renovations were made on the co re  s t o r a g e  a rea  from April t o  

June of  1980 i n  p repara t ion  f o r  the o r i e n t e d  core a n a l y s i s  

c a r r i e d  o u t  by Golder Assoc ia tes .  

D u r i n g  t h e  var ious  d r i l l i n g  programs over  the y e a r s ,  the core 

had been s t o r e d  i n  severa l  bu i ld ings  whicn had been vandal ized.  

I t  was es t imated  a f t e r  renovat ions  t h a t  over  7000 f e e t  o f  core  

were l o s t  due t o  vandalism. 

The core was moved by f l a t  deck t ruck  t o  the  main s to rage  area 

where i t  was s o r t e d  and p i l ed  according t o  d r i l l h o l e  number. 

The number of  boxes s h i f t e d  was 7200 (approx. 115,000 f e e t  of  

c o r e ) .  

A f t e r  the sor t ing  and c lean  up was completed t h e  bui ld ing  i t s e l f  

was made secure  by p lac ing  wire mesh over  t h e  windows and blocking 

a l l  doors except  t h e  main en t r ance .  

heavy planks and was fas tened  by a neavy metal lock .  

The main door was made from 
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3 . 2  CORE STORATE RENOVATIONS CONT’D 

I n s i d e  the bu i ld ing  a l l  rows of core  boxes were secured by heavy 

timber racks .  

Each row of  core  was then indexed and cataloged.  

3 .3  RECLAMATION OF TERRAIN DISTURBANCES A N D  ASSOCIATED ACTIVITIES 

D u r i n g  the f a l l  o f  1980 f i e l d  reclamation a c t i v i t i e s  comprised 

the recontour ing ,  seeding and f e r t i l i z i n g  of 7.1 km of  newly 

c u t  t o t e  roads ,  28.7 km of  reused e x i s t i n g  access  roads ,  and 

114 tes t  p i t  and d r i l l  s i tes  comprising 1.97 Ha of  t e r r a i n .  

In a d d i t i o n  about 5.1 Ha o f  orphan exp lo ra t ion  a r e a s  were 

seeded and f e r t i l i z e d .  

F i n a l l y ,  t o  ensure adequate environmental p ro t ec t ion  a s  per  the  

1980 program approved pursuant  t o  permit C-49, an environmental 

p r o t e c t i o n  coord ina to r  was r e t a ined  f o r  f i e l d  and o f f i c e  a c t i v i -  

t i es  and the  water  q u a l i t y  i n  the E l k  River was p e r i o d i c a l l y  

sampled and analysed.  

Moreover the f u l l  c o s t s  of  prepara t ion  and reproduct ion of  t h e  

1979 Annual Reclamation Report were incur red  dur ing  t h i s  r epor t ing  

per iod  a s  well a s  p a r t  of  t h e  prepara t ion  c o s t s  o f  the  1980 Annual 

Report. 

5)  
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3.4 ENVIRONMENTAL DEVELOPMENT WORK 

3.41 Streamgauging 

The streamgauging program was cont inued throughout the  r epor t ing  

per iod .  Apart from the r o u t i n e  s t age /d i scha rge  measurement trips, 

three o f  the s t a t i o n s  were improved by the cons t ruc t ion  of log  

s h e l t e r s  f o r  the purpose of  reducing da ta  and instrument l o s s e s  

due t o  vandalism and f o r  the  purpose o f  i nc reas ing  r e l i a b l e  and 

cont inuing  ope ra t ions  d u r i n g  the w i n t e r  nionths. 

The hydrological  design parameters f o r  the E l k  River P ro jec t  were 

reviewed and rev ised  t h i s  year .  

The 1979/80 Hydrological Summary which i s  forwarded b iannual ly  

t o  severa l  r egu la to ry  agencies  was prepared during this r e p o r t  

per iod .  

3.42 C1 imate Monitoring 

The c l ima to log ica l  monitoring program commenced during June of  1979, 

a t  t h e  r eques t  o f  severa l  r egu la to ry  agenc ie s ,  and was continued 

during t h e  r epor t ing  per iod.  Both s t a t i o n s  were seve re ly  damaged by 

vandals  during September o f  1979 and most r e p a i r  c o s t s  were incurred 

dur ing  t h e  r epor t ing  per iod .  i,Ioreover, due t o  da ta  l o s s e s  caused by 

co ld  weather e f f e c t s  on e l e c t r i c a l l y  powered and/or exc i t ed  instru- 

mentat ion,  i t  was deemed prudent t o  p lace  t h e  recording instruments  

and b a t t e r i e s  i n  log  s h e l t e r s ,  which were cons t ruc ted  d u r i n g  t h e  

summer o f  1980. While t h u s  a l s o  reducing t h e  v u l n e r a b i l i t y  t o  

- 175 - 



. 

3.42 C l i m a t e  M o n i t o r i n g  C o n t ' d  

v a n d a l i s m  t h e r e  i s  a c o n t i n u i n g  concern  as t h e  sensors  a r e  p l a c e d  i n  

t h e  open and rema in  exposed t o  d e s t r u c t i o n  by  vanda ls .  

3.43 A i r  Q u a l i t y  

The background d u s t f a l l  m o n i t o r i n g  program, commenced d u r i n g  June, 

1979, a t  t h e  r e q u e s t  o f  t h e  P o l l u t i o n  C o n t r o l  Branch (MOE),  was 

c o n t i n u e d  d u r i n g  t h i s  p e r i o d .  On s i t e  s e r v i c i n g  i s  done as p a r t  

o f  t h e  c l i m a t e  program and a l l  t r a n s p o r t  and s t a f f  c o s t s  a r e  charged 

t h e r e .  

3.44 Water Q u a l i t y  

The b a s e l i n e  w a t e r  q u a l i t y  i n v e s t i g a t i o n  f o r  s i x  s i t e s  on t h e  E l k  R i v e r ,  

Cadorna Creek, F o r s y t h  Creek and Weary Creek was comple ted  d u r i n g  t h i s  

p e r i o d .  

I n v e s t i g a t i o n s  Branch and t h e  P o l l u t i o n  C o n t r o l  Branch (MOE).  

The program was implemented a t  t h e  r e q u e s t  o f  t h e  Water 

3.45 R i v e r  D i v e r s i o n  Survey  and Des ign  A c t i v i t i e s  

D u r i n g  t h e  r e p o r t  p e r i o d  a concep tua l  p l a n  o f  t h e  E lk  R i v e r  D i v e r s i o n  

Channels was comp le ted  i n  f i n a l  form, most  p r e p a r a t o r y  work h a v i n g  

been e x e c u t e d  d u r i n g  t h e  p r e c e d i n g  work p e r i o d .  

F i e l d  work  has  been r e p o r t e d  e a r l i e r  i n  S e c t i o n  2 o f  t h i s  r e p o r t .  



. 

3.46 Fish Inventories 

A t  the  request of the Fish and Wildlife Branch (MOE) additional inves- 

t iga t ions  were made in to  the f i s h  content of the E l k  River. Although 

par t ly  implemented during the previous reporting period, costs were 

a l so  incurred during the present reporting year. 

During the preceding reporting period a l i t e r a t u r e  survey was made of 

the hab i t a t  preferences of Yellowstone Cut-throat T r o u t ,  Dolly Varden 

Char, and Mountain Whitefish a t  the request of the Fish and Wildlife 

Branch ( M O E ) .  

3.47 Archaeological Inventories 

Pr ior  t o  the on-s i te  disturbances necessary fo r  the implementation of 

the 1980 Geotechnical and Survey Program, an archeological assessment 

of s i t e  potential  was made. 

3.5 COMMUNITY DEVELOPMENT WORK 

3.51 Hostel Concept Planning 

A concept plan fo r  a mine-site hostel was evolved ear ly  during 1980 

to  respond to  a request fo r  evaluation o f  t h i s  a l t e rna t ive  t o  new 

town construction made by the Environment and Land Use Committee. 
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3.52 T r a n s p o r t a t i o n  System P l a n n i n g  

A d d i t i o n a l  work was under taken  t o  e v a l u a t e  h e l i c o p t e r  t r a n s p o r t a t i o n  

o f  t h e  work f o r c e  t o  e x i s t i n g  communit ies and t o  respond t o  h e l i c o p t e r  

n o i s e  i n q u i r i e s  b y  Sparwood, F e r n i e  and Cranbrook. 

3.6 PROJECT APPROVAL AND PERMIT A C Q U I S I T I O N  A C T I V I T I E S  

3.61 Stage I 1  Approval  A c t i v i t i e s  

S u b s t a n t i a l  c o s t s  were i n c u r r e d  t o  conduc t  i n v e s t i g a t i o n s  i n t o  a1 t e r -  

n a t i v e s  t o  t h e  new town c o n s t r u c t i o n  p roposa l  which d i d  n o t  g a i n  

a p p r o v a l - i n - p r i n c i p l e  a t  t h e  c a b i n e t  l e v e l .  

compr ised a q u a l i t a t i v e  and a q u a n t i t a t i v e  o p i n i o n  s u r v e y  r e l a t i v e  t o  

i n t e r e s t  i n  f u t u r e  employment a t  t h e  E l k  R i v e r  Mine i n  an a r e a  e x t e n d i n g  

f r o m  Cres ton  i n  t h e  West Kootenay D i s t r i c t  t o  F t .  McLeod i n  southwest  

A l b e r t a .  I n  a d d i t i o n  a submiss ion was p r e p a r e d  on t h e  Hostel/commute 

concep t  f o r  e v a l u a t i o n  b y  t h e  Coal G u i d e l i n e s  S t e e r i n g  Committee. The 

q u a n t i t a t i v e  o p i n i o n  su rvey  i n v o l v e d  t h e  comp le t i on  o f  1039 q u e s t i o n -  

n a i r e s  by a r e a  r e s i d e n t s  and t h e  p r o c e s s i n g  o f  up t o  61 answers p e r  

q u e s t i o n n a i r e .  

These i n v e s t i g a t i o n s  

3.62 Stage I11 Approval  A c t i v i t i e s  

Wh i le  p r e p a r a t o r y  work f o r  v a r i o u s  p e r m i t  a p p l i c a t i o n s  was pursued d u r i n g  

t h e  r e p o r t i n g  p e r i o d ,  t h e  c o s t s  were accumulated a g a i n s t  genera l  

a d m i n i s t r a t i v e  programs as i t  i n v o l v e d  work b y  E l c o ' s  s t a f f  r a t h e r  than 

c o n s u l t a n t s .  
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3.62 Stage 111 Approval Act iv i t ies  Cont'd 

In one case however, the cos ts  were accumulated a5 a d i scre te  e n t i t y ,  

i e .  the preparatory work fo r  the acquis i t ion o f  approval of the 

proposed system of work p u r s u a n t  t o  Section 6 ,  C . M . R . A .  

3.63 Exploration Permit and Reporting Ac t iv i t i e s  

D u r i n g  the 1980 term of l icence Elco Mining Limited renewed i t s  F.ree 

Miners Cer t i f i ca t e ,  extended the term o f  the E l k  River coal l icences,  

applied and obtained a Licence To C u t  Timber, and prepared and s u b -  

mitted to the B . C .  Government the following reports :  

e Report on the 1979/80 Development Work Carried 

2 )  
out on the E l k  River Coal Project  

6) e Annual Summary o f  Exploration Work 

7 )  e Notice of Work on a Coal Licence 

8 )  
c Application f o r  Reclamation on a Coal Licence 

The above l a s t  two reports were f i l e d  in conjunction with Elco's 1980 

summer f i e l d  program. 
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3.7 E N G I N E E R I N G  DEVELOPMENT WORK 

3.71 Mine 

The majority of work carr ied out in t h i s  area involved the elaboration 

o f  the task description o f  the 1980 geotechnical f i e l d  work i n  re la t ion 

to  mine and o ther  f a c i l i t i e s  planning. 

There was, however, o ther  work performed in t h i s  area. This included: 

e Simplification of the loading concept in the open p i t  mine 

where i t  was found economically and  technical ly  feas ib le  t o  

replace the former loading concept based upon the use of 

conventional shovels, frontend loaders a n d  small hydraulic 

shovels  by the use of one main loading device - a 14m 

hydraulic shovel. 

3 

e A conceptual mine plan was established t o  determine an 

equipment l i s t  and  subsequent investment and operation cost  

f o r  a hypothetical west flank operation in order t o  assess 

preliminary economical parameters. 

c Coal qua l i t y  parameters f o r  a multiproduct e a s t  flank operation- 

a medium and  a high vo la t i l e  product - have been established in 

order t o  assess  the economics and marketing potential  fo r  such 

an operation. 
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3.72 Coal Prepara t ion  

An a n a l y s i s  of  r e s u l t s  of  l a s t  y e a r ' s  f l o t a t i o n  t e s t  and i n v e s t i g a t i o n s  

f o r  coal recovery from middlings by crushing has shown a po ten t i a l  

i n c r e a s e  o f  the ove ra l l  p l a n t  y i e l d  from 63% t o  65.5%. 

3.73 Railway 

Mapping of  the s u r f i c i a l  geology have r e s u l t e d  i n  a l t e r a t i o n s  of  the  

i n i t i a l  l o c a t i o n  o f  the  rai lway c e n t e r l i n e  i n  order t o  avoid po ten t i a l  

problem a r e a s .  

a1 ready approved access  c o r r i d o r s .  

These a l t e r a t i o n s  d o n ' t  change t h e  loca t ion  of  the 

3.74 Port 

I n v e s t i g a t i o n s  were c a r r i e d  o u t  on  a l t e r n a t i v e  terminal op t ions  open 

t o  Elco f o r  i t s  f u t u r e  coal shipments. 

3.75 Power Supply 

Prel  iminary i n v e s t i g a t i o n s  have been undertaken t o  a s ses s  t h e  f e a s i -  

b i l i t y  of  power genera t ion  u s i n g  t a i l i n g s  and s o l i d  re fusa l  on f u e l .  

3.8 PROJECT PLANNING AND DEVELOPMENT 

The main o b j e c t i v e s  of Elco M i n i n g  Limited during the pas t  yea r  were: 

a Pursue Stage 111 permit a p p l i c a t i o n s ,  

e Carry o u t  geotechnical  i n v e s t i g a t i o n s  t o  support  t h e  

work system approval (Sec t ion  7 of  CMRA),  
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3.8 PROJECT PLANNING A N D  DEVELOPMENT C O N T ' D  

a Follow-up unresolved i tems remaining from t h e  Stage I1 

approva l - in -p r inc ip l e ,  

0 Negotiate  and secu re  c o n t r a c t  arrangements w i t h  the 

r a i  1 way company, 

0 Check a l t e r n a t i v e s  f o r  harbour development, 

a Prepare an exp lo ra t ion  program and work plan f o r  a steam 

coal f e a s i b i l i t y  assessment,  

a Plan and budget the  next  engineer ing  work phase,  

e Carry o u t  p r o j e c t  promotion w i t h  po ten t i a l  new customers 

and p a r t n e r s .  

The n e g o t i a t i o n s  w i t h  CP Rail f o r  the west bound t r a f f i c  were brought 

t o  an i n t e r i m  conclusion by s i g n i n g  a memorandum o f  agreement on behalf  

of  Elco a s  50% sha reho lde r  i n  the  J o i n t  Venture for t h e  west bound 

t r a f f i c  a t t r i b u t a b l e  t o  t h e  Elco shareholders .  I n  t h i s  memorandum the  

major p a r t  o f  the cond i t ions  under which CP Rail will  t r a n s p o r t  E lco ' s  

coal t o  t i d e  wa te r  has been def ined  and agreed upon. As soon a s  E lco ' s  

owners and p a r t n e r s  will  dec ide  t o  implement t h e  p r o j e c t  the t r a n s -  

p o r t a t i o n  agreement w i l l  be f i n a l i z e d  on t h e  bas i s  o f  the p r i n c i p l e s  

l a i d  down i n  the memorandum o f  agreement. 

Elco proposed t o  i t s  shareholders  t o  c a r r y  o u t  a phased f e a s i b i l i t y  

i n v e s t i g a t i o n  on the western p a r t  o f  Elco ' s  l i c e n c e  a rea  i n  which l a r g e  

reserves o f  steam coal a r e  ind ica t ed .  

- 182 - 



SECTION 4 

SCHEDULE OF 1979/80 

DEVELOPMENT WORK 

EXPENDITURES FOR THE 

E L K  R I V E R  COAL L ICENCES 
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Category o f  Work 

T a b l e  4.0-1 
Sheet 1 

ELCO MINING LIMITED 

SCHEDULE OF 1979/80 DEVELOPMENT WORK EXPENDITURES ON THE ELK R I V E R  COAL LICENCES 

REPORTED PURSUANT TO SECTlON 18. COAL ACT AND SECTION 15, COAL ACT REGULATIONS 

FOR THE P E R I O D  NOVEMBER 1979 TO OCTOBER 1980 

T o t a l  Phase l b  L icence Group L icence Group L icence Group L icence Group L i c e n c e  Group 

118 119 120 121 122 

E x v l o r a t i o i i  diid Oevelopment Work 
E x p l o r a t i o n  Work 

A e r i a l  Mapping 38,011.38 

F i e l d  Survey ing  

- McElhanney 138.783.68 
- K e r r  Wood L e i d a l  32.771.39 

~ S u r f i c i a l  Geology Mapping o f  24,048.19 
a3 R a i l w a y  C o r r i d o r  - Thurber 
P 

I Geo t e c h n i  c a l  I n v e s t i g a t i o n s  
o f  N ine  Overburden 

- I E C O  
- A l l k i n d  D r i l l i n g  - D r i l l w e l l  

6.968.74 8.869.31 

25,443.62 32.382.82 - 13,901.62 

1,844.26 

26.1 27.81 998.04 10,799.78 
53,484.51 1,978.93 19.548.59 

9.045.00 - 
7 ;OCCI. 00 - 
9,095.25 252.14 2,592.29 

Geotechn ica l  I n v e s t i g a t i o n s  o f  
bl ine Rock Stages - Go lder  60,790.72 5,045.63 26,869.50 

87,496.00 41 ,320.61 
9,436.50 

- D r i l l w e l l  - CPI  18,873.00 

. E l m  F i e l d  Suppor t  Costs 
- C o n s t r u c t i o n  (McMeekin) 116,140.39 6,549.27 62,410.69 - Camp & C a t e r i n g  106,068.37 106,068.37 - 
- T r a n s p o r t a t i o n  6,835.37 1.253.15 1,594.92 - Core Storeage Renovat ions 9.020.92 1,653.83 2.104.88 

7,602.20 4.434.70 10.1 36.43 

27,756.45 16.191.59 
11,925.51 6,944.26 

37,009.20 - 
- - 22.203.93 

5.61 7.82 8,468.11 
8,450.59 23.506.44 

9.045.00 
7 ;080. 00 

1.183.26 5,067.56 

10,152.05 18,723.54 
46.1 75.39 

9,436.50 
- - 

19.51 9.39 25,940.25 

1.367.06 797.47 
1.804.1 7 1.052.45 

244.06 

1.720.79 - 
1.822.77 
2.405.59 



. 
i 

Ca tegory  o f  Work 

T a b l e  4.0-1 
Sheet 2 

ELCO M I N I N G  LIMITED 

SCHEOULE OF 1979/80 DEVELOPMENT WORK EXPENDITURES ON THE ELK RIVER COAL LICENCES 

REPORTED PURSUANT TO SECTION 18, COAL ACT AN0 SECTION 15, COAL ACT REGULATIONS 
FOR THE PERIOD NOVEMBER 1979 TO OCTOBER 1980 

T o t a l  Phase l b  L i c e n c e  GrouD L i c e n c e  Grouv L i c e n c e  G r o u ~  L i c e n c e  G r o w  L i c e n c e  Group 

E l c o  f i e l d  Suppor t  Costs  
- A r c h e o l o g i s t  4,258.00 780.63 993.53 851.59 496.77 1.135.48 
- F i r s t  A i r  5,498.84 1,008.12 1,283.06 1,099.75 641.54 1.466.37 
- O r a f t i n g  6 R e p r o d u c t i o n  4.780.00 876.33 1.115.33 955.99 557.67 1.274.68 - O t h e r  7 $957.24 1.458.83 1.856.69 1,591.43 928.35 2.121.94 

M ine  E n g i n e e r i n g  

h q i n e e r i n q  Oevelop ment  Work 

- Bench Maps 6,986.78 1,280.91 5 - C o n s u l t a n t s  (E68)  154,173.42 28.265.06 
Cn - O r a f t i n g  & R e p r o d u c t i o n  8,974.82 1.645.38 

1,630.25 1,397.34 815.13 1,863.15 
35,973.76 30.834.37 17,987.08 41.113.15 

2,094.12 1,794.95 1,047.07 2.393.30 

Coal P r e p a r a t i o n  

- C o n s u l t a n t s  (E6B) 38.543.36 7,066 2 7  8.993.44 7,708.59 4,496.77 10.278.29 

E n g i n e e r i n g  6 T r a n s p o r t a t i o n  
C o n t r a c t  Work 

I 

- MK E n g i n e e r i n g  - R a i l w a y  6 P o r t  

Env i ronmen ta l  Development Work 

Stream Gauging 
C l i m a t e  M o n i t o r i n g  
A i r  Q u a l i t y  M o n i t o r i n g  
Water  Q u a l i t y  M o n i t o r i n g  
R i v e r  D i v e r s i o n  b Des ign  
F i s h  I n v e n t o r i e s  
Rec la i im t ion  
O r a f t i n g  6 R e p r o d u c t i o n  

9,830.96 
8,539.59 

37,915.23 
25.91 5.84 
12,839.44 
51.524.13 
15,923.71 

5,960.78 
29,661.98 

0 I 974.82 

1,802.34 
1,565.59 

6,951 .ll 
4,751.23 
2,353.89 
9.446.07 

1.092.81 
1,507.94 
1,645.38 

2,293.89 1,966.17 
1,992.57 1,707.90 

1,146.96 
996.29 

4 . 4 2 3 . 4 9  
3,023.55 
1,497.95 
6.011.21 
3.374.23 

695.43 
7,178.33 
1,047.07 

2,621.60 
2.277.24 

10.110.78 
6.910.31 
3,423.87 

13,739.85 

1.589.55 
1.124.18 
2.393.30 



Table 4.0-1 
Sheet 3 

ELCO MINING LIMITED 
SCHEDULE OF 1979/80 DEVELOPMENT WORK EXPENDITURES ON THE ELK R I V E R  COAL LICENCES 

REPORTED PURSUANT TO SECTION 18. COAL ACT AND SECTION 15, COAL ACT REGULATIONS 
FOR THE PERIOD NOVEMBER 1979 TO OCTOBER 1980 

Category  o f  Work T o t a l  Phase l b  L icence Group L icence Group L icence Group L i c e n c e  Group L i c e n c e  Group 

Comnunity Development Uork 

25.81 2.56 H o s t e l  Concept 6 T r a n s p o r t a t i o n  96,796.55 17,746 .OO 22,585.84 19,359.11 11.293.04 
System P l a n n i n g  

P m j e c t  Approval  h P e r m l t  
A c q u i s i t i o n  Work 

~ 

I Stage 111 Approval  

m P r o j e c t  P lann ing ,  P r o n a t i o n  6 , P r e s e n t a t i o n  

S e c t i o n  7 - CMRA P e r m i t  
w 
m 

9,055.74 1,660.22 
3,465.89 635.41 

Schedu l ing  h Progress C o n t r o l  44,271.56 8,116.43 
P r o j e c t  P r e s e n t a t i o n s  h 10.047.77 1,842.09 
M a r k e t i n g  

2.11 3.00 
808. 71 

1.811.13 1.056.51 
693.17 404.36 

10,330.02 8.854.22 5,165.07 
2,344.40 2.009.53 1,172.25 

2,414.88 
924.24 

11.805.82 
2.679.42 

S u b t o t a l :  E x p l o r a t i o n  h Oevelopnlent 1.384.478.43 266,843.25 393.338.67 225.999.40 262.859.32 235,392.79 
Uork 

A d m i n i s t r a t i o n  

- 

S a l a r i e s  
Teniporary S t a f f  
O f f i c e  Supp l ies  
V e h i c l e s  - Lease/Rental  
V e h i c l e s  - Opera t ing /Main t .  
Legal  Fees 
A u d i t  Fees 

700.38 
1,052.87 

68,206.10 
9.41 5.66 
1.104.45 

39,787.70 
5,492.50 

644.27 
3,299.57 
2,145.18 

891.40 
1,340.02 

90.942.93 
12,554.42 

1.472.62 
3,770.96 
2,451.65 
1.01 8.74 
1,531.46 



Category  o f  Work 

A d m i n i s t r a t i o n  
Oata P r o c e s s i n g  
T r a v e l  Expenses L M e e t i n g s  
Taxes 
P e r m i t s  & Fees 
O f f i c e  Rent ,  U t i l i t i e s  a M a i n t .  
Equipment R e n t a l s  
R e p m d u c t i o n  Cos ts  
Postage h F r e i g h t  
Telephone, Te leg raph ,  T e l e x  
O t h e r  O f f i c e  Expenses 

Tab le  4.0-1 
Sheet 4 

ELCO MINING LIMITED 
SCHEOULE OF 1979/80 DEVELOPMENT WORK EXPENDITURES ON THE ELK RIVER COAL LICENCES 

REPORTED PURSUANT TO SECTION 18, COAL ACT AN0 SECTION 15, COAL ACT REGULATIONS 
FOR THE PERIOD NOVEMBER 1979 TO OCTOBER 1980 

T o t a l  Phase l b  L i c e n c e  Group L i c e n c e  Group L i c e n c e  Group L i c e n c e  Group L i c e n c e  Group 
118 119 120 121 122 

10.071.74 
39,020.68 
25.381.93 

7,016.23 
69.453.11 

3.258.84 
9,707.88 
6,670.34 

22,600.90 
8.912.83 

1,846.48 
7,153.78 
4,653.34 
1,286.30 

12,733.04 
597.45 

1,779.77 
1,222.89 
4,143.49 
1.634.01 

I n s u r a n c e  2 ;16 l .  00 396.18 

SUB-TOTAL: AOMlNlSTRATlON 630.788.43 115.644.30 

GRAND TOTAL 2,015.266.86 382,487.55 

2,350.07 
9.104.81 
5,922.45 
1,637.12 

16,205.71 
760.40 

2,265.1 7 
1,556.41 
5,273.54 
2,079.66 

504.23 

2,014.33 
7.804.06 
5.076.33 
1,403.23 

13.890.48 
651.76 

1,941 .56 
1.334.06 
4,520.13 
1,782.55 

432.20 

1,175.05 
4,552.46 
2,961.26 

81 8.57 
8.1 02.94 

380.20 
1.1 32.60 

778.21 
2,636.80 
1.039.84 

252.12 

2.685.81 
10;405.57 

6,768.55 
1,871 . O l  

18,520.94 
869.03 

2.588.78 
1.778.77 
6 j026 .94  
2.376.77 

576.27 

147.1 83.81 126.1 56.39 73.592.71 168,211.22 

540,567.48 352,155.79 336,452.03 403.604.01 



SECTION 5 
R E F E R E N C E S  

1) Elco Mining Limited 
A u g u s t  28, 1978: Stage I1 Report 

2 )  Elco Mining Limited 
1978-79: Follow-up Work (reviews, meetings, additional 

submissions) in Response to  E L U C  Review of 
Stage I1 Report 

3)  Elco Mining Limited 
January 17, 1979: Section 7 ,  Coal Mines Regulation Act, 

Work System, Presentation t o  Ministry 
o f  Mines and Petroleum Resources 

4 )  Elco Mining Limited 
December 5 ,  1979: Report on the 1978/79 Development Work 

Carried O u t  On The Elk River Coal Project  

5) Elco Mining Limited 
February, 1980: Annual Reclamation Report For 1979 

6)  Elco Mining Limited 
December 4,  1980: Summary of Exploration and Development 

Work Performed i n  1980 on Nonproducing 
Properties 

7 )  Elco Mining Limited 
June 2 ,  1980: Notice o f  Work on a Coal Licence 

8) Elco Mining  Limited 
June 2 ,  1980: Application For A Reclamation Permit on A Coal 

Licence 

- 188 - 





































































































































































































































































































































Report on 1979/80 Development Work 

Carried out on the E l k  River Coal 
Project 

VOLUME VII 

APPENDICES 6.0, 7.0, 8.0, 9.0, 10.0 

OP 
G E O L O G I C A L  B R A N C H  
A S S E S S M E N T  P P P c b W T  

0 



REPORT ON THE 1979/80 DEVELOPMENT WORK 

C A R R I E D  OUT ON THE ELK R I V E R  COAL PROJECT 

VOLUME V I I  
LIST OF APPENDICES 

6.0 

7.0 

8.0 

9.0 

S i t e  E x p l o r a t i o n  Plan 

Sheets 1 and 2 o f  2 

I E C O  D r i l l  Hole Loss 

Pump #1 
DH-1-RD t o  DH-22-RD i n c l u s i v e  

DH-1-SP t o  DH-8-SP i n c l u s i v e  

DH- 1-HR t o  DH-4-HR i n c l  u s i  ve 

DH- 1-SL 

I E C O  Tes t  P i t  Log 

TP-1-WC t o  TP-11-WC i n c l u s i v e  

TP-1-TD t o  TP-16-TD i n c l u s i v e  

TP-1-SP t o  TP-11-SP i n c l u s i v e  

TP-1-H t o  TP-2-H i n c l u s i v e  

TP-1-WW t o  TP-15-WW i n c l u s i v e  

TP-1-NEI 

TP-1-RD t o  TP-12-RD i n c l u s i v e  

TP-1-FB t o  TP-5-FB i n c l u s i v e  

TP-1-RR 

I E C O  Lab Ana lys is  o f  S o i l  Samples 

Summary o f  S o i l  Tes t  Resu l ts  

R i v e r  D i v e r s i o n  

West Waste Dump 

P l a n t  S i t e  

Rai 1 road Loop 

T a i l i n g s  Confinement 

S e t t l i n g  Pond 

Weary V a l l e y  

N.E. I n t e r c e p t o r  D i t c h  

F o r e s t r y  Bypass Road 



Construction Material 
Mine P i t  

Grain S i z e  Analysis 
50 pages 

9 pages 

Batch #1 

Batch #2 

P l a s t i c i t y  Index 

Permeability Test 

Consolidation Test 
Batch #1 

Batch #2 
Proctor Test 

3 pages 

10.3 Golder Dr i l l  Hole (wel ls)  Logs 
Footwall Pumpwell 
Footwall 0.14.1 t o  O.W.4 inclusive 
Endwall Pumpwell 
Endwall O . Y . 1  t o  O.W.4 inclusive 
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ELCO MINING LIMITED 
E L K  RIVER COAL PROJECT 

BRITISH COLUMBIA 

SITE EXPLORATION PLAN - 
NORTH AND MIDDLE SECTIONS 

CONSULTING ENGINEERS 

INTERNATIONAL ENGINEERING COMPANY, INC. 
A-COYMY - 180 HOWARD STREET. SAN FRANCISCO. CALIFORNIA 94105 

~ I""" DECEMBER ISSO' IESIGNED- INSPECTED 

IRAWNL RECOMMENDED I ,  :HECKED,- APPROVED EXHIBIT I 



4 

0 
7781 - 

. .  
. . ,. 

i 

DRILL HOLE 

TEST PtT 

SEtSMJC LINE 1 

SWVEY STATION: McELM 

. .  

I 

.- 
METERS 

ELCO MINING LIMITED 
ELK RIVER COAL PROJECT 

SITE EXPLORATION PLAN - 
SOUTH SECTION 

ERITISH COLUMBIA 

~~ 

CONSULTING ENGINEERS 

INTERNATIONAL ENGlNEERING COMPANY, INC. 
A-WlRMN 

180 HOWARD STREET, SAN FRANCISCO, CALIFORNIA 94105 





COOROINATES 

ORILLING COI 

Dr i l lwe l l  
D R I L L  MAKE I 

SAMPLE DATA 

I NTERN AT1 ON AL E NG I NEER I NG CO., I NC. SHEET-OF I 

ACTOR . .  
o ferpriscs 

MOOEL 

CORE RECOV. LENGTH/?' .SAUPLES CORE 0@XES DEPTHIEL.  BOTTOM OF HOLE - 20.4m. 1584.58 - 

/2-R 
R E M A R K S  

WATER L E V E L S  
WATER RETURN 
DRILL ING F L U I D  

I 
LEVATION 

E G E D  BY:  
'. Payhn 

M ATERt A L  C L A S S  I F  I C  A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  I 



/ INTERNATIONAL ENGINEERING CO., INC. SHEET-OF 

I 

LEVATION 
WATER LEVELS 
WATER RETURN 

090° 

fr;conc 

___ 

1 

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  



SHEET -0 2 F 2 INTERNATIONAL ENGINEERING CO., INC. 

" 1  

SPTN mo 

0. /zm 
heme 

5PT1.5 14s . 3  ill: 0, / 2 m  

SPT/6 75 0 

~ Core 

Z O O  

R E M A R K S  
WATER L E V E L S  
WATER R E T U R N  
D R I L L I N G  FLUID 
C A S I N G  DEPTH 

/z50 
teAsa/, 0./3m 

/DO d o u s  

r e f a m / ,  0.07m 
100 b/bw?j 

f 445 

15/0 
0.5 hour 
teaming boriy 

/oo b/ow5 

fiGh w a f e r  
fdke af zzn, 

r e  "Y usa/, o. /Zm 

/ 700 

0830 
r e h w d  75 b / o w  
0 p e n c  fraboo 

/ooo 
/no b/orJs, 0.07h 

1000 - /7 /5  j 
tescma/;A ; drhi 

c a s i n p ,  sef  fo 

24.70 m. 

v e r  CG 

L E V A T I O N  

I 

M A T E R I A L  CLASS IF I C A T 1 0  N u z l  
P H Y S I C A L  D E S C R I P T I O N  

1 P / . 9 5 - 2 3 . 7 8 m  ALL l L  V / U M .  



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF / 2 

SITE 

River Diversion 

6420.54 
COORDINATES 
190 44.45 

DRILLING CONTRACTOR 

Allhind Dri//iog Lfd. 
DRILL MAUE AH0 MODEL 

Fdiiln9 1500 

BEGUN COMPLETED HOLE SIZE AWGLE FROM HORIZ.BBE&RING 

7/20/8O 7/22/86 %.*$& 90" - 
DEPTHfEL. GROUND WATER GROUND E L .  DEPTHIEL. TOP OF ROCK 

CORE RECOV LENGTH/O/ SAMPLES CORE BOXES DEPTHIEL. BOTTOM OF HOLE 

/ .55m / 604 .7 /m 1606.26 25.9Zm 158b.34~1 

/0% .0.29 16 / 22 29m 1578.97- 
U. Raid/ LDOGED B Y :  

SAMPLE DATA 
I ~ - I  

f330 - /530 

/535 9-53 n, 

R E M A R K S  I M A T E R I A L  CLASS I F  I C A T I O N  
2 
0 , '  
F! G 
w n  
P Z  
>.a t- 

PHVSICAL DESCRIPTION I 
, .  

z =  3 w  z WATER LEVELS 
0 9 WATER RETURW 

DRILLING FLUID 
0 0  z 

I r n  4 IL 

= * - s o  " S Z U  C A S I N G  DEPTH 



SHEET --....-OF 2 2 INTERNATIONAL ENGINEERING CO., INC. 
PROdECT DRILL L O G  I ~ / k  tea/ Him . .  

REMARKS 
WATER L E V E L S  
WATER RETURN 
DRILL ING FLUID 
CASING DEPTH 

/7/5 

0 700 , 812 1/80 

0730 

0825  

0850 

0935 

reamed 0/0./4, 
fr;cone and 
rased fo 22.66 

MATE R I A L C LASS I F I C A T  I0 N 

P H Y S I C A L  D E S C R I P T I O N  

HOLE NO 
04- Z - A=D 



INTERNATIONAL ENGINEERING CO., INC. 

D R I L L I N G  CONTRACTOR 

.4//kind Dr/'// iqq Ltd .  

- 

SHEET-OF / 2 

CORE RECOV LENGTH/O/ S A M P L E S  COREBOXES DEPTH/EL. BOTTOM OF HOLE 
/O% O.3m / 3  / 23.78 *, /58/. 75m 

~ ~~ 

D R I L L  MAKE A H 0  - S A M P L E  DATA 

: ~ r 5  a3 0 3  

) D E L  

REMARKS 
WATER L E V E L S  
W 4 T E R  R E T U R U  
D R I L L I N G  F L U I D  
C A S I N G  D E P T H  

l35-0 

/ 5 2 5  

1555 

HOLE NO 
DH-3-RD 



SHEET -OF 2 2 INTERNATIONAL ENGINEERING CO., INC. 
PROJECT DRILL €14 R 

JOB NO HOLE NO 
2037 Dr/-J-,eD 

9 
R E M A R K S  

WATER LEVELS 
WATER RETURN 
DRILLING FLUID 
CASING DEPTH 

. /Om 

DT Cod 

:LEVATION 

'3j78m 

M A T E R I A L  C L A S S I F I C A T I O N  

PHYSICAL DESCRIPTION 



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF I 2 

18 9 74.75 6385.60 CDDRDlNATES 

DRILLING CONTRACTOR 

4//kjnd Or; / / in9 Lid. - 

S I T E  
River Divers/'on 

I I 
DEPTH/EL GROUND WATER GROUND E L .  DEPTH/EL. TOP OF ROCK 
/.96m /603.5/h /60547 20.4- /5850?*7 

CDRE RECDY. LENGTH/o/ SAMPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE 
0 - 9 1 Z/. 34, 158 4. /3h 

SAMPLE DATA I 
3 0  

REMARKS 
WATER L E V E L S  
WATER RETURN 
DRILL ING F L U I D  
CASING DEPTH 

1150 

1230 

/325 

/350 

( 4 3 0  

lLDGGED x 
I .. 

a-2 LEVATIDN 

P id/ 

H O L E  NO. 
OM/-4 -cn 



SHEET -OF 2 2 INTERNATIONAL ENGINEERING CO., INC. 
JOB NO 

203 7 DRILL L O G  I €/k f i r e r  C o a /  h'in 
H O L E  N O  
OH- 4-RD 

L 
d 

3 

R E M A R K S  
WATER L E V E L S  
WATER R E T U R N  
D R I L L I N G  FLUID 
C A S I N G  DEPTH 

/545 

16 10 

I 705 

:LEVATION 

1 M A T E  R I A L  CLASS I F I C A T 1 0  N 

P H Y S I C A L  DESCRIPTION 



SHEET-OF / 2 I NTER N AT1 0 N AL E NG I NEER I NG c O., I NC. 

COMPLETED HOLE SIZE ANGLE FROM HORIZ 

I 
BEGUN 

90' - 0. /h ~ 

7/29/60 Vz9/BO 0. /zm 
~~ 

DRILLING CONTRACTOR CORE RECOV LENGTH/O/ SAMPLES CORE BOXES OEPTH/EL. BOTTOM 
A / / k i n d  Or/'//ing Lfd. - // / 

ORILL MAUE ANQ M O D E L  LOGGED B Y :  
R .  @ a d /  .. 

R E  M A R K S  
WATER L E V E L S  

DRILL ING FLUID 
CASING DEPTH 

t - l  
t i  

11 
I l0A 

~ 

.I M A T E R I A L  C L A S S I F I C A T I O N  

2 

L 

L 
€ P H Y S I C A L  D E S C R I P T I O N  

" 

1 
4 



2 2 INTERNATIONAL ENGINEERING CO., INC. SHEET -OF 

€/# P R O J E C T  OG I P S A N P L E  DATA 

JOB N O  H O L E  NO 
2037 DX-5-RD 

I 

R E M A R K S  
L 

L WATER L E V E L S  

$ WATER R E T U R N  
D R I L L I N G  FLUID 

Y C A S i N G  DEPTH 
L 

I 

i L E V A T l O N  

ZI.34, it 

i 

MATERIAL C LASS1 F I C A TI0 N 

P H Y S I C A L  D E S C R I P T I O N  



/ 2 INTERNATIONAL ENGINEERING CO., INC. SHEET __ OF 

10 /5dO I 

R E M A R K S  
WATER L E V E L S  
WATER RETURU 
D R l L L l U G  F L U I D  
C A S I N G  D E P T H  

3 L E V A T I O N  :-$! 2 

Ra ;dl 
M A T E R I A L  CLASSIFICATION 



- 
JOB N O  

€/k f j v e r  Cod/ Mtne 2637 
P R O J E C T  IDRILL LOG I 

il 

H O L E  N O  
OH-6-# 

1 - 

REMARKS 
WATER L E V E L S  
WATER R E T U R N  
D R I L L I N G  FLUID 
C A S I N O  DEPTH 

cased tb / 4 # 6 m  

j57ffomof borcho 
'omp le  feed 

/ /OO 

LEVATION 

MATERIAL CLASSIF ICATION 

P H Y S I C A L  O E S C R I P T I O N  



/ 2 INTERNATIONAL ENGINEERING CO., INC. SHEET - OF 

/030 

1105 

N40 

/ 2 / 0  

drove c r s ; n  9 
fo 9,7Dm. 

i s  

M A T E R I A L  CLASS I F  I C A T I O N  t 
I P H Y S I C A L  D E S C R I P T I O N  . 



SAHPLI  

0, /2m 
+;cane 

R E M A R K S  
WATER LEVELS 
WATER RETURN 
DRILL ING FLUID 
CPiSlNO DEPTH 

dfi//inq 5moo+h/y 
cassiop insia//t$ 

-40 / 4 . 6 3 m  

It 30 

/ZSD 

driller reporfs 
rock p/ 2 / .04n) .  

I M A T E R I A L  C L A S S I F I C A T I O N  

I P H Y S I C A L  D E S C R I P T I O N  

8 //u vium can t i n u  ed 1 
1 



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF / 2 

BEGUN I 8/6/80 
COMPLETED HOLE SIZE ANQLE FROM HORIZ.BBE4RING 

8/7/80 I 0 . / 6 m  I 90" - 
I I 

D E P T H l E L  GROUND WATER GROUND E L .  DEPTH/EL. TOP OF ROCK 
/8967. 17 643/. 78 L79m 1603. 2 9 ~  /605.@m No+ Peeched 

COORDINATES 

DRILLING CONTRACTOR CORE RECOV. LENGTH/?' SAMPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE 
/ 4 . 9 4 m  /590. /4n - A//kirlA Dri//iny L td. - 0 - - 

KE AND IDEL 
)O 

R E M A R K S  
WATER L E V E L S  
WATER RETURN 
DRILL ING F L U I D  
CASING DEPTH 

cii 

i M A T E  R I A L  C L A S S  I F I C  A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  



Elk  River Coal Mine PROJECT 

>AT* 

JOB NO HOLE NO 
2037 B/f-  7A -RD . 

R E M A R K S  
WATER LEVELS 
WATER RETURN 
DRILLING FLUID 
CASING DEPTH 

:LEVATION 

_. _. . . 
i 

b 

M A T E R I A L  CLASS IF I C AT10 N 

P H Y S I C A L  DESCRIPTION 



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF / 2 

COMPLETED HOLE SIZE ANGLE FROM HORlZ BBEARING 

i 
BEGUN I 5 . 1 2 ~  1 90" - I 8/7/80 I 8/8/80 

COORDINATES L 
CONTR 

'k /QC 
~ 

UE AND 
1, 1 
) 

! 
II 

3 

< -  

DEPTH/EL GROUND WATER GROUND EL OEPTH/EL TOP OF OCK ' 

COREBOXES DEPTH/EL BOTTOM OF HOLE ' 
169.46 6419.90 / . 5 8 m .  /603.73 I /6&,3/ z/./Srn f584.12- ~ 

- 2 / 2L34m 1583.97 1 
roR CORE RECOV LENGTH/?' SAMPLES 

- - 
O D E L  LOGGED 0' 

)c, 

REMARKS 
WATER L E V E L S  
WATER RETURN 

c i  

I i  L i  

I-1 

I /  I 
MATERIAL C L A S S I F I C A T I O N  

I P H Y S I C A L  D E S C R I P T I O N  

i 4 



Z 2 INTERNATIONAL ENGINEERING CO., INC. SHEET-OF 

JOB NO I DRILL LOG I f / k  #'Her Cod/ Hine 
HOLE NO. 

SAHPL 
RE M A R K S  

WATER LEVELS 
WATER RETURN 
DRILLING FLUID 
CASING DEPTH 

W v m  04 &who 
2/. 34 m. 

:LEVATION 

20 4 

4 

M A T E  R I A L  CLASS IF  I C A T 1 0  N 

PHYSICAL DESCRIPTION 



I -~ ~~~ 

INTERNATIONAL ENGINEERING CO., INC. 

- 

SHEET-OF / 1 

I R I L L I N G  CONTRACTOR 

- 
KlLL  MAKE AHD M O D E L  

SAMPLE DI  
R E M A R K S  

WATER L E V E L S  
WATER RETURN 
DRILL ING F L U I D  
CASING DEPTH 

Sfar f e  d drilb Y 

* "'"l R&V€.  

0 700 

W i h ' y e  h c/?c. 
W d f e r .  

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  



/ 2 INTERN AT1 ON AL E NG 1 NEERI NG CO., INC. SHEET - OF 

CONTRACTOR CORE RECOV. LENGTH/O/ SAMPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE ! 
.+//kind &i/ / ing L d .  - - - 20.43, 1564.61 j 

KE AND M O D E L  ILOGGED B Y :  - . . . - 
>RILL  

500 

R E M A R K S  
WATER L E V E L S  
WATER RETURU 
DRlLL lUG F L U I D  
CASING DEPTH 

Set  u p  0830; 
added 1 bey 

LEVATION i M A T E R I A L  C L A S S  I F  IC AT10 N 

I P H Y S I C A L  D E S C R I P T I O N  

3.05 - 
saod, 
4ra5s. 
3 r d v e I  



- 

SHEET-OF 2 2. 
INTERNATIONAL ENGINEERING CO., INC. 

JOB NO E/k 81ver Coal  M/'ne 2037 PROJECT /DRILL L O G  1 HOLE NO 
Oh'- 9-RD 

Y O  
D Z  F- > a  

I 

REMARKS 
WATER L E V E L S  
WATER RETURN 
DRILL ING FLUID 
CASINO DEPTH 

%-/om o f  Roreho, 
20.43 m 

:LEVATION 

MATERIAL CLASS1 F I  C AT10 N 

P ~ ~ I C A L  DESCRIPTION 

Affu v i u m  eoniinued - 

3 
i 



~ __ __ 

INTERNATIONAL ENGINEERING CO., INC. 

- 

SHEET __ / OF 2 

SITE River Diversion 

18 94 7.68 6443.79 COORDINATES 

CONTRACTOR 

ioc - 
LND 

R E M A R K S  
WATER L E V E L S  
W A T E R  RETURW 
O R l L L l Y G  FLUID 
C A S I N G  DEPTH 

- EVAT I0 N 

I IRE RECOV. LENGTH/?' SAUPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE 1 -  I - I /5Z4- /569.83 - 
I I I I 

IGQED B Y :  c. Pay740 

M A T E R I A L  C L A S S I F I C A T I O N  

I P H Y S I C A L  D E S C R I P T I O N  

- 



INTERNATIONAL ENGINEERING CO., INC. 
PROJECT 

G I  E/. u? 

SHEET LOF 2 

JOB NO HOLE NO 
2037 D*/-94-PO DRILL LC 

I 

! 

M ATERlA L C LASS1 F I C A T I 0  N 

P H Y S I C A L  D E S C R I P T I O N  

R E M A R K S  
W A T E R  L E V E L S  
WATER RETURN 
DRILL ING FLU10 
CASINQ DEPTH 

Ritpr 

ELEVATION 



/ 1 INTERNATIONAL ENGINEERING CO.,  INC. SHEET-OF 

- 
\NO MODEL 

5 0 0  

R E M A R K S  
WATER LEVELS 
WATER RETURN 
DRILLING FLUID 
CASING DEPTH 

00 L d f  B c n k o i  

5'/k f /  r.e<. du/A 
f 0 . 1 4 ~  fr/'cooe- 
rqd R€V€.eT 

:LEVATION 

EGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ.BBEARING 

8//t/80 8/c3/80 O. /4m 90" - 
IPTH/EL GROUND WATER GROUND EL .  DEPT I L TOP OF RO K 
1.62- nld/ reached 
)RE RECOV LENGTH/OI SAMPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE 

.- 4 / Z62m 

M A T E R I A L  C L A S S  I F  IC AT 10 N 

P H Y S  I C & L  DESCRIPTION 

HOLE NO 
n/j - /c -R D ._ -- 

\ 



I NTE R N AT1 ON AL E NG I NEER I NG CO., I NC. 

SITE 

f iver  Diveersiuo 
COORDINATES 

- 

J SHEET-OF ' 

COMPLETE0 HOLE SIZE ANGLE FROM HORIZ.BOEIRING1 I 

2.90m 7 6 Z m  4 

BEGUN 
8//7/80 6/17/80 0. /4m 90 a e_ 

D E P T H ~ E L  GROUND WATER GROUND EL .  DEPTH/EL. TOP OF ROCK 

DRILLING COHTRACTOR CORE RECOV LENGTH/?' SAMPLES COREBOXES OEPTH/EL. BOTTOM OF HOLE 
d / / k / n d  Llri///nj Ltd .  - 5 / 6.23m 

LOGGED B Y .  8' f a d /  
ND MODEL 

0. /9m 
+rime 

SPTI 50 

3.l4m 
fricacd 

SPi-2 

0./4n 

I g' > 

fricone- 

SPT3 79 

6. / 4 m  
*;coo2 

SPT4 b 3  

6. /4* 
7k;Cdm 

S P 7 5  st 
* m e  
0.14- 

M A T E R I A L  C L A S S I F I C A T I O N  

PHYSICAL DESCRIPTION 

i 



SHEET-OF / / I NTE R N AT I ON AL E NG I NEERl NG CO., I NC. 

River DJ vers/on 

6228.04  

DRILL  MAKE AN0 

P SAMPLE DATA 

) O E L  
FOD 

R E M A R K S  
WATER L E V E L S  
WATER RETURN 
DRILL ING FLUID 
CASING DEPTH 

4dded / ba3 
R€V€RT fo 
circ . f e r 

1300 

N45 

I 

LEVATION 

RE RECOV. OEPTH/EL. BOTTOM OF HOLE - I 7 , 9 3 m  1 5 9 9 . 3 6  
I 

M A T E R I A L  C L A S S I F I C A T I O N  I 
P H Y S I C A L  D E S C R I P T I O N  



I N T E R N A T I O N A L  ENGINEERING CO., INC. SHEETLOF J 

S I T E  I f iver  Diversion 
COORDINATES 

18 993. 65 6189 I 48 

DRILL  MAKE I 

P SAMPLE DATA 

! 

IACTOR 

b i / / , h 9  L i d .  
> M O D E L  

/500 

R E M A R K S  
WATER L E V E L S  
WATER RETURW 
DRILL IUG F L U I D  
CASING DEPTH 

Sef  up 0800 
9dded /be39 
@EVERT add%, 
h CJ'TC~ water 

09/5 

LLEVATIOH 

ANGLE FROM HORIZ.aEEbflINGI 

90" - 
)RE RECOV LENGTH/?' SAMPLES COREBOXES DEPTH/EL. BOTTOM OF HOLE ' 

1 / 4 . / Z n  /603.55 - 
JGGED B Y :  

1 3 

1 

1 &id/ 
M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  

4 



I NTE R N AT1 0 N AL E NG I NEER I NG c O., I NC. SHEET-OF / / 

RE RECOV L E N G T H / S  SAMPLES - 5 

:ODROINAT 
18984. 

IR ILL ING I 

4//k 
>RILL  MAK 

COREBOXES QEPTH/EL. BOTTOM OF HOLE 

/ 9 . / 5 m  l597.39 

0 6240.72 
HTRACTOR 

Dri//;n9 Ltd. 
M O D E L  

/ 5 O O  

R E M A R K S  
WATER L E V E L S  
WATER RETURN 

bou/der: 4.8- 
5 6 4 M  

L EVATlOh 

P T H / E L  GROUND W TER GROUND E . DEPTHIEL.  TOP Of ROCK I 7Zm /6025L I /&06.54! 1 5 . 2 3 m  / S Y 8 . 3 /  , 



, 

INTERNATIONAL ENGINEERING CO., INC. 

SITE 

f l y e r  Dirersion ( Is /and> 

6255.81 COOROINATES 
1 9 0 8 9  48 

SHEET-OF / 2 

COMPLETED HOLE S IZE AUGLE FROM HORIZ.BBUIRIUG' 

I 

/604.92 I /60zd' = / O n  /592.65 1 
i BEGUN 

90" - a. /4 - 
8/Z//86 &!/Zz/80 o. / z m  

2.83- 
DEPTH/EL GROUND WATER GROUND E DEPTH/EL. TOP OF ROCK 

DRILLING CONTRACTOR 

A//k;od Dri//inq L d  
CORE RECDV L E N G T H / Y  SAMPLES COREBOXES DEPTH/EL. BOTTOM OF HOLE ' - // / 1 8 . 2 9 ~  IS83,46 1 

I LOGGED B Y .  
R. Raid /  

D R I L L  MAUE AN0 M O D E L  

R E M A R K S  
WATER L E V E L S  
WATER RETURU 
DRlLL lYG F L U I D  
CASING DEPTH 

SAMPLE DATA 
0 
z 
w M A T E R I A L  C L A S S I F I C A T I O N  



2 2 INTERNATIONAL ENGINEERING CO., INC. SHEET -0 F 

JO9 NO. 
2037 

P R O J E C T  IDRILL L O G  I € / k  . H O L E  NO. 
DH-/S- RD 

R E M A R K S  
WATER LEVELS 
WATER RETURN 
DRILLING FLUID 
C A S I N O  DEPTH 

"z 

M A T E R I A L  CLASS IF I C A T 1 0  N 

P H Y S I C A L  DESCRIPTION 



I NTE R N AT I ON AL E NG I NEERl NG c O., I NC. 

S I T E  

giver Diversion 
COORDINATES 

18989.50 62/4.96 

SHEET-OF I I 

COMPLETED nOLE SIZE ANGLE FROM HORIZ.80EIRING BEGUN 

90 ~ 2 2 b ~  8/23/80 0. /zm - 0.14 - 
DEPTH/EL GROUND WATER GROUND E L .  DEPTHIEL.  TOP OF ROCK 
1.93- /604.86 /606.8/ 3 . 5 / m  /603.3/ 

DRILLING CONTRACTOR 

A / /  kit 4 nr; / / inn L+d. i CORE RECOV DEPTH/EL. BOTTOM OF HOLE I -  I 6.IO.m /600.7/ . . . . . .  
DRILL  MAKE I 

, -. . . . . . . . . - 
J 

I I 
I M O D E L  (LOGGED BY:  

i 
1500 

R E M A R K S  
WATER L E V E L S  
WATER RETURN 
DRILL ING FLUID 
CASING DEPTH 

' 
Raid/ 

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  I 

H O L E  NO ___- 



INTERNATIONAL ENGINEERING CO., INC. SHEETLOF 1 

)RE RECOV. LENGTH/? .SAMPLES 

3 
DRILLING CONTRACTOR 

ANkind Dr;flLqg Lfd. 
D R I L L  MAKE AND M O D E L  

CORE BOXES OEPTH/EL. BOTTOM OF HOLE 

- 4.3m 1531.3 

SAMPI 

" 0  a z  

R E M A R K S  
WATER L E V E L S  
WATER RETURN 
DRILL ING F L U I D  
CASING DEPTH 

I415 

:LEVATION 

St&el  

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  

i I 0.0 - 0.6 m. P€A T,  safurafcd.  

- 

3.4-4.3 m .  SILTSTONE - 
I -I 



INTERNATIONAL ENGINEERING CO., INC. 

- 

WEETIOF I 

BX 

6iC 
.OCC 

- R E M A R K S  
> ' ' WATER L E V E L S  

WATER RETURN 
D R I L L I N G  FLUID 
C A S I N G  D E P T H  

! >  ' 

! o  
: a  
I W  

/ 7 / 0  sef up 
8-  21- 80 

h a r d  d r : i t # m j  

SPT I - 30/0.02Sm. 
re&.+al 

?= 1720 

T 3  t8fS 
SPT 2 -  n a  -rovC'Y 

5- __ ta20 

5PT - r e f v r s /  
I020 -- 

5 2  - 

& f A m  o f  boteLole 

M A T E  R I A L  C L A S S  I $ I C  A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  



INTERNATIONAL ENGINEERING CO., INC. SHEETLOFL 

I I I 
SPTH/EL GROUND WATER GROUND E L .  DEPTH/EL. TOP OF ROCK 

1578. 2 5  / 0 . 4 m .  /547. 9 :. I m .  1574.2 
I DRILLING CONTRACTOR 

nd Dci / / i n  9 f f d  
AKE AND MODEL 

R E M A R K S  
WATER LEVELS 

DRlLLlWG FLUID 
CASING DEPTH 

:LEVATION 

)RE RECOV LENGTH/‘Y .SAMPLES COREBOXES DEPTH/EL. BOTTOM OF HOLE 

! O m .  / 85% 6 I /2.3rn.  156 6.0 - 

:I Y M A T E R I A L  C L A S S I F I C A T I O N  



INTERNATIONAL ENGINEERING CO., INC. SHEETIOF I 

WATER L E V E L S  
WATER RETURU 
ORILLIUG F L U I D  
CASINO DEPTH 

sfdr&l 

M A T E R I A L  C L A S S  I F  I C A T I O N  

I P H Y S I C A L  D E S C R I P T I O N  

0.0- 5 8 m .  ALLUVIUM - 
GRAVEL,  S4ND 7 



I N T E R N A T I O N A L  ENGINEERING CO., INC. SHEET-OF I 2 

:LEVATI08 
WATER L E V E L S  
WATER RETURN 
DRILL ING F L U I D  
CASING DEPTH 

I BEGUN COMPLETED HOLE SIZE ANOLE FROM HORIZ.BBEARING 

8-24-80 I 8 - 2 4 - 8 0  I 0 . I B m .  I 90' 
DEPTH/EL G R O U N D  WATER GROUND E L .  DEPTH/EL. TOP OF ROCK 
2 . l m .  1573.1 /575.20 / 8 . / m -  /55Z I 

CORE RECOV LENGTH/? .SAMPLES COREBOXES DEPTH/EL. BOTTOM OF HOLE 

/ B . l m .  /55z I c lI - 
LOGGED B Y :  

M. sic= /re t 
0 

" 2  O Y  M A T E R I A L  C L A S S I F I C A T I O N  

1 



~ 

I N T E R N A T I O N A L  ENGINEERING CO., INC. 

DRILL LOG I Elk  Rivet Coal #:"e 
JOB NO HOLE NO 
2037 DH-Zt- RD 

REMARKS 
WATER L E V E L S  
WATER RETURN 
DRILL ING FLUID 
CASING DEPTH 

1200 

MATERIAL C L A S S I F I C A T I O N  

PHYSICAL DESCRIPTION 



I 2 I N T E R N A T I O N A L  ENGINEERING CO.,  INC. SHEET-OF 

SITE 

t i e r  D;<errion - Midd/c Secfir-  

C O O R D I N A T E S  
1'5440.7 5833.8 

D R l L L l N G  CONTRACTOR 

A )/kind Dri/I;hJ Lfd 
D R I L L  MAUE A N 0  M O D E L  

BOA - M6 
S ~ H P L E  DATA 
c_ R E M A R K S  

'-/8-80 15- /9-&3 I O . / B m .  

! O m .  j 5 7 2 . 4  1574.38 
PTH/EL GROUNO WATER GROUNO EL. 

WATER L E V E L S  1 1 WATER R E T U R N  
D R I L L I N G  F L U I D  
C A S I N G  DEPTH 

YO" 
D E P T H I E L .  TOP Of ROCK 
/&Om. / 5 5 6 .  4 

- E V A T I O N  

M f e l  , cr p,JI/.. 
~ 

M A T E R I A L  CLASS I F l C A T l O N  

:GUN I COMPLETED I H O L E  SIZE IANGLE FROM HORIZ.BBEARINGI 



I N T E R N A T I O N A L  ENGINEERING CO., INC. S H E E T ~ O F  2 

PROJECT JOB NO HOLE NO. 
DRILL LOG I F I I  I2037 I DMl-22-RD 

SAMPLE DATA 
R E  M A R K S  

L WATER L E V E L S  < WATER RETURN 
DRILL ING FLUID 

U CASING DEPTH 
r 

.. 
9 no recovery - 

.~ 

I M A T E R I A L  C L A S S I F I C A T I O N  
I 

P H Y S I C A L  D E S C R I P T I O N  ! 



I NTE R N A T  I 0 N A L E N G I N  EE R 1 NG c 0.. IN C. SHEETLOFL 

R E M A R K S  
WATER LEVELS 

5 WATER RETURW 
DRlLLlWG FLUID 
C A S I N G  D E P T H  

R. W. Hen c ks I 
MATERIAL CLASSIF ICATION 

P H Y S I C A L  DESCRIPTION 

HOLE N O  
U / l -  I- SP 



INTERNATIONAL ENGINEERING CO., INC. S H E E T - O F ~ _  

.LEVATION 

JOROINATES 
12523 .27  5600.43 

l l L L l N G  CONTRACTOR 

I flkind Dr;//ins Lfd. 
P I L L  MAKE AND M O D E L  

'980 B O A -  4 f l  

W A l E R  L E V E L S  

CASING DEPTH 

n o  recover 

:GUN I COMPLETED IHOLE SIZE IANGLE FROM HORIZ.BBEARIHGI 

'-29-80 18- 3-80 1O./8 m.  90" 
:PTH/EL  GROUND WATER GROUND E L .  DEPTH/EL. TOP OF ROCK 
1.3m. 1 5 4 3  5 l54C.84 /3.5m. f 5 3 3 . 3  
IRE RECOV. LENGTH/O/ .SAMPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE 

/ . B m / 8 b 6 !  6 3 / 5 6 m .  1 5 3 1 . 2  
IGGED B Y :  

L 
5 

il 

E 

3 

I 

: 

3 

4 

I 

c 

2. 

/, //c/cnek, t M. 5f4fM 

M A T E R l A  L C L A S S  I F  I C A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  



SHEET-OF 2 2 INTERNATIONAL ENGINEERING CO., INC. 
P R O J E C T  JOB N O  H O L E  N O  

SAHPL 1.' 8 

[ 

1 
? 

I /  

! 
M A T E R I A L  C L A S S 1  F I C  A T 1 0  N 

P H Y S I C A L  D E S C R I P T I O N  

R E M A R K S  

WATER R E T U R N  
D R I L L I N G  FLUID 
C A S I N G  DEPTH 

L) 

' i ver  Coal Mine 

I 



INTERNATIONAL ENGINEERING CO., INC. 

:PTH/EL GROUND WATER 
' .Om.  1541, 2 

S I T E  

S e f f i m s  ' Pond 
GROUND E L .  DEPTHEL.  TOP OF ROCK 
/54?.. / 8  9 .9m. /533.3 

COORDINATES 
12325.94  5614. /5  

IRE RECOV. L E N G T H H  ,SAMPLES 

/ . O m .  / /oo/ .  3 
DRILLING CONTRACTOR 

Allkind D 111.9 L+d. 
DRILL MAUE i D M O D E L  

CORE BOXES DEPTH/EL. BOTTOM OF HOLE 

I / / .2m.  1 5 3 2 . 0  

m u  - 
SAMPLE DATA 

R E M A R K S  
WATER L E V E L S  

DRILLING FLUID 
CASING DEPTH 

I 

L 

LEVATION 

__- 

I :GUN COMPLETED HOLE SIZE ANGLE FROM HORIZ.aBEAU1NG 

3.3-80 18-5-80 10.18 m .  I 90" 

Sfoffel 

M A T E R I A L  C L A S S I F I C A T I O N  

I P H Y S I C & L  O E S C R L P T I O N  

-1 9 . 9 -  11.2.m. SILTSTONE --- 



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF 1 2 

R E M A R K S  
WATER L E V E L S  
WATER RETURN 
DRlLLlUG FLUID 
CASING DEPTH 

0900 s d u p  
8-4-80  

0 9 2 5  

1055 

I210 

I R. Raid1 

M A T E  R I A L  C L A S S  I F IC A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  

H O L E  NO. 

I 



SHEET -OF 2 2 I N T E R N A T I O N A L  ENGINEERING CO., INC. 
PROJECT JOO NO H O L E  NO 

Y O  
0.z r > a  

I 

R E M A R K S  
WATER L E V E L S  

C A S I N G  DEPTH 

:LEVATION 

M A T E R I A L  C L A S S I F I C A T I O N  

P ~ ~ I C A L  DESCRIPTION 



I NTE R N AT1 0 N AL E NG I NEER I NG c O., I NC. SHEET-OF I 1 

P R O J E C T  R I L L  LOG I Elk River Coal M i n e  
JOB NO.  HOLE NO 
2037' 

BEGUN I 8 - 5-80 
~~ 

COORDINATES 
l1924./4 5729. 07 

COMPLETE0 HOLE SIZE AHGLE FROM HORIZ.8BEARIHG 

8-5--80 10.18 m , l  90' 
OEPTH/EL.  GROUND WATER GROUND E L .  O E P T W E L .  TOP OF ROCK 
/ .9- .  / 5 3 L , 7  1538. 55 7 . 4 "  1 5 3  3.2 

DRILL  MAKE 8 

B O A -  

1 REMARKS 
WATER L E V E L S  I WATER RETURN 

? ORILLIMG F L U I D  
CASINO DEPTH : I  

MATERIAL C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  

1 



INTERNATIONAL ENGINEERING CO., INC. SHEETLOF / 

R E M A R K S  
WATER L E V E L S  
WATER RETURU 
D R I L L I N G  F L U I D  

)835 

a Payf.. 

M A T E  R I A L  C L A S S  I F I C  A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  I 



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF f I 

D R I L L  

Y O  

I 

COORDINATES 
11787. 21 5920.06 

DRILL1 

> MODEL 

R E M A R K S  
WATER L E V E L S  
WATER RETURU 
DRILL ING F L U I D  
CASINO DEPTH 

:L EVATION 

_- 

I P T H / E L  GROUND WATER GROUND E L .  
.OII 1553.28 
)RE RECOV LENGTH/O/ SAUPLES COREBOXES DEPTI I /EL.  BOTTOM OF HOLE 

/./-. / 92% 3 / 5 . 2 m .  / 5 7 . 3 . 1  

. .  
3 
L 
u 
J 

M ATE R I A L  C L A S S  I F I C  A T  10 N 

P H Y S I C A L  D E S C R I P T I O N  



INTERNATIONAL ENGINEERING CO., INC. SHEETLOFL 

I 
12212.15 5667.226 COORDINATES 

DRILLIN 

DRILL I 

Y O  

MODEL 

R E M A R K S  
WATER LEVELS 
WATER RETURW 
DRILLING FLU10 
CASING DEPTH 

P O  r e c o v e r y  

LEVATION 

9-7-80 8-10-80 10.18 m. 90" 
:PTU/EL GROUND WATER GROUND EL .  OEPTH/EL. TOP OF ROCK 

,539 7 l5442.18 6 . 2 m .  1536. a 
NoTH/q~ .sAUPLES]COREBOXES DEPTH/EL. BOTTOM OF HOLE 

r c PAY / o n  I 

I 

HOLE NO. 
p/t .  ...__ R -  5 . 5  



I / INTERNATIONAL ENGINEERING CO., INC. SHEET-OF 

900 - 
COORDINATES 

f b 7 7 8 . 0  6 0 5 5  8 
O E P T H l E L  GROUND WATER GROUND E L .  DEPTH/EL. TOP OF ROCK 

1584. 54  9 . 4 Z h  1580. /2 
DRILLING CO 

#//kin, 

Fa; 
D R I L L  MAKE 

- 

IACTDR 

Dri/h+ fd. 
> M O D E L  

/E 
OAT1 

CORE RECOV  LENGTH/^/ SAMPLES COREBOXES OEPTH/EL. BOTTOM OF HOLE 1 - 2 / &./Oh J578.4Y 1 
LOGGED B Y :  

- 
L 
d 
A 

k 
n 

/so 0 

R E M A R K S  
WATER L E V E L S  
WATER RETURW 
DRILL ING F L U I D  
CASING DEPTH 

1600 s e f  up-  

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  

&f/om o f  borehof 
6 .  /Om 

t-1 



I N T E R N A T I O N A L  ENGINEERING CO. ,  INC. SHEET-OF I / 

COMPLETED HOLE SIZE 
8. /8m - 7:/80 1 8/18/80 1 gx 

'. 34 m 1571 .99  /573.?5 
LPTH/EL GROUND WATER GROUND E L .  

)RE RECOV LENGTH/% SAMPLES COREBOXES 

76-10 0.36- 1 / 

SITE I Haul Road- Me.sf side of r i v e r  
ANOLE FROM HORIZ.~BEARlNG 

90" - 
DEPTHlEL TOP OF ROCK 
3.05- 1 5 7 0 . 3 0  
DEPTH/EL. BOTTOM OF HOLE 
4.32- l567.03 

~ . .. - 

COORDINATES 
I T 2 9 1  I L04L 9 

I . - _-.. . 
NTRACTOR 

R E M A R K S  
WATER L E V E L S  
WATER RETURU 
DRILL ING F L U I D  
CASING DEPTH 

iLEVATIOI  

Sfof&/ , C.C. Payfon 

M A T E R I A L  C L A S S I F I C A T I O N  

P H Y S I C A L  D E S C R I P T I O N  I 

i 



INTERNATIONAL ENGINEERING CO., INC. SHEET-OF f i 

R E M A R K S  
WATER L E V E L S  
WATER R E T U R N  
O R l L L l Y G  F L U I D  

Y C A S I N G  D E P T H  

a / d /  
M A T E R I A L  C L A S S I F I C A T I O N  



. ~ 

INTERNATIONAL ENGINEERING CO.. INC. 

LGUN 

9/24/00 

f 1 SHEET-OF 

COMPLETE0 HOLE SIZE ANGLE FROM HORIZ.BBEARING 

6/24/80 2,;;; 90" - SITE 

Ha u / foad- East s ;de o f rifler 
COORDINATES 

/'?384.0 6070 .4  
:PTH/EL  GROUND WATER 

DRILLING 

4 l . k  
DRILL  MA 

GROUND E L  DEPTH/EL TOP OF ROCK 

NTRACTOR 

I500 

REMARKS 
WATER L E V E L S  
WATER RETURW 
DRILL ING F L U I D  
CASING DEPTH 

L EVATION 

IRE RECOV. LENGTH/?' SAMPLES CORE BOXES DEPTH/EL. BOTTOM OF HOLE - d 6 1 1 I 6 . / 0 m  /562.82 I 
"d 1 

MATERIAL CLASS I F  I C A T I O N  

P H Y S I C A L  O E S C R I P T I O N  

i 

-I 

H O L E  NO ' 
_- 



INTERNATIONAL ENGINEERING CO., INC. S H E E T ~ O F  

SITE 

Sewage Lagoon ( s w a m p )  

COORDINATES 

BEGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ.BBEAAING 

8-24- 8 0  6 - 2 4 - 8 0  D . J 8 m .  90'  
DEPTH/EL GROUND WATER GROUND E L .  D E P T H K L .  TOP OF ROCK - 

I I 
DRILLING CONTRACTOR CORE RECOV L E N G T H / Y  SAMPLES COREBOXES DEPTH/EL. BOTTOM OF HOLE 

9.3-. - 6 A /lk,nd Dri11;q L fd. - 
LOGGED B Y .  

M. sfof/:/ 

-* 
I /ol 

li 



.. 

8 



50 

4 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 



VOJECT : 
E l k  River Coal Mirrc 

I7 Aug. 1980 BEQUN: SITE LOCATION : 
Weary valley Wade Du.,,np 

:OOROINATES LOCATION : GROUND ELEVATION: 
13L87.60 74+9.86 (66  9.0 

iXCAVAT1ON METHOD: 

2037 T E s t ' r . ~  NO.: TP-2-WC JOB NO, : 

TEST PIT SIZE : 

C O M P L E T E D :  

QROUNO WATER ELEVATION : 

6.7m. I %Om. 
17 Auf.1980 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION REMARKS 



I 
INTERN_ATlONAL ENGINEERING CO. INC. , 

2037 
TEST PIT S I Z E  : 

6.0 n. a 3.0 m. 
PROJECT : Elk Rlver Coal Mine 

BEGUN: COMPLETED : 

GROUND ELEVATION : 

LOGQED BY i 

SITE LOCATION : 

COORDINATES LOCATION : 
1 9  Aug. 1980 19 Aug. I980 Weary Va/I=y. Waste Dump ' '  

GROUND WATER ELEVATION.  
13941. 92 7532, 03 /685: 8 1684.3' 

b&k.= M. Staffel  
EXCAVATION METHOD 

I 

1. 

2. 'I- 

* \  

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 

1.8m. b d e m  o f  pit 

I 
I 

REMARKS 

I T P - 3 - i t  I 
PLATE 



LYCAVATION METHOD 

I 

1. d 
I .  5 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 

i . 1 
PLATE 



'-? TIONAL ENGINEERING CO. INC. 

PROJECT : E 
SITE LOCATION ! 

Weary 
COORDINATES LOCATION : 

1 ~ 2 s :  7~ 7773.43 
EXCAVATION N 

I 

%mp\ 

1.5 

3.5 

4.0 

i 
M. S t e f f e  I 

HATERIA.  C L A S S I F I C A T I O ~  
PHYSICA. D E S C R l P T l o h  

GRAVEL, sandy, mo;sf (saturated below 1.4 m,), /.ore, 

mosfly L lOem.,  some boulders fa 1.2 m, s u b m 2 u i s e  

ia subrounded. Watev  flow st 1.3m. Dis+ance 

wcay  Creek appror. 3 m. 

. 



ingc Dam 30 July 
GROUND ELEVATION : 

1980 
COORDINATES 

EXCAVATION h 

LOCATION 

dETHOD:  
I 

LOGGEO BY : R. W. Backhaa - H e n e k s  I 
M A T E R I A L  CLASSIF ICATION 

PHYSICAL D E S C R I P T I O N  

SILT; - 
9 ILT, + 

- 
Y T q -  :RAVEL, candy 

'.j lacia I 
:+, Icmrc, silt, w t  

tF 

3.7m. bat+ e m  O P  pi+ 

! 

I 

1 



, ~ . ~  . ~*~ ~ ~. .. ~ . ~ . . 

. ,  

lNTER,NATlONAL ENGINEERING CO. INC. W C € T  f OF I 

'ROJECT : 
Elk Rlvcr Cool  Mine 

Tail;& D4m I' BEGUN: 30 July 1980 ' 

SITE LOCATION : 

:OORDINATES LOCATION : GROUND ELEVATION : 

iXCAVATlON METHOD : 

2037 TP- 2-TD 
T E S T  P I T  S I Z E  : 

C O M P L E T E D  : 

GROUND WATER E L E V A T I O N  : 
30 Jv ly  1980 

SILT, d a m p .  brae-. organic,  with pea+. 

Backhae I 
LOGGEO BY i 

R.W. Hcnchr 

R E M A R K S  



\ 

v ” c T  I OF 1 UTEPYATIONAL ENGINEERING CO. INC. 
I 1 I 

TEST ri? LOG JOB NO. : TEST PTT’NO.: 

PROJECT : 
203 7 T P - 3 - T D  

T E S T  P I T  S I Z E  : Elk River Cosl M~ne 

BEGUN: C O M P L E T E D :  

GROUND ELEVATION : 

LOGGED BY : 

S I T E  LOCATION : 

COORDINATES LOCATION : 

EXCAVATION METHOD : 

T a i l i n g s  Dam I 3 0  J u l y  I980 30 July 1980 
GROUND WATER E L E V A T I O N :  

Beckhoe R, W. HcnaCs 
I 

w 
A .  a 0  
12 
Q 
YI 

l I 
M A T E R I A L  CLASSIF ICATION 

PHYSICAL D E S C R I P T I O N  R E M A R K S  

I 

1 ORAVEL, sandy, w i t h  slit damp +a moist, very dense, w:% I 7 

3.7 m. boffem eC pit. 

-1 

-. 

I 1 r - 5 - ~ ~  1 
PLATE 



d T i " = ,  INTEfYATlONAL ENGINEERING CO. INC. / 
TEST PIT LOG 

I 
PROJECT : 

Elk River C o a l  Mlm 
BEGUN: 

GROUND ELEVATION : 

SITE LOCATION : 

EOORDINATES LOCATION : 
T a ; I h g ~  Paw 30 July I980 

JOB NO. : 

T E S T  P I T  S I Z E  : 

TEST P I T  NO. 
2037 TP- 4 -TD 

C O M P L E T E O :  

GROUND WATER E L E V A T I O N :  
30 July 1980 

3.7 m. 
LXCAVATION METHOD 

)eck hoe 

I.  5- 

2. b 

LOGGED B Y ;  
R. W. H e n e L s  

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  R E M A R K S  

PLATE 



\ 

PROJECT : 
Elk River Coal Mino 

5 Aug. 1980 
BEGUN : 

GROUND ELEVATION : 

S I T E  LOCATION : 

COORDINATES LOCATION : 

Tailings Dam 

INTERNATIONAL ENGINEERING 60. INC. 
JOB NO. : TEST b . . NO : 

T E S T  PIT S I Z E  : 
203 7 T P-5-T D 

6,7m. x 1.2m. 
C O M P L E T E D :  5 A v g .  1980 
WOUND WATER E L E V A T I O N :  

WEE1 1 OF I 

EXCAVATION METHOD 

05F 1.0 

2.0 ',I- 
2.54 

3.5 3,% 

I I 
LOGCED BY : sc,pL-, 

M A T E R I A L  CLASSIF ICATION 
P H Y S I C A L  D E S C R I P T I O N  

5.5 m, botfom o f  pit 

R E M A R K S  

PLATE 
. _ _  -__ 



'ROJECT : Elk River C o a l  Mine 

5 Aug. I980 Taail'ings BEGUN: Dam i lTE LOCATION : 

:OORDINATES LOCATION : GROUND ELEVATION : 

I 

TEST #I.. NO ' 
20 37 T P-6-TD 

JOB NO,: 

T E S T  PIT S I Z E  : 6 . 7 m .  x 1.2~1. 
5 A u g .  1900 C O M P L E T E D :  

QROUND WATER E L E V A T I O N  : 

V\L 
ML 

:XCAVATION M E T H O D :  
Boc r o e  

- 
ML 

M .  S t o f f c l  LOGGED B Y :  

- 
I L -  

GP 

- 

- 

M A T E R I A L  C L A S S I F I C A T I O N  
PHYSICAL D E S C R I P T I O N  

;ILT, ) M I S + ,  dense, qray C. brown, gravels mesrCly 7 - / 5 c m .  
W a h r  i n f l w  a t  4.1m. 

4.9 m. &(+om o f  pit 

R E M A R I O  

I 
I 



, i  

, 

PROJECT : Elk River"Coa1 Mine 

Tailings Dam 5 A"?. 1980 BEQUN: 

GROUND ELEVATION : 

SITE LOCATION : 

COOROINATES LOCATION : 

INTERNATIONAL ENGINEERING CO. INC. 
TEST r l r  NO 3 

2037 TP-7-TD 
JOB NO. : 

TEST PIT SIZE : 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N :  

6.7m. Y 2 . 1 ~ .  
5 A u g .  1980 

C"FE1 I Of I . 

lack hoe M.Sk,P& I LOGDEO BY i EXCAVATION METHOD 

I 

;.:I 2.5 

I 
M A T E R I A L  C L A S S I F I C A T l O h  

PHYSICAL D E S C R I P T i O h  

9f-T. sandy. moist. tan. with roaft. omanie mafer ia f .  

3LT, moist JD wet, brown i m  gray, impervieus Cines, Am, S erne 4. 
sand lenses, Grav*/r mosCfy L f cn.  and 2-1 cm. Some 

boufdrrr fo 0.3 m .  % gravel increases wiCh depCh, in jv lo  

fo submunded. 

i 

R E M A R K S  

- 

* L a (  - 8 ,  R" I TP-7-TO 
PLATE 



INTEq"'ATI0NAL ENGINEERING CO. INC. 

PROJECT 

i C" T I nC I 

TEST P I T  NO 

2037 TP-8-TD 
JOB NO 

\ 

5 A u g .  1980 
BEGUN: 

GROUND ELEVATION : 

SITE LOCbTION : 

COORDINATES LOCbTION : 
Tailings Dam 

LYCAVATION METHOD : 

- 6.7,. x 1.2m. 
C O M P L E T E D  : 

GROUND WATER E L E V A T I O N  : 
5 Auq. 1980 

~ 

i 

Ba c k h a n  

1 

LOGGED BY : M. Stoffel 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  R E M A R K S  

I I 3.7m. befto- OC pit  

PLATE 
_. 



\ 

)ROJECT: 
Elk River  Coal  Mine 

8 Aug. 1980 BEGUN : 

GROUND ELEVATION : 

5 lTE LOCbTlON : 

:OOROINATES LOCbTlON : 
Tailings Dam 

INTERNATIONAL ENGINEERING CO. INC. 
TEST . , f N O . '  JOB NO. :  

T E S T  PIT S I Z E  : 
2037 TP- 9-JD 

6.7m. x 2.1 m. 

8 Aug.1980 C O M P L E T E D :  

GROUND WbTER E L E V A T I O N :  

Backhoe M. SloffeI LOGGED B Y :  

R E M A R K S  

. _ _ .  . . .  .- 
ITP-9-TD I 
PLATE 



INTERNATIONAL E NGlNE ERlNG CO. INC, 
JOB NO. : TEST k.. NO ' 

2037 TP-10-TD, 
T E S T  PIT SIZE : 

C O M P L E T E D :  

OROUNO WATER E L E V A T I O N  : 

'ROJECT : 

SITE LOCATION : BEGUN: 

:OOROINATES LOCATION : 

Elk River Coal Mine 6 .7m.w 2.1rn. 
8 Auy. 1980 ' 8 A l r g .  1980 Tailings Dam 

GROUNO E L E V A T I O N :  

SLCET I O f  I 

ac k hoe 
LOGGED B Y :  

MI Stof fe  I 
IXCAVATION METHOD 

0.5 +- 

M A T E R I A L  C L A S S I f l C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  

i 



INTEF*'ATIONAL ENGINEERING CO. INC. 
i 
TEST PIT LOG I .,OR NO I TE 

T I O F I  

6.7m,r 2. lm.  

8 Aug. 1980 C O M P L E T E D  : 

GROUND WATER E L E V A T I O N :  

SITE LOCATION:  

:OORDINATES LOCATION : 
Tailings Dam 

I I 
LOGGED BY i IXCAVATION M E T H O D '  

oe M , Sfoffa 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  li R E M A R K S  

r 



\ 

INTERNATIONAL ENGINEERING CO. INC. SYEET 1 OF I 

L W 3  I I I -11- I u 
T E S T  PIT S I Z E  : 

C O M P L E T E D :  

OROUND WATER E L E V A T I O N  : 

PROJECT : 

Elk River Coal Mine L 7 m ,  x 2.1 m. 

8 Auq. 1980 8 A v g .  1980 BEGUN: 

GROUND ELEVATION : 

SITE LOCATION : 

COOROINATES LOCATION : 
TPil~qs Dam 

LXCAVbTION METHOO 
I I 

LOGGED BY : 
a M * S l O C f E  

M A T E R I A L  CLASSIF ICATION 
P H Y S I C A L  O E S C R I P T I O N  

VLT, damp, loose, nofi-plarkc. tan, wilh roots. 

;lLT, yrrve / /y ,  damp,  med. stift' t o  chf'f', d e n s i t y  increaser  w14h 

d q f h ,  bwwn k y a y .  Nan-plar+;c f;wz, subangular +o 

svbwunded gravels, bowlders  f. 0.6 m. 9'. gravel inwear 

d h  der+h. Some or )ds l ie , , .  Glacial till. 

3.7m. bo++om pit 

7 

R E M A R K S  I 
;r .+ . .. $..,,%. 



INTER,NATIONAL ENGINEERING CO. INC. 

’ROJECT : Elk River Coal Mine 

8 Aug. 1980 BEGUN: SITE LOCATION : 

:OOROINATES LOCATION : 
Tali,19~ Dam 

I GROUND E L E V A T I O N :  

WCE1 I OF I . 
TEST @.~. NO ’ 

20 37 TP-13-TD 
T E S T  P I T  SIZE : 

C O M P L E T E 0  : 

QROUND WATER E L E V A T I O N :  

8.8 rn. x 2. I ,,,. 
8 Aug. 1980 

Backhoe 
I 

LOGGED BY i 
M I  S+Of& 

0 
S O  
n o  
U >  

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  R E M A R K S  

.. T N O  I TP13-TD I 
PLATE 
LI1_1_ 



I N T E ~ n l A T I O N A L  ENGINEERING CO. INC. 5 I O F  I 

r E S T  PIT LOG 

'ROJECT : 
Elk River Coal Mine 

BEGUN: 

GROUND ELEVATION : 

H T E  LOCATION : 

:OORDINATES LOCATION : 
10 Aus.1980 T a i l i n g s  Dam 

TEST P I T  NO JOB NO. : 
2037 TP-14-TI? 

T E S T  P I T  S I Z E  : 
4 . 3 ~ ~ .  x 1.8~1. 

C O M P L E T E D  : 

GROUND WATER E L E V A T I O N  : 
10 A q .  1980 

XCAVATION METHOD 
lack hae 

I 
LOGGED B Y .  M. 5 t o f P  

5L 2.5 , . 

i 
2.'7m. bsHom af pi{ 

REMARKS 

PL 



INTERNATIONAL ENGINEERING CO. INC. S W E I  I OF I 

PROJECT : 
E l l  R i v e r  Coal Mine 

Tailinqs D ~ r n  8 Avq.  /980 
BEGUN: 

GROUND ELEVATION : 

SITE LOCATION : 

COORDINATES LOCATION : 

TEST P.. NO : 

'2037 TP-15TD 
T E S T  PIT S12.E : 

6.7m.  x Ii2rn; 
C O M P L E T E D :  8 A v g . I P 8 0  
GROUND WATER E L E V A T I O N :  

IXCAVATION METHOD : 
.Ba, hoe M. S f o f f c  I LOQGED B Y :  

M A T E R t A L  CLASSIF ICATION 
P H Y S I C A L  D E S C R I P T I O N  

SILT, damp,  brown, non. plache,  wilh roots. 

GRAVEL,  siJ+y, damp t o  mo;sll; dense, non-plastic fino: 

4.0,. bo%m o f  p d  

I 



co. INC. ' - T  I OF I 

TEST P I T  NO 

TP- I6 -TD 
No.: 20 3 7 

TEST PIT LOO 

PROJECT : T E S T  P I T  S I Z E  : 
ZZm. x Z l m .  

10 Au3.1980 C O M P L E T E D  : 10 Auy. /980 

Elk River Coal Mine 
SITE LOCATION : BEGUN: 

300RDINATES LOCATION : 
Tailings Dam 

GROUNO WATER E L E V A T I O N :  GROUND ELEVATION ! 

LYCAVATION METHOD 

2 . d  

z.L 3 

4 . 4  ' 

1 

I 
I LOGGED BY : . . - . --  . I 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRIPTION R E M A R d S  



r E S T ' r  IT LOG 

'ROJECT : 

Elk River Coal Mlne 
BEGUN: 

GROUND ELEVATION : 

I l T E  LOCATION : 

:OORDINATES LOCATION : 
W e a v  Valley Wade Dump 19 AUJ. ISBO 

/~eso. 98 ~ O L  71 I7LO. 5 

E 
r 
I 
Y 

- 
- 

0.5 

1.0 

I. 5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

50 
5.5 

6.0 

TEST PIT NO JOB NO. :  
2 0 3 7  TP-6-WC 

T E S T  PIT S I Z E  : 
6,,7n. x 3.0 m. 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N  : 
19 A ~ ~ .  1980 

w 
J .  ilo 
I Z  

LYCAVATION METHOD : 

M A T E R  AL C-ASSoFICAT O h  
PUYS C A L  D E S C R l P T i O N  

LOGGED 0 Y  ~ M. Stoffel 

GRAVEL, sandy, moir+ I D D S ,  b*e-n, with m t s ,  orqenir  material. 

GRAVEL, sandy, moist, lees., L 5 %  fin.33, 20% med. h coarse 

sand, boulders t o  I m, angv/ar t o  srbmunded. Caving. 

I 
R E M A R K S  

7 
PLAT t 



INTEPUATIONAL ENGINEERING CO. INC. $' - T  I OF I 

rEST 1 - 8 1  LOG 

T O J E C T  : 
Elk River Coal Mioe 

BEGUN: 

GROUND ELEVATION ' 

SITE LOCATION : 

>OORDINATES LOCATION : 
Weary vs//ey I n t e m e p h  D&A 19 Aug. 1980 

13265.26 7864.06 1764.88 

TEST PIT NO.: JOB NO : 
2 0 3 7  TP-7--Wc 

T E S T  PIT S I Z E  : 
6 . 7 ~  x 2.4". 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N  : 
19 Au3. 1980 

~ 

d. 5 

P. 5 

CXCAVATION M E T H O D :  

:L 4. 45 

LOGGED B Y :  
a c k l  - 

M A T E R  A- C c A S S I F ~ C A l i O h  
PHYS C A -  DESCR PT  ON 

4.L m. b o l t o h  06 p i t  

R E M A R K S  

:. 

PLATE 



INTEP*IATIONAL ENGINEERING CO. INC 9'- ' T  I OF I 
1 

TEST.klT LOG JOB NO TEST P I T  NO 

'ROJECT 
2037 TP- 8-W 

T E S T  P I T  S I Z E  Ell. River Coal MIW 6.7 m. x 2.4 m. ~. 

C O M P L E T E D :  

GROUNO WATER E L E V A T I O N :  

BEGUN: SITE LOCATION : 

:OORDINATES LOCATION : 
WeJry Valley InkrcepSor D&h 19 Aug. I980 I9 A u ~ .  1980 

GROUNO ELEVATION : 

13289. 84 8138.05 1779. 23 
LOGGED B Y :  !XCAVATION M E T H O D :  

Back hoe M. Stoffel 

2.5 

52 
3. %mp 

4, 
4.5 i 5 

554 

6. 5l- 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRIPTION R R E M A R K S  

6.1 m. bottom .f ?;t 

I TP-8 -c f  J 
PLATE 



INTEq"ATI0NAL ENGINEERING CO. INC. 5' T I O F 1  

TEST PIT LOG 

PROJECT : 
Elk River Coal Mine 

BEGUN : 

GROUND ELEVATION : 

SITE LOCATION:  

COORDINATES LOCATION : 
Weary Valley Intewepkr Ditch 19 Au3. 1980 

13706. L 7  7954.09 179; 4/ 

JOB NO. :  TEST P I T  NO.: 

T E S T  P I T  S I Z E  ! 
2037 TP- 9-IJC 

b , l  m. x 2.4 m. 

19 Aog.  I 9 8 0  
C O M P L E T E D :  

GROUND WATER E L E V A T I O N  : 

0.5 

2.5 

3.0 

EXCAVATION M E T H O D :  
? 

55 

LDGGEO BY i 
M. St.C&I 

I 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  

& 4 m .  botfiom o f  p i t  

R E M A R K S  

I 

1 TP-9-WC I 
PLATE 



JTER"ATI0NAL ENGINEERING CO. INC. 

. .  . . L  ..... .. ... . . . . . 
- ' ' P . . "  . ,  ' .  4 .  
_ _ . _  . , .  

. .  . 
Y T I  O F 1  ~. '~ 

JOB NO. : TEST PIT  NO. :  rESTPli LOG 
2037 TP-(0-WC 

'ROJECT : 
T E S T  PIT S I Z E  : Elk River Coal Mi-. L O  .n* 2.4 m. 

W e a r y  Valley ln+ercer+or D;f4 20 AUJ. 1980 20 Aug. 1980 
BEGUN: C O M P L E T E D  : 

GROUND ELEVATION : 

SITE LOCATION : 

:OORDINATES LOCATION 
GROUND WATER E L E V A T I O N :  

1.354515 7 9 ~ q . ~ ~  /80f. 3 5  
LOGGED BY : :YCAVATION METHOD : 

5ack hoe M. StafPel I 

'3. ;i 

i 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRIPTION R E M A R K S  

1 



, 
INTERNATIONAL ENGINEERING CO. INC. SHEET I OF I r 

I 
TEST', NO.: JOB NO. : 

TEST PIT SIZE : 
2037 TP-11-WC 

TEST(' LOP 

PROJECT : 

6.Tn. x 1.5m. 
Elk River Coal Mln. 

BEGUN: COMPLETE0 : 

GROUND ELEVATION: 

SITE LOCATION : 

:OOROINATES LOCATION : 20 Aw9. 1980 Weary Valley Inkrccpkr D;Cd, 20 Aug. 1980 
OROUND WATER ELEVATION : /3680.82 7958.60 1795 20  

LOGGED BY : IXC4VATION METHOD 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION REMARKS 

I I 

PLATE 
. .- 



I 

9 T I  O F /  

TEST P I T  NO. : JOB NO. : 

T E S T  P I T  S I Z E  : 
2037 TP-I-SP 

'ROJECT : 

Elk River Coal Mine 8.2 mm 2 . 4 ~ .  
C O M P L E T E D :  

QROUNO WATER E L E V A T I O N :  

; ITE LOCATION : BEGUN: 

:00ROINATES LOCATION : 
ScStliqg Pond 22 Ju/y 1 9 8 0  2 2  July 1980 

GROUND ELEVATION : 
12753.54 5743.62 ISX a4 

'XCAVATION METHOD : LOGGEO BY ~ 

I 

M A T E R I A L  CLASSIF ICATION 
. PHYSICAL D E S C R I P T I O N  

5 5 m .  bottom of pit 

.. . 
PLATE 

_ L  



rEST FIT LOG 

>ROJECT : 
Elk  Rivercoal Mine 

BEGUN: 

GROUND ELEVATION : 

SITE LOCATION : 

:OORDINATES LOCATION : 

Seff ling Pond 22 July  I 9 8 0  

/ 2 L 0 3 .  39 5665 .6  9 /547 3 0  

0.54 

TEST P I T  NO : 
JOB NO.! TP-2-SP 
T E S T  P I T  S IZE  : 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N :  

2037 

6 . 0 m .  2.4,. 

22 J u l y  1980 

1 5 4 9 . L  (2 .7m. l  

3.5 

4.0 ~~ 

mack - 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRlPTiON REMARKS I 



INTER YTIONAL ENGINEERING CO. INC. p” TEST P I I  LOC 

I 

2. 4 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  

2.4 m. bottom SF p;t 

, 

R E M A R K S  

I 

I T P - 3 - S P  I 
PLATE 



TEST PIT  NO.: JOB NO.: 

T E S T  PIT S IZE ; 

2037 TQ- 4-3 P 
PROJECT ~ 

b.7m.  x 2 .4m.  Elk River Coal Mine 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N :  

BEGUN ~ 

GROUND ELEVATION : 

SITE LOCATION:  

:OORDINATES LOCATION : 
Settling Pond 22 July  1980 22 J u l y  I980 

lZ200~49 5.56~34 1540.96 
IXCAVATION M E T H O D !  , LOQGED B Y :  

0.5+ 

-4 

-3 

i 

~ ~. 
R. W. Henc k Dick hoe 

H A T E R  b -  CLbSSiF iCAT ON 
PhYS6C4-  DESCR P T  ON 

c 

R E M A R K S  

-3 



INTERNATIONAL ENGINEERING CO. 1NC. W E E 1  I OF I 

: 
PROJECT : 

Elk River Coal Mine 

BEGUN: 

GROUND ELEVATION : 

SITE LOCATION : 

:OOROINATES LOCATION : 
S t H l i n g  Pond 22 July 1980 

120lJ. 31 5703. L 9 1540.96 

TES .-IT NO.: 
2037 TP- 5-SP 

TEST P I T  SIZE : 

C O M P L E T E D :  

OROUNO WATER ELEVATION : 

(.Om. 

2 2  Jul, 1980 

:XCAVATION METHOD 
'0 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 

LOGOED 0Y i R. W. Henck. 

REMARKS 

1 TP-S-SP I 
PLATE 



INTERNATIONAL ENGINEERING CO. INC. 

PROJECT : 
Elk Rver Coal Mine 

sef f  l lnj  Pond 
BEGUN: 

GROUNO ELEVATION : 

SITE LOCATION : 

:OORDINATES LOCATION : 
22 J u l y  1980 

11588.22 5846.53' K46. f 3 

S~"' I O f  I 

TEST P I ,  NO,: 
2037 TP- 6 -5 P 

TEST P I T  SIZE : 

COMPLETED : 

QROUND WATER ELEVATION : 

8.2m. x I.Pm. 

22 July 1980 

IXCAVATION I 

7- 
MATERIAL CLASSIFICATION 

PHYSICAL DESCRIPTION 

S.5 m ,  bot tom o f  pi+ 

t 

REMARKS 

d 

I 

PLATE 



IN T E P A T I0 N A L E NG I N E E R I NG C 0. IN C . , sr T I OF I 

TEST'kaT LOG 

'ROJECT : 
Elk River Coal Mine 

BEGUN: 

GROUND ELEVATION : 

U T E  LOCATION : 

:OORDINATES LOCATION : 
Settling Pond 2 9  July 1980 

11883. I4 ~ 7 6 4 . ~ 1  /537.70 

JOE NO. 

T E S T  P I T  S I Z E  : 

TEST P I T  NO : 
2037 TP-7-SP 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N  : 
29 July 1980 

:XCAVATION METHOD 

1 

2.5 

I . . . . . -. . - , ._ 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  R E M A R K S  

T E S T  P I T  NO 
TP- 7- SP 

PLATE 
.-I 



INTERNATIONAL ENGINEERING CO. INC. 

'ROJECT : 
Elk River Coal Mine 

i l T E  LOCATION : BEGUN: 

:OORDINATES LOCATION : 
Settlrng P.d 29 July 1980 

GROUNO ELEVATION : 
/ 5 5 0 . 0 6  'Iq zB6  5324 .65  

\ 

TESI . . r  NO : - 
2037 SP-8-SP 

JOB NO 

TEST PIT  S I Z E :  

C O M P L E T E D '  

GROUND WATER ELEVATION : 
2 9  July I780 

I .  I 

:XCAVATION METHOD: 

2 .o 

3.0 

4.+ 

1 
MATERIAL CLASSIFICATlOh 

PdVSlCAL DESCRIPTIDL REMARKS 

_. 

I 

.,.I.- _. 
pF?qq ,'. .'..;. 



INTERNATIONAL ENGINEERING CO. INC. *"FET I OF 1 

JOB NO TEST I . I  NO 
2037 T P .  9-SP 

EX+. i L O G  

T E S T  P I T  S IZE 'ROJECT 
Elk Rtvcr Coal  Mine 

EEQUN:  C O M P L E T E D :  

GROUND ELEVATION ~ 

LOGGED B Y :  

i lTE LOCATION:  

:OORDINATES LOCATION : 

:XCAVATION ME THOD : 

Setf  I i y  Pond 29 July I960 2 9  July 1980 ' 
QROVND WATER E L E V A T I O N  : 

l e s / 7 , 6 9 :  n7/4.45 /544.76 1598. a (6.0 m. 1 
ackhe. R;W, Henek:, 

1 I" I Z  

0.5 

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  DESCRIPTION R E M A R K S  



INTE~6iATIONAL ENGINEERING CO. INC. 
TEST P I T  NO.: 

2037 TP-10-SP 

F T  I OF 1 

SITE LOCATION : BEGUN: 

:OORDINATES LOCATION : 
SeUling Pond 29 July 1980 

GROUND ELEVATION : 
12475.70 5 7 7 3 . 6 5  /5% 9.40 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N  : 
29 J v I j  I980 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRIPTION 

iXCAVATION METHOO : 
Backhoe 

LOQGEO B Y :  
R .W,  Hene ks 

R E M A R K S  

PLATE 



. .  

PROJECT : 
Elk River C o d  Mine 

BEGUN : 

GROUNO ELEVATION : 

SITE LOCATION : 

:OOROINATES LOCATION : 
4 Aug. 1980 Set+lin9 Pond 

1534 .35  113-41. 17 5752.04 

\ 

2037 TP- ti -S P 
TEST PIT SIZE : 

C O M P L E T E D :  

GROUNO WATER ELEVATION : 

&.Om. I 2.4m 

4 Aug. 1980 

l53f .7  (Z7m.) 

I 

1 ,  
INTERNATIONAL ENGINEERING CO. INC. 

Pe 
LOGGED BY : 

M. StOfP.1 
IXCAVATION METHOD 

3.0 

I . . . -. . , . - . 
I 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 

SILT, sendv, damp. loose, brawn. with roofs. ~ I 

REMARKS 

3 .0m.  boffom ot' p i t  



INtERN.ATIONAL ENGINEERING CO. INC. 

'ROJECT : 
Elk River Coal M i n e  

BEOUN: 

GROUND ELEVATION : 

3lTE LOCATION : 

;OORDINATES LOCATION : 
Plant  S i t e  - Hostel A w a  24 July I980 

SHEET I OF I 

TEST . ,, .NO.: 
2037 TP- I - H  

T E S T  PIT S I Z E  : 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N :  
24 ~~t~ veo 

3.7 m. 
iXCAVATION METHOD : 

ackhoe 

I 
LOGGED 0Y : 

R.W. H e m  

M A T E R I A L  CLASSIF ICATION 
P H Y S I C A L  D E S C R I P T I O N  

$ 1  LT, dry t o  moist, t o f t ,  dark brown, with roots, wth tan si l t  Cnw 

SILT, vet, firm, olive, w i t h  same g r a v ~ l .  

s 

GRAVEL, silfr, net; dense, 3rry,  jloctd trll. 

G R A , U L ,  d r y ,  wet ,  very den>=, 9 r y  ~ g l r / s l  * I I .  

5 5 m. bottom o f  pit 

T E S T  PIT NO 
T P- I- H 

PLATE 



PROJECT : 

Elk River Coal M~ne 
BEGUN : SITE LOCATION : 

COORDINATES LOCATION : 
24  July I980 Plant Site . Hostel Arza 

I GROUND ELEVATION: 

IN T E RJV A T I0 N A L E NG I N E E R I NG C 0. IN C . R H E L r  I OF I 

2 0 3 7  TP-2-H 
T E S T  PIT S I Z E  : 

C O M P L E T E D :  

QROUNO WATER E L E V A T I O N :  
24 July 1980 

Back : 
LOGGED 8'1 i 

R.W. h'eneks 

Y A T E R  AL C L A S S I F I C A T I O ~  
PHYS.CAL D E S C R 4 P T i O h  

SILT, wet, d a r k  brown, ongsnic, w:+h m o t s  and ped. 

SILT, clayey, wet, dark bmwn, w;th roots. 

SI Lr, gravelly, wat, so#, 3ray, glacial till. 

R E M A R K S  

T E S T  PIT NO 
TP.2-H 

I PLATE 
- .__ 



\ 

2037 TP-I- w w  

INTER,?IATIONAL ENGINEERING CO. INC. W E L T  I Of 1 

24 July 1980 24 July 1960 We51 Waste Dump 
GROUND ELEVATION : W O U N D  WATER E L E V A T I O N '  COORDINATES LOCATION : 

1651. 4L 3 /547.8 ' (3.7m.) I F O I I  n ,.I no n 
8 4  z I O * Y  7.6 77. 5 

IXCAVATION METHOD: 

~ 2.5 

3.5 

4. 

4. 
5 

1 

Baci - I. 

M A T E R I A L  CLASSIF ICATION 
P H Y S I C A L  D E S C R I P T I O N  

~ ~- 
GRAVEL, s n d y ,  damp, brown, w:th many lerje bovlders, some 

+u / .Om. 

4.9 m. btbn f r+ 

R E M A R K S  

1 - 
T E S T  PIT NO 
TP- I -  tr w 

P L A T E  



JOB NO 
2037 

TEST P I T  NO 
TP-2-WW 

I 

SITE LOCATION : BEGUN: 

>OOROINATES LOCATION : 
West Waste Dump 24 July  I980 

GROUND ELEVATION ! 
1 ~ 4 2 7 . 8  4768.7 

4.0 

50 

C O M P L E T E D  : 

GROUND WATER E L E V A T I O N :  
24Julr I980 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRIPTION 

SILT, sandy, dry,  lmsc, tan, with r o d s ,  

SILT, gravelly, d p y  b damp, loose, brown, w;+l. rwfr .  

GRAVEL, sandy, meis+, l o w e  +a moderately dense, w i t h  
b c v l d i r s  A I 5 c m .  

GRAVEL, sandy, w t h  - m h  s , j v l a p  matev, . / .  

4.Qm. be%., 4 

iXCI1VATION METHOD ~ 

0eckho.e <I REMARKS 

LOGGED BY ~ 

R. W. Hrn, 

PLATE 
.- 



TIONAL ENGINEERING CO. INC. 1 
JOB NO T E S I  8 NO 

2037 TP-3-WW 
'ROJECT T E S T  PIT S I Z E  Elk Rwer Coal Mine 

i l T E  LOCATION : BEGUN: C O M P L E T E D  : 

:OOROINATES LOCATION : 
Wed W a s h  Dump 24 J u l y .  1980 24 July I960 

GROUND ELEVATION : GROUND WATER E L E V A T I O N :  16640.2 48Sf. 2 - 
e R.W. Hewk 

4.0 

4.5 

1 

M A T E R I A L  C L A S S I F I C A T I O N  
PHYSICAL D E S C R I P T I O N  

4.3m. b e t h m  a f  p'+ 

R E M A R K S  

T E S T  P I T  NO L - z J  
I - I 

PLATE 



\ 

I N T E P Y T I O N A L  ENGINEERING CO. INC. \ - I 
T E S T  e ( /  LOG 

PROJECT : 

T E S T ~ : I ' N O . :  7 

TP-4-Lfw . .  
2037 JOB NO. : 

T E S T  P I T  S I Z E  : Elk River Cod Mine 

BEQUN : C O M P L E T E D :  SITE LOCATION : 

COOROINATES LOCATION : GROUND E L E V A T I O N :  

EXCAVATION METHOD : 

24 July 1980 West W8si-r3 Dump 24 July 1980 
QROUND WATER E L E V A T I O N  : 

/685 / .  8 4923.0 - 
LOGGED BY i 

R. W. Ucne 1 Back hoe 

I. 0 

3.0 

1 

M A T E R I A L  C L A S S I F I C A T I O N  
PHYSICAL D E S C R I P T I O N  

3.3 m. b o t + o n  eC pit 

, . .  
. .  ._ " .  .. .- I T P - 4 - W W  1 

PLATE 



L ENGINEERING CO. INC. ' 1 

\ 

I 

2.5 

3.0 

4.5 

MATERIAL CLASBIFICATION 
PHYSICAL DESCRIPTION 



I 

i 



OOROINATEL 

XCAVATION I 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL DESCRIPTION 

40 '0.8 m.,' gbc;s l  bll. 

3.2 m. boHsm of' p i t  



-i 
1. .. . 

INTEYATIONAL ENGtNEERlNG CO. INC. - 
EST P'IT LOG 

MATERIAL C L A S S I F i C 4 l I O N  
PHYSICAL DESCRIPTION 

prska t s  a+' hard + I l l .  

4.0 m .  h + b m  OF pit 



\ 

INTERNeTlONAL ENGINEERING CO. INC. \ 
- ,  1 

TEST ./NO' / 
2037 w o w  r E s i l  . LOG 

'ROJECT : TEST PIT  SIZE : 67m, x 3.0~1. Elk R i v e r  Coal Mine 

I 

C O M P L E T E D '  

GROUND WATER ELEVATION : 

SITE LOCATION : BEOUN 
Wad W d e  Dump 14 Aug. 1980 14 Aug.  1960 

:OORDINATES LOCATION GROUND ELEVATION : 

:XCAVATlON METHOD : LOGGED a y  : 
: M. StofPc I 

. MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION REMARUS 

- ~ ~ ~ . ~ -  &/I 
T E S T  P I T  NO 
T P - 1 0 - W W  

PLATE 



~~. . ~. 

INTERNATIONAL ENGINEERING CO. INC. 



i: ~ ~ 

c lNTERN+TlONAL ENGINEERING CO. INC. 
TEST PI-; NO 2037 TP-12-WW :€ST k . . ' L O G  JOB NO. : 

I ~- I 
'ROJECT : TEST PIT SIZE : Elk RIM* Coal Mlne 6.7m. x 3.0m. 

\ 

I 

COMPLETED : 

W O U N D  WATER ELEVATION : 

i l T E  LOCATION: BEOUN: 

:OORDINATES LOCATION : 

XCAVATION METHOD : 

W e d  W a s k  P u ~ ~  14 Aug, 1980 14 Aug. 1980  
GROUND ELEVATION : 

LOGGED 81 i 
16512.2 SlfL.0 4.3 m. 

Back hoe M. $ + o f #  

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 

SAND, 4;inr. silty. damp, l-we, rcllow +o ten. 

GRAVEL, sandy, damp, Ieosc, br-um, svbahjvlac fo subroudrds 

boulders to 0.2m. 
W a b  inrlaw 14) 2.7 m. 

GRAVEL, sandy, sqfurakd,  locsc, It fray - brwn. 

TCST PIT NO. 
TP-I 2-WW 

P L A T E  



INTE P q T l O N  AL ENGINE ERlNG CO.. INC. .1 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  



I I 
'ROJECT : T E S T  PIT S I Z E  : Elk River  Coal lrllnr L . 7 m . 8 3 . 0 m .  

C O M P L E T E D  

QROUNO WATER E L E V A T I O N :  

t ITE  LOCATION : BEQUN : 

:OORDINATES LOCATION : 

XCAVATION M E T H O D ,  LOQQED BY I 

W e s t  Wss+c Dump 14 Au9. 1980 14Aug. 1980 
GROUND ELEVATION : 

4.3 m. 

3ack h M M.3toffe.l 

I 
I 

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  

- . i'; . . 



I ITE LOCATION BEGUN C O M P L E T E D  

OORDINATES LOCATION GROUND ELEVATION 
14 Aug. 1980 W e d  Waste Dvm p 14 Aug, 1980 

QROUND WATER E L E V A T I O N ,  
l629P. 7 5553.4. 

XCAVATION METHOD LOGGED B Y ,  
e M. S+offe 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  

4i3 m. 

Y 

I R E M A R K S  

t 
3 
3 - - - 

T E S T  P I T  NO 
TP-15- W W 

PLATE 

SAND, s//+)r, damp, loose, brown, wl+h mats, 

;AND, very Fine. damp. loose, t a n .  

SILT, ?ravelly, damp (saturefed b - l e w  4,0m.), very s#;-#, 

hperv iour ,  3 r a y  - bmwn,  subsngvlar  t o  subrou,,ded 

gravels, sire and f- g r a v e l  increases w i t h  d e p t h ,  
b o u l d e r s  fo 1.2 m., s3nd:er towards bo&m. 



I N T E Y A T I O N A L  ENGINEERING 'CO. INC. 

2.5 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  

i 

R E M A R K S  

4 PLATE 



i l T E  LOCATION : 

:OORDINATES LOCATION 

'XCAVATION M E T H O D  ~ 

R;ver Diversion - N v i h  Sccfion 

19217.6 L204.4 
Bsc khoe 

M A T E R I A L  C L b S S I F I C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  

BEGUN : C O M P L E T E D :  

GROUND E L E V b T I O N  : 

LOGGED B Y ;  

1'2 A u j .  1980 12 Aug.  1980 
GROUND WATER E L E V A T I O N :  

I6 19.2 I I L A .  a (2.4 m.) 

M.StoCfe I 

2.6 m .  bottom o f  pit 

REMbRKS 

-l 

PLATE 



INTERpleTlONAL ENGINEERING CO. INC. 

yL I 
-1- 

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  



- 
TP- 3-RD JOB NO. : TEST PIT NO.: 

INTEPYPTIONAL ENGINEERING CO. INC. 1 
203 7 rEST PIT LOG 

aROJECT : T E S T  P I T  S I Z E  : 
Elk River Coal Mine 6.Orn. x 2 . 4 ~ 1 .  

SITE LOCbTION : 

:OORDINATES LOCATION : 

IXCAVATION METHOD : 

River Diversion - North Section 

18462.7 55'93.3 

2.0 

2.5 

BEGUN: C O M P L E T E D :  

GROUND ELEVATION : 

LOGGED BY : 

12 Aug. 1980 12 A u j .  1980 

16 38.84 - GROUND WATER E L E V b T I O N :  

I 

M A T E R I A L  CLASSIF ICATION 
PHYSICAL D E S C R I P T I O N  

4.6 m. b t t o m  of p i t  

I 

' -'P-3-RD I 
. .ATE 



' . I O F I  

TES'e LOG 6 -u 2037 I T E S T  0 . 7  T P - 4 - R b  
JOB NO 

- $ 3  INTE' i 9 T I O N A L  ENGINEERING CO. INC. 

i lTE  LOCATION : 

:OORDINATES LOCATION : 
River  Dtverrion - N o r t h  5ecS1e.m 

I8 2 07. 9 c m . 7  
iXCAVATION METHOD : 

Bock hoe 

BEGUN: C O M P L E T E D :  

GROUND ELEVATION : 
15 Au9. 1980 13 Aug.  1980 

J636.51 - GROUND WATER ELEVATION:  

LOGGED BY i M. SfofPel 

I 
MATERIAL CLASSIFICATION 

PHYSICAL DESCRIPTION 

31LT, d a m p ,  fen, wl th  roof-s. 

:/LT w v a l l y ,  dampl s{:f$, non- ptaafic, im crviovr, y a y  ta 
brown, rhsrp to 

pochcts .f mi.,, sd'f sandy silt. Sander, pervloux a1 
b H a n . .  Olociol  iill. 

1 9  P 
rubrounded boulders . to  O.5m. Small 

! Water  in+'Iaw A t  5.7m. 

!?9 m. b d h  o f  pi' 

TEST PIT NO. 
T f - 4 - R D  

P L A T E  



INTEpqATTONAL ENGINEERING CO. INC. 

I T E  LOCATION : 

DORDINATES LOCATION ' 

XCAVATION METHOD: 

River Diveea;arr. North Secthn 

i m 8 . a  5 7 9 7 .  I 

Bockh-e 

BEGUN: C O M P L E T E D :  
13 Aug. 1980 

GROUND ELEVATION ! QROUND WbTER E L E V A T I O N :  - 
LOGGED BY : 

13 Aug. I980 

/ 6 3 / .  75 

M.StoffeI 

q- 3.0 

I 
I 

M b T E R I A L  CLbSSIF ICATION 
PHYSICAL D E S C R I P T I O N  

REMARKS 

, .  v.: 

v 

PLATE 



I N T E R W T I O N A L  ENGINEERING CO. INC. 

SITE LOCATION : 

:OOROINATES LOCATION ' 
River Diversion - North S e c t i o n  

17889.3 L O O 1 . 8  
iXCAVATION METHOD ~ 

Backhoe 

P Y T  I OF I 

BEGUN: C O M P L E T E 0  : 

OROUNO ELEVATION : 
13 A u 9 , 1 9 8 0  13 Au3. 1980 

QROUNO WATER E L E V A T I O N :  
1624. 64 - 

LOQGEO B Y :  
t4.SCaPfbI 

\ 1 
JOB NO TEST PIT NO 

-1 
T E S T &  . LOG 

20 37 TP-6-QD 
T E S T  P I T  SIZE )ROJECT 

b.7m.  x 3 . 0 m .  Elk River Coal Mine 

O.i-- 1.0 

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  

4.0m. boffo- 4 ,4f 

R E M A R K S  

T E S T  P I T  hO 
TP-L-ZD 

P L A T E  



INTERNATIONAL ENGINEERING CO. INC. \ I OF I 
- ,  I I 

T E S T W  NO 
2037 TP-7-RD 

rEST . . i LOG 

'ROJECT T E S T  PIT S I Z E  ' 

JOB NO : 

Elk R;ve~Coel  Mine L . 0 m . x  3,O m. 

SITE LOCATION : BEQUN:  C O M P L E T E 0  : 

:OOROINATES LOCATION : 

:XCAVATION M E T H O D :  LOGGED BY i 

13 Aug. 1980 River Diversion - Middle Section 13 Aug. 1980 
GROUND ELEVATION : GROUND W A T E R ' E L E V A T I O N  : 

16741.9 5947.6 1585. / I  1581. 9 (3.2 m.)  

0.54 

3 

~ 4 

1 

M A T E R I A L  C L A S S l F l C A T I O h  
PAYS C A L  D E S C R I P T  O h  

;RAVEL, sandy, d r y  +a damp (saturated blow 3.2 -3, loose, 

svbmvndcd, boulders fo 0.3m., 4 gravel !*creases w:+h 

d e p t h .  AIIvvluh.  
t a r i n g ,  

3.4 m .  b a i t a n  OF P;f 

R E M A R K S  

..". r .  I TP-7-RD I 
PLATE 



- '  
JOB NO TEST ?.r NO 

INTERYATIONAL ENGINEERING CO. INC. 

2037 TP-8-RD rEST . . f LOG 

'ROJECT T E S T  P I T  SIZE Elk River Coal Mine 6 . 0 m . x  3.0m. 

\ 

SITE LOCATION : BEQUN : C O M P L E T E D :  

:OORDINATES LOCATION : 

IXCAVATION M E T H O D :  LOOQED 0 Y :  

Rlver D~vcrrion - Middle Seskon 13 Aug.  1980 13 Au9. 1980 
GROUNO ELEVPlTlON : OROUND WATER E L E V A T I O N :  

l L C Y L . 8  5978 .2  f 5 8 4 0 0 1  f5.91. f 3.0 m. 

M. SCoC4.rI 

0.5i- 1.0 

~ 4.0 

M A T E R I A L  CLASSIF ICATION 
P H Y S I C A L  D E S C R I P T I O N  

SAND, s i lb ,dr  h dam loose, brow, with  voefr, rubangular $0 

GRAV&L, saqdy, dry +a dowp  lsa+ura+rd balow 3.0m.1, loose, 

c o b r e u n l d  qrme?Se 0.3m. 

rubround-d, borne Louldecj b 0,3m., '1. gravel 

increaser wish d e p t h .  Alluvium. 
Caring. 

3.7m. bottom a f  PI+ 

R E M A R N S  



INTEPNATIONAL ENGINEERING CO. INC. 

i l T E  LOCATION : 

:OORDINATES LOCATION : 
River Diverdon - M i l d k  Seefion 

16457. 2 S9lL. 2 
:XCAVA.TION METHOD : 

Backhoe 

i 

BEGUN: C O M P L E T E D :  

GROUND ELEVATION : 
1 5 A u q .  1980 I5 Aug. 1980 

GROUND WATER E L E V A T I O N :  
f 583.3 9 - 

LOGGED BY : M. StOCfeI  

- 
TEST PIT NO : JOE NO.: 

T E S T  PIT S I Z E  : 

2037 T P-9- R D rEsT I li LOO 

'ROJECT : 
Elk River Coal Mine 6.7m. L 24 m. 

2 
n o  

E 

I" 
U d  

MATERIAL CLASSIF ICATION 
P H Y S I C A L  D E S C R I P T I O N  

- 
I S A N D ,  d l + y ,  damp, loose, b r o w n ,  w i t h  raotr. 

I 

R E M A R K S  

I 

I TP- '  . .  
P L A T E  

C _i 



1 ITE LOCATION : 

:OORDINATES LOCATION : 

CXCAVATION METHOD : 

River Diversion - M i d d l e  Sect ion  

16 3 48.5 59L5.6  

Back hoe 

4 

BEGUN : C O M P L E T E D :  
l 5 A u s .  1980 I C 4 u g .  1980 

GROUND E L E V A T I O N :  GROUND WATER E L E V A T I O N  : 
1581.65 1 5 7 8 . 2  (3*5m) 

LOGGED BY i M. S t o f f e l  

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  D E S C R I P T I O N  

34ND, damp,  brown. with r e h ,  fcwqrawls, 

:RAVEL, sandy, l a m p  (saturated below 3 .5m. ) .  loo=, m a r 4 1  

L IJcn,, Some CO 0 . 6  m,, subrounded t o  svbangula*, 

more ungular Sowardr b.Hom; s h e  and  ?'a gravel 

increaser wl+h dcptk. A Iluviun). 

Caving.  

4.0m. baStam of p:t 

R E M A R K S  

..". r . .  .._ I TP-10-RO 1 
PLATE 



. .  .~ , . .  

IN T E RKA T I o N A L E NGI N E E RING c 0. IN c . - 
r E s i ,  ' L O G  

T E S T  P I T  SIZE : 'ROJECT : 
Elk River Coal Mine 6.7 m. x 2 . 4 m .  

i l T E  L O C A T I O N ,  BEGUN. 

.OORDINATES LOCATION : 
River D;vwrion - Midd 1: S c d i o n  I!? Aug. 19 80 

GROUND E L E V A T I O N  
I(. 2BO. L 5940.6 1579.20 

\ 

C O M P L E T E D :  
15 b u g .  1980 

1 5 7 5 . 2  (4 .0m.)  
GROUND WATER E L E V A T I O N :  

I 

M A T E R I A L  C L A S S l F l C A T l O N  
P H Y S I C A L  D E S C R I P T I O N  

I 

R E M A R K S  

. - -. . . . . - 1 TP-IIeRD I 
PLATE 



' \  

. .  
INTERYATIONAL ENGINEERING CO. INC. -\ , .- . -. , - 

T E S T , .  LOG 

'ROJECT I 
T E S T  P I T  S I Z E ,  

6.0 m. x 3.0 m. 
Elk Rover Cop1 Mifie 

GROUND E L E V A T I O N  : 

LOGGED BY ; 
I5250.0 596 9.5 I 2  /3,au 

IXCAV4TION METHOD : 
Backhoe M c&-on.i 

C O M P L E T E D  : 15 Aug.  1980 

OROUND WATER E L E V A T I O N :  

IBEQUN: 
15ALug, 1980 

I T - ? , ,  A A  

1572. I (1°7m. ) 

I 

R E M A R K S  

i 
'I 

I I . I T P - 1 2 - R D  I 
PLATE 



INTEPYATIONAL ENGINEERING CO. INC. 
rEST r t T  LOG 

'? 
TEST P I T  NO.: 

2037 T P - I - F B  
JOB NO.: 

I OF I 1 
Elk R i v e r c o a l  Mine 

T E S T  PIT S I Z E  : 
6.O'm.x 3.0m.  

U T E  LOCATION : BEGUN : 

>OORDINATES LOCATION : 
Farcstry Bypas3 Road I I  Aug. I980 

GROUND ELEVATION : 
I92 72 .L I  4996.87 /Lac% 4 7 

-r 

~. 

C O M P L E T E D :  

GROUND WATER E L E V A T I O N  : 
II Aug. 1980 

- 

2.5 

:XCAVATION METHOD : 

GM 

LOGGED B Y ;  
M. StofPel 

GP 

- 

' /  
M A T E R I A L  CLASSIF ICATION 

PHYSICAL D E S C R I P T I O N  

SILT, moist, wbth rodfs and o - p ~ i r  material. 

$RAVEL, #My,  moist, dense, p y  CO brown, qlaciof f i l l .  

GRAVEL, we+, sharp b subangule~,  to 1.2 m. 

R E M A R W S  

. 



- 
INTERNATIONAL ENGINEERING CO. INC. \ 

I - 
r E S T  b . i LOG J O B N O :  ~ ~ Z T  1 TEST 

I - 
JOB NO. : TEST P I T  NO.: 

2037 T P-2-FB 
r E S T  b . i LOG 

'ROJECT : 
, TEST P I T  SIZE : 

Elk River Coal Mine 6.0 rr) 3.0 m 
BEGUN: C O M P L E T E D :  

QROUNO ELEVATION : 

i l T E  LOCATION : 

:OORDINATES LOCATION : 
Forestry Bypaaa Road 12 Aug. J980 I2 Aug. 1980 

QROUND WATER ELEVATION:  
f94iL e05 5085.25 / 6 8 3 . / +  

Doe M. Stof'feel 
:XCAVATION METHOD: LOQGED Br : 

v." - 3.0 m 
BEGUN: C O M P L E T E D :  

QROUNO ELEVATION : 

i l T E  LOCATION : 

:OORDINATES LOCATION : 
Forestry Bypaaa Road 12 Aug. J980 I2 Aug. 1980 

QROUND WATER ELEVATION:  
/941L .ns m a r  o c  / 6 8 3 . / +  

Doe M. Stof'feel 
LOQGED Br : 

MATERIAL CLASSIFICATION 
PHYSICAL DE.SCR1PTION 

SILT, Sahdy, damp -to m o ~ s t ,  t a n ,  with roots .  

G R A V E L ,  ms;c+ Ce bet, Imse, bowlders -h 60 cm., sharp +r 
subangular. ). 

4.9 m. b0fttt.m a f  pf 

REMARKS 

T E S T  P I T  NO 
T P - Z - F B  

PLATE 



I N T E P V T I O N A L  ENGINEERING CO. INC. - I 

JOB NO. : TEST PIT  NO 
i C S T  l-af LOG 

PROJECT : 2037 TP-3-FB 

- -  Elk R i v v  Coal Mine I TEST P I T  SIZE : , - 
6. f m. U 5. U m. 

C O M P L E T E D :  

GROUND WATER ELEVATION:  

BEGUN : 
SITE LOCATION : 

COORDINATES LOCATION : 12 Aug. 1980 12 A.3. 1980 
Foresh-y Bypass b a d  

GROUND ELEVATION : 
/671. 2 6  ‘ c  y8. 90 5348. 42 

LOGGED BY i 
D C  M. S t o f f  

. I  

EXCAVATION METHOO : 
Bar - 

2.5 

3.0 

I 

MATERIAL CLASSIFICATION 
PHYSICAL DESCRIPTION 

C 5  m. bottom of T i t  

REMARKS 

T E S T  P I T  NO 
T P - 3 - F B  

PLATE 



TEST P I T  NO 
7 T P - 4 - F E  I 
L 7 -  * 9 I -  

C O M P L E T E D :  >I I c L V L Y I  IYn : BEGUN ; 

:ODROINATES LOCATION : 

[YCAVATION M E T H O D  : LOGGED B Y :  

12 Av9. 1980 Foresby Bypass Road 12 Aug. 1960 
GROUND WATER ELEVAT.-. .  . GROUND ELEVATION ! 

19558, 41 55-11, 5/ 1661.7/ 

M C+.CT-l 

'ROJECT : 

--r 

2 0 3 7  T P - 4 - F E  

55-4 

MATERIA, C L A S S I F I C A T I O ~  
PIIYSICA- DESCR P T i O h  

SILT, damp, loose, {an, w i t h  roots. 

GRAVEL, * I t y ,  damp h mobt, ver dense, easily, gray 
to bmwn, some sand, boulders t o  ILZm., sharp t o  3 9 . b -  

angular,  % gravel increeses 

Y 

u;+h deptl., glpcial  411. 

REMARKS 



INTEPQATIONAL ENGINEERING CO. INC. J 
/ 

TEST PIT NO : 
2037 , TP-5-FB 

TEST .A LOG 
PROJECT : 

JOB NO. : 

T E S T  P I T  S I Z E  : 

C O M P L E T E D :  12 Auf .  1960 
QROUND WATER E L E V A T I O N  : 

I 

&.Om. x 2.4m. Elk River Coal Mine 

12 Aug. 1980 
SITE LOCATION : BEGUN : 

COORDINATES LOCATION : 

Foresty B ~ p . 5 5  Rmd 
GROUND ELEVATION : 

19441.34 5726. I /  I655 5 9  
LXCAVATION METHOD : LOGGED B Y :  

M . S t o f f e I  -r 

1.04 

2.5 

4. 

4.5 :.! 
I 4.9m. boffom of it ? 

R E M A R K S  I 

T E S T  P I T  NO 
TP-5-FB 

PLATE 



I 
LOGGED B Y ,  iXCAVATlON METHOD I I 

3~chh.c M. Sfoffel  

M A T E R I A L  C L A S S I F I C A T I O N  
P H Y S I C A L  DESCRIPTION 

~ 

PEAT we+ So sahratcd.  Ws+e+ inC1.w from +hir / *yep  

SILT, jravelly, moist, soft ,  non-plilstic, gray t o  brown, .Few 

SILT, j p a v u / l r ,  damp, stiff "on-plastic,  j m y  )o brown, jrovej: 

+0 30cm., sharp +a subrounded, glacial +ill.Backh.= 
".a/ a t  3 4 

3.4 m .  bvftom o f  dt . 



i 



SUMMARY OF SOILTEST RESULTS 
1 



SUMMARY OF SOILTEST RESULTS I 
I Job 



. 



SUMMARY OF SOILTEST RESULTS 
Feature PInhlT-, Date Job No 2037 Project Name ' E L K  R I V E R  COAL 

. 



SUMMARY OF SOILTEST RESULTS 



SUMMARY OF SOILTEST RESULTS 

* Disturbed Sample 



Hole or 
Trench 

Number 

7 7 - 9 2  

TP I S P  

TP 2SP 

TP 5SP 

TP 6SP 

TP 8SP 

TP 9SP 

DH 3-SP 

DH 3-SP 

DH 4-SP 

DH 4-SP 

DH 4-SP 

DH 6-SP 

DH 6-SP 

__. 

I SUMMARY OF SOILTEST RESULTS 
. ELK RIVER COAL Project Name 2 0 3 7  

Job No i 

c 

, 

i 
I 



4 I 
I 

SUMMARY OF SOILTEST RESULTS 

SP : Standard Proctor TC = Triarial Compression uu = unconraiiaated unaramed 
MP - Moa\l#ed P I O C ~ O ~  UC = Unconfined Compression CU = Consottdoted UndlOmed 

CD = Conrolldated Drained s = Spacial - see Toit DS = DlreCt Shes, 



r 

SUMMARY OF SOILTEST RESULTS 



SUMMARY OF SOILTEST RESULTS 1 



SUMMARY OF SOILTEST RESULTS I 

, 

! 
I 
I 

i 

. 



SUMMARY OF SOILTEST RESULTS 
Job No Pro1 I 2037 



1 1 Date /o - 6 - 3 0  f G  Drew 
. I  



GRAIN SIZE ANALYSIS 

k j e .  /0-/5-80 



project: U b R i v e r  CQQLCII~- 
&awn. & Date: /4-/5-6)0 





Poring Na\Somple No.lE1 or dwth I C l a r d f / c u t / o n  INUNYWI e I L L  I PL I P I  

,H.20 -RDl I 5.8 rn I 1- I I I I 

s 

/NTEhWAT/ONAL fNG/N€ER/ff6 CO 
GRAIN SIZE A N A L Y S I S  



I I 

/m 

90 

80 

70 

MI 

SO 

40 

30 

20 

0 

G R A I N  sizE A N A L I S I S  

project: Elk River Coal Mine 



GRAIN SIZE A N A L Y S I S  

D n m .  &&fe. /0-/$-80 
1 I 1 1 1 1 I 





Q 
c 
n, 

1 1 
project Fik RI ver C oa l  Mine 

I I Drawn D8te /Q-/S-80 





I GRAVEL SANO 
I S/LT OR C L A Y  km8~d Coorre 1 Fins 1 Coorsc I Medium FI  n i  

Unt t ied Sol18 C t 0 8 8 i t i c o t i o n  

9ortnp No,lSomp/e No ]EL or drpth 1 C l a r ~ i f i c a t / o n  INcrMsCl B I L L  I PL I PI /N7ERffAT/ONAL ENGINEERIN6 CO 
- -  I /.2 M 1 1317 I I I I G R A I N  SIZE A N A L Y S I S  , 



I 
I 

Unified Soils Claasi f i c o t i o n  

SILT OR C L A Y  Flnr  I Coorrr  I Mrdlum 





Yoring NqjSornple No IN or drpth I Class i f icor ion  IMtW G I  L L  1 PL 1 P /  

TpI.RD I 10.L-Z.Cm 1 G M 1 -  I I 
1 I 1 I I , I I 

1 I project &ML 'ver C 0-1 Ml- 
I I 1 1 I I 

I I D r a m  /G 08te 10 -/S- 80 

/U7€NAT/Oh'AL €UGlUfERlU6 
G R A I N  S l I E  ANALYSIS 



rorrnp NC+ORVI* NO.~EL or d q t h  I C l a s s i f i c a t i o n  I N u t m  G I  L L  ; PL 1 P I  - AD I 1 0 . 3 - / , 2 m  I CL-ML I2a11 l ~ l 5  .o 
- 

CO INTERNATIONAL ENGlNfERlUG 
G R A l N  SIZE A N A L Y S I S  

I I I 1 i 1 I I 
I 

I I I 1 I I I 
I 

project €fk River CoalMine 
f G Date Lo -/5- 80 Drown 





I 

1 GRAVEL SAND 
I Coarse 1 F i n e  1 Coarse 1 Medium f i n 7  -- 
C la, si f i co I i o  n 

SILT 0” CLAY OBBL 

U n i f i e d  S o i l s  







r 

i 

1 

I 
I 
I propet  Elk Rtvcr Coa l  Mine 

1 D r a m  MAs DItc id- 9 - 80 



?orfnq N+omp/e No ]El or W t h  I Class i f lca t lo f l  I&/& 0 I L L  I PL I PI  
7 12 U W I  1 / . 3 - / . 5 m  I CL- ML 128.4 I I 17t4 1/2.8 I 4.6 

/N7€RNATlONA L ENG/MEER/ffG 
G R A I N  SIZE ANALYSIS 

c 
I I 
1 

1 Cn>/ Md nr  ~ Propcf F f k  Rtver 
I I h e w n  MA5 Date 18-7-60 

I I I I 



G R A I N  SIZE A N A L Y S I S  

Rojecl: 
h a  wn . MAS- Date. 





G R A I N  SIZE ANALYSIS  



G R A I N  SfZE A N A L Y S f S  



I I 

GRAVEL I SAND 1 
I SILT  Off CLAY k r n 4  Coarsr I Flnr  I Course I Medium 

U n t f i e d  S o i l s  Classification 
3orrn9 NalSampl# No IN or drpM I C / a r s i f l c a ~ i o r i  INatW%l 0 I L L  I PL I PI IN7ERNA7lONAL ENGINEERING CO 
-P 5 7-0 I lo 5-/*0ml CL 1 / 9 . 5  12.s9911250 I / 5 , 9  I 9.8 G R A I N  SIZE A N A L Y S I S  

I 
I I 1 I I I I I 

I 
I 1 I 1 I I I Pro/cd -dCoa/lhZ- 

Drawn &Date / E - Y - & Q  



Yarinp Na,~Sompl# No. 

rp  11 7~ I 
I 

El or dtprpth C l a s s i f I r a t i o n  N u t .  0 L L  PL P I  /NT€RNATlONAAL €NG/NfLUING CU 
/,Y-2.3- CL Ib 3 17. L I). 0 b.L. G R A I N  SIZE A N A L Y S I S  

project: Flk 8 v . r  Cod 
I I Drawn A V L L - D a t e  /8 -9-80  



GRAfN SIZE A N A L Y S I S  

project: Elk River L a l  Mine 

Drewn M A 5 b a t t  i R , - Y - a o  



?oring No. 
- P i 6  T D  

Somplr No. El or drpih C l a s s i f i c a t i o n  Nai.W% G I  L A  PL P /  /N7ERNAT/ONAL [NGINEERING CO 
3.5-SS-m CL 9. 4 I /7,2 I O S  L r 7  G R A I N  SIZE A N A L Y S I S  

I . project: E l k  Rtvcr C o a l  M i n r  

Drew %Date 18 -9- 8 0  
~ 



. 



G R A I N  SIZE A N A L Y S I S  





, 

3oring No, Sompie NO.\€/ or dW?h 

,#-4 -5p 176-8.Irn. 

I 

U u s s i t i c o t i o n  /Nut.W%l G L L  PL PI /N7€RUAT/ONAL ENG/N€ERIffG CO 
25.9 I G R A ~ N  SIZE A N A L ~ S I S  

1 ' 
project: €14 Riwr C o d  Mi-e 

I Drawn. MAS D 8 k ~ - / 0 - 8 0  





I HYDRONETER CLEAR SOUARC OP€M/MGS 

- .. . . . . . - -. . - - . - - _. . . - - . . -. . 
GRAPIN SIZE A N A L Y S I S  



.~ ~. . 

G R A I N  SIZE ANALYSIS  



?orrnp Na[Somph No.[EL or dfpth Classi f  i r  o t i 0  n “ U t M  0 1  L C  1 PL I P I  INT€RNAT/ONAL ENGINf€t?INS CO 
-P 2 S P I  1 / . O - l S q  1 SM 125.0 I I p iP  i 1 G R A I N  SIZE A N A L Y S I S  









r 

1 I I I I I I I 
I I 

I I 1 1 I 

UYDROME 1ER 

5 
propct 

Drawn MA Date 18 - 9 - %D I 

I 

I 

GRAIN srzE ANALYSIS  



30rinp No,lSomp/e No.jEl or depth I C l a s s i f i c a t i o n  (NUtW%l G I  L L  I PL \ P I  ! fUTERNATfONAL ENGfNEERIN6 - I 1 3 - 5 . ~ m  ML GRAIN SIZE ANALYSIS  I I70 ~ /.5 1 _ _  I 1L9 I 

I 1 1 I I I I 
I 

~ 

' t o  

Orrun Date 1540-06 







1 GRAVEL SAND 
I I SILT OR CLAY _- 

F , n  e 1 Coarse 1 Medium f , n c  
U n i f i e d  So/ ls  Clocs i l i co l ion  

yoring NqlSomp/s No.lEI or drpth I Closs i f ico  l i o n  l&t.W%l 0 I L L  1 PL I P I  INTERNA T/ONAL ENGINEERtM CQ 
V-8-W I 10.3- L . l  1 G M  I I I I G R A I N  SIZE ANALYSIS  I 

i 



GRAIN SIZE ANALYSIS 





9oring Nn,lSomp/e No.IE/ or drptn 

PI-NLK; ! + . , * - > , o m  

I 1 

Clossifica l i o n  Nut& G 1 L L  L PL PI  lN7Eh'ffATlONAL fNGIffEERIN6 CO 
G W - G M  8 . 8  I -i - G R A I N  SIZE A N A L Y S I S  

1 j project .  FIL & u c L d M L c  
I I I 

I ~ r e w n  MA$ Date lO-/r;-RO 



Yoring Nq1Sample No. 
' P Z  F 8  i 

I 

i 

El or dwtn C l a s s i f i c a t i o n  Not.#'% G I  L L  1 PL P I  ~ /NT€RNAT/ONAL LNG/Nf,!RIffG CO 
1.0 -1, Sm C L  2L. 7 l 4 Z . R  1.4.6 25, 2 GRAIN SIZE A N A L Y S I S  

I p r o j e c t : L l k  River Coal M i n r  
I I h e w n  MAS Date 1.4 - 9-80 



.. 

90 

80 

70 

2 6O 

s A0 
2 c 

50 

b. 

* ‘ 30 

20 

10 

0 

I 
I 1 F , n  e 1 Coarse 1 Medium f ire-- 1 S1LT O R  C L A Y  GRAVEL SAND 

l / n i f i e d  S o i l s  C l a a s i f i c o t i a n  

11.0 2 14,/ I 115:~  i I ,... , , 3.2 ~P Y F 8  1 - .. 0, 
I,,; i - - isv 

G R A I N  SIZE A N A L Y S I S  
1 i i I I I 1-4 project 
I 1 I I I I I - Orern -Date 1 8 - 9 - 8 0  



0 

DH-2 1- RD 8.8-10.4 m 

DH-22-RD 7.3-10.4 m 

5 YMBOL 

23.3 

18.9 

~~ 

1 

2 

3 

4 

5 

6 

DH- 19-RD 

DH-20-RD 7.3-8.8 m 

DH-20-RD 10.4 m 

DH-21-RD 7.3 m 

24.9 

22.4 

9. PASS/NG 
I200 SIEVE 

~ 

92 

96 

88 

88 

88 

a4 

ELK R I V E R  COAL PROJECT 

R I V E R  D I V E R S I O N  

.. 



5 YMBOL 

1 

2 

3 

4 

CLASSIF/CAT/ON AND SOUACE 

TP-2-RD 0.3-1.2 m 

TP-4-RD 0.6-5.9 m 

TP-5-RD 2.1-4.9 m 

TP- 11- RD 0.6-4.3 m 

ELK R I V E R  COAL PROJECT 

R I V E R  D I V E R S I O N  

20.5 

21.5 

23.6 

19.2 

15.5 

14.0 

13.5 

13.0 

5.0 

7.5 

10.1 

6.2 

% PASSlNG 
‘200 SIEVE 

66 

69 

78 

57 



0 80 

5 YM5OL 

1 

2 

J 

r l A S S I f / ~ A T l O N  AND SOURCE 

TP-8-WW 1.0-2.0 m 

TP-12-WW 1.3-1.5 in 

TP-15-WW 2.0-2.5 in 

17.8 

17.4 

34.6 

11.1 

12.8 

20.6 

OLASTICI TY 

fNDEX (%) 

6.7 

4.6 

14.0 

% PASSING 
' 2 ~ 0  SIEVE 

42 

60 

94 

ELK R I V E R  COAL PROJECT 

WEST WASTE DUMP 



I- 

SYMBOL CLASS/f/CAT/ON AND SOURCE 

1 TP- 1-H 1.5 - 2.6 m 

-I - 

L/ 9U/O 
L/Mjrf%) 

19.0 

C 
0 10 20 30 w 9 €0 W 

LIQUID LIMIT ( W )  

T 
90 JOO 

% P?SS/NG 
*ZOO SIEVE 

I 
I 

ELK R I V E R  COAL PROJECT 

PLANT S I T E  



0 
0 10 20 30 40 50 60 W 

LIQUID LIMIT (%) 
80 90 100 

TP-2-TD 0.5-1.5111 

TP-5-TD 0.5-1. Om 
TP-11-TD 1.5-2.5111 

TP-12-TD 1.0-2. Om 

TP-16-TD 3.5-4.5m 

15.0 
25.0 
17.6 
21.6 
17.2 

12.0 
15.2 

1-1.0 
13.6 

10.5 

3.0 
9.8 

6.6 
8.0 

6 .7  

C 2 0 0  SIEVE 

ELK R I V E R  COAL PROJECT 

TAILINGS CONFINEMENT 



70 

r 
G 
0 lo 20 30 w 9 60 W 80 

LIQUID LIMlT (%) 
9J I 0 0  

5 YM60L 

- ~ ~~~~~ 

CLASSINCATION AND SOURCE 

DH-6-SP 4.6 rn 

DH-6-SP 6.1-7.6 rn 

OH-3-SP 6.1-8.1 m 

OH-4-SP 4.6-6.6 rn 

DH-4-SP 10.7-12.6 rn 

L/9U/D 
YMJ T(%) 

25.0 

21.4 

28.0 

31.2 

20.0 

14.5 

13.6 

14.1 

15.5 

8.8 

OLLAST/C/TY 

INDEX (%I 

10.5 

7.8 

13.9 

15.7 

11.2 

% PASSING 
'200 SIEVE 

a4 

84 

88 

94 

84 

ELK R I V E R  COAL PROJECT 

SETTLING POND 



0 

s yM6O.L CLASS/f/CATfON AND SOURCE 

TP-5-SP 4.6-5.2 m 

TP-6-SP 1.7-2.5 m 

TP-8-SP 3.5-4.0 rn 

TP-9-SP 3.0-4.0 rn 

ELK R I V E R  COAL PROJECl 

SETTLING POND 

26.3 

28.5 

27.3 

36.4 

16.1 

13.4 

12.5 

15.8 

OLAST/ClTY % PASS/NG 
tNDEX (%) *ZOO SIEVE 

10.2 88 

15.1 90 

14.8 92 

20.6 100 



... 

70 

65 

P L 

fC 

R 

cw I 

5 YM6OL 

I 

TP-2-WC 

TP-4-WC 

TP-9-WC 

TP-11-WC 

3-5.8 m 

3.7-4.6 m 

5.8-6.4 m 

3.4-5.3 m 

17.0 

25.2 

20.4 

20.9 

ELK R I V E R  COAL PROJECT 

WEARY VALLEY 

15.2 

13.3 

15.1 

10.7 

PLASrJciTY 

INDEX (%) 

1.8 

11.9 

5.3 

10.2 

/ 

9, PASSING 
*ZOO SIEVE 

70 

86 

86 

82 



I 

LIQUID R A S ~  
SYMBOL CLASSINCATION AND SOURCE LIMIT(%) ~ M I T ( % )  

I TP 2 FB 1.0 - 1.5 rn 43.8 18.6 

2 TP 4 FB 2.0 - 2.5 m 15.6 12.4 

1 

P L A S ~ I ~ I T Y  PAGSING 
/NDFX [%I F 2 W  S/EVE 

25.2 99 

3.2 43 



PERMEABILITY TEST ] 
F T  JOE NO ;;;;-Mifl!nq- 9530 065 1 1  07 

Underwood McLeIIan Ltd. (Batch #T) 
C o n s u l t i n g  Engineers a n d  Planners SAMPLE 

LOCATION 
HOLE Tp-5-SP _ _  DEPTH n' Calgary  A l b e r l a  

- TECHNICIAN B DATE -/Rn 

DENSITY BEFORE 

MOLD NUMBER 

W T  SAMPLE 8 MOLD 

W T  W E T  SAMP:.<II-.. I 

WET DENSITY r #! ~ - 1  ~ 2141 
,DRY D E N S ~ T ~ ~ X  D I 1848 

W T  MOLD . 

VOLUME OF M ~ ! . G  i 

L 

AFTER 

21 55 
1856 

__ 
SAMPLE DIAMETER-- ~______ crn 
SAMPLE LENGTH- i n i t h i  (11) ~~ crn 

- f ina l  (1+)11.43_..-_cm 

- MOISTURE DETERMINATION E lKF-OVE~~~ --~nFTER 

- CONTAINER NO. - ~~. 

WT. WET SAMPLE 8 TARE 

WT. DRY S A M P L E  e--_TARE 

TARE p_F_ CONTAINER __ 
WT. OF WATER ~~ 

W T .  OF DRY SOl$.,~~~-- 
MOISTURE =TENT 15.9 .~ 16.1 ~ 

HYDRAULjC GRADIENT = ( i )  

K crns/rec. 
INITIAL AVERAGE 

h., 
I 

-6 . 52. =91u1.43)-. = K = 1.1 x i n  cm/s n c  
' f.h.a 4800 (1524) (81) 

=Void rat io  
S G  X Dens of wafer  V O l  

D rv  w t  
L~ 

~ ~. ~ ~~ ~ ~ ~~~~~~~~ ~ ~- 
DIRECTION OF HYDRAULIC F L O W '  O U P  a300WN ; SAMPLE : OLOOSE 0 SEM: - COMPACTED a COMFUCTEC . ~ ~~ 



C PERMEABILITY  TEST^ 
Underwood McLeIIan Ltd 

C o n s u l t i n g  E n g i n e e r s  and Planners 
Calgary  Alberta 

L -- ~_ p____- 

PROJECT t l c o  Min ing  - 
.JOB NO 9 5 7 n - ~ 5  - -  11 n7 
SITE (Batch 

-SAMPLE 

.HOLE 

. _- 
__  __-- 

__ - - 
LOCATION 

TP-6-SP DEPTH T5' 
TECHNICIAN RM DATE A I ~  ,- 

_. 
Clay T i l l  

(mix  @ optimum moisture = 14.2%) 
SAMPLE DESCRIPTION 

_. - 

DENSITY 

MOLD NUMBER 

WT. SAMPLE 8 MOLD 

W T  MOLD 

W T .  W E T  SAMPLE 

.WET DENSITY r w 
VOLUME OF MOLD 

.DRY DENSITY T D 

SAMPLE DIAMETER __ c m  
S A h ' - ' . E  LENGTH- initial (11) cm 

- f ina l  (I')-L- 11 43 cm 

BEFORE AFTER 

_. 

2152 21 80 
1893 1883 

WT. O F  WATER 

WT. OF DRY SOIL I 

CONSTANT HEAD = (h) 21.6psi = 1524 cmo HYDRAULIC GRADIENT (1) 

, . . . : . r e .  - .. 

cm/rec 6.1 x = K = _  a1 106 (11.43) - = _ - ~ . _ _ _ _  

16,200 (1524) (81) 
' t.h a 



Underwood McLeIIan Ltd. 
Consu l t ing  Engineers and Planners 

Calgary Alberla 

- _- 

C lay  T i l l  
(mix  P p l a s t i c  l i m i t  = 1 1 . 5 ~ ) -  _ -  

SAMPLE DESCRIPTION 

07 
SITE (Batch #q 

:SAMPLE p - 3  

LECHNICLAN B. M. DATE ~uo,27/xn 

LOCATION 
HOLE TP-1-H DEPTH 

~ -._~ 

- 
11.1 12.5 

CROSS SECTION AREA 81 =m, 
- ini t ial  ~. .. . .-cm' 

-final ~~ -~~ --cm 
-change ~~~~~ ~~~--=/o 

DENSITY BEFORE .--iEa I-: \'-LO ~ NUMBER 

":. i SAMPLE 8 MOLD 

' W T .  M O L D  

.WT. W E T  S A M P L E  

VOLUME OF M O L D  
.WET D E N S i T Y  Z W 1826 2239 

. -  

D E N S I T Y  D 1643 1 9 9 3 7  -- ~~ 

- ~~~~ 

-1  1 
. I1L = _ _  57 (11.43) . K  = 2.3 x 10 cm/se.- 
' t.h a 

2 2 , 5 0 0  (1524)  (81) 

S.G. X Dens of water  X V O l .  
Dry  w?. 

__ =Void  ra t i o  
~~~ ~ ~ __ ~~~p__ -~ 

DIRECTION OF HYDRAULIC FLOW: O U P  QDOWN ;SAMPLE:  OLOOSE 0 SEMI-COMPACTED BCOMPACTEC ____~___~__~.__ -.. _ _ ~  - 



__. 

MOLD NUMBER 

WT. SAMPLE e MOLD 

_WT. MOLD 

-WT WET SAMPLE 

,VOLUME OF MOLD 
WET DENSITY T W 2215 2203 
DRY DENSITY T D 1987 1968 

i 
1 

PERMEABILITY TEST ] 
PROJECT 
JOB NO 

Underwood McLeIIan Ltd. r:''-n7 [Batch flJ __  
Consu l t ing  Eng ineers  and Planners SAMPLE 

LOCATION 
HOLE TP 7 TO DEPTH. 

Calgary  Alber ta  P 4  

TECHNICIAN DATE AW.Lb/sU ~- .~ 

Clay T i l l  
-_ ( m i x  P p l a s t i c  ~~ l i m i t  = 12.0%) 

SAMPLE DESCRIPTION 

SAMPLE DIAMETER, __ c m  
SAMPLE LENGTH- init ial ( 1 1 )  -.----cm 

- f i n a l  (I') 11 .43 __ cm 

CROSS SECTION AREA 81 ems 
-initial cm3 
- fmol  em? 
-change % 

SAMPLE_ e TARE- 

AFTER 

3 
DENSITY IEEFORE 1 AFTER 

CONSTANT HEAD = (h) 2 l a s i  - 74 HYDRAULIC GRADIENT = (i) 
(3' 1 

- cmo 

9 .*>~, .. . . -  I 

L.1 
I 

. a. =~ 12 (11.43)  _ _  - = K  1.0 x 10- crn/sec 
' 1.h a 

108,000 (1524) (81) 

S G  X Dens of water X v o l  
D r y  wt.  =Vold ra t lo  



Underwood McLeIIan Ltd. 
Consu I t  i n g En g I neer s and Planners 

C a l g a r y  Alber la  

- - 

_. I 

PROJECT Elco M i n i n s  

SITE (Batch 8 2 )  
-SAMPLE 

J O E  NO 9530-005-11-07 
- 

LOCATION 

TECHNICIAN B.M. DATE S e D m e r  9. L981 
.HOLE (See comnents] DEPTH 

13.8% also. 

DENSITY BEFORE AFTER - 

MOLD NUMBER 

W T  SAMPLE % MOLD 

WT. MOLD 

W T  W E T  S A M P L E  

_VOLUME OF MOLD 
WET DENSITY r w 2199 .. .- 2226 
DRY DENSITY D 1933 -_ 1934 

SAMPLE DIAMETER c m  
SAMPLE LENGTH- initial (lI) crn 

-f inal ( I t )  11.43 cm 

MOISTURE DETERMINATION 

CONTAINER NO. 

WT. W E T  S A M P L E  8 TARE 

WT. DRY S A M P L E _ - 8  TARE 

TARE OF CONTAINER 

WT. O F  WATER 

BEFORE A F T E R  

- 

- 

WT.  OF DRY SOIL  

M O I S T U R E  C O N T E N T  I 13.8 
~ 

CONSTANT HEAD = (h)  21.6 P s i  = 1524 cms HYDRAULIC GRADIENT = (1) 
(50 ft.1 

Lx = _  21 (11.43) . K  = 6.1 cm/cec 
' t.h-a 320,400 (1524)(81) 

S G  X Dens of water  X '401. 
Drv w t  =Vald ratlo -- ~- ._____ 

DIRECTION OF HYDRAULIC F L O W '  O U P  ."OWN ; SAMPLE:  OLOOSE 0 SEMI-COMPACTEO K -0MPACTEC - _ _  -~~~ ~~ ~ 



. 

I Underwood McLeIIan Ltd. 
Consu l t i ng  Engineers and Planners 

Calgary Albefla 

~ _ _ _  

E l  o M i n i n  
:JOB NO. 95$0-005-1 f-07 
SITE (Batch # 2 )  - 

-SAMPLE P-h 
LOCATION - 

d DATE September IZ, F3€X 
HOLE - -  DEPTH 

&ix@ p l a s t i c  l i m i t  - - . .  SAMPLE DESCRIPTION C l a y  ti 
0.5%) 

~ .. 
,MOISTURE DETERENATION 

CONTAINER NO. 

WT. W E T  S A M P L E  8 TARE 

-~ WT. DRY S A M P L E  T A f l E  
~~ 

BEFORE AFTER' 

MOLD NUMBER 

h.1 
I 

TARE OF CONTAINER 

_WI....OF WATER 

wr. OF DRY SOIL __ 
~~~ 

S G  X Dens of w a t e r  I VOl 
=Void ra t io  ~ _ _  

"is 7 U A  E CON TENT 9.8 10.8 



I 

Underwood McLeIIan Ltd. 

' CONSOLIDATION TEST 1 
Projec t :  Elco Mininq 
S i t e  : Job #9530-005-11-07 
Sample: Batch #1 

:onsuiting Engineers  and Planners. 
C a l g a r y  Alberta  

Location: - 
Hole : TP-5-SP Depth: 
Technic ian:  B.M. Date: 11/9/80 

~~ ~ ~~ m_-_ -...1831 - . 01 46. 0.0222 I .4034 4.134 
. . ~ ~ ~ _ _  2035 -.(I198 0.0302 I .3732 8.268 
-. 

Void R a t i o  e ( S t a r t  D imens ions )=  
e(End)=WXEnd) x G, e = p r e v i o u s  e+ 

I 1691 - 19 I 0.0181 I .4256 I 2.067 

0, 

45 
47 

$ 
43 
43 
42 
41 

39 
38 
37 



< CONSOLIDATION TEST 

Underwood McLeIIan Ltd. 
S i t e  : Job #9530-005-11-07 

:Sample: Batch-#l 
: o n s u l t i n g  Engineers  and 

C a l g ~ r y .  Alberta 

ve Index = )- 
Pressu re  = <0.129 

- re-Cons.  Lodd  - 

W 

.45  

.94 

.'P 3 

.a2 

. 41  
-40 

.'38 

.36 

.35 

.34 

4 9  

.3 7 

Planners.mC2tion: 
Hole: TP-6-SP D e p t h  : 
T e c h n i c i a n :  B . M .  Date :  11/9/80 



Underwood McLellan Ltd. 
2onsu l t ing  Engineers and Planners, 

Calgary  A l b e r l a  

Proiec t :  Elco M i n i n q  
S i t e :  Batch # 2  
Sample: c-4 
Location: 
Hole : TP-1-H Depth: 



CCONSOLIDATION TEST ) Job: 9530-005-11-07 
ProTect: Elco Mining 
Site: Batch #2 

Underwood McLeIIan Ltd. Samle:  C-3 

( CONSOLIDATION TEST ) ,lob: g530-O05-11-07 
Elco Mining 
Batch #2 1 

Consult ing Engineefs and Planners 
C a l g a r y .  Alberta 

Void R a t i o  e ( E n d )  = 

Void R a t i o  e ( S t a r t ) =  

Void R a t i o  e ( S t a r t  Dimensions)= 
e=previous e 



P R O J E ~ E ~  co Min i  n 
- PROCTOR TEST . 

JOB NO %3F005-1?-07 
I Underwood Mclellan Ltd. 

b s u l t i n g  Engineers and Planners 
Caigary Alberta 

DEPTH 

3 4 5 
DENSITY DETERMINATION 

Mold Numaer 

Vol-rne o f  Mold l c  C )  

WI Sample v e t  t mold [ g )  
WI Mold ( g )  
Wet Densoti ( h q / m 3 )  
D r y  Densmty ( h q / m 3 )  1790 1813 1740 ~ .___ 

, 
WATER CONTENT DETERMINATION _ _ - ~  

Tare.  Number 
W t .  Sample wet + tare 1g.I 
WI. Sample dry  t tare (g.) E;;Fe 
Wt. Tare 1 3 )  

W t .  Woter ( g . )  
Water Content 1%) 

Wt. Dry S a i l  ( 9 )  ~~~~~ 

~ __- __ ~~ __ ____ 

5 10 1 5  20 25 

W A T E R  C O N T E N T  (96 J., * t )  

13.8% At Optimum - 
w O/O 2 I 1815 kg/m’ 

Method of Corn action - 
stan8ard proc tor  

13.8% At Optimum - 
w O/O 2 I 1815 kg/m’ 

Method of Corn action - 
stan8ard proc tor  

Dio. of Mold (crn.) 10 
No. o f  Layers 3 
No. of Blows per Layer 25 
Ht of F r i z  F a l l  (cm.) 3O 
W:. o f  Tamper (g.) pa 
Shape of  Tamping F o c e F l k -  

_ 
~~~~ ~~ ~ ~~ 

Oescriptio, of  Sample - 

orgar i ic  c lay  t i l l  ~~. 

6t 
NOTES:  

Dry Density = &d - I +* 
W e t  Density = W t .  comp. soil - W f  mold 

REMARKS:  
combined sample o f  TP-5-TU ~~ ~ ~ and ~ 

__. 
-- ~~ ~. LPdZ,TI) 

- 



P ~ J _ E _ C T  Elco Mininq 
- PROCTOR TEST 

JE _KO 9530-005-11-07 

___ 
Mold Number 

Volume of  Mold ( & . c )  
WI. Sample wet t mold ( 9 )  
Wt. Mold (0.)  
Wet Density (kg./m.’) 
Dry  Density (kg./m’) 

~- 
___. 

1653 1759 1697 

- 
- 

.- 

1667 
WATER CONTENT DETERMINATION 

Wt. Sample d r y  t tare (9.1 
Wt. Tare  (9.) 
Wt. Dry Soil (g.) 

Wt. Water (9.1 
W a r e r e n t  (%) 

I-‘ 
I I I 

- I I I 
18.7 I 19.9 I 

15.3% +*. At Optimum - 
w % t 1763 kg/m‘A - ~ . 

Method of Compaciion- 
Standard Proctor 

Dia Of Mold ( c m . ) L _ -  
No. of Layers ~- 3 
No of Blows per Layer-- 25 __ 

Shup o f  Tamping Face Flat ~ 

Ht o f  Free F a l l  (cm.)  30 
W i  o f  Tamper (0.1 25QO 

Description of Sample - 
- s i l t y  clay t i l l  ... 

NOTES:  
61 Dry Density a d  rw 

Wet Density = Wt. camp. soi l  - W t .  mold 

REMARKS:  



I-3 
PROJECT Elco Mining  

- PROCTOR TEST 
JOB No 9530-005-1 1-07 

I Underwood Mclellan Ltd. me 
h s u l t i n g  Engineers and Planners 

Cabary Alberta omup 

JITE 

LOCATION 
SAMPLE -_.L.P, h S P  - 

H O L E  IDEPTH 

TRIAL No 

DENSITY DETERMINATION 

Mold NumBer 

Volume of Mold ( i  c 1 
Wt. Sample w e ?  + mold ( g l  
Wt. Mold ( 9 . )  
Wet Density ( k g / m 3 1  
Dry  Density ( k g / m ’ )  

WATER CONTENT DETERMINATION 

1800 

- 
1 k O  0 

1 - 
> 
I- 
v) 
z 
- 

l & O  
> 
(L cl 

1500 

Tare Number I I I 
~~ 

Wt. Sample wet + tare ( 9 . )  

Wt. Sample d r y  t tore ( g  1 
Wt. Tore  (g.1 

Wt. Dry So i l  (9.1 

5 10 1 5  20 25 

= 
18.1 

At Optimum - 
w % 14.2% 1 

x 1806 Rg/rn” 
Method of Compoction- 

Standard Proctor 

IU  Dia of Mold (cm.) 

No. of Blows per L o y e r L .  

tit of Free Fall (cm.) 3 - 
Wt. of Tamper ( g . ) U .  
Shape of  Tamping Face F l a t  

No. of Coyerr 3 

Description of Sample - 
- - s i l t y  c l a y t i l l  

NOTES:  
61 Dry Density : &d I+~ 

Wet Density = Wt. camp. sol1 - Wt. mold 

REMARKS:  
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H Y D R O G E O L O G I C  LOG D R I L L H O L E  NO. ~ o o t w n ~ l / ~ u r n w ~ ~ i  

Reference Cl="otion ........................................ 
S h - f . 2 . .  of.! ... - 

Pro1-l ................................................................................................... 
surveyed 0 

Elevation type: oltirneter 

Rig .................................................. N from mop 0 
TYPO of dr i l l iw .................................. C~ord inote i '  E ..................................... 

..................................... I 
Angle from ho'i=o"+d ........................... purposa 0' hole ........................................... 
Beorin9 ...................................Azimuth ................................................................... 

D r i l i w  fluid ........................................ 

(I) I21 * 
L i t h o l o g y  

SANDSTONE UlTH SOHE 
1NTERREDDED SILTSTONE 

INTERBEDDED SST AN3 SLSl 

112.8 

SILTSTONE 

SANDSTONE 118.8 
120 INTERBEDDED S I S T  + 

SST 121.9  

125.3 
1- 

SANDSTONE 
L l X  

111.2 
V 

t 

(21 (31 
C o m p l e t e d  

C o n s t r u e l i o n  

101.6 

113.0 

' i / I  

I /  
I ' ' I  

D u r i n g  D r i i i i n p  A f t e r  D r i l l i n g  

P e r m e o b i l i l y  ( 8 )  
1 

-1-- 

I 
i 

I 
I 
I 
i 
I 
I 
I 

! 

I 

i 
I 

i 

~ 

j 
! 

I NOTE: Brocketad numbers refer 10 notes precedmg the logs 

sco1e: Golder Ac..ociates 



~~ ~~ ~ ~~~~~~ 

H Y D R O G f O L O G I C  LOG 

L R L -  - - - - 
182.9 

SANDSTONE 

END OF HOLE 

DRILLHOLE NO. 
Shcel .3 . .  of..?.. 

( 2 )  (31 
C o m p l e t e d  

C ~ n r l r u c l i o n  

T--- 
182.9 

D u r i n g  D r i l l i n g  A f t e r  D r i l l i n g  

Permeobi l i  

S NOTE: Brockeled numbers refer 10 notes preceding Ihe logs. 

SCOlS: Golder Associates 



: 

D 
0 > 

( 1 )  12) 

L i l h o l o g y  

GROUND SUWACE ~ 

- OVER8URDDl . 3.0 
- - 
- smsmm 
. 

- 1 0 . 7  
2 l h L E J L  
- 17 COAL 13.7 
- - - SILTSTONE 

= 20 

1 SANDSTONE - 2 4 . 4  
--COAL + SWLEY COAL 2 S . 9  

- - 19.8  - 

- - - 
T 30 
- SILTSTONE 
- 
- - - - - 
1 4 0  - 
- SANDSTONE 
r 

HYDROGGOLOGIC LOG DRILLHOLE No. Foolr.ll~O.Y. 
shee l .?  ... of..!.. 

Project .... r M . w F 8 . c . w  ............................................................................. 
R=f*rcnce elevofio" .... I.?:! ... 41 ............................ 

INTERBEDDED SSTISLSI b 7 . 2  k------ 
5:*NDSTONE ... lo SILTSTONE 

I 4  COAL 

SILTSTONE 

MUDSTONE 
I 4 A  COAL 90.0 

I Beorin9 .................................. 'Azimuth ................................................................... 

( 2 )  (3) 
C o m p l e t e d  

C o n s t r u c t i o n  

r --- 
Ll1.2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
+IS2 m 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L 6 0 . R ( l )  

I 

b S 8 . 7  
y S 9 . 0  

- 6 2 . 8  
-63 .6  

I 
I 
I 
I 
I 
I 
3 . 3  

I 
I 
I 

I 

D u r i n g  D r i l l i n g  A f t e r  D r i l l i n g  

* NOTE Erochcled numbers refer lo noles prccedmg the logs 

Scale: 1:soo 
~ 

Golder Associates m 1 c  



HYDROGEOLOGIC LOG DRILLHOLE NO. ~norua~l/o.w. 1 

4 sheet.?. .. Of.! ... 
p r o w  ................................................................................................... 
Type of drilling .................................. h r d i n o f e ' :  E ..................................... 
R i a  ................................................. 

Anale from horizOntol ................... ; ....... purpose of hole ........................................... O r i l l m  fluid .._.: ................................... 
8eorinQ ...................................Azimuth ................................................................... 

R=fe'="ce el=vofion ........................................ 
surveyed C 

Elavotion type: oitimeter 0 
from mop 0 ................................... N.. 

(I1 (21 * 
L i t h o l o g y  

MIDSTONE - 

- 110 

SUIOSTONE 

121.1 

-.%I- - INTERREDDED 
I 9 T  + SCT 1 Z 6 . 4  

- 120 

I1 U U L ~  122.8 

SANDSTONE 131.0 - 110 

- SILTSTONE 

119.9 
-140 

I2 COAL 
- 115.7 

-160 

- SNKISTONE 

-170 

(2)  (3) 
C o m p l e l e d  

C o n r t r v c l i o n  

I 
I 
I 
i 
I 
I 

I 
I 
1 
I 
I 
I 
I 
I 
I 

<I 
;1 

c 1 5 2  m 

171.7 
175.1 
177.1(1) 

k 1 7 9 . 8  

D u r i n g  D r i l l i n g  A f t e r  D r i l l i n 9  

C o r n m e n l a  

I C NOTE: Brockeled numbers refer to notes preceding Ihi  loga 

ScolS. 1:500 Golder Associates I MLTRIC 



H Y D ROG I jOLOG I C LOG DRILLHOLE NO. ~ o o t . a ~ ~ m . w .  z 
Sheel .i.. of .z.. 

SILTSTONE 

SANUSTONE 
14 C M L  

., i 

A : 
0 0 .  

j 

n :  n " :  

ti 

30 

SANDSTONE 

10 

R=fer=nc= elevolio" .... >7.32*&1 ........................... 
surveyed Q 

Elevdion type: oltirneler 0 
from mop 0 

TYPO drilling .... ac?z~l!.-..i ............. Coordinotas' E....b?!t:Bo ....................... 
N .... M?.!:.!! ..................... Ri4  ... .4Y.FY.~?..E.T'c.lrF ......................... 

Drlltino fluid .... h!r.lF?.% ........................ Angle from hQri~onfo!..vrrtic(? .............. Purpo's Of . .!YdXVKCVj FAY. ....................... 

SILTSTONE 83.8 7 SANDSTONE 

Beoring .................................. .Azimuth ................................................................... 

( 2 )  (3) 
C o m p l a l a d  

C o n r l r u c l i o n  

D u r i n g  D r i l l i n g  A t l e r  D r i l l ,  

C o m m e n l t  

X NOTE: Bracketed numbers refer lo nolei preceding the logs. 

Stole: 1:sw 
Golder Associates nEIRRIc 



.............. ..................... : 8100 ;pvqr~uii sioa 

:peimis aboa ........ :Iq pl~,oq3 .................... 
.......... Iq p~beo, .......................... 10!YOAlYOJ 

081- 

..... "i..p t iaaqs 

I 'n'O/lI*"loal 'ON 310HlllHa 

man 10 ma 
t--- 9'191 

901 3I9010%9OHaAH 



H Y D R O G  E O L O G  IC LOG 

PrOlecf .... FE. RIYCRC?!.L .............................................................................. 
Re'e'="c= elcwfion .... J.7.3LJ6 ........................... 

surveyed 
Elsuolion type: ollimeler G 

from mop 0 
Of dri1'ing...~Q.~m.(n4~~ .............. Coordinoles' E.!?.!?;.?o .......................... - 

N .... .!k!W:.?! ..................... 
Anole from hdrlzonloi ... H..??:t? ..... ; ....... Purpose of ha i9...!'y!.r?&!?!?f." ......................... 
Bearing .................................. .Azimuth ................................................................... 

R i a , . g l l ~ ~ ~ 9 . : . ~ * ~ ~ , ~ 2 ~  ....................... 
Drillin9 fluid .... A?:!F?m ........................ 

11) 12) * 
Ll lhology 

L GROUND SURFACE 

0nRBuwEH 

4.4 

- 10 

SANDSTONE 

- 20 

- 30 

3 5 . 1  
STETSIONE 36.5, 

& )I COAL 3 8 . 1 r  
38.1 

..." 
INTERBWDED SLST AND 

4 3 . 3  SST 

14 COAL 
.so 

1NIERBmDED SLST AND 
SST 56.7 

t1* COAL 
.60 6 0 . 1  

SILTSTDNE 
66 1 

SLST 69.2 
u 
-10 

SANDSTONE 

'80 

.. 

12) (3) 
C o m p l e t e d  

C o n r l r u c l i o n  

~ ~ ~ - -  , I 4 4 I I 

I 
I 

I 
I 
I 
I 
I 
I 
i 
i 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r 
I 

I 
I 
I 
I 
I 

I 
4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
8 
I 
I 

I 
I 
I 
I 
I 
! 

152 m 

Dur ing  D r i l l i n g  A l t e r  D r i l l i n g  

Z NOTE: Brockelad numbers refer to noles precedmp the iogs 

Scoie: i:soo 
~ 

Golder Associates MTTRIC 



H Y D ROG EOLOG I C LOG 

surveyed 0 .. Eievalion type: ollimsler n TYPO d d r i l l i w  .................................. Coordinate" E ..................................... 

DRILLHOLE NO. ~ o o t n 1 1 / 0 . ~ .  I 

Sheet .!... Of.?  ... 

- ................................... from mop 0 R. R i g  .................................................. 
Dril'ing fluid ........................................ Angle from horimn'ol ................... : ....... purpose Of hole ........................................... 

Booring .................................. ' A z i m ~ t h  ................................................................... 

Golder Associates 

(2)  13) 
C o m p l e t e d  

(11 I21 * 
L i l h o l o g y  ~ 

C o n s t r u c t i o n  

Scale: ,:)m 
n m I C  

S ILTSTONE 

Shh'DSTONE 

- 130 

I 

D u r i n g  D r i l l i n g  

Conlroclo'. .......................... Logged by:.. ........ 
Dole s'o'ted:.. .................. Checked by: ........ 
Dote flnlshed:. .................... Dote i. ............. 

A f t e r  D r i l l i n g  

Permeobil 



H Y  D R O G E O L O G  I C  LOG 

10 

DRILLHOLE NO. r o o t r a i i / o . v .  4 

Shaet .1 . .  of..z.. 

SUmSTTNE 

20 
2 1 . 0  

<HALE 22.9 

XXDSTONE 24 .4  . SLST 15  1 

11 .6  iMDSTVNE 

#HALE 2 9 . 0  
30 

16 COAL 
3 7 . 3  

40 INTERBEDOW SST ivlo 
I b l  1 

1 4 A  WAL 
45.1 

MIDSTMlE 

50 
51 .8  

SILTSTONE S4.6 

LNTElUlEODED SST &Jm SLFT 
51.9 

I0 

iUIDSTONE 

' 0  

18.0 

COAL 19.9 
MIDSTONE 81.4 

SANUSTCHE 

87.2 

S l L T S I W E  

(2)  (3) 
C o r n p i s l e d  

C o n t l r v s t i o n  

----__ r L 6 . 0  
I 4  
I 1  
I 1  
I 1  

1 1  

, '  
I 1  
1 1  
1 1  
I 1  
1 1  
1 1  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I.: , 

: I  
I I  
I (  

. . . .  (... ......... 

/ 
I 
I 
I 
I 

'1 
i - 151 m 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 

I 
I 
I 
i 
I 
I 
I 
! 

C?uring D r i i l l n g  A f t e r  D r i l l i n g  

I NOTE: Brocketed nurnbcrr refer lo nole i  preceding the lops. 

sco1e: 1 ; ) w  
W E m l C  Golder Associates 



H Y  D ROGEOLOGIC LOG 

( 2 )  (3) 
C o m p l e t e d  

C o n r l r v c l i o n  

11) (21 * ---I-- L i l h o l o g y  

DRILLHOLE NO. ~~at~.11/0.u. 4 

sheel.?.., of .?  ... 

- SANDSTONE 

-140 I $54 

147.8 
148.9 

-150 
A 
END OF HOLE 

I 

~~ 

D t l r i n q  D r i l l i n q  

Permeobi l  

I (L NOTE: Erockeled numbers refer lo notes preceding the logs. 

Stole: ,:so0 
Golder Associates IQTRlC 



H Y D R 0 GEOLOGIC LOG 

(I1 I21 * 
Li lhology 

DRILLHOLE N O . ~ n d u . i i / ~ m p ~ r i i  

Sheet .A.. 01 . .I..  

0 v Ern urn m 

-10 

21.6 - 20 

SANDSTONE 

lETERBWDE0 SILTSTONE 
AND WDSTONE 

.30 30.5 

SILTSTONE 33.5 

INTERBEI'DEI' SLST AND 
UDST 

. LO 

SILTSTONE 

4 9 . 4  

51.0 

55.2 

" 
410 C O N  

SILTSTONE 

1NTERllEDDW SST AND SLS 
5 7  II 

-bo SANDSTORE 
62.5 

SILTSTm 64.9 

(9  WN. 

.70 70.1 

SILTSTm 

SST AND S U T  71.7 

.no 
SfiDSrrmT. 

(21 (31 

C o m p i s l n d  

C o n s t r " c t l c . n  

-203 m 

- 11.6 

- 60.0 

- 51.9 

-152 rn 

- 6 4 . 0  

Dur ing  D r i l l i n g  A f t e r  D r i l l i n g  

Perrneobii 

(I NOTE: Bracketed numberr refer lo notes preceding Ihe logs 

Scale: 1:500 Golder Associates I mIc 



HY D ROGEOLOGIC LOG 

- SILTSTONE 

DRILLHOLE No. Endrall/Punprell 
Sheel ..!.. of .?... 

- SILTSTONE WITH SCUE 
COAL 

Golder Associates 

111.2 
MUDSTONE 112.8 

- 110 

scoie: 1:sw 
m 1 c  

SILTSTONE 

118.6 
- 120 

18 COAL - 
126 .4  

- 110 

- 140 
SILTSTONE 

- 

-IS0 

~ 

157.0 

- 160 
lNTeRBEODW SILTSTONE 
AND SANDSTONE - 

-110 

173.8 - 
SANDITORl 

-180 

I21 I31 
C o m p l e t e d  

- C o n  sf r u  c l  i o n  

152 m 

I 
I 

I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

Dur ing  D r i l l i n g  A l l t r  D r i l l i n g  

P e r m e o b i l i l y  I81 
I C o m m s n l i  

I NOTE. Brochsl8d numbers refer lo nolei preceding the logs 



j 

j 
I 

i 

ti z 
0 
0 
7 

L l l h o l o q y  I 

H Y D R O  GEOLOG I C LOG D R I L L H O L E  No. Endu.iiirunpr.ii 
sheel 2.. of;.!.. 

RoJect ................................................................................................... 

Ria. N.. 

Reference els*otion. ....................................... 
Two d drllllno .................................. rurveyed 0 

Elavolion type: ollimsfcr 0 
from mop 0 

b r d l n o f s s :  E ..................................... 

Angle from hOrllOnfal. .......................... 
................................... ................................................. 

Purpose Of hole ........................................... Dr'lllnp fluid. ..: .................................... 

(I) (2 )  * 

181.1 

Golder Associates 

I Beorinp .................................. Azimuth ................................................................... 

Stole: 1:sw 
llmic 

( 2 )  (3) 

C o n s l r u c l i o n  

C o m p l e t e d  

Durinp Dr i l l lnq 

confrmw: .......................... Lo09cd bu:. ......... 
slor l*d:  .................... Chacked by: ........ 

DO1* f'"lsh*d:. .................... z .  ............. 
t.7. 
' t . .  

~ . . ~  . . . . .  . ~~ 

A f l e r  D r i l l  



7 
HYDROGEOLOGIC LOG DRILLHOLE No. Endualll0.Y. 1 

Sheet ? .... of .?... 
~ 

project .... EW. .S&YCP. .<PA!.. ............................................................................ 
TYP* of d ~ l l ~ i n a , . . m w t n m e r  .............. Coordinatsr: E...!!!!:,!A ........................ 

A w l s  from ~ri~on~o!..v.?:.%G .... : ....... PurpQss Of hole .... !Y?lPR???.?6Y ........................ 
Beorin0 ..................................*A zimuth ................................................................... 

C1e"otion ..l.hQb.lX. ............................ 
iurvsysd 

Elsvolion type: ollimeler 
R i 9 . . . s u S Y ~ ~ P . ~ , I ~ , ~ . ~ . ~ ~  .......................... N...1S9?.?9,.?P from mop 0 ...................... 
Drilling fluid ..... Kr!?:E ........................ 

( 1 )  12) * 
L l t h o l o g y  

OVERBURDEN 

- 10 

1 6 . 8  

SANDSTONE 19.8  
.20 

SILTSTONE 
24.h 

SANDSTONE 

45.7 

SILTSTONE 
5 1 . 8  

' 50 

SANDSTONE 

S9.1 

' 6 0  COAL 6 1 . 3  
- 

11.7 
SLSI 7 9 . 0  

80 

18 co*L 

RC.I - 
18  WAl 8 7 . 8  

CML urn SHALE 89.9 ^^ 

(2)  13) 

C o m p l s l r d  

C o n r l r v c l l o n  

- - _ _ _  

I 18.0 

I 
I 
I 
I 
I 
I 
I + 152 nm 

51.5 
52.4 
5 3 . 9 ( 1 )  
55.7 
5 6 . 7  

Dur ing  D r i l l i n g  A f t e r  D r i l l i n g  

Permeobi l  

I NOTE: Brackeled numbers refer lo noler preceding the I?q% 

ScOIa: 1 ; s w  
Golder Associates , E l X I C  



H Y D R O G E O L O G I C  LOG 

Prol*d ................................................................................................... 
Type 01 d r l l l h  .................................. Coordinates: E ..................................... 
Rig .................................................. 

AnQls from hor~zontol ................... ; ....... Purpose Of hOl? .......................................... Drliling fluid ......................................... 
Bearing ..................................* Azimuth ................................................................... 

R='er="c* =l=volim ........................................ 
rvrrsyed 0 

Elavolion type: oltimslsr 0 
from map 0 ................................... N.. 

INTERBEDDED SLST AND 

99 .0  
SST 

-100 - SST 100.6 

SILTSTONf 

109.7 
=110 

INTERBEDDED SLST AND 
SST 

114.3 

1 2 1 . 1  
SILTSTONE 125.0 

-130 

SANDSTONE 

1 %  n 

- )(IIDSTONE 

163.0 

INTERBEDDED SLST AND 
Mu. 

- 

SILTSTONE 

( 2 )  131 
C o m p l e l s d  

C o n s l r u c l i o n  

coniroclor: .......................... Logged by.. ......... 
Doi* ItOri*d: .................... Ch*Ckd by: ........ 

Date :. ............. Dote fl"lrh*d:. .................... 

D u r i n g  D r i l l i n g  A l l s r  D r i l l i n g  

I I NOTE: Brocheted numbers refer lo notes precedoog the logs. 

I sc01e: 1:sw Golder Associates I ~ R T ~ ~ I C  



( 2 )  (3) 
C o m p l e l e d  

C o n r l r u s l i o n  

L 

j 

j 

j 
i 

ti z 
D 
0 
7 

.~ ~~~ ~ ~~~ ~~~ 

HYDROGEOLOGIC LOG DRILLHOLE No. E n d n l 1 l O . Y .  1 

shed  ..?.. of ..'.. 
Proiscf ................................................................................................... 
Type Of dri'lln9 .................................. CQordinotw: E ..................................... 

An918 from horlzontd ........................... purpose Of hol? .......................................... 
Beorin9 ....................... .Azimuth ................................................................... 

Ref=re"c* =le"Olion ........................................ 
surveyed 0 

Eievofion type: oltirneter 0 
from map 0 ..................................... R i a  N ................................................. 

Drilling fluid ......................................... 

( 1 )  12) * 
L l l h o i o q y  

-'Be - - - - - 
SILTSTONE - 182.9 

- END OF HOLE - - 
. - - - 190 - 

Dur ing  D r i l l i n q  

Confroctor' .......................... Lowed b:. ......... 
Dote atorled: .................... Checked by: ........ 

Ilnlsh@d:. .................... Dole:. ............. 

A t t a r  D r i l l i n g  

E NOTE: Erockeled numbers refer lo nolei preceding lhe lops. 

Golder Associates 



HYDROGEOLOGIC LOG 

(I) (2) * 
Lithology 

DRILLHOLE NO. F.ndvall/O.U. 2 

Sheet .?.. of .?... 

. 10  

OVERBURDEN 

Golder Associates 

.20  

sc01e: 1:5m 
MPtRlC 

2h.O 
SILTSTONE 25.Q 

\ COAL 2 5 . 6  

. 30 

SANDSTONE 

50 
INTERBEDDED CON. 
AND SlLTSIONE 

55.8 

' 60 
SILTSTONE 

67.0 
U L t U  SLST 68.n 
110 CON. 

SANDSTONE 

88.3 

.no 19 ulu 

(2 )  13) 
C o m p l e t e d  

o n i l r u c l i o n  

- 152 m 

- 24.7 

- 152  m 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

During D r i l l i n g  A f t e r  D r i l l i n g  



HYDROGEOLOGIC LOG 

( 2 )  (3) 
Comple lsd 

( 1 )  (2) * 
C o n s t r u c t i o n  

L i lhology ~~ 

DRILLHOLE NO. LndvaIl/O.Y. I 

sheet.?.. of.? ... 

LO--- - - - - 
tP COAL 

SANDSTONE 

SANDSTONE 
105.4 

SILTSTONE 

109.7 

SANDSTONE 

115.8 

SANDSTONE 118.8 

SILTSTONE I I 140 

152 m 

136.4 
137.3 

139.4 (1) 

111.3 
142.8 

During D r i l l i n g  

:onlroCtor' .......................... Logged by:. ......... 
)tOrl*d: .................... Cheched by: ........ 
fI"lrhad:. .................... Data;. ............. 

A f t e r  D r i l l i n g  

E NOTE: Brochelsd numhrr refer to notes preceding the loqi. 

Scola: ,:so0 
Golder Associates )(eTIIC 



- ~ 

H Y D ROG EOLOG I C LOG DRILLHOLE No. L n d . a i i m . w .  I 
s h e d  ..!.. d.?. .. ~ 

................................................................................................... Reference eleiotion i Prolecl 

i TYPE of d r i l m  .................................. Coordinofe,: E ..................................... 
! RiQ N.. 

Angle from ho'lzontol ................... : ....... 

........................................ 
surveyed 0 

Elsrolion lype: oilimelar 0 
from mop 0 ................................... ................................................. 

P"rpo'e Of hole ........................................... j Drilling fluid ........................................ ti 

I BsorinQ .................................. *Azimufh ................................................................... 

(2)  (31 
C o m p l a t s d  

C o n s l r u c l i o n  

Dur ing  D r i l l i n g  A f t e r  D r i l l i n g  

NOTE: Bracketed numbers refer lo wIes preceding the logs. 

Scole: 1:5w Golder Associates n m i c  



H Y D R O G E O L O G I C  LOG DRILLHOLE No. E n d d l / n . w .  3 

sheel  2.. Of.] . . ,  

Roiecl .... !%.RIvn.cau ............................................................................. 
TYPO of *rillin9...??'?.?.!H.F?? .............. cwrdinofe" E....??.??.:!! ....................... 

N .... 1?0?6:.?6 .................... Ria.. .?%Y.%?..%?.%??! 

Angle from horl~o"t~!..vcrficr? .... ; ........ Purpose of hole.. . .!Y~.:OR?P? PRY ........................ 
Beorin9 .................................. *Azimum ................................................................... 

Reference elwolion 1607.62 
surveyed 

Elevation type: ollimefer 0 
from mop 0 

........................................ 

......................... 
Or'liing .... Aixllaw ........................ 

OVEPBOFXEN 

- 10 

13.7 

SILTSTONE 

- 20 

IMEWBEDCEO SLST *ND SST 
21.3 

22.9 

SANDSTONE 
27.6 

- 30 

SILTSTONE 

. 60 

68.5 

' so 

#n COAL 

. 6 0  

63.6 

6 5  5 
NTERBEDDED SST AND W*L 

M E R S E D D W  SLST AND COAL 
68.6 

70 

SILTSIONL - 
SANDSnQlE 82.3 

SILTSTONE 

86.9 
SANDSTONE 88.6 - 

( 2 )  ( 3 )  

t o n r t r u c l i o n  

Completed 

.13.7 

.152 m 

36.0 
35.0 

38.7(1) 
60.2 
? 

D u r i n g  D r i l l i n g  A f l e r  D r i l l i n g  

Petmeobil i  

I NOTE: Brockeled numbers refer to mles preceding lhe lops. 

stole: l : Iw 
Golder Associates I(Lll(1C 



H Y D R 0 GEOLOGIC LOG 

97.5 
SST AND SLST 99.0 

DRILLHOLE NO. Endra I l /O .Y .  I 
Sheet 2.. of.? ... 

SILTSTONE 
106.7 

- 110 SANDSTONE 
112.8 

SILTSTONE 
117.3 

ShDSTONE 118.9 

=I20 -5- 

SANDSTONE 

126.S 

SANDSTONE UITH Some, 
- 130 

132.5 
-YiIAm SLST 

I 4  COAL 

- 140 
1b2.6 

SILTSTONE 

= 150 1so.3 
7 Q x . L  150.6 

SILTSTONE 113.6 
(.m1 ' I  

INTERBEDDED SOT. SLST 
urn COAL 

- 160 
163.0 

~ INTERBEDDED SLST AND 
COAL 

171.6 
cn*, Ill-s 

- 170 

SlLTSTOWE 

- 180 

(21 (31 

C o m p l e t e d  

C o n s l r u c l i o n  

During D r i l l i n g  A t t a r  D r i l l i n g  

Permcobill l  

* NOTE: Brockeled numbers refer lo noler preceding Ihe logs. 

Scale:l:5m 
Golder Associates m l c  
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ti z 
0 
7 

n 

L 

H Y D R O G E O L O G I C  LOG DRILLHOLE No. m d r s l l / O . Y .  I 
Sheel 2.. of .!... 

................................................................................................... 
Reference elevation 

TYPE of driilin9 .................................. Coordinole': E ..................................... surveyed 0 
Elerolion type: oltimcter 0 

R i a  from mop 0 

Project 
........................................ 

N ..................................... 
Anpie from hori2OnlOl ................... :.. ..... Purpo'a Of hole ........................................... 
Beoring ................................... Azimuth ................................................................... 

................................................. 
Drilling fluid ........................................ 

(2)  13) 
C o m p l e t e d  

C o n s t r u c t i o n  

- 
SCOl. l:3m I 

Golder Associates m R I C  

D u r i n g  D r i l l i n g  

Conlmc*r: .......................... Logged by:. ......... 
'torled: .................... Ch*ched by: ........ 
f'nl*h'd:. .................... DOta:. ............. 

I 

A f t e r  D r i l l i n g  

Perrneobi l i  
C o m m e n t s  

~. ~ 

- -  

6 NOTE: Brochcled numbers refer lo notes preceding Ihc l o p i  



HYDROGEOLOGIC LOG 

(2) 13) 

C o r n p i s l a d  

C o n s t r u c t i o n  

DRILLHOLE No. Endra11/O.V. I 
Shad 2.. Of ..?.. 

21.3 

SANDSTONE 2,,, 

20 

INTERBEDDED SILTSTDNE 
UUDSTONE AND COAL 

30 - 
INTERBEDDW SHALE U I D  
C O N  36.6 

'O SILTSTONE 

6 1 . 5 .  

i n  COAL 50.0  

110 C M L  53.6 
TERREDDU) C O N  + SCT 52 

SANDSTONE 

b0 61.0 

INTERBEDDED SST. SLST. 
WD CON 64.0 

NTERBEDDU) SLST U I D  Ma - 
70 

19 mu 

CON 

INTERBEDOF3 SLST AND SS1 
16.2 

- 21.9 

During D r i l l l n p  A f t e r  D r l l l i n p  

Perm eo bl  1 ,  
C o m m e n t r  

L NOTE: Bracketed numberr refer to notes preceding Ihe logs 

Scola: 1:soo 
Golder Associates METRIC 



HYDROGEOLOGIC LOG 

SILTSTONE 
- 

97.s 

DRILLHOLE NO. indvnii/o.u. L 

Sh*el.,x.. of.),.. 

SUmSTONE - 110 111.3 

SILTSTONE 

- 120.1 

. #8 C O N  

- 130 
132.0 

' SILTSTONE 
137.2 

INTERBEDDR) SST AND SLS 
-140 

-150 

SlLTSTOUE 

-160 

-170 

(2)  (3) 
C o m p l e t e d  

C o n s t r u c t i o n  

Durinp D r i l l i n g  A f t e r  D r i l l i n g  

Permeobili  

* NOTE: Brocketed numbers refer to mfcs preceding the logs. 

sc01*: 1:sM Golder Associates METRIC 



H Y D R O G E O L O G I C  LOG 

Y 

Angle from hO'l2O"tOl ................... ; ....... Purpor4 Of bola ........................................... 
Beorinp .................................. . M m u f h  ................................................................... 

DrilllnD fluid ........................................ 

DRILLHOLE No. Lndr.lI/O.Y. b I 
Sh-l.1.. Of.?. , .  

J8LL----- 

182 SANDSTONE 

END OF HOLE 

(21 (3) 

C o n s t r u c t i o n  

C o m p l s l e d  

+& -<----- ;;;,a 

Dur ing  D r i l l i n g  

controclor' .......................... Lopped by:. ..... ;. .. 
Checked by: ........ Dole slor1.d .................... 

Dole finished ..................... Dote.. ............. 

A t  Is r O r  I I l i n g  

Permsobil 
C o m m e n f r  

E NOTE. Brocheled numbers refer lo ~ I a s  precedinq Ihs logs. 

sco Is :1 :m 
m m I C  Golder Associates 




