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ERRATA 

Page 1-1 1st. para. Should  be 'I.. . 500 MW (net)  unit..  .I' 

2nd. para.  Should be 'I... 2000 Wd (net)  powerplant." 

Should  be 'I. .. 4 x 500 MW (net) ...I' 

Page 2-4 Item (9) Should  read ' I . . .  equivalent  to 6.19 mills/kW.h 

a t  a  capacity  factor  of 652. 

Page 3-1 2nd. para.  Should be 'I... create  some 875 steady jobs a t  

the mine . . . ' I .  

Page 3-6 1st. para.  Should be ". . . circumference  of  around 8 km .. ." 
Page 4-15 Section 4.6.3.1 Should be 'I... t o  be 739 million  tonnes ...'I 

Section 4.6.3.2 . Should be 'I.. . 746 million  tonnes ..." 
Page 4-35 Figure 4-5 Note that  expressions  for X aad Y based on Heating 

Value in  kJ/kg: graph is  based on Beating Value 
of MJ/kg. 

Page 5-31 Section 4 Add t h i s  paragraph:- Maxinum gradients  used  for 

the mine roads  are: (1) iiaul  roads 8': (2)  Sen-ice 

roads - 10Z. 

Page 5-42 Section 5.5.3.2 In the las t   sentence of the f irst  paragraph It shouid 

read 'I... not  closer  than 23 m to  t h e  c r e s t  . . . I '  

Page 5-44 Section (3) Second and third  sentences  should  read ".,. 305 
mill ion bazk m3 . . ." and 'I.. . 134 mill icn bank m 

... II  respectively. 
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Page 5-45  3rd.  para.  Last sentence should read ". .. 29 million bank m . . . 3 It 

Table 5-8 The cumulative column under  the TOTAL section should 
read : 

Tot a1 - 
Cum. - 
9.37 

30.99 
75.78 

125.90 
142.08 
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SECTION 1 

INTRODUCTION 
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This  mining  report  is  the  culmination  of  five  years'  work 
by a  task  force  of B.C. Hydro's  Thermal  Division  and  its  consultants to 
develop  and  to  establish  the  feasibility  of  a  base  plan  which,  by  adding 
a 500 MW unit  in  each  of  four  successive  years,  would  exploit  the  rich 
coal  deposits  of  the  Hat  Creek  Valley  for  the  generation  of  electricity. 
A mass  of  data  has  been  accumulated  and  analysed,  and  a  point  has  now 
been  reached  when,  both on practical  and  economic  grounds,  application 

confidence. 
to  the  regulatory  authorities  for  necessary  licences  may  be  made  with 

While  many  options  for  the  use  of  the  Hat  Creek  coal 
deposits  have  been  explored  during  the  past  five  years,  the  work in 1979 
has  concentrated on finalizing  the  base  plan.  This  has now been  achieved. 
The  plan,  described  in  detail  in  the  following  sections,  deals  with  the 
extraction  of  part  of  the  coal  in the,No. 1 Deposit  by  means  of  hydraulic 
shovels,  trucks,  and  conveyors,  over  the  35-year  projected  lifetime  of a 
2,000 NW powerplant.  The  mine  mouth  powerplant  (which  consists of 4 x 
500 MW units)  would  be  built on the  top  of  the  hill  above  Harry  Lake. 
Any changes to the  base  plan  are  likely  to  be  minor  and  confined  mainly 
to  advances in technology. 

This  report  is  based  upon  detailed  consultants'  reports, 
and  incorporates  the  results  of  extensive  studies  conducted  in 1979 by 
the Mining Department of B.C. Hydro. 

In debating  whether or not to go ahead  with  the  Hat  Creek 
Project,  it  may  be  worth  reflecting on how  fortunate  are the people  of 
British  Columbia  in  possessing  what  appear  to  be  the  world's  thickest 
deposits of thermal  coal,  located  furthermore  almost  ideally  from  the 
point of view of access  and  mining.  Using  approximately  only  half  of 
the  proven  reserves  in  the No. 1 Deposit  would  fuel  the  powerplant  for 
35 years,  leaving  the  balance,  plus  the  untouched  and  much  larger No. 2 
Deposit,  for  the  benefit  of  future  generations. 

The  energy  crisis  having  forced  a  universal  re-assessment 
of  coal  as  an  energy  resource,  coal-owning  countries  are  everywhere 
engaged in constructing  new  mines  for  the  purpose of generating  power. 
As  an  example,  at  a  new  coal  field in South  Africa,  four  mines  have  been 

. .  m 
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developed  and are   supplying  fuel  t o  three 3,600 MW powerplants. A f i f t h  
mine, developed i n  less than  four  years from the  planning  stage t o  f u l l  
production, i s  now expor t ing   subs tan t ia l   quant i t ies  of thermal coal .  
The power generated from t h i s  s i n g l e   f i e l d  w i l l  amount to  more than 
seven times the  proposed  capacity of the Hat Creek Project.   Closer t o  
home, Oregon and  Washington a r e  embarked on a 20-year  program of con- 
s t ruc t ing  no less   than  e i g h t  thermal plants  based on coal  from a newly 
developed f i e l d  i n  Washington. A lengthening l ist  of new mine con- 
s t ruc t ion   r e f l ec t s   t he  re-awakening of i n t e r e s t   i n   c o a l   a s  a source of 
power. 

It has  been  adequately  proved  that  an  efficient  technology 
exists t o  mine coal  and  burn i t  t o  produce e l e c t r i c i t y .  T h i s  report  
shows how such  technology  can  be  tailored  to  cope  with  the  complexities 

would resu l t   no t   on ly  in B r i t i s h  Columbia's f i r s t  major  coal-fired 
of the Hat Creek No. 1 Coal  Deposit.  Should  the  project b e  approved, i t  

powerplant,  but  be  the  first  step  towards  developing many possible 
a l t e rna t ive   i ndus t r i a l   u ses   fo r   t he   coa l ,  and a significant  broadening 
of the  base of B r i t i s h  Columbia's  whole economy. 

1 - 2  
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SECTION  2 

SUMMARY 

MINING  STUDIES  PERFORMED - APRIL 1974  TO  DECEMBER  1978 

Exploration  Drilling 

Extensive  diamond  core-drilling  between  1974  and  1978 
identified  two  deposits,  the  smaller  of  which is estimated to contain  in 
excess  of  700  million  tonnes.  Since  1974,  270  core-holes  totalling 
75,800 m in  length  have  been  drilled. 206 of  these  holes, on a 150 m by 
150 m grid-pattern  totalling  54,000 m, have  been  drilled  in  the No. 1 
Deposit.  A  further  19,800  m  of  drilling  was  completed  in  pursuit  of 
geotechnical,  geohydrological,  and  other  investigation. 

The  results of  these  drilling  programs,  which  were 
conducted  under  the  supervision  of  Dolmage  Campbell  and  Associates  Ltd. 
and  the B.C. Hydro  Mining  Department,  have  provided  the  basis  for 
successive  geological  interpretations  and  evaluations  of  the  quality  of 
the  coal  in  the  deposit  by  DCA, CMJV and,  most  recently,  by  BCH. 
Reserves  in  excess  of  700  million tonneshave been  established  for  the 
Ho. 1 Deposit.  The  No. 2 Deposit  has  been  identified  as a potentially 
much  larger  resource. 

Geotechnical  and  Geohydrological  Studies 

An assessment  and  exploration  program  initiated  and 
assigned  to  Golder  Asgociates  in  1976  has  now  established 5 safe  overall 
pit  slope  angle  of 16 , which  can  in  some  areas  rise  to 25 , depending 
on pit  wall  materials.  The  same  studies  have  also  established  waste 
dump  design  parameters. A satisfactory  level of confidence  in  data 
relating  to  mine  design  now  exists. 

A  geohydrological  program to determine  whether  pit  slope 
stability  can  be  improved  by  reducing  groundwater  pressure  has  indicated 

will  have  to  continue  throughout  the  life  of  the  mine. 
that  limited  depressurization  can  be  achieved.  Geotechnical  monitoring 

.- 
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Mining  Studies 

PD-NCB  Consultants,  commissioned  in  1975  to  perform 
conceptual  design  studies,  recommended  that  future  work  should  be 

were  engaged  in  1977  to  undertake  preliminary  engineering  design  studies. 
concentrated on the No. 1 Deposit.  The  Cominco-Monenco  Joint  Venture 

After  investigating  alternatives,  their  report  submitted  in  1978  recom- 
mended a design  for  an  open-pit  mine  to  supply  350  million  tonnes  of 
coal  averaging  17.0  MJ/kg, on a  dry  basis,  over  a  period  of  35  years, 
requiring  the  removal  of 450 million m3 of  waste.  The  proposed  open-pit 
would  cover  an  area 3 km by  2.5 km and  be  265 m deep,  using  a  shovel- 
truck-conveyor  mining  system,  with  coal-crushing,  blending,  and  stock- 
piling  facilities  at  the  mine  mouth.  Blended  coal  would  be  moved  by 
conveyor  to  the  powerplant 4 km away  and 500 m above  the  valley  floor. 
Waste  would  move  by  conveyor  to  disposal  areas  at  Houth  Meadows  and 
Medicine  Creek. 

The  Bulk  Sample  Program 

In 1977,  a  bulk  sample  of  6,300 t was  excavated  from two 
trenches  in  the No. 1 Deposit  for  a  burn  test.  This  pilot-scale  operation 
provided  valuable  data on the  mining,  handling,  and  storage  of  coal  and 
waste  materials.  Equally  valuable  was  the  experience  gained  in  using 
hydraulic  shovels.  This  proved  that  the  coal  can  be  satisfactorily 
extracted  without  blasting,  with  the  exception  of  a  few  isolated  pockets 
of rock. 

Coal  Beneficiation 

established the  difficulty  of  washing  Hat  Creek  coal.  Further  tests  by 
Simon-Carves on samples  from  the  trenches  using  modified  procedures 
confirmed and explained the o r i g i n a l  findings. A pilot-scale test in 
1977  involved  a  73-t  sample.  This  indicated  that  coal-washing  (benefi- 
ciation)  was  practical,  though  not  justified at present  for Hat Creek 
coal on technical  and  economic  grounds. 

Bench  tests  and  pilot-scale  tests  conducted  in  1976 

0 

m 
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2.2 1979  STUDIES 

I 

. incorporating  all  the  new  data  acquired  in  1978.  Major  new  studies  were 
During  1979,  the  previous  mining  studies  were  re-evaluated 

conducted  in  the  areas  of  Coal  Quality,  Pit  Design,  Production  Scheduling, 

were  integrated  with  those  parts of the  previous  studies  that  were 
unchanged  and  a  revised  cost  estimate  and  schedule  was  prepared. 

1 Materials-handling,  and  Selective  Mining.  The  results  of  these  studies 

n The  final  results  of  this  work  program  are  presented  in 
detail  in  the  remainder  of  this  report.  Some  of  the  key  results  are: 

(1) 331  million tomes of coal  will  be  mined  over  the  life  of  the . I 

powerplant,  necessitating  the  removal  and  disposal  of  approximately 
427  million m 3  of  waste; 

I 
(2) The  powerplant  will  be  supplied  with  a  blended  fuel  averaging 

18.0 W/kg, 33.5%  ash  and  0.51%  'sulphur on a  dry-coal  basis,  with  a 

tolerance  of 21 Wlkg on heating  value; 
II moisture  content of 23.5%.  This  fuel  will  be  supplied  within  a 

.. (3) The  improved  coal  quality  results  from  the  use  of  hydraulic  shovels 
applying  selective  mining  techniques; 

( 4 )  The  pit  has  been  redesigned  and  the  production  rescheduled,  which 
n has  resulted in a  major  reduction in pee-production  stripping  from 

20  million m3 to  under  7  million m3; 

r (5) The  Materials-handling  System  has  been  substantially  redesigned  and 
conveyor  belt  widths  generally  have  been  increased  from  1,200 mm to 
1,400 mm; 

(6) Peak  manpower  levels  have  been  reduced  from 1,005 to 875; 

.I 
(7) The  coal  quality  characteristics  have  been  evaluated  by  a  specialist 

consultant  and  a  boiler  fuel  specification  produced; 

I 
(8) Sununary  of  estimated  mine  costs  (October  1979  Canadian  dollars) 

1. Capital  cost  to  full  production  in 
Year 4 (costs  to  end  of  Year 3) $248  million; 

2.  Pre-production  operating  costs  to 
start  of  commercial  production in 
Year 1 $55 million; 
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3.  Additional  capital   costs  during 
p ro jec t   l i f e   (p r imar i ly  f o r  equip 
ment replacement) $290 mill ion;  

4 .  Operating  costs  per  tonne of coal  during f u l l  pro- 
duction  range f rom $ 4 . 7 1  t o  $5.81; 

( 9 )  Level l ized  fuel   costs   over   the  project   l i fe ,   uninf la ted and d i s -  
counted a t  3%, a r e  $0 .567 /GJ   ($7 .80  per  tonne of coal),  excluding 

equivalent  to 6.19 mills/kW.h. Power cos t s   a r e  $0.47 per  tonne 
the  cost  of power  consumed i n  t h e  mining operation.  This is 

based on 20-mill power. 

. 
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2 . 3  CONSULTANTS  EMPLOYED 

related t o  the  Hat  Creek  Mining  Studies: 

(1) Geological  Exploration 1974-1978 

The  following  consulting  firms  have  performed  assignments 

Dolmage  Campbell  and  Associates  (DCA) 
I 

(2 )  Mine Conceptual  Design 1976-1977 

Powell  Duffryn-National  Coal  Board  (PD-NCB)  in  asso- 
ciation  with  Wright  Engineers  Limited  and  Golder 
Associates 

I (3)  Geotechnics  and  Hydrology 1977-1978 

Golder  Associates 
I 

( 4 )  Mine  Feasibility  Studies 1977-1978 .. 
I 

Cominco-Monenco  Joint  Venture (CMJV) with  sub- 
consultants:  North  American  Mining  Consultants  Inc. 
(NAMCO);  Simon-Carves  of  Canada  Ltd.;  MBB  Mechanical 
Services 

( 5 )  Materials-handling  and  Low-grade  Coal  Beneficiation 1979 

I Simon-Carves of Canada  Ltd. 

I 
(6) Coal  Fuel  Specification 1979 

Paul  Weir  Company  (WEIRCO) 

L ( 7 )  Geostatistics 1978-1979 

Mineral  Exploration  Xesearch  Institute ( I R E ” H E R 1 )  - 
(8) Coal  Deposit  Computer  Modelling 1978-1979 

I 
Mintec  Inc. 
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3.1 

A PROJECT DESCRIPTION 

THE PLAN 

The Upper Hat Creek  Valley of South  Central B r i t i s h  
Columbia contains   the  thickest   deposi ts  of thermal  coal s o  f a r  d i s -  
covered in  the  world.  h estimate suggests  that  up to  15 bi l l ion  tonnes 
could  exis t   in   the  area,   a l though  only two deposits  have so f a r  been 
iden t i f i ed  which pe rmi t  coal  to  be  extracted by open-pit  mining. O f  
these,   the No. 1 Deposit is estimated  to  contain  over 700 million  tonnes, 
the No. 2 Deposit  over a bi l l ion  tonnes.  

The Hat Creek Project  is a p lan   to   ex t rac t  some of the 

' gene ra t ing   e l ec t r i c i ty .  This would c rea t e  some 1,000 s teady   jobs   a t   the  
coal  from the  smaller No. 1 Deposit and to  burn i t  for  the  purpose of  

mine, apart from 3,000 temporary  construction  jobs.  Should  the  project 
be  approved and l icensed,  i t  would broaden  the  tradit ional  base of 
hydro-power genera t ion   in   Br i t i sh  Columbia by s ta r t ing   to   use   coa l ,  a 
major a l te rna t ive   resource .  

3 - 1  
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3 . 2  A HISTORY OF THE  PROJECT 

has  been known for  over  a  century,  having  first  been  reported  in 1877 by 
The  existence of coal  deposits  in  the  Hat  Creek  Valley 

G.M. Dawson,  of  the  Geological  Survey  of  Canada.  Since  then,  various 
private  titleholders  have  made  sporadic  attempts to mine  the  coal  and to 
sell it. They all failed  for  lack  of  markets  and  the  ability  to  operate 
on a  sufficiently  economic  scale. More recently,  substantial  coal 
reserves  were  identified  in  1944. In 1957,  a  subsidiary  of  the B.C. 
Electric  Co. (a predecessor  of B.C. Hydro)  began a systematic  exploration 
of  the  deposits.  These  explorations  have  continued on an  expanding 
scale,  culminating  in  a  feasibility  study  which  concluded  that  the 
project  would  be  both  technically  practical  and  economically  desirable. 
B.C.  Hydro  established  a  Thermal  Division  in 1974. Its  engineers  have 
written  this  report. 
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3 . 3  THE  LOCATION OF MINE AND POWERPLANT 

While  the  mine is to  be  located  in  the  Upper  Hat  Creek 
Valley,  about 200 !a North-East  of  Vancouver,  the  location of the 
powerplant  is  optional.  Eight  alternatives  were  considered.  The  site 

about 4 !a from  the  open  pit  and  at  an  elevation  about 500 m  higher  than 
chosen  was  largely  dictated  by  environmental  imperatives - a hillside, 

rising  an  additional 244 m. 
the valley  floor.  Good  dispersal of emissions is ensured  by a chimney 

3 - 3  



I 

3 . 4  THE RESOURCE:  COAL 

The  quality  of  coal  in  the No. 1 Deposit  appears  to  vary 

The  overall  average  is 1 7 . 7  MJ/kg,  approximately  one-half  that  of  high 
over  an unusually wide  range,  from  less  than 9.0 W/kg to 2 3 . 0  W/kg. 

quality  bituminous  coal  found  in  the  East  Kootenays,  the  Rocky  Mountain 
Belt  of  B.C.,  and  in  the  Eastern  United  States.  Variations  in  the 

are  problems that have  been  provided  for i n  the  design  of  the  parer- 
quality  of  Hat  Creek  coal,  added  to  the  high  moisture  and  ash  content, 

plant.  It  has  also  been  taken  into  account in studies  leading  to  the 

which  will  ensure  production of a fuel  averaging 18.0 MJ/kg, 33.5% ash 
choice  of  the  mining  method: a process of selective  mining  and  blending, 

and 0.51% sulphur on a dry-coal  basis,  with a moisture  content  of 23 .5%.  
Geologically, 16 sub-zones  have  been  identified  in  the  Hat  Creek  Coal 
Formation.  Two  of  these  sub-zones  are  largely  composed  of  waste,  with 
the  other 14 consisting  of  coal  of  varying  quality. 
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3.5 THE PROJECT 

requirements of the  project  which  features: 
Design  studies  have  defined  the  major  constraints  and 

A large  open-pit  mine,  with  adjoining  waste  disposal  areas,  at  the 
North  end  of  the  Hat  Creek  Valley; 

A powerplant  containing four coal-fired  boilers,  operating  steam- 
driven  turbine  generators,  located on high  ground  some 4 km East of 
the  open  pit; 

A combination  of  hydraulic  shovels,  trucks,  and  belt  conveyors, to 
mine  and  move  both  coal  and  waste; 

A diversion  of  Hat  Creek  and  Finney  Creek  around  the  open  pit  with 
the  necessary  headworks,  spillways,  canals,  etc.; 

A cooling  water  reservoir  supplied  by  a 21 !a buried  pipeline  from 
a  pumphouse on the  Thompson  River; 

Two  large  waste  disposal  areas,  which  would  gradually be covered 
with  topsoil  and  landscaped. 
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3 . 6  THE MINING METHOD 

A plan  has  been drawn up whereby part of the  No..l 

year   l i fespan.  The coal  would be mined from an open p i t  developed to  a 
Deposit would supply coa l   for  operating a 2,000 MW powerplant  over a 35- 

depth of 235 m below the  val ley  f loor .   There i s  enough coal  above t h i s  
e levat ion t o  meet the  planned  requirements of t h e  powerplant. In Year 
35, the  open p i t  would measure  approximately 4 km by 2% km, with a 
circumference of around 16 km. The sur face   a rea  of the  hole would 
measure  around 598 ha. 

Berms (benches)  about 18 m wide would s t ep  dgwn t o  $he 
p i t  bottom, w i t h  overal l   s lopes  a t   an  angle   varying from 16 t o  25 , 
based on geotechnical  calculations.  , It is  proposed t o  remove 331 mil l ion 
tonnes of coal  over 35 years,  together  with 427 mill ion m3 of waste 
mater ia ls ,  some of which would be  stockpiled  for  construction  needs. 

A ramp would be  cut  towards  the  heart  of the No. 1 
Deposit  for t h e  main conveyors in s t a l l ed   t o   t r anspor t   coa l  and waste up 
to   the  surface.  Some of the   topsoi l  would be  stockpiled  for  use  during 
reclamation. Both coal  and waste rock would be mined by using  large 
hydraulic  shovels and trucks. The trucks would haul  both  coal and waste 

mater ia l  w i l l  be  transported  to  the  top of the ramp for  subsequent 
to  loading  pockets a t  the  conveyor  where, a f te r   b rush ing   to  -200 mm, the 

distribution  along  another  system of conveyors. 

provide a mixture of t h e  r igh t   qua l i t y .  Coal of poorer  quali ty would be 
moved by conveyors  to a dry   benef ic ia t ion   p lan t ,  where some  of the 
impuri t ies  would be removed by a crushing and screening  process which 
would r a i s e  the heating  value  to  an  acceptable  level.  Coal not r equ i r ing  

would be  screened, crushed t o  -50 mm, and conveyed t o  the  Coal  Blending 
benef ic ia t ion  would move d i r e c t   t o  a coal preparation area,  where i Z  

Area.  Here  slewing  stackers  using  the Windrow  Method would build up 
s tockpi les  of blended  fuel  ready  to  be  reclaimed and transported by an 
overland  conveyor  to  the  powerplant. 

The coal  would b e  mined according  to a plan  designed  to 

The waste mater ia l  would be  moved  by conveyors t o  either 

Medicine  Creek  area. Both dumps were chosen  because  their  location, 
of  two waste dumps, t he   l a rge r   i n  Houth Xeadows, the  smaller   in   the 

fu tu re  mining. Houth Meadows is  expected to   t ake   a l l   the   was te   excavated  
though  conveniently  adjacent  to  the open p i t ,  would not in te r fe re   wi th  

Medicine  Creek w i l l  a l so  be used  to dump the   an t ic ipa ted  10,000 t / d  of 
during t h e  f i r s t  15 years,  with  both dumps being  used  from Year 1 6  on. 
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both fly-ash  from the electrostatic precipitators and  bottom-ash from 

dumps by  stackers,  and all dump surfaces would ultimately be levelled, 
the furnace bottoms. Both waste  rock and ash would be  spread  in the 

contoured, and landscaped when  the mine closes. 
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3.7 THE  POWERPLANT 

The  powerplant,  with  four 500 MW (net)  units,  would  be 

The  ground  level  of  the  powerplant  is  1,410 m above  sea  level,  which  is 
located on high  ground  near  Harry  Lake,  some 4 Irm East  of  the  open  pit. 

about 500 m  higher  than  the  ground  level  at  the  surface  at  Open  Pit 
No. 1. 

Each  water  tube  boiler  would  be  about  95  m  high,  with 

containing  steam  and/or water, to which  hot  gases  leaving  the  furnace 
furnace  dimension  about 18  m  square,  followed  by  numerous  surfaces 

transfer  heat.  At  full load  each  boiler  would  consume  about  407  t/h of 
typical  Hat  Creek  coal to  produce 1,750 t/h  of  high-pressure  steam. 

Electricity  would  be  generated  in  the  powerplant  by  four 
steam  turbine-generators,  each  capable  of  generating 560 MW (gross)  for 
a total  net  capacity  of 2,000 MW. 

At  the  turbine  exhaust,  a  condenser  condenses  the  steam 
to  water  after  it  has  done  its  work.  The  water  is  then  returned  to  the 
boiler  to  be  converted  into  steam,  which  is  a  closed  cycle. A condenser 
does,  however,  require  large  quantities  of  cold  water  flowing  through  it 
to  condense  the  exhaust  steam. In providing  cooling  for  the  condenser, 
the  cooling  water  itself  warms  up;  and  the  heat  it  has  gained  must be 
dissipated.  As  it  would  be  harmful  to  the  environment  to  discharge  this 
heated  water  into  the  natural  water  system,  the  Hat  Creek  method of 
cooling  provides  for  two  cooling  towers,  each  rising  to  a  height  of 
135  m.  The  heated  water  leaving  the  condensers  is  piped  into  the  cooling 

droplet  form  over  a  latticework.  Air  flowing  upwards  through  the  tower 
towers,  where  it  is  allowed  to  cascade  down  to  the  bottom,  passing  in 

heat  from  the  portion  of  the  water  which  evaporates.  Make-up  water  must 
is  heated  as  the  water  is  cooled,  most of the  heat  transfer  being  latent 

be  added  to  replace  this  evaporative loss to  the  atmosphere.  This  is 
pumped  from  the  plant  reservoir,  containing  roughly  a  two-month  supply. 
The  reservoir  is  replenished  from  the  Thompson  River  through  a 21 Irm 
buried  water  pipeline. 
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3 . 8  POWERPLANT EMISSIONS AND WASTE 

A v i t a l   f a c t o r  i n  the  powerplant  design and operation i s  
an  acceptable  environmental  impact. Both a i r  and water  quali ty  control 
systems  have  therefore been incorporated  into  the  design. 

Air quali ty  measures  include  location of the  plant  high 
above the  val ley,  a 244 m high  multif lue  stack, and co ld   e lec t ros ta t ic  

has  been lef t   for   possibly  adding,   la ter ,   f lue  gas   desulphurizat ion.  
precipi ta tors ,   capable  of trapping 99.55% of the   pa r t i cu la t e s .  Space 

Hat Creek  performance  coal  contains  only 0.51% sulphur on a dry  basis.  
When abnormal  atmospheric  conditions  are  predicted which may cause 

will be  applied. T h i s  will involve  either  switching  to low-sulphur coal 
ambient SO2 l eve l s   t o   i nc rease ,  a MCS (Meteorological  Control System) 

or  reducing  the  load.  Oxides of nitrogen  emissions w i l l  be  controlled 
by appropriate  design and operation of t h e  bo i l e r s .  

10,000 t of ash w i l l  b e  produced daily.  Fly-ash w i l l  b e  
wetted and conveyed, with bottom-ash, t o  a "dry"  disposal  area  in  the 
Medicine Creek Valley below the dam for   the   p lan t   reservoi r .  Bottom-ash 
w i l l  b e  continuously removed from below the   bo i le rs .  The ash  disposal 
area would be  progressively  covered  with  topsoil and landscaped  over  the 
l i f e t ime  of the  project .  
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3.9 TWO KFI AREAS: DRAINAGE AND RECLAMATION 

related  and  inter-acting.  With  several  difficult  landslide  areas  along 
the  West  side,  a  comprehensive  mine  drainage  plan  is  a  pre-condition  of 
successful  mine  development.  The  drainage  plan  developed  for  Hat  Creek 
is  designed  to  meet  the  difficult  ground  conditions  revealed  by  explo- 
ration.  It  includes  an  inter-locking  system  of  diversions,  dikes, 

ments  and leachates. Prior t o  construction,  an  area  of  ponds  and  lakes 
ditches, de-watering wells,  and  the  provision of lagoons  to  trap  sedi- 

would  be drained  of water  which  might  mobilize  the  already  unstable 
ground  in the  slide areas. 

Both  drainage  and  reclamation  of  disturbed  land  are 

In terms  of  environmental  protection,  the  drainage  plan 

only  water  purified  to  an  acceptable  degree  will  be  allowed  to  re-enter 
ensures  that  water-borne  contaminants  will b e  trapped  and  disposed  of; 

the  natural  water  courses.  Flows  will  also  be  handled  in  such  a  way  as 
to  re-establish  wetland  habitats  for  wildlife. 

The  guiding  rule  governing  land  reclamation  would  be to 

with  operation  of  the mine (e.g. the  ash dump in  Medicine Creek),  and  to 
reclaim  progressively those areas which permit restoration concurrently 

budget  for  extensive  reclamation  once  the  mine  closes. 96% of  the  land 
disturbed  during  the  lifetime  of  the  mine  (except  the  open  pit)  will  be 
levelled,  contoured,  covered  with  topsoil,  and  seeded  or  re-planted  with 
shrubs  and  trees,  the  objective  being  to  restore  it  as  closely  as 
possible t o  its  former  condition.  Most  of  the  remaining 4% would  be 
accounted  for  in  the  need  to  retain  access  roads,  reservoirs,  drainage 
ditches  and  the  like  for  the  purpose of continued  monitoring  of  water 
quality,  etc.  It  is  estimated  that  this  reclamation  program  will  cost 
$40 million  over the lifetime of the mine. 
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SECTION 4 

4.1 

GEOLOGI 

INTRODUCTION 

.L . 

_I 
This  report  sunnnarizes  all  the  geological,  geophysical, 

and  coal  quality  data  for  the No. 1 Deposit,  based  on  a 152.4 m  grid. 
Statistical  studies  for  the  various  parameters  show  a  high  level of 
confidence,  from  which  it is concluded  that  the  geological  data  are . m  

-7 adequate  for  mine  planning. 

. r  To  determine  chemical  properties  of  the  coal  deposits, 
proximate,  ultimate,  and  ash  analyses  were  made  on  the  core  samples  at 
Coimercial  Testing  Laboratories  and  General  Testing  in  Vancouver,  and 
Loring  Laboratories in Calgary.  In  order  to  improve  technical  control 
and  expedite  analytical  work,  a  field  laboratory  was  set  up  for  the 
1977/78 exploration  program  to  handle  routine  proximate  analysis, 

and  analytical  procedures  followed  American  Society  for  Testing  and 
thermal  value  determination,  sulphur,  and  screen  analysis. All sampling 

Materials' (ASTM) standards. 

', 

'r 

:a Samples  were  also  provided  for  washability  studies  at  the 
laboratories of Energy,  Mines  and  Resources  in  Edmonton,  Birtley 
Engineering  (Canada)  Limited,  and  Warnock  Hersey  Professional  Services 

simulate  size  degradation  in a washing  plant and wet screen  analyses of 
the  low-grade coal f o r  any  possible  beneficiation. 

'I - Ltd.,  in  Calgary.  Warnock  Hersey  also  conducted  wet  attrition  tests  to 

SI 

r 
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4.2 EXPLORATION AND DEVELOPMENT 

. .  L 

" 

I 

1959 ,   22  diamond-drill  holes  aggregating 4,375.8  m  were  drilled.  This 
indicated  the  potential  of  a  large  low-rank  coal  deposit  in  the Hat 
Creek  Basin. 

In the  earlier  stages  of  exploration,  between 1925 and 

In 1974 ,  B.C.  Hydro  initiated  a  detailed  exploration 
program to  define  the  limits,  structure,  and  coal  quality  of  the  Hat 
Creek  Basin. 

Golder & Associates  were  retained  as  consultants  for  the 
geotechnical  studies,  including  slope  stability,  foundation,  and  geo- 
hydrological  investigation  which  formed  an  integral  part  of  the  overall 
program. 

Till 1 9 7 7 ,  the  geological  drilling  and  exploration 
program  was  conducted  by  Dolmage  Campbell  and  Associates.  Subsequently, 
B.C.  Hydro  took  over  the  responsibility  of  running  the  program. In the 
total  program, 206 exploration  holes (54 ,037 m), 1 5 1  geotechnical  holes 
(7 ,996 .7  m), and 1 1 7  holes (2 ,117.7  m) for  surficial  material  investi- 
gation,.  bulk  sampling,  and other'studies, aggregating ' 73 ,860.3  m, were 
drilled.  (Table 4-1) 

Under  the  same  program, 64 holes (21 ,800 m) were  drilled 
in  the No. 2 Deposit  South  of  the No. 1 Deposit.  Though  the  reserves 
indicated  were  larger  than  those  of  the No. 1 Deposit,  the  mining  and 
economic  conditions  were  not  as  favourable.  Consequently, no further 
drilling  was  considered  at  this  time. 

Regional  surface  geophysical  surveys,  especially  gravity 
and magnetometer, have helped  in  delimiting  the  coal deposit and identi- 
fying  the  distribution  of  the  denser  materials - i.e.  burnt  zone  rocks 
and  volcanic  rocks. 

Aerial  photographic,surveys  were  carried  out to  provide 
topographic  maps  and  control  for  exploration  work.  Elevation  control 
was  established  by  running  third-order  levels  from  the  geodetic  bench 
mark  near  the  function  of  Highways 12 and 97.  Additional  survey  bench 
marks  established  by  McElhanney  in 1976 served  as  ground  control  in  the 
area. 

After  drilling  was  completed,  the  drill  sites  were 
cleaned,  levelled,  and  restored  to  the  natural  ground  contours  before 
seeding  with  a  mixture  developed for use  in  the  Hat  Creek  region. 
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4 . 2 . 1  Geophysical  and  Geological  Lopsing 
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All holes  were  geophysically  logged  (Gamma  Ray  and 
Density)  on  a  scale  of 1:250. Geolographs  provide  data  on  the  rate  of 
penetration  versus  bit  pressure  and  bit  rpm  versus  pump  pressure.  Gamma 
ray  and  density  log  peaks  were  used  to  identify  marker  horizons  and 
varying  lithologies  throughout  most  of  the  deposit,  thus  providing  a 
means  of  sub-zone  correlation  between  drill  holes.  Gamma  ray  log  peaks 
essentially  reflect  claystone  interbeds  (partings)  with  relatively  high 

variation  in density  of  the rock  and  coal  or coaly  material. 
radioactive K-ion  content. The  corresponding density  log  reflects  the 

Five  ranges  of  the  API  (American  Petroleum  Institute) 
values  were  established  to  represent  coals of varying  ash  content  and 
waste  bands.  These  were  plotted on cross  sections to aid  in  the  inter- 
pretation  of  the  lithofacies  distribution  and  structure  of  the  deposit. 
Correlation  of  the  data  led  to  the  concept  of 16 sub-zones  within  the 
four  major  zones  recognized  earlier. 

Cores  obtained  from  drilling  have  been  geologically 
logged:  the  lithological  and  structural  characteristics,  mineralization, 
etc.,  have  also  been  recorded. All the  cores  have  been  indexed  and 
preserved  in  core  sheds  at  the  site. 

4 . 2 . 2  Coal  Sampling 

maximum  sampling  interval  for  proximates,  thermal  values,  and  sulphur 
determination;  and 12 m - 18 m  maximum  for  mineral-ash  analyses,  fusibility, 
grindability,  and  other  tests. As a rule,  the  sampling  intervals  were 
required  to  correspond  to  the  natural  boundary  of  the  homogeneous  coal 
as  reflected  by  the  geophysical  logs.  The  cores  were  split  in  half 
along  their  length  and  bagged  for  chemical  tests.  The  other  half  were 
stored  for  future  reference.  Since 1977, all  the  samples  were  run  at 
B.C.  Hydro's  laboratory  located  at  the  site.  Check  samples  were  regularly 
sent  out  to  commercial  laboratories. 

Systematic  analytical  work was conducted,  applying a 6 m 

1 
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4.3.1 Strat igraphy 
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The t e r t i a r y  sediments i n   t h e  Upper Hat Creek~Valley were 

West p a r t  of the  Intermontane Belt of the Canadian Cordillera.  The 
deposited i n  a Northerly-trending topographic  depression  in  the South- 

mountains  bordering  the  valley  range  in  age from  Permian to  Cretaceous. 
The va l l ey   f l oo r  is underlain by t i l ls  and glacio-f luvial   deposi ts  
subsequent  to  the  Pleistocene  glaciation.  Table 4 - 2  summarizes the 
general   s t ra t igraphy of the  region. 

The coal-bearing  section  belongs  to  the Kat Creek  Formation 
of the Eocene Epoch deposited 36 t o  42 million  years  ago. It is  under- 
l a i n  by the Coldwater  Formation  consisting of de t r i ta l  sediments and 
overlain by poorly  consolidated  bentonitic  claystone and s i l t s t o n e  beds 
of the Medicine  Creek  Formation.  These  beds  were subjected  to   glaciat ion 
and subsequently  overlain by glacio-f luvial   mater ia l .  

Based on l i thology,   coal   qual i ty ,  and geophysics,  the Hat 
Creek  Coal  Formation was sub-divided  into 16  sub-zones. Two of these 
sub-zones, A-6 and C-1, are essent ia l ly   waste  and coaly  shale   uni ts ,  
while  the  remaining 14  represent  coal of varying  quality.  Table 4-3 
i i l u s t r a t e s  a scheme for   the  development of t he   s t r a t ig raph ic  sub- 
d iv is ion  of t he  Hat Creek  Coal  Formation. 

A typical  sub-division i s  i l l u s t r a t ed   i n   F igu re  4-1. 

4.3.2 Structure  

The reg iona l   s t ruc ture  of the Hat Creek  Coal Basin i s  a 
North-trending  graben  flanked on both  sides by gravity  faults.   Transverse 
f a u l t s  have of fse t   the   g raben   in  places. 

The pr imary  s t ructure   in   the No. 1 Deposit  consists  ofo 
two synclines  separated by an anticline,   plunging  at   an  average of  15 
t o  1 7  towards t h e  South-South-West. It is truncated on the  South and 
East by steeply  dipping  boundary  faults  (Figure 4 - 2 ) .  Repetit ion of 
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s t ra t igraphic   sec t ions   has  been  observed i n  some  of t h e   d r i l l   c o r e s .  
Such overturning is due to   local   reverse-faul t ing,  which is probably 
a l so   respons ib le   for  t h e  anomalous thickness of de t r i ta l   sed iments  
encountered i n  the Western sector .  These  compressive  forces do not 
appear  to  be  strong enough to  cause a major   regional   upl i f t .  Undoubtedly, 
t he   gene ra l   f ac i e s  change i n  th i s   d i rec t ion   has   s ign i f icant ly   cont r ibu ted  
t o  t h e  thickening of the  waste  material  zone  (Figures 4-3,  4-4A, and 
4-4B).  

4 .3 .3  Burn Zone 

The "Burn Zone" is characterized by pink  to  yellowish- 
brown colorat ion on North  and  South walls of Trench A, in  outcrops North 
of Trench A ,  and i n   s e v e r a l  of the  cores.  The red  coloration i s  due t o  
the  formation of iron-oxide by baking of ferrous  oxide and hydroxide of 
the  clay.  The well-preserved  structure of the   o r ig ina l  sediments and 
the   ves icu lar   na ture  of the  burnt   mater ia l   suggest   the   effect  of burning 
of the  coal.  The in te r layered  and enclosing  claystones were baked i n  
th i s   p rocess .  The coals  were ign i ted  by spontaneous  combustion o r  
f o r e s t   f i r e s ,  though the   vo lcan ic   ac t iv i ty   i n  the  adjoining  area  could 
a l s o  have  been par t ia l ly   respons ib le .  

4.3.4 Trench Geology 

half  of the  deposi t .  Of the  three  t renches,  Trench A and B were  excavated 

Battle River  Powerplant i n  Alberta.  Trench C provided  information on 
t o  provide bulk coal samples for t e s t ing  burning  character is t ics  at t h e  

t h e   s t a b i l i t y  of the  claystone  highwall. 

I n  1977,  three  trenches  were  excavated i n  the  Northern 

Trench A: This  exposed B-zone coal  and the  contact w i t h  

mater ia l  i n  contact w i t h  coals a t   t h e  East end. 
underlying C 1  claystone a t  i t s  Nest end and the  collapsed  burn zone 

Bedding plane  shearing,  contorted  folds,  and f a u l t s  have 
been  observed.  Large  sections of p e t r i f i e d  wood wi th   pyr i t ic   inc lus ions  
were  observed a t   t he   con tac t  of coal  and C1 claystone. 
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1 - Trench B: This  exposed  the D-zone coal,   representing  the 
e a r l i e s t  phase of thick  coal  deposit ion.  It was marked by an  abundance 
of p e t r i f i e d  wood  up t o  12-15 m long. The coal  was hard, compact,  and 
massive,  with a th in   f i lm of s i d e r i t e  and a c lus t e r  of very   f ine   pyr i te  
crystals   a long  the  f racture   planes.  

m 
", 

m Trench-C:  Trench C excavation showed t h e   s l i d i n g  of t he  
" older  Coldwater  Formation  over  the  younger glacial  till. The f a i l u r e  of 

some  of t h e  faces   ind ica tes   mater ia l  weakness  due to  water  seepage and 
(I swelling of the  bentoni t ic   c laystone.  
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4.4 DEPOSITIONAL  ENVIRONMENT OF THE  HAT  CREEK  COAL  FORMATION 

Some 40 million  years  ago,  peat  deposition  began  in a 
generally  broad  North-trending  marsh  with  little  or  no  circulating 
water. The favourable  climatic  conditions,  aided  by  the  slowly  sinking 
basin  throughout  the  period  of  D-zone  deposition,  accounts  for  the 
immense  thickness  of  the  virtually  uninterrupted  coal mass. When  the 
equilibrium  was  disturbed  by  rapid  sinking,  the  basin  was  cyclically 
flooded  by  fresh  water,  leading  to  the  deposition  of  numerous  partings 
in  the  coal  measures  following  D-zone  ,deposition.  The  Western  and  the 
South-Western  margins  of  the  peat  basin  received  fluctuating  amounts of 
coarse  sediment,  resulting in rapid  lithofacies  change  from  coal  to 

which thicken  significantly  towards  the  South and  West. In  the centre 
coarse sandstone,  particularly  in  rock  member sub-zones A-6 and C-1 

and  North-East  of  the  peat  basin,  the  rates  of  subsidence  and  deposition 
were  about  equal,  and  the  effect  of  the  silty  sediment  from  the  Western 
stream  was minimal, allowing  the  continued  accumulation  of  plant  debris 
to  proceed  uninterrupted. 

The  Interior  Plateau  region  was  affected  by  volcanic 
activity  contemporaneous  with  the  peat  deposition.  The  widespread 
occurrence  of  ash  beds  in  the  coal  measures  reflects  these  episodes  of 
volcanic  ~eruptions. 

a 

4 " 7  



4.5 COAL  QUALITY 
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applying a 6 m maximum  sampling  interval  for  proximates,  heating  values, 
and  sulphur,  and a 12 to 18 m maximum  for  mineral-ash  analysis,  fusibility, 
grindability,  and  other  tests. 

Systematic  analytical  work  was  conducted  on  all  cores, 

In 1977, 7,000 t of  sample  coal  was  transported  to  Battle 
River  Powerplant  in  Alberta  for  technological  evaluation  of  its  burning 
characteristics.  This  program  demonstrated  that a typical Hat Creek 
coal  can  be  handled,  pulverized,  and  burned  in a commercial  powerplant. 

Washability  tests  were  performed on the  above  sample. 
Earlier  studies on bulk-auger  samples  had  indicated  an  imbalance  in  size 
consist  due  to  excessive  size  degradation  in  the  washing  process  affecting 

Hersey  in  Calgary,  explained  this  anomaly. 
the  actual  recovery  values.  Subsequent  wet  attrition  tests,  at  Warnock 

4.5.1 Ash  and  Heating  Value 

The  dry-ash  vs.  heating  value MAF (Moisture  Ash  Free) 
regression  analysis of  the  three  holes, DH 135, 136, and 2 7 4 ,  in  the 

from  the A, B, and  C-zones  with  less  than 60% ash (db). The  plot  for D- 
central  part  of  the  basin  indicates a linear  relationship  for  samples 

zone  from  the  same  holes  shows  an  almost  identical  trend.  This  is 
indicative  that  the  coals  from  various  zones  have  the  same  rank.  To 
establish a practical  ash  vs. heating value (db)  regression line (Figure 
4 - 5 ) ,  and  the  analytical  values  (Table 4 - 4 )  for  all  the  coals  within  the 
deposit  with the exclusion  of  those  below  the  cut-off  grade,  were 
included  in  the  regression  analysis. 

The  ultimate  analysis  is  required  to  calculate  the  net 
heating  value  of  the  coal  and  to  establish  the  emission  levels of oxides 
of  sulphur  and  nitrogen. 

I 

4 - 8  



" 

._ I 

111 

r 

The  average  values  for Hat Creek  coal  are: 

C - 46.2 
H - 3.6 
0 - 15.4 
N = 0.9 
C1 - 0.03 
s = 0.51 

4.5.2  Moisture  Determination 

One  of  the  most  critical  parameters  in  coal  analysis  is 
the  determination  of  "in-situ''  moisture. 

In the  exploration  stage,  where  heavy  reliance  is  imposed 
on drill  cores,  it  is  not  possible  to  get  cores  in  their  natural  state 
because  of  the  drilling-water  contamination.  To  improve  this  situation, 
"equilibrium  moisture"  as  per ASTM (1412-56)  was  determined.  This 
tended  to  be  higher  than  true  "in-situ''  moisture,  as  coal  in  nature  is 
more  compact  and  not  always  saturated  to  the  optimum  level  that  the ASTM 
calls  for. 

librium  moisture  of  24.2%. 
Tests  run  from 1957 to 1976 produced  an  average  equi- 

The 1978 5A  Drilling  Program  incorporated  a  careful 
moisture  analysis  program.  The  sampling  procedure  involved  the  following 
steps: 

(1) Taking 10 cm  samples  every 15 m  in  coal; 

(2)  Taking  the  sample  immediately  after  it  came  out  of  the  core  barrel; 

(3)  Wiping  the  surface  moisture  off  with a rag; 

( 4 )  Sealing  the  sample  in  plastic  wrap  and  tape; 

(5) Resealing  the  sample  in  a  plastic  tube  with  the  air  squeezed  out 
and  the  end  heat-sealed. 

a 
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situ  moisture  of 21.86% (with a standard  deviation  of 4 .14% and a 
standard  error of the  mean of 0 . 3 8 % ) ;  average  ash (db) 28 .18%.  

The  results  for 121 samples  showed  an  average  total in- 

Moisture  in  coal  is  present in two forms:  surface  and 
bonded.  The  surface  (or  air-dried)  moisture is readily  lost  when 
exposed  to  the  atmosphere.  The  mean  value  obtained  for 2 , 6 0 0  samples 
tested  for  air-dried  moisture  was 12.97% with a standard  deviation  of 
5 .73% and a standard  error  of  the  mean  of 0.11%. 

The  residual  or  bonded  Zoisture  is  aetermined  by  heating 
an  air-dried  sample  for  an  hour  at 110 C. Normally  the  coal  will  re- 
absorb  this  moisture  when  exposed  to  the  atmosphere.  The  mean  value of 
over 4,000 residual  moisture  tests  was 9.06% with a standard  deviation 
of 4 .75% and a standard  error  of  the  mean  of 0 . 0 7 % .  

Studies  conducted  by  the  Paul  Weir  Company  have  predicted 
a mean  total  moisture  content  for  run-of-mine  coal  of 23 .5%.  

4 . 5 . 3  Sulphur  Distribution 

Initial  studies  on  sulphur  distribution  in  the  No. 1 
Deposit  showed  an  average  value  of 0 . 5 1 % ,  of which  approximately 71% was 
organic, 25% pyritic  and 4% sulphate. 

Table 4-5 shows  the  distribution of the  forms  of  sulphur 
by  zone  and  for  the  whole  deposit. 

erratic  as  was  thought  earlier. I n  many  sections  within  the  sub-zones, 
continuity  in  sulphur  distribution  is  observed.  There  are  distinct 
bands  in  the  sub-zones  that  contain a high  sulphur  concent:ration.  High 
sulphur  concentration  has  been  identified  in  the  top 3 m of A 1  sub-zone 
coal  and  at  the  bottom  of  the B2 sub-zone.  The  identification of such 
sections  will  have a direct  impact  in  controlling  the  sulphur  content of 
the  run-of-mine  coal. 

Recent  studies  indicate  that  the  distribution is not as 

Some  of  the  other  broad  conclusions  are: 

(1) The  Western  sector  of  the  deposit  shows  higher  sulphur  than  the 
Eastern  sector; 

a 
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( 2 )  A-zone  contains  the  highest  average  total  sulphur,  while  B-zone 
contains  the  highest  local  concentrations. 

Sulphur  is  discussed  further  in  Section 4.7.2 on 
Geostatistics. 

4.5.4 Mineral  Analysis  of  Ash, Ash Fusibility  and  Grindability 

The  major  constituents  of  the  coal-ash  average 52.6% 
Si02  and 28.3% A1203 may  be  of  interest  for  alumina  extration.  The 
analyses  of  ash  from  the  four  zones  show  no  appreciable  difference, 
indicating  the  source  material  for  the  ash  remained  unchanged  throughout 
the  coal  deposition. 

The  ash  deformation  temperature  is  indicative  of  its 
physical  behaviour  at  combustion  temperatures.  The  range  from  initial 
deformation  to  fluid  temperature  suggests  the  fouling  conditions  of  the 
boiler. 

The  average  initial  deformation  temperature,  taken  over  the 
entire  deposit,  is  in  excess  of 1,4OO0C, the  limit  of  most  of  the  laboratory 
furnaces. 

The  Hardgrove  Grindability  Index  for  D-zone  is  lower  than 

and 50. 
the  A, B, and  C-zone  coal.  The  normal  range  of  BG  Index  falls  between 38 

4 . 5 . 5  Specific  Gravity 

of  coal  cores  by  the  water  displacement  method  after  the  sample  had  been 
fully  saturated  with  water,  As  there  was no significant  difference  between 
the  specific  gravities of coal  from  different  zones  for  a  given  ash  value, 
one  common  regression  curve  was  developed: 

The  specific  gravity  of  coal  was  determined  on small pieces 

Specific  Gravity = 1.21104 + 0.00738 x Ash% 
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The  average of 1,584 waste  samples gave a specific 
gravity of 1.93. FOK calculation purposes a  specific gravity of 2.00 
was  considered  as mote conservative. 

The burn zone  material averaged 2.16. 

These  values  were used In  reserve estimation. 
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4 . 6  COAL RESERVES 

4.6.1 Introduction 
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The  coal  reserves  for  the  Hat  Creek No. 1 Deposit  were 
calculated  using a computer  model.  The  selection  of  the  modelling 
technique  was  controlled  by  the  necessity  to  accurately  reflect  the 
complex  structure,  and  to  handle  the  variability  of  the  coal  density  and 
quality.  Other  important  criteria  were:  the  ability  to  produce  adequate 
displays  for  verifying  and  using  the  model;  the  ease  of  making  changes 
for  the  addition  of  new  data  or  for  correcting  errors;  and  the  flexibility , 
to  adapt  to  changing  requirements. 

model  using  the  Variable  Block  Model  (VBM)  method  developed  by  Mintec 
Inc.  Using  this  method  makes  it  possible  to  produce a model  that 

with  assigned  quality  values  for  each  block. 
accurately  duplicates  the  geologist's  interpretation  on  each  section 

The  technique  selected  was  to  construct a cross-sectional 

4.6.2 Development  of  the  Variable  Block  Model 

4 .6 .2 .1  Developing  Reserve  Blocks 

from  cross-sections  using  an  electronic  digitizer.  Cross-sections  were 
then  plotted  by  the  computer  on  the  same  scale  as  the  originals  for 
checking. 

The  geological zones and structural features were digitized 

faults  and  further  sub-divided  equally  into  smaller  blocks  less  than 
200 m in  horizontal  length. 

On each  cross-section  the  sub-zones  were  sub-divided  by 

The  top  and  bottom  surfaces  of  each  block  coincide  with 
the  sub-zone  boundaries,  which  produces a block  of  variable  thickness 
conforming  to  the  geological  interpretation.  Each  block  is  projected 
halfway  to  the  adjoining  cross-sections: 76.2 m North  and  South. 

When  the  block  definition  process  is  completed  the  data 
is  stored  in  the  "Geometry  File". 
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4 . 6 . 2 . 2  Quality  Assignment  to  Blocks 

m 
.: 

m 

m 

II 

il 

- 1  

.. m 

II) - 

I 

.' u 

1 

in  each  drill  hole.  The  individual  samples  were  weighted  by  their 

different  ways.  The  first  method  combines  all  the  samples,  both  coal 
length  and  specific gravity.~  The  composite  values  were  computed  in  two 

and  waste,  for  a  given  sub-zone  and  drill  hole,  which  effectively 
assigns  the  whole  intersection  to  either  coal  or  waste  at  a  given  cut- 
off  grade.  This  method  represents  non-selective  mining.  In  the  second 
method,  the  coal  and  waste  samples  were  accumulated  separately  provided 
that  they  formed  part  of  a  band  greater  than 2 m in  thickness,  which 
reflects  selective  mining  capability.  Bands  less  than 2 m  thick  were 
combined  with  the  adjacent  samples. . The  split  between  coal  and  waste 
was  defined  by  an  assigned  cut-off  grade.  Using  the  second  method 
generated  additional  data  for  storage:  coal  thickness,  waste  thickness 
and  the  number  of  coal/waste  contacts. 

Composite  sample  values  were  calculated  for  each  sub-zone 

inverse  square  of  the  distance  method  applied  to  the  distance  between 
the  block  centre  and  the  mid-point  of  the  composite  sample  used.  The 
search  distance  used  was 175 m  North-South  and 500 m  East-West.  If  the 
closest'  composite  contained  no  coal,  then  none  was  assumed to exist 
within  the  block.  In  the  interpolation  of  blocks  using  the  selective 
mining  method  the  volumes  of  coal  and  waste  in  the  block  were  estimated 
in  proportion  to  the  ratio  of  coal  to  waste  thickness. 

Quality  values  were  calculated  for  each  block  using  the 

Blocks  outside  the  search  distance  were  classified  as 
"undefined"  and  no  quality  values  were  assigned.  Undefined  materials 
were  assumed  to  be  waste  in  the A6 and  C1  sub-zones  and  to  be  coal  in 
the  remaining  sub-zones.  The  undefined.  coal  is  considered to be  in  the 
category  of  "Possible  Reserves". 

The  specific  gravity  of  coal  was  calculated  from  the 
formula : 

S.G. = 1.211 + 0.00738 ( X  dry-ash). 

Burn  zone  material  was  assigned  a  specific  gravity  of 
2.16, and  other  waste 2.00 (see  Section 5 . 2 . 5 . 2 ) .  

sample  values  and  in  reserve  calculations.  In  the  "undefined"  coal 
blocks  calculations  were  based  on  the  average  specific  gravity  for  the 
sub-zone. 

These  factors  were  used  in  developing  the  composite 
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Block  values  can  be  calculated  for  either  the  selective 
or  non-selective  mining  cases  and  for  different  cut-off  grades.  Each 
set  of  block  values  is  stored  in  its o m  "Quality  File".  In  this  study 

different  cut-off  grades - 9.3  Wlkg and 6.98 Wlkg. 
four  "Quality  Files"  were  prepared:  for  both  mining  cases  each  at  two 

4.6.2.3 Application of the  Variable  Block  Model 

calculating  the  reserves  within a designed  pit  or  for  the  total  deposit. 
The  "Geometry"  and  "Quality"  files  can  then  be  used  for 

4.6.3 Reserves 

1. Selective  Mining 

The  proven  and  probable  coal  reserves  of  the  Hat  Creek 
No. 1 Deposit  have  been  computed  to be 739,523 million  tonnes  with a 
heating.value of 1 7 . 7 1  W/kg, ash  content 34.82% and  sulphur  content of 
0.51%. The  possible  reserves  are  an  additional 45 million  tonnes. 

These  figures  are  for  the  proposed  mining  method  of 
selective  mining  with  removal  of  2-m  partings  and a cut-off  value  of 
9.3  Wlkg. Table 4-6 and  Table 4-7 show  the  distribution  of the reserves 
by  sub-zones  and  by 100-m bench  elevations. 

2. Non-selective  Mining 

If no waste parting  removal is considered,  then  the 
reserves  of  the No. 1 Deposit  based on a cut-off  value  of 9.3 MJ/kg 
would  be  (as  shown  in  Table 4-8)  746,058 million  tonnes  coal  at 1 6 . 7 2  W/kg, 
37.73% ash,  and 0.46% sulphur. 

Table 4-9 illustrates  what  the  coal  reserves  would  be  if 
the  cut-off  value  was  lowered  to 6.98  Wlkg. 
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4.7 GEOSTATISTICS 

.I 

4.7.1 Preliminary  Studies 

the  degree of continuity  in  a  parameter  (e.g.  heating  value,  sulphur) 
The  objectives  of  a  geostatistical  study  is  to  measure 

block  values  may  be  developed  and  an  estimate  made of the  error  of 
throughout  the  deposit.  With  a  knowledge of the  degree  of  continuity, 

estimation. 

Preliminary  studies  were  assigned  to  Mineral  Exploration 
Research  Institute (IREM-MERI) to  investigate  the  spatial  distribution 
of heating  value and sulphur. 

An initial  study  of 14 sub-zones  showed  good  continuity 
of  heating value'in the  coal  zones.  The  Inverse  Square  Distance  Method 
(ISD)  approximates  the  good  continuity  which  was  found  to  exist  in  the 
coal  zones. 

4.7.2 Sulphur 

Initial  studies of sulphur  variation  indicated  poor 
continuity.  However,  many  additional  sulphur  values  were  determined  and 
incorporated  in  a  geostatistical  study of the  total  sulphur  distribution 

viewed  with  IREM-MERI. With the  additional  data,  good  variograms,  which 
in  the  deposit.  Variograms  were  developed  for  each  sub-zone  and  re- 

indicate  continuity  and  predictability,  were  obtained  for 10 of the 16 
sub-zones.  The  reukining  six  sub-zones  showed  random  sulphur  distribution. 

Figure 4-6 presents a sample  variogram. 

The  results of the  variogram  calculations  are  sumnarized 
in  Table 4-10. 

The  parameters  shown  in  Table 4-11 were  used  to  produce 
estimates of the  sulphur  content of all  the  blocks  contained  within  each 
sub-zone  by  kriging.  The  kriged  block  values  were  input to the Variable 
Block  Model for use  in  reserve  and  pit  evaluation  calculations. 
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Table 4-12 shows a sample of the  resul ts   obtained from 
kriging  the  block  sulphur   values   in  a portion of t h e  A5 sub-zone. Two 
important  conclusions  are drawn from t h i s   t a b l e :  

(1) The s tandard  error  of the  individual   blocks  does  not   substant ia l ly  
deviate  from the average  value of 0.081; 

(2) A large number of i n t e r sec t ions  were  found to  krige  each  block. 

Th i s   i nd ica t e s   t ha t   i n   t he  A5 sub-zone, where s u f f i c i e n t  
data  has  been  gathered, a confidence  interval  of 10%  can  be  expected  for 
the  block mean a t  a 68% (1 S.D.) precision  level.   Individual  blocks 
w i l l  vary up or  down from th i s   f i gu re .  

Additional tests indicated a 12% confidence  interval  for 
the two B sub-zones a t   a . 6 8 %   p r e c i s i o n  level and a 20% confidence 
i n t e r v a l   f o r  D l ,  D2, and D4. The impact of the lower prec is ion   in  D- 
zone is  small because of the low average  sulphur  content. It must be 
emphasized that   the   previous  precis ion  f igures  do not   apply  to   the  s ix  
sub-zones t h a t  exhibited random behaviour. The d i s t r ibu t ion  of these 
s i x  sub-zones are predicted by c l a s s i c a l   s t a t i s t i c s  and shown  on Table 
4-10. 

blocks.  During  the  mining  phase,  the  confidence  interval w i l l  be 
improved  by: 

(1) Dr i l l i ng  t o  t e s t   t he   qua l i t y   d i s t r ibu t ion  ahead of mining on a 

The precis ion  f igures  were ca lcu la ted   for  75 m x 7 5  m 

smaller  spa,cing  than  the  present 150 m x 150 m gr id ,   to   increase  
the number of samples and hence  the  confidence  interval; 

(2)  Coal  from several   locat ions i s  mixed in   the   b lending   p i le ,  which 
fur ther   reduces the sulphur  variation. 

4 . 7 . 3  Research  Project 

A research  project  was undertaken by 1RE"MERI  t o  in- - 
ves t iga te   the   appl icabi l i ty  of a three-dimensional method t o  estimate 
heat ing  value  in  75 m x 75 m x 15 m bench blocks.  Following  three 

' months of theoret ical   research,  a new method to   es t imate   grades  in  

been  developed t o  produce a model of the  deposit  using t h e  new method. 
sedimentary  deposits was developed. A s e r i e s  of computer  programs  have 

Careful  checking and ve r i f i ca t ion  of t he   r e su l t s  is s t i l l  required 
before  the  system i s  ready  for  application. 

Y 

I 

d 
4 - 17 



TABLE 4-1 

SUMMARY OF DRILLING 
UPPER HAT CREEK VALLEY 

1925 - 1978 

No. 1 Deposit No. 2 Deposit 

No. of Holes Meters No. of Holes Meters 

1. Exploration: Pre-1974 22 4,375.8  64  21,799.9 

1974-1978 206 54,037.0 

f- 

I 
P 
00 

2. Geotechnical :   (s lope  s tabi l i ty  74 9,714.9 
foundation  incl .)  

(Geohydrological 77 7.996.7 
and o f f s i t e )  

3 .  Miscel laneous:   Surf ic ia l  Material 
Invest igat ion,  

Washability BAU) 
Sampling,  etc. AH) 117  2,117.7 

P) 

'TOTAL 

UII - Diamond D r i l l i n g  
RH - Rotary 
BAH - Bucket Auger Hole 
AH - Auger Hole 
1' - Percussion 

474 78,236.1  64  21,799.9 



Table 4-2 

Tertiary 

Unconfolmity (7) 

niocme or 
Middle 
Eocene ? 

pinney kke 
Formation 

No c 
Determined 

Lahar, sandstone.  conglowrare. 

I I  I 

-I i 1 Formation 
Medicine Creek 

60W Bentonitic  claystone and ailtatone. 

Late Eocene 
t o  * 
Uiddle 
Eocene 

36 - 42 
U 
e Eat Creek C o a l  

~ 

Formation 550 
Mainly c o d  v i t h  inrerc6laced ailtatone. clay- 
atone. aurdsrone and c o n g l o ~ r 6 c c .  

Coldwater 375 Siltstone,   claystme,  sandatone.  congl~mar6te.  
3 Pormation minor coal. 

~~ - 
Fault COnt6Ct 07 NonconfodCY 

Uiddle 
Eocene 43.6-49.9 Not ahyolice,  dacite.  andesite. b u d t  6nd 

Determined equivalent  pyroclastic.. i I 
Coniaci6n  '88.35 Spences Bridge Gmu 
t o  m.y. Determined breccias, 6gamr6te .  

Andesite,  d6cite. basalt, rhyolite;   cuff 

Crctaeeoru A p c l m  ** 
or 
Later E r a s i d  Unconfomity (Duffall 6 Uclaggrrt 1952) I 

I 98 n D u n L  nmrC1ey Not Granodiorite, c o n a l l i t 6 .  I 
Stock Det6rmfn.d I 

Intrusive Cantact (Duffell 6 HclagprC 1952) j 
PCnnSylV6ni6n 
to 

Or 
Peamian 250-330 

e a r l i e r  Greelutone 

I Cache Creak Gmup: I 

b r b l e  Canyon NOt M r b l e .   l i m a t o n e ,   a r g i l l i t e  
Fomation Determined I 

I 

Determined 6nd quartzi te ,   chlor i te   achis t ,  quartz-mica, 
Not Cre.natone, chert. 6 r g i l l i t e :  minor limestone 

I schist. 

4-19 
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Table 4-3 

DEVELOPMENT OF STRATIGRAPHIC SUBDIVISION I N  HAT CREEK COAL FORMATION 

STAGE I 

A 

B 

C 

D 

Recognition  of  four  broad 
zones i n   t h e  No. 1 
Deposit. 

STAGE I1 

A1 

A, (waste zone) 

B1 

C (waste zone) 1 

c2 

Ident i f ica t ion   of  two waste 
zones - A and C1. 2 

STAGE I11 

A1-l 

A1-2 

A1-3 

A1-4 

A2-l 

B1-l 

B1-2 

cl-l 

c2-l 

c2-2 

D1-l 

D1-2 

D1-3 

D1-4 

A1 - divided  into  four  sub- 
zones  separated by 
three  waste  .partings. 

B1 - div ided   in to  two sub- 

C2 - divided  into two sub- 
zones. 

zones  separated by a 
' lent icular   waste   par t -  

ing. 
Dl - divided  into  four  sub- 

zones of varying  qual i ty  

STAGE 1V 

A 1  

A2 

A 3  

A4 

A5 

A6 

B 1  

B2 

c1 

I 
c2 
c3 
c4 

D l  

D2 

D3 

D4 

For uniformity and convenience 
each  subzone w a s  assigned its 
own suf f ix .  Thus A2-l and 

k 1  represented by A6 and C 1  
respect ively.  
FOUT additional  subzones 
were introduced: A5. C2, C3  
and C4. 

the  principle  waste  zones 



MAXIMM 
M I N I M M  

RANGE 

WEIGHTEO nEAN 

SAMPLE  CORE  LENGTHS 
SAHPLE  COUNTS 

c 
I 
N 
)-. 

ARITHMETIC MEAN 
SAMPLE CwNT5 

SAMPLE  CORE  LENGTHS 

COEFF. OF VARIATION X 
STANDARD DEVIATION 

HAXI" 

RIllGE 

VEIGHTED UEAN 

SAHPLE CORE LEIIGIIIS 
SAI!PLE  COUllTS 

ARITlftlETIC PIEAN 
SAWLE C0U:lTS 

SAMPLE  CORE LENGTHS 

COEFF. OF VAAIATI0:I X 
STANDARD OEVIATION 

nxNrnun 

27398 62 .18  72.83 46.61 5.541 3 6 . 9 2 ~  3 1 . 5 6 ~  22.35- 35.601 15.60 
9317 7.96 7 .56  .h3 .031 2.26 .44 .22 16.761 .02 

18081 54.22 65.27 45.98 5.511 34.66 31.12 22.13 18.841 15 .58  

18443 32.56  33.96  34.37  .55l  22.54  12.93  8.90  23.831 1.42 .51  .26  .07i 

15304 15384  7101  7101  15374  9276  9275  15383  239  6935  4418 
4028 4028  1375  1375 40261 1793  1792  4027 341 1445  951 

I I 

54 581 
18 191 

I I I 

1.49 .20 .591 
.08 .15  .011 

I 

18037 33.76  33.54  33.90  .57i  22.44  12.96  7.94  2s.azi  1.48 
4028 4028 1375 1375 40261 1793 1792 4027 341 1445 

15384 15384 7101 7101 15374 9276 9275 15383 239 6935 
I I 

.SI .25  .05i 
951 

4418 
18 
54 581 

191 

.24 .OS .131 
I 

4456 12.94  8.79  5.35 . .37i  4.51  5.33  4.15 4 . d  2.00 
24.70  38.32  26.21  15.79  66.211  20.12  41.18  52.28  19.741  35.12  47.95  21.87  25.751 

nnnnnnnnnnnnnnnnnn~~nnnnnnnnnnnnnnn~nnnnnnnnnnnnnn~nnnnnnnnnnnnnn~nnnnnnnnnnnnnnnnnnnnnnnnn~n 

I 
i 
I 
In 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
*X 

I Y * ~ ~ ~ ( ~ n n ~ n n ~ n * n . n n ~ n n n n n n ~ n n n n n n ~ n n n * n N ~ n n n n n n ~ n n n n n n ~ n n n n * n ~ * n n n n n ~ * n * n * n ~ * * * n n * ~ * n n * n n ~  
SI02 AL2031 T I 0 2  I FEZ031 CAO 1 flG0 I NAZO I K2O i W4304i V205 I P205 I 603 I *ERR I 
77.16 40.19 X.85 56.00 47.08 8.07 5.42 1.80 1.94 .49 6 .14  7 .64  7.571 
17.06 9.26 .04 .IO .33 . O O  .17 . O O  . O O  .OO .OO .04 -1.561 
60.10 30.93 1 .81  55.90 46.75 8.07 5 .25  1.80 1.94 .49 6.14 7.60 9.131 

52.39  27.53  .94  8.40  3.55  1.57  1.40  .49 .17 .Ob .4 t   2 .08  .991 
I 

4159  4159  4159  4159  4159  4159  4418  4418  4159  4159  4159  4159  41591 
913 913  913  913  913  913  951  951  913  913  913  913 9131 

~~ 

52.29  27.96 .91 8 .34  3.46 1.57 1.35 . S I  .16 .05 .38 1 .98  .961 

4159  4159 4159 4159 4159 4159 4418 4418 4159 4159 4159 4159 41591 
913 913 913 913 913 913 951 951 913 913 913 913 9131 

I 

7.29  5.10  .28  6.35  3.72  .76  .79 . . 3 0  .22  .04 . b l  1.e2  1.041 
13.95  18.25  31.49  76.15  7.43  48.52  59.04  58.42  35.18 71.02 58.68 61.72  7.911 

nnYx1*nnnnnnlnn~**n*nN*****nnnnn*~n***nnnnn*nn***nnnnnnn*~~nn*nnnnnnx~n**nn*nn*nn~*nn*~~nnN 

I 



1 

I 

I 

I 

m 

I Pyri t ic   Sulphur  % 

Organic  Sulphur X 

Sulphur as Sulphates % 
I 

I . Total 
I 

1 

m 

a 

- 
- 
n m  

il 

I 

1 

i 

TABLE 4-5 

S U L P W R  FORMS 

Zone A 

0.22 

0.50 

0.02 

Zone B 

0.20 

0.44 

0.03 

0.74 0.67 

4 - 22 

Zone C 

0.11 

0.31 

0.01 - 

0.43 

Zone D 

0.04 

0.24 

0.02 - 
0.30 

Deposit 
Total 

0.13 

0.36 

0.02 - 
0.51 
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TABLE 4-6 

RESERVE ESTIMATION BY SUB-ZONES WITH 2 m PIINIMUM THICKNESS 

L HIIV ClIr-OFF 7.30 N NO DILIJTION * 2-MEl'UE N I N .  THICKNESS 1 

DATE I 27:Har-79 

CflAl. 
ZONE TONNE8 ASH% HJ/I(F SULX  VIILIIHE  VOLllHE  TIINNES Cllhl. 

HHV TOTAL. CDAI. IJASTE IlNIIEl; TONNEB LJNOEF VOILUHE 

- " - - - - """ """ """ """" """" """" """" """" """" 

UASTE  CflAL  UASTI: 

c 
I 

N 
W 

BURN 
A 1  
h 2  
n3 
A 4  
A5 
A 6  

(: 3 
t: 4 
I1 I 

II3 
0 2 

I! 4 

27223. 
0 ,  

41400. 
35944, 
49558. 
5B665. 

72681. 
'7041. 

6Ll!i61 , 
10245. 
19842. 
20050. 
32405. 
7000S9 
8Y306. 

66106.  
70476. 

0.00 
31.18 
37 60 
45.50 
4 0  75 
4 4 . 4 2  
50 .48  
38 .06  

401113 
47.06 

45  01 
46 .09  

31 a35 
25.18 

24.84 
19.70 

37.70 
56301 

160095. 
63751 

24326. 

0 .  14620. 

32794 ,   40d l l .  
311139. 

4 4 5 0 .  122745. 
36056,  

40016. 14317; 
46075. 33836. 

6527, 286629. 
12740. 22515. 
12940. 
21013.  18457. 

17272. 

40594.  4150. 
64010. 
51984. 

0.  

47436. 
389 .  
668. 

0. 
0 .  

235 I 
0. 
0. 

20507 I 
0. 
0 .  
0 .  
0 .  
0 .  

0 .  
0 .  

0 .  
0 .  

0 .  
0 .  

0 .  

0 .  
0. 

377. 

1540. 
1410. 
5407. 
A862 
7643. 
7543, 

0 . 
0 ,  
0 .  
0 . 
0 .  

117. 
0 .  

0. 
0 . 

10253. 
0 .  
0 .  
0. 

0 ,  
0 .  

0 .  
0. 

1 CI lAI . .  7375;!3, 34.82  17.71 0.51 898027.  505233.  702279.  44973.  20742.  31 025.  10371 I 

NtITE:I 1 ,  TONNnGES ARE ~TIIOIISANDS OF METRIC 'TONNES 
2 .  VOLLIHES ARE  THOUSANClS OF  [:URIC  METRES 



TABLE 4-7 

RESERVE ESTIMATION BY BENCHES WITH 2 m MINIMUM THICKNESS 

L HllV CLIT-OFF 9.30 & NO D I L U T I O N  I 2-HETRE H I N .  THICKNESS * 
I jATE I 27-Her-79 

sunnAuY FOR ALL UENCHES I 

U I  
7 1  600) Y O W O .  35.02 17.50 0 . 5 0  1wa1o.  

500 1 
61815. 

53480.  3 5 . 7 5  17.57 0 . 4 1  ROY07. 
Y l  400)  0.33 44104.  14982. 
IO( 

21455. 30.64 19.52 
300 ) 

1 1 1  
1514. 37.50 17.16 '0.:54 15666. 

2 0 0 )  0 .  0.00 0.00 0 .00  0 .   0 .  
1019. 

l O l A L  739523. 34.82 17 .71  0 . 5 1  1198027. 505233.  

16400. 

135066. 
122767. 
120642. 
110798. 

7796tl. 
26945. 

385. 
0 .  

702279, 

5791, 
2116. 134.  

:!R21 a 

12713. 13378. 
17530. 

0. 
3974. 

0 .  

44973.  2074 2,  



TABLE 4-8 

RESERVE ESTIMATION WITH NON-SELECTIVE MINING AT 9.3 W/kg CUT-OFF 

CBAL 
ZONE TONNES 

""" 

BLIRN 0 .  
A 1  

38078. 
43219. 

A 3  32392. 

A 5  
A 6  

n2 

n4  46050. 
60364. 

n1 
1039 * 

69475. 
H 2 
1: 1 

66861 

C2 23876. 
9043. 

1: 3 20766. 

M.I/KR 
HHV 

- - ." 
0 .00  

1.3.04 
13.70 

12.05 
12.60 

1 4 - 8 3  
12.46 

16.25 
12.33 
12.65 
12.75 
13.24 
18;27 

22 .92  
21.35 

16.7:? 

In. 94 

21 - 0 9  

SULZ VOLLIME 
COAL 

" 

0. 
27637. 
T14600. 
20076.  
29744 * 
3f!239. 

1164 
4691.7. 
44716. 

5692 e 

151f15. 
13244. 
21 1112. 
5 0 6 ~ 9 .  
64010. 
52179. 
47769. 

503022. 

U N E F  TONNE5 
UASTE con[. """_ """" 

0 .  
0 .  

0 .  

0 * 0. 
0 .  0 .  

0 . 0 .  
a .  
0 .  

4115. 
0. 235 a 

0.  
1135. 0 .  

517. 0 .  

2206. 
2416 8 n. 

0. 

Y505. 
7864 0 .  

10537 e 

10'385. 
0.  
0 .  

n. 

( I .  2osn7. 

n. 

4 ~ 1 3 0 .  20742. 

IJNIIEF unL.11n~ 
CIIAI.. blnslt.: 

" """ 

0 .  
0 .  

0 .  
01 

0 .  
0 ,  

0 .  
327. 
7511. 

0 * 
328 I 

1540 e 

1418.  

6062 .  
5407 .  

7643. 
7543. 

0 . 
0 . 
0 .  0. 

117.  
0 .  
0 .  

10253 9 

(! * 

0 .  

0 .  

n. 

n. 

n. 

n. 

n. 
n. 



TABLE 4-9 

RESERVE  ESTIMATION WITH NON-SELECTIVE  MINING AT 6 .98  MJ/kg CUT-OFF 

* IItiV CUT-OFF 6.9tI(3003)i'l11S) * NO D J L l l l I O N  NO MINIHIJH THICKNESS * 
I IAIE I 3O~Mer-79 

c- 
I 

N 
rn 

""" 

ZONE 

RLIRN 
A 1  ." 
A 2  
A 3  
A 4  
A 5  
A 6  
ti1 
El 2 
C l  
C 2  
c3 

74965. 
3060. 

8:!809, 
76557. 

40550, 

89306. 
73542. 

70052. 
66693. 

856909, 

52 .49  
52.04 
49.54 
32.9V 
25.18 
20.07, 
2s. 20 

41.03 

H.l/ltO 
HtiV 

- - 

0.00 
12.94 
1 2 ~ 6 R  

11.63 
9.9u 

1.1  7Y 
10.65 
15.413 
1 5 . 2 4  

11.56 
11 a63 
12.31 
18,27 
21.09 
2.2 * 9 2  
21.35  

15.62 

10.80 

SllLX VOLllHE 
101 AI. 

- "" - """_ 
0.00 
0 . 5 3  

6769. 
28365.  

0 . 4 0  41853, 
0 . W  40524. 

0.4Y  57099. 
0 . 6 0  56168. 
0.36 65940. 
0.60 56301. 
01 66 63751. 
0.52 16009S. 
0.40  24326. 
0 .32  
0.32 31 660.  

231 16. 

0.211 56075. 
0.27  70072. 
0 .29  
0.3f l  55313, 

59022. 

0.45 E19E027. 

VOLIIME 
CIIAI. 

0 .  

3 8 0 8 5 ~  
46911. 

5486tI. 
1870. 

5048 9 I 

lV6Sfl. 
€1972, 

25765. 
1 7737. 

50669. 

52179. 
6401!), 

47769. 

569124 s 

TONNES 
WASTE 

127903. 
18513. 

2212. 
25007. 

2E1740. 
€1679, 
7677. 
8953. 

0 .  
0 .  

0 .  
0 .  

574497. 

UNOEF TONNES 
cunL. UASTE 

0 ,  
0 . 0 .  

0 .  
0 ,  0 .  

0. 
0 .  

0 .  
0 .  

0 .  
0 .  0. 

23s. 

1153. 
495. 0 .  

0 . 
0 .  20507. 

525 * 
2456 9 

0. 

2236, 
0 .  

7lil64 
0 .  
0 .  

9585, 0 .  
1@305. 0 .  
10537 0. 

45235.  20742. 

LlNllEF VOI.IJHE 
CflAL W M T E  

"""" """" 

0 .  0 .  
0. 0 .  
0 .  
0 .  0 .  

0 .  

0 .  0 9 

0 .  
0 .  

0 .  
111. 

327. 
778, 

0. 
0. 

328 .  
0 .  1@2!53. 

1540 I 
0. 
0 .  

$407 
I 4 l H .  0. 

6862 n 
0 .  

7643. 
0 .  

7543 0 .  
0 .  

31825. 10371 

N I l l E :  1 a TOEINAGES AliE 1llOllSANl:iS OF H E l R l C  TONNES 
2. UOL.UMES A R E  TlilllJZiAN~lli OF C l l U I C  METRES 



TABLE 4-10 

.- 

I 

m 

Sub-zone 

A1 
A2 

A3 

A4 

A5 
*A6 

B 1  

B 2  

*c1 
*c2 
* c 3  

*c4  

D l  

D2 

*D3 
D4 

TOTAL SULPHUR DISTRIBUTION IN SUB-ZONES 
OF NO. 1 DEPOSIT 

Number of 
Inter- 
sections 

32 

38 

42 

48 

54 

53 

57 

55 

56 

67 

74 

77 

84 
86 

Mean 
Sulphur 
% 

0.723 

0.804 

0.634 

0.624 

0.739 

0.540 

0.640 

0.664 

0.450 

0.486 

0.356 

0.369 

0.323 

0.260 

0.298 
0.388 

Standard 
Deviation 

0.193 

0.174 

0.137 

0.165 

0.187 

0.169 

0.210 

0.174 

0.300 

0.209 

0.213 

0.266 

0.192 

0.096 

0.0987 
0.102 

* These sub-zones  exhibit random distribution in the  variograms. 

Standard 
Error of 
the Mean 

0.034 

0.028 

0.021 

0.024 

0.025 

0.027 

0.029 

0.023 

0.051 
0.028 

0.028 

0.032 

0.022 

0.011 
0.011 
0.011 

m 

a 

4 - 27 



I 

'I 

7 

a 

.. I 

" 

I 

Zone 

A1 

A2 

A3 

A4 

A5 

A6 

B 1  

B2 

c1 

*c2  

*c3  

*c4 

D l  

D 2  

*D3 

D4 

co 

0.0100 

0.0025 

0.0032 

0.0050 

0.0110 

- 

- 
0.0260 

0.0100 
- 

0.0437 

0.0454 

0.0780 

0.0060 

0.0008 

0,0060 

0.0020 

TABLE 4-11 

KRIGING PARAMETERS 

Sill 

0.0376 

0.0300 

0.0120 
0.0265 

0.0348 

- 

- 
.O. 0415 
0.0257 

- 
0.0437 

0.0454 

0.0780 

0.0300 

0.0074 

0.0060 

0.0100 

Range 

300 

390 

400 

600 

600 
- 

500 

500 
- 

50 

50 
50 

540 
600 

50 

200 

Anisotropic 
Ratio 

* C2,  C3,   C4,  D3 - exhibit  random distributions in  the variogram 
construction so they were kriged with a  short 
range ( 5 0  m) and  a pure nugget effect, i.e. 
Co=SILL. 

A6 ,  C l  - each block was assigned the  zone average from 
Table 6-10. 
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TABLE 4-12 

SULPHUR DISTRIBUTION IN SUB-ZONE A5 

Mean of 25 blocks - 0.886 

Average std. error 9 0.081 

Block Mean S% 0.947 

Block Std .  Error S% 0.085 

No. of Intersections 13 

0.0934 

0.078 

1 4  

0. 870 

0.073 

16 

0.809 

0.072 

19 

0.768 

0.078 

20 

0.907 

0.083 

1 3  

0.897 

0.079 

14 

0. a35 

0.072 

17 

0.7.73 

0.069 

20 

0.741 

0.070 

20 

4 - 29 

0.900 

0.080 

1 2  

0.904 

0.072 

15 

0.857 

0.073 

1 7  

0.798 

0.071 

20 

0.759 

0.071 

23 

0.947 

0.095 

13 

0.958 

0.085 

15 

0.943 

0.077 

19 

0.899 

0.076 

23 

0. 831 

0.073 

25 

0.951 

0.114 

14 

0.985 

0 * 102 

19 

1.027 

0.085 

19 

0.997 

0.083 

22 

0.923 

0.083 

23 
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SECTION 5 

MINE PLANNING 

-. I 

I 

I 

I 

5 . 1  INTRODUCTION 

The  objective  of  this  study  is  to  develop  a  mining  plan 
that  is  both  technically  practicable and economically  sound.  Its  purpose 
is  to  provide  a  reliable  supply  of  coal  of  consistent  quality  to  meet 
the  forecast  requirements  of  the  powerplant  over  the  estimated  35-year 
project  life. 

Conceptual  design  studies  completed  in-1976  by  Powell 
Duffryn - National  Coal  Board  (PD-NCB)  evaluated  the  potential  mining 
methods  and  economics  of  mining  both  the  No. 1 and  the  No. 2 deposits. 
From  these  studies,  the  recommendation was accepted  that  the  No. 1 
Deposit  was  the  more  economic  for  development  and  that  open-pit  mining 
was  the  most  appropriate  method.  This  section  describes  the  basis and 
the  methods  of  planning  used,  and  presents  the  pit  design  and  production 
schedules  developed. 

The  plan  developed  must  incorporate  adequate  safeguards 
to  ensure  the  safety  of  the  work  force.  Environmental  objectives  must 
be  met  and  adverse  impacts  reduced  as  much  as  possible.  Effective 
utilization  of  the  resource  should  be  maximized. 

Because  the  time  frame  for  this  plan  extends  beyond 40 
years it is  important  that  options  for  future  development  are  not  foreclosed. 
Thus  a  major  constraint  in  planning  the  mine  is  to  ensure  that  planned 
activities  do  not  jeopardize  the  possibility  of  ultimately  mining  the  total 
reserve  in  the  No,. 1 Deposit  or  impede  development  of  the  No. 2 Deposit. 
To  meet  this  constraint,  the  pit  has  been  developed  in a logical,  sequential 
manner  to  produce  35  years'  coal  supply.  The pit is  developed  with 
working  slopes a few  degrees  flatter  than  the  designed  final  pit  slope. 
As the  pit  limits  are  reached,  the  slopes  are  steepened  to  conform  to  the 
design.  Should  it  become  necessary  to  extend  the  life  of  the  pit,  the 
degree  of  difficulty  entailed  would  be  directly  related  to  the  lead  time 
associated  with  the  changs  of  plan. A decision  made  to  extend  mining 
before  final  pit  slopes  are  reached  would  permit  a  smooth  continuation  of 
the  operation. A last  minute  decision  would  result  in  the  need  for 
flattening p i t  slopes  all  the  way  to  the  surface  before  significant 
tonnages  of coal could  be  produced. 
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Should  the  total  resource  of.the No. 1 Deposit  ultimately 
be  mined,  the  pit  would  be  over 200 m deeper  than  the  presently  planned 
pit.  The  technical  and  economic  feasibility  of  mining  to  this  greater 
depth  has  not  been  established.  Further  studies,  both  mining  and  geo- 
technical,  would  be  required  for  this  purpose. 

was  taken  to  ensure  that  they  were  placed  beyond  the  projected  ultimate 
pit  limits.  The  exceptions  to  this  are  the  locations  of  the  Hat  Creek 
Diversion  Canal,  the  headworks  dam,  and  the  pit  rim  dam. In these 
cases,  it  was  shown  to  be  more  economic  to  relocate  the  facilities  when 
necessary. 

In locating  permanent  facilities  and  waste  dumps,  care 

A prerequisite t o  any  significant  development  of  the  coal 
deposits  is  the  diversion  of  Hat  Creek.  The  Hydro  Electric  Design 
Division of B.C.  Hydro  has  prepared  a  Preliminary  Engineering  Design 
Report  for  the  diversion of both  Hat  Creek  and FiMey Creek.  The  results 
of  this  work  have  been  incorporated  in  this  report. 

The  planned  diversion  of Hat Creek  consists  of  a  head- 
works  dam  to  control  the  flow  and  channel  it  into  a  diversion-canal, 
which  carries  the  water  around  the  East  side  of  the  pit  before  returning 
it through  a  buried  conduit  to  the  creek  downstream  of  the  mine  facilities. 

' 'The diversion  system  is  designed  to  handle  the  1,000-year  return  flood. 
An emergency  spillway  is  incorporated  into  the  headworks  structure  to 
prevent  the  overtopping  of  the  dam  with  the  overflow  water  channelled t o  
the  mine. 
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5 . 2  DESIGN  CRITERIA 

II 

5.2.1 

coal consump 

Powerplant  Requirements 

Based on the  planned  powerplant  operating  regime,  annual 
tion  was  determined  from  pre-production  to  the  end  of  Year 

35.  These  fuel  requirements  were  established  for  the  following  functions: 

(1) Commissioning  of  boiler wits in  the  pre-production  year  and  the 
first  three  years  of  operation; 

( 2 )  Establishing a two-week  dead  stockpile  at  the  powerplant  and a one- 
week  live  blending  pile  at  the  mine; 

(3) Annual  commercial  power  generation  based on forecast  capacity 
factors. 

5.2.1.1 Powerulant  Needs  at  Target  Quality 

The  powerplant  needs  based on target  quality  of 18 MJIkg 
dry  basis  and  23.5%  moisture  are  as  follows: 

Year 

Pr  e- 
Production 
1 

L 

3 
4 
5 
6-15 
16-25 

26-35 

Net 
Average  Million  Tonnes 
Capacity at 18 W/kg 

Boiler  Capacity  Factor 
Units (Mw) e )  

Dry  Basis  and 
2 3 . 5 %  Moisture 

500 
1,000 
1,500 
2,000 
2,000 
2,000 
2,000 

2,000 

69 
60 

60 
61 

65 
70 
65 

5 5  

1.11 

3 . 1 5  

4.79 
7.35 
9 . 4 5  

10.60 
10.861year 
10.09Iyear 
8.53lyear 
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capable  of  satisfying  could  occur  if  the  powerplant  is  required  to 
operate  continuously  for a period of up  to six months  at  maximum  con- 
tinuous  rating on all  four  units. 

A further  potential  coal  demand  that  the  mine  must  be 

5.2.1.2  Allowable  Coal Qdity Variations 

.. 
L 

r 

L. - 

L 

I 

A live  stockpile  of 300,000 t of  coal  (one  week's  coal 
supply  at  maximum  rating on all  four  units)  would  be  used  to  blend  the 
run-of-mine  coal  and  minimize  the  quality  variations. 

The  quality  of  coal  delivered to the  powerplant  may  vary 
between 17 M/kg and 19,M/kg, with a sulphur  content  between 0.46% and 
0.56% on a dry  coal  basis. 

5.2.2  Material  Delivery  Points  and  Mine  Facilities  Location 

The  delivery  points  for  coal  and  waste,  and two locations 
for  the  construction  of  the  mine  facilities  complex,  are as follows: 

Coal 

The  coal  delivery  point,  determined in consultation  with 
the  powerplant  engineering  staff,  is  the  receiving  conveyor  at  the 
powerplant.  The  responsibility of the  mine  for  coal-handling  terminates 
at this  location. 

Low-grade  Coal 

Low-grade  coal  will  be  delivered to a dry  beneficiation 
plant.  Provision  must  be  made  to  combine  beneficiated  coal  with  the 
run-of-mine  coal  and to remove  rejects  to  the  waste  dumps. 

Waste 

Mine  waste  must  be  contained  in  waste  dumps  close  to  the 
mine.  Weak  waste  materials  must  be  retained  by  engineered  embankments. 
Dumps  must  not  overlie  any  coal  or  be  located  where  they  will  restrict 
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any  possible  pit  expansion.  Houth  Meadows  and  Medicine  Creek  have 
been  identified  as  suitable  areas  for  waste  dumps.  Small  areas  around 
the No. 1 Deposit  and  close  to  the  proposed  dumps  will  be  used  as 
temporary  topsoil  storage  areas. 

Mine  Facilities  Complex 

Potential  locations  for  constructing  the  mine  facilities 
complex  are: 

(1) The  North-Eastern  end of the  Upper  Hat  Creek  Valley  South of 
Indian  Reserve IR-1  and  bounded  by  Harry  Creek  and  Hat  Creek; 

(2)  The  area  located  North-East  of  the  confluence  of  Hat  Creek  and 
Medicine  Creek,  and  between  the  No. 1 and  the  No. 2 Deposit. 

The  mine  facilities  complex  and  any  other  permanent 
structures  should  be 300 m  minimum  distance  from  the  rim  of  the  ultimate 
pit  and  not  overlie  any  coal. 

5 . 2 . 3  Geotechnical  Constraints 

5 . 2 . 3 . 1  Introduction 

assigned  to  Golder  Associates  in 1976. Extensive  field  investigations 
A geotechnical  assessment  program  was  initiated  and 

took place along with the exploration  drilling  programs  over  three 
years,  with  special  drilling  programs  directed to geotechnical  objec- 
tives.  The  major  purpose of the  work  has  been  to  establish  safe  working 
slopes  for  the  open-pit  mine  in  the  No. 1 Deposit. 

The  stability of these  slopes  is  controlled  by  the 
strength of the  materials  and  the  groundwater  conditions  in  the  area. 

report:  "Geotechnical  Study 1977-78" dated  December, 1978. There  are 
six  volumes  presenting  the  detailed  findings  of  all  the  work,  with 16 
appendices  supporting  the  main  text. 

The  reports  by  Golder  Associates  culminate  in  a  final 
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5 . 2 . 3 . 2  The  Nature of  the  Materials  in  the No. 1 Deposit 

glacio-fluvial  sands,  gravels,  and  till. 
The  unconsolidated  overburden  is  mostly  strong  granular 

mixed  debris,  mostly  soft  and  bentonitic. 
The  slide  material  is  very  weak,  consisting  of  loose, 

The  bedrock,  soft  clays,  and  siltstones  exhibit  varying 
low  strengths  and  are  weak  when  compared  with  hard  rock  formations. 

The  coal  has  greater  strength  than  the  above,  but  is 
still  weak. 

Overall,  the  materials  represent  saturated  weak  rocks 
that  were  originally  deposited  in  a  lacustrine  environment  and  are 
softened  when  wet. 

5 . 2 . 3 . 3  Geotechnical  Conclusions 

Pit  Slope  Stability 

The  following  design  slope  angles  recommended  by  Golder 
Associates  for  the 1978 Mining  Feasibility  Report  by CMJV have  been 
accepted  for  this  Mining  Report.  Figure 5-3 presents  Golder  Associates' 
schematic  diagram  for  these  angles  around  the  pit. 

Surficial deposits (other  than slide debris) 25' 

Slide  debris 16' 

Coal 25' 

Coldwater  rocks  (other  than  coal) 20° 

The  results of laboratory  strength  tests  carried  out  on 

significant  variations  between  different  sectors of the  pit.  Therefore, 
the  Coldwater  rocks  show a wide  spread  in  values,  but do not  indicate 

in  the  different  Coldwater  rock  materials.  As  more  data I s  accumulated 
there  is  no  justification  at  this  stage  for  varying  the  slope  angles  with- 
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in   the  future   during  the  detai led  design  phase and early  excavation, 
further  refinement of slope  angles  can  be  anticipated. 

In a r r iv ing  a t  these  s teeper  recommended angles,  t h e  
following  assumptions  have  been made: 

That p i t   s lope   depressur iza t ion  by negative  pore  pressure  generation 
would be  moderately  successful; 

That  slopes would be  excavated  to   f la t   angles   during  the  ini t ia l  
process of mining,  both  to  minimize  shearing  stresses  that  could 
lead t o  p rogress ive   s lope   fa i lures  and t o  promote slope  depres- 
sur iza t ion ;  

That inter im bench f a i l u r e s  would be  acceptable,   that   increased 
road  maintenance would be necessary, and t h a t  wider  benches would 
be  needed loca l ly ;  

That  slope  height i s  generally  not  dependent on 'slope  angle, 
because  the  design is based on the lower l imit ing  s t rength of the 
mater ia l ;  and 

That  slopes  are  designed  to  be  stable  only  for  the  duration of 
mining. 

During the  current   s tudy i t  became apparent  that  de- 
pressur iza t ion  would-be more d i f f icu l t -   to   ach ieve   than   an t ic ipa ted  and 

ad i t s ,   hor izonta l   d ra ins)  would not  be appropriate. However, the 
tha t ,   except   in   res t r ic ted   a reas ,   convent iona l  means (pumping wells,  

current  design i s  markedly d i f f e ren t  from the PD-NCB p i t ,  on which a l l  
t he   o r ig ina l  work was done (see Golder  Associates'  Report No. 6). The 
p i t  involves   f la t te r   in te r im p i t  s lopes  than  f inal   s lopes and a pro- 
gressively expanding p i t  which generally  does  not  excavate  slopes  to 
f i n a l  depth u n t i l  the  l a s t  10 years. The geotechnical  consequences of 
this   design  are   favourable ,   s ince  the  mater ia ls   in   the  s lopes would only 
be  stressed a t  low levels   during  the  ear l ier  years of mining (see  Figure 
5-1). Much experience  could  be  gained  within  the  deposit  while  slopes 

water s t u d i e s  and the laboratory t e s t ing  program have indicated t h a t  
of modest height were c u t   a t   f l a t  angles. Moreover, t h e  in-s i tu  ground- 

depressurizat ion by t h e  development of negative  pore  pressures on 
excavation  should be a s ign i f i can t   f ac to r   i n   ma in ta in ing   s lope   s t ab i l i t y .  
(Figure 5-8) 

The major  conclusions on s lope   s t ab i l i t y   fo r   t he  Mining 
Report are ,   therefore ,   that   the   f inal   s lopes  can b e  excavated a t   t h e  
slope  angles  stated  above, b u t  with  the  following  reservations: 
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(1) Th lat it would k le PO ss ible   to   achieve  s lope  s tab l i l i za  
or  gravity  drainage  only in very  l imited-  areas of the p i t ;  

, t i on  by 

(2)  That   whils t   s lope  s tabi l izat ion by the development of negative  pore 
pressures is  l i k e l y   t o  b e  e f f ec t ive  i n  many areas  of t h e  p i t ,  i t  
would a l so  be  marginal i n  some p laces ;   t hese   a r eas   a r e   d i f f i cu l t   t o  
pred ic t  i n  advance; 

(3) The approach  to mine planning  currently  being  used  permits  valuable 
experience  to  be  gained  with  the  slopes  whilst  negative  pore 
pressures   are  s t i l l  opera t ive   in   the   ear l ie r   years .  

5.2.3.4 The  35-Year P i t  Design 

Fla t te r   in te r im p i t  s lope  angles   in   the  coal  benches 
during  the  opening up or  development of the p i t  have  been incorporated 
(see  Figure 5-1). 

The overal l   s lope  during any interim p i t  phase w i l l  
always  be less   than   the  recommended f ina l   s lope   angles .  

the d i p  is out of the  mining  face,  the  benches  should  preferably  be 
aligned i n  such a way tha t   they   a re   no t   para l ie1   wi th   the   s t r ike  of the 
beds,  but  rather make an angle  of a t   l e a s t  20 w i t h  t ha t   d i r ec t ion .  

To minimize bench instabil i ty  along  bedding  planes when 

I n  the  event of the d i p  of the  bedding  being  less  than 
30' and ogt of the  face,  w i t h  t h e   s t r i k e  of the  bedding  parallel   to o r  
within 20 of the  face  alignment, t h e  slope of the mining  benches  should 
be  reduced  to the slope of the  bedding. This precaution is not  necessary 
where the  dip of the  bedding is  less than 20'. 

5.2.3.5  Handling  Overburden Surficial   Deposits 

The sand,  gravel, and g l a c i a l  s i l t s  on the  Eastern 
perimeter  are 92 m t o  122 m thick and w i l l  be  required  for  construction 
and f i l l  purposes  early on. The mater ia l s   a re   dense   in  s i t u  and w i l l  b e  
s t a b l e   a t  much s teeper  s l o p e s  than  the  bedrock  clays. However, there  i s  
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a water  table  contact w i t h  the  top of the  bedrock  that may present 
drainage  problems. 

The s l i d e  masses on t h e  Western and  South-Western perimeters 
present a s t a b i l i t y  problem. Movement  of t h e s e   s l i d e  masses could  be 
re-activated  along  pre-existing  sl ide  planes due to  excavation  disturbances 
of their   equi l ibr ium,  or  by water flow  or  pressure.  Experience  has 
shown t h a t  movement of these   s l ides  would be of a slow,  creeping  nature. 

A drainage program w i l l  be   i n i t i a t ed  and maintained  to 
reduce   th i s   po ten t ia l   th rea t .  Also, t h e   s l i d e   f r o n t  around the perimeter 
of the p i t  w i l l  need clearing  back and a "creep-monitoring"  system set 
UP. 

The a c t i v e  s l ide  on the  North-West perimeter w i l l  b e  

f i l l  ramp a t  the  toe of t h e   s l i d e  across   the .va l ley   as  a br idge  for   the 
s t ab i l i zed  by s u r f i c i a l  drainage, d iver t ing  Hat Creek, and pu t t ing   i n  a 

conveyor and access  road t o  Houth Meadows Waste Dump. 

volcanic  debris  or  breccia.  About  30 mil l ion m 3  of t h i s   ma te r i a l  w i l l .  
have to  be  excavated  in  the 35-year p i t ,  and i t  is known t o  be  very 
s t i cky  and d i f f i cu l t   t o   hand le  when w e t  in Springtime. It may be 
impractical   to  maintain  benches  for more than two years i n  t h i s  uncon- 
solidated  overburden on t h e  Western side.  Rather,  the ground  could  be 
evenly  sloped  to 16' from bedrock to  surface  perimeters.  

The s l ide   mater ia l s   a re   mos t ly   bentoni t ic   c lays  and 

5.2.3;6 Bench Strengths 

has  been  considered t o  be p r a c t i c a l  and safe.  Local  conditions may 
d i c t a t e  us ing  l e s s e r  bench heights.  

For  economic e f f ic iency ,  a standard bench height of 15 m 

I n s t a b i l i t y  of some benches would be  time-dependent, 
where fai lures   could depend on the   d i ss ipa t ion  of pore  pressures. Much 
of t h i s   a c t i v i t y  is expected  to  develop  within weeks o r  months of the 
digging  (page 78, Golder). 

The clay-rich  rocks,   being  dispersive,   are  highly  sus- 
cep t ib le   to   e ros ion  by water,   especially when brecciated.  
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because of the  highly  dispers ive  nature  of the lower claystone on the 
Western s i d e  of the p i t .  Mine operations w i l l  have to   carefu l ly   p lan  
the  approach and access   for  a r e tu rn   t o   a r eas  where the  benches  have 
been l e f t   s t a n d i n g   f o r  a number  of years. 

Much clean-up work should  be  expected on a regular   basis ,  

5 . 2 . 3 . 7  Other  Geotechnics 

1. Faul ts  

Where poss ib l e ,   f au l t s   a r e  mined in   t he   d i r ec t ion  of the 
d ip ,  s o  tha t   the  zone is  traversed  as  quickly as possible  and the   f au l t  
is f i r s t  met i n   t h e  upper pa r t  of the  face. Removal of weak, fau l ted  
ground  and unloading of the lower p a r t  of the  face  containing  the  faul ts  
is therefore   possible .  

The weakest members of the  coal  sequences  are  normally 

developed  (page 73, Golder), The s t a b i l i t y  of any slope formed i n   t h e  . 
the  argil laceous  interbeds  along which tectonic  shearing  has  often 

coal  would therefore  be  dependent on the   o r ien ta t ion  of the  bedding 
planes i n  r e l a t ion   t o   t he  bench or ientat ion.   Local   joint  sets and 
unique  structures  such as f a u l t s  would cause   l oca l   s t ab i l i t y  problems. 

This   s i tua t ion  i s  well exemplified i n  Trench A, where the 
Northern and Southern  faces  were  excavated  normally  to  the  strike and 
are   s table ' .  The Western face  was excavated  parallel  t o  t h e   s t r i k e  and 
is  unstable.  

2.  Waste Dumps 

Because of the  large  proportion of the weak bentoni t ic  
clay,  conventional mine waste dumps are   no t   feas ib le .  It is necessary 
t o  s t o r e  t h e  material  behind  engineered embankments. No major geo- 
technical  problems are  envisaged f o r  waste dump o r  embankment s t a b i l i t y ,  
e i t h e r   i n  Houth Meadows or  Medicine  Creek,  provided  material  quality 
se l ec t ion  and the recommended designs  are  adhered  to. 

from the   s t r ipp ing  of the  glacio-fluvial   sands and gravels;   the  materials 
could  be  placed by spreader. 

Embankments would be constructed of clean  granular fill 
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the  coal  would  provide  a  sufficiently  strong  buttress  between  the  Houth 
Meadows  Waste Dup and  the  pit  to  Inhibit  instability  during  the  pit 
operation. 

The conglomeratic  unit  of  the  Coldwater  Formation  below 

5.2.3.8 Field-Test  Knowledge  and  Experience  (Bulk  Sample  Program) 

The  bulk  sample  excavations  were  undertaken  in 1977 in 
disturbed,  weathered  materials  above  the  water  table.  Much  information 
has  been  obtained  from  this  work  program  defining  the  strength  and 
nature  of  the  materials  in  both  coal  and  waste  zones.  Equipment  perfor- 
mance  of  motor  scrapers,  hydraulic  shovel  excavators,  rear  dump  trucks, 
and  bulldozer  ripping,  coal-crushing,  waste  dump  stability,  road-making, 
revegetation  of  dumps,  drainage  conditions,  and  climatic  effects  of 
freezing-thawing  on  bench  faces  causing  detrition - were  all  studied  and 
yielded  basic  information  from  which  conclusions  have  been  drawn  for 
mine  planning. 

The  strength  and  nature of the  deep-seated  coal  and  clay 
beds  has  been  geotechnically  evaluated  by  testing drill.core samples 
from  exploration  drilling  programs  covering  the  entire No. 1 Deposit  and 
its  adjacent  perimeter  area.  The  results of uniaxial  compressive 
strength-testing  of  the  rocks  are  presented  graphically  in  Figure 5-2 by 
Golder  Associates. 

5 . 2 . 3 . 9  Mining  Methods  Assumptions 

within  the  coal  beds has been  planned.  Drilling  and  blasting  the 
benches  is  neither  required  nor  desirable;  hydraulic  excavators  can do 
the  digging  efficiently  and  provide  the  selectivity  of  materials  for 
loading  in  trucks.  (Golder's  Tables 5-1 and 5-2 indicate  the  test 
results  of  the  various  materials  and  "diggability"  under  "Geotechnical 
Comments". ) 

Selective  mining  by  careful  removal of the  clay  partings 

The  changes  that  will  necessarily  be  introduced  into  the 
geometry  of  pit  slopes  as  mining  proceeds  can  only  be  determined  as 
actual  experience  in  excavation  of  the  various  materials  is  obtained. 

I 
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Adoption  of  a  flexible  mine  plan  and  selection  of  equip- 
ment  initally  must  allow  for  changes  in  mining  methods  and  pit  design 
later on. 

5 . 2 . 3 . 1 0  Ultimate  Slopes 

The  eventual  dissipation  or  equilibration  of  negative 

would probably be one  of progressive failure, with .the bark scarp  of  the 
pore pressures may induce slides  in the  final pit slopes.  The  process 

slide  retreating  over  many,  possibly  hundreds  of,  years  until a stable 
situation  is  achieved.  One  way  to  prevent  this  would  be  to  back-fill 
the  excavation of the No. 1  Deposit  with  fill  from  waste  excavated  from 
the No. 2  Deposit  if  it  is  eventually  mined  by  open-pit  methods. 

It  is  anticipated  that  after  a  period of mining,  the  pit 
will  have  grown  to  a  size  that  will  require  realignment  or  replacement 
by  other  means,  such  as  a  tunnel  or  conduit of some 1,400 m of  the  Hat 
Creek  Diversion  Canal.  Subsequent  realignment  of  the  canal  to  suit  the 
ultimate pit slope  is  considered to be  the  most  economical  arrangement, 
but  mining  of  the  total  resource  may  preclude  this  due  to  the  surface 
ground  slope. 

The  alternative  scheme  for  the  long-term  diversion  of  Hat 
Creek is to  put  it  in a tunnel  around  the  Eastern  side of the  pit.  The 
timing  of  the  construction  of  this  tunnel  will  depend on what  happens 
with  mining  and  slope  stability  near  the  canal.  The  surface  ground 
between  the  pit  excavation  and  the  canal  will  be  constantly  monitored 
for  both  effectiveness of depressurization  during  mining  and  also  for 

rupture of the  canal, causing seepage into the Eastern side pit walls 
signs  of  movement  or  "creep".  Such  movement  could  lead  to  cracking or 

and  consequent  instability.  Action  will  be  taken  to  relocate  the  canal 
when  necessary. 
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5.2.4 

5.2.4.1 

Hydrology 

The  Hydrology  Program 

Its  purpose is:  

- to  define  the  groundwater-pressure  regime; 
- to  assess  the  feasibility  of  depressurizing  the  proposed 
mine  slopes  by  drainage  and  pumping; 

--to evaluate  the  permeability  of  the  materials,  their 
dewatering  characteristics,  and  recharge; 

- to  test  depressurization  by  electro-osmosis. 

5.2.4.2  Hydrological  Relationship  to  Geotechnical  Constraints 

31 

Slope  depressurization  is  necessary  if  the  final  pit 

calculated  for  undrained  slopes. 
slope  angles  to  be  used  for  pit  design  are  to  be  steeper  than  those 

The  permeability of the  materials  to  be  excavated  in 
mining  to  depth  controls  the  capability of drainage,  which  in  turn  would 
determine the handling  characteristics of the  materials to be  handled. 
It  also  controls  the  ability  to  depressurize  the  ground  in  situ. 

basis  for  predicting  slope  stability  and  the  possible  hazards of acti- 
vated  slides.  Depressurization  by  dewatering  and  unloading  is  necessary 
to achieve  improved  pit  slope  angles.  The  quantities  and  qualities of 
water to be  intercepted  by  the  pit  excavation as it  is  deepened  estab- 
lishes  the  design  basis  for  the  mine  drainage  scheme. 

Knowledge of what  groundwater  flows  exist  provides  the 
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5 . 2 . 4 . 3  Work  Programs  and  Methods  Used  to  Determine  the  Hydrology 

1. Piezometers 

During  three  years  of  exploration  drilling  programs, 
piezometers  have  been  installed  in  over 200 holes.  Many  of  these  holes 
have  multiple  standpipe  piezometers.  Records  have  been  accumulated  from 
reading  the  water  levels  in  these  holes,  and 184 working  piezometer 
holes  are  still  being  recorded  monthly.  The  opportunity  was  taken  to 
install  instruments  in  holes  being  drilled  for  coal  exploration  within 
the  pit  area,  in  holes  being  drilled  for  geotechnical  purposes  in  the 
pit  slopes,  in  the  slide  area,  and  in  the  waste dump areas  of  Houth 
Meadows  and  Medicine  Creek. Full piezometric  coverage of the  site  in 
depth  and  area  has  been  obtained  as  shown on Figure 5 - 4 .  

Sixteen of the  holes  have  had  more  sensitive  pneumatic 
packer-type  piezometers  installed  in  the  standpipes to give  pressure- 
fluctuation  readouts.  Some  of  these  were  used  for  quick  response  in  the 
pumping  tests.  Piezometer  hydrographs  have  been  prepared  from  the 
piezometric  data  and  evaluated. 

2 .  Pump  Testing  Program 

Six  pump  tests  were  carried  out  designed t o  assess  the 

pump  tests  measure  the  hydraulic  conductivity  of  the  material  and 
geohydrological  characteristics of the  major  stratigraphic  units.  The 

evaluate  the  possibility  of  depressurization  (drainability  or  perme- 
ability),  and  the  recharge  capability. 

3. Falling  and  Rising  Head  Tests 

These  were  carried out in piezometers located within 
specific  zones  and  indicate  the  hydraulic  conductivity  of the zone 
material. 

Table 5-3 gives  a  summary  of  results of these  field  tests 
on bedrock  units. 

e 

m 
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5 . 2 . 4 . 4  Conclusions 

Hydraulic  conductivities  of  all  the  zones  in  the  pit  area 
are  very  low  except  in  the  surficial  materials  (gravel  and  sand  over- 
burden).  Permeability  of  the  bedrock  zones  and  the  coal  was so low that 
no  pumping  could  be  done;  hand-bailing  methods  were  "used. 

In  general,  depressurization  by  dewatering  is  not  likely 
to  be  effective  in  these  bedrock  zones;  pumping  and  drainage  cannot  be 
relied on to  reduce  the  pore  pressures  in  working  slopes,  because  the 
ground  is  too  impermeable. 

Piezometric  response  data  before  and  after  the  pumping 

from  the  surficial  sediments  and  through  the  overlying  siltstone/ 
test  showed  that  there  was  a  general  downward  movement  of  groundwater 

claystone  into  the  more  permeable  coal  units. 

all  low,  have  differences  that  might  be  related  to  formation  facies 
variations  and  possibly  to  structural  features  such  as  faults  and 
joints. 

Hydraulic  conductivity  values  for  lithologic  units,  while 

It  is  likely  that  for  the  weaker  rocks  the  distribution 
of the  clay  fraction  within  the  materials  controls  the  hydraulic  con- 
ductivity.  Figure 5-5 shows  the  variations. 

5 . 2 . 4 . 5  The  Hydrogeological  Picture of the  Hat  Creek  Valley 

From  the  work  performed  by  Golder  Associates,  a  reason- 
ably  clear  model  for  the  Hat  Creek  Coal  Basin  has  emerged.  The  model 
can  basically  be  divided  into  three  hydrogeological  units:  the  sur- 
ficial  deposits,  the  coal,  and  the  sediments  above  and  below  the  coal. 

The  surficials  are  highly  variable,  changing  from  pre- 
dominantly  slide  debris  and  till  on  the  West to gravels  and  fine  sands 
on the East.  There  is  a  wide  range  within  the  hydrogeological  parameters 
in  this  unit,  with the alluvium  in the valley  bottom  giving  relatively 
high  hydraulic  conductivities.  They  constitute  the  major  water-bearing 
units in the  Hat  Creek  Valley. 
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character ized.   Fal l ing head tests suggest  that   the B and D-zones are 
generally  four  orders of magnitude more permeable  than  the A and C- 
zones,  possibly  because of the i r   genera l ly  lower ash  content and grea te r  
development of s t ruc tu re .  Although the single pump test (W-77-1) i n   t h e  
D-zone coal  did  not  suggest good d ra inab i l i t y ,  i t  has been assumed tha t  
these  mater ia ls  w i l l  be more drainable   than  the non-carbonaceous  Coldwater 
sediments. A pump test (W-78-2) in   t he   c l eane r   pa r t  of the A-zone coal  
has shown t h a t   t h i s   u n i t  can be re la t ive ly   easy   to   d ra in ,  at  least i n  
some areas .  

The coa l~pa rame te r s   a r e   a l so   va r i ab le  and a re   no t   ea s i ly  

The remaining  Coldwater  sediments  (claystone/siltstone/ 

da t ion   coef f ic ien ts .  
conglomerate)  have  very low hydraul ic   conduct ivi t ies  and low consoli- 

The pre-mining water tab le   sur face   genera l ly   para l le l s  
the  topographic  surface and is  a t   o r  near the ground sur face   in   the  Hat 
Creek  Valley. However, i n  places  the  piezometric  surface i s  up t o  100 m 
below  ground on the  Eastern  s ide and above  ground on the Western s i d e  of 
the  val ley.  The flow systems a r e  shown in Figure 5-6. 

- 

The Western  bench slopes would not be well drained and 
groundwater  discharge i n  the form of spr ings and seeps are common, 
pa r t i cu la r ly  below the 970 m contour.  This South-West perimeter of the 
p i t   f ron tage ,   wi th  i t s  overlying masses of i nac t ive   s l i de   ma te r i a l ,  
could become unstable  again due t o  mining  excavations. 

Mining consideration  has t o  be  given  to  control of 

remedial  action. Mine planning  has  to  include  considerable work t o  
s l id ing ,   o r   po ten t ia l   s l id ing ,  by means of preventive  rather  than 

achieve  control by  two processes:  drainage  dewatering and unloading. 
The drainage  has  to  be done as ear ly  as possible   before  mining s t a r t s .  
"Unloading"  should  be  considered  part of the   overa l l  mine planning when 
s t r ipp ing  and slope  angles  are  being  assessed;  the  degree of negative 
pore  pressure  response w i l l  become apparent   af ter   several   years  of 
mining  have  taken  place. 

5.2.4.6 

deals  with  the 

Controls and Preventive Measures 

1. The  Mine Drainage  Plan 

Described i n  "Section  6.3.2.1, The  Open P i t " ,  t h i s   r epor t  
divers ion of Hat Creek and Finney  Creek  perimeter  drainage, 

in-pit   drainage, and dewatering wells. 
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In Section 6 . 3 . 2 . 2  the  whole  drainage  scheme  of  the 
South-West  slide  area  is  described. 

A more  detailed  document  of  the  whole  drainage  system  has 
been  prepared  by CMJV Consultants,  which  incorporates  the  Golder  Associates' 
recommendations  and  findings.  (Ref:  "Hat  Creek  Project - Mine  Drainage 
Report", CMJV, October  1979) 

2. Pressure  Control  by  Electro-Osmosis 

In "difficult-to-drain''  situations  this  method  can  be 

water  away  from a face  to  a  point  where  it  can  be  pumped - e.g. a  well. used  to  increase  the  factor  of  safety  against  failure  by  driving  the 

An electric  current  is  fed  into  the  ground  between  two 
electrodes.  The  potential  difference  set up between  the  electrodes  in 
ground  of  low  hydraulic  conductivity  creates  seepage  pressures  due to 
electro-osmotic  flow,  which  directs  water  away  from  the  anode  to  the 
cathode.  The  cathode  can  be  constructed  in  the  form  of  a  well  which  can 
be  pumped. 

#W 77-2. 
A test  was  carried  out  at  Bat  Creek at pump  test  hole 

Reductions  in  pressure of over 14 m head  were  achieved  at 
the  anode  over a period of 20 days,  and  it  was  concluded  that  the 

mostly  suited  for  stabilization  of  limited  areas,  because  of  the  time 
technique  could  have  some  application at the  site.  The  technique is 

and  cost  of  the  installations  needed. 

5 . 2 . 4 . 7  Evaluation of Piezometer  Hydrographs 

Hydrographs of 227 piezometers  installed  in  137  boreholes 

Golder  Associates'  Report.  The  hydrographs  are  based on monthly  readings 
drilled  in  1976-78  have  been  studied  and  are  presented  in  Appendix 12 of 

in both  standpipe  and  pneumatic  piezometers.  The  following  conclusions 
may  be  drawn  from  this  analysis: 

(1) Standpipe  piezometers  installed  in  claystone  units  of  low  hydraulic 
conductivity  are  slow  to  respond.  Basic  time  lags  range  up to s i x  
months; 
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(2)  The  pneumatic  piezometers  are  significantly  more  responsive; 
however, a reading  resolution  of t0.5 m with  current  read-out. 
sensitivity  reduces  their  capability  to  detect  seasonal  changes; 

(3)  Most  piezometers  showed a slight  rise (0.3 to 2 m) during  the  Fall 
and  early  Winter,  and  some  shallow  piezometers  in  more  permeable 
rock  zones  showed a similar  rise  during  the  Spring  melt  in  April  to 
May; 

( 4 )  Once  the  piezometers  stabilized,  the  observed  seasonal  changes  in 
piezometric  levels  appear  to  be  less  than 3 m for  all  but a few 
installations; 

(5)  Piezometers  in  the  more  permeable  surficial  materials,  with  the 
exception  of  those  close  to  watercourses,  showed  similar  responses 
to those  observed  in  the  bedrock  zones. 

A longer  period  of  recording  will  be  necessary  before a 
more  definitive  rainfall-recharge  relationship  can  be  determined. 
However,  these  hydrographs  show  that  there  are-two  periods  during  the 
year  when  groundwater  recharge  does  take  place,  and,  2s  expected,  the . 
seasonal  changes  in  piezometric  evaluations  are  very small. 

5.2.5 Material  Characteristics 

1 
5.2.5.1 General  DeSCriDtiOn 

I 

The open pit will be directly concerned with the following 
four  major  types of materials: 

Unconsolidated:  Surficial  deposits - glacio-fluvial  sands  and 
'. - 

gravels; 

bentonite  clays; 
I Slide  debris - breccia,  volcanic  debris, 

Consolidated:  Coal  beds - in-situ  coal  zones; - Cold  water  rocks - bedrock  clay,  waste  rocks. 
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A large  number  of  identified  rock  types  was  consolidated 
into 10 principal  categories  of  materials: 

(1) Clean  coal; 

( 2 )  . Silty  coal  and  shaley  coal; 

(3)  Carbonaceous  shale  and  carbonaceous  claystone; 

( 4 )  Shale  and  claystone; 

( 5 )  Silty  claystone  and  silty  shale; 

(6) Coaly  shale  and  coaly  siltstone; 

( 7 )  Carbonaceous  siltstone; 

( 8 )  Siltstone; 

( 9 )  Sandstone; 

(10) Conglomerate. 

materials  are  dealt  with  in  Section 5 . 2 . 3 ,  along  with  concerns  for  slope 
stability  and  design  slope  angles.  See  also  Tables 5-1 and 5-2. 

The  strengths  and  geotechnical  characteristics of these 

In general,  the  open-pit  mining of the  Hat  Creek No. 1 
Deposit  will  be  in  relatively  weak  and  soft  rocks  and  overburden.  The 
coal  beds  will be the  strongest  members  of  the  whole  strata  of  sedimentary 
beds  intersected  by pit excavations.  However,  even  the  coal  beds  cannot 
be  considered  as  hard  rock.  The  coal  itself  varies  from  hard  to  soft 
types,  depending on how  much  clay  is  in  it. 

The  other  major  factor  inherent  in  the  materials  being 
mined is the moisture  content of the  materials.  From  the  drilling 
programs,  bulk  sample  excavations,  and  geological  theory  of  deposition 
of the  coal  beds,  it  is known that  all  the  materials  will  be  saturated 
and  almost  non-drainable.  Bench  faces  may  develop a skin  dryness,  but 
this  will  probably  only  penetrate to a maximum  of  one  metre  after  a  year 
of exposure. 

Climatic  changes  over  Winter  freezing  and  Spring  thawing 
will  affect  material  characteristics  because  of  their  high  moisture 
content. 
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The  bentonitic  clay  seems  prevalent  in  a  lot  of  the 
upper-zone  interbed  partings,  especially  in  the  West  and  South-West 
areas  of  the pit. This  clay  absorbs  moisture,  swells  when  wet,  and 
becomes  extremely  sticky  and  slippery.  Waste  materials w i l l  react 
according  to  how  much  bentonite  (montmorillonite)  they  contain. 

The  wet  low-grade  coal  is  generally  mushy and weak  in 
strength.  This  will  cause  problems  in  mining  the A and C zones'  benches. 

5 . 2 . 5 . 2  3ecific Gravity 

In,the course  of  the  exploration  drilling  programs, 
specific  gravity  tests  were  conducted  in 5,622 samples,  using  a  variety 
of  methods.  This  testing  covered  a  large  number  of  materials  of  both 
coal  and  waste. 

The  specific  gravity  test  results,  together  with  the  ash 
and  moisture  determinations  for  the  samples,  were  input  to  a  computer 
data  file.  The  data  were  retrieved  from  the  file  summarized  by  various 
classifications.  For  each  case,  cumulative  frequency  distribution 

mean,  standard  deviation,  standard  error,  and  range.  Scatter  diagrams 
curves  were  plotted  and  standard  statistical  parameters  calculated: 

were  produced  in  each  case  for  ash  vs.  specific  gravity,  ash VS. moisture 
content,  and  specific  gravity  vs.  moisture. 

Examination  of  the  scatter  diagrams  produced  the  following 
conclusions : 

For  coal  and  coaly  materials,  there  is a distinct  ash-specific 
gravity  relationship; 

There is no apparent  difference  in  this  relationship in the dif- 
ferent  coal  zones; 

In the  higher  ash  range,  there  is  some  indication  of  a  curvilinear 
relationship;  however,  with  the  scatter  of  the  available  data,  this 
could  not  be  confirmed; 

There  are  no  apparent  relationships  between  moisture  content  and 
ash,  nor  between  moisture  content  and  specific  gravity. 

1 5 - 20 



1 
" 

-I 

" 

- 
" - 

Since  the  distribution  diagrams  for  coal  demonstrated  the 
same  trend  and  overlapped,  the  plot  with  the  least  scatter  that  ade- 
quately  represented  the  range (303 samples),  was  selected  to  establish 
the  regression  relationship: 

Specific  Gravity  (coal) = 1.21104 + 0.00738 x Dry  Ash% 

(Correlation  coefficient - 0.90510) 
For  comparative  purposes,  a  second  relationship  was 

determined  for 120 samples  of  shaly  coal.  This  relationship  produces 
very  similar  results  to  the  first  equation  over  most  of  the  range,  with 
a maximum  difference  of 2% at  the  extremes,  which  increases  the  con- 
fidence  in  the  selected  equation. 

does  not  lend  itself  to  analysis  and  correlation.  Based  upon  inspection 
The  specific  gravity  of  the  many  types  of  waste  materials 

of  the  data,  the  following  were  selected  for  use  in  the  study: 

Surficials  and  Waste  Rock:  Specific  Gravity = 2 . 0 0  

Burn  Zone:  Specific  Gravity = 2.16 

5.2.5.3 Swell  Factors 

The  swell  factors  of  three  primary  materials  were  studied 
and  the  results  are  as  follows: 

As 
Mined 

Dumped  in 
Stockpiles 

Coal 35% 35% 
Waste  above  bedrock - Granular  surficials 20% 15% - Cohesive  surf  icials 30% 25% 
Bedrock  waste 30% 25% 

Lacking  site-specific  measurements to derive  swell 
factors  for  large-scale  materials-handling  activities,  each  planned 
waste  dump  was  arbitrarily  limited  to  approximately 75% of  its  recom- 
mended  capacity.  This  would  allow  a  safety  margin  should  swell  factors 
during  actual  operation  be  greater  than  those  used  in  the  study. 
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5.2.5.4  Material  Cutting  Resistance 

1, 

I 

m 

were  carried  out  to  determine  the  cutting  resistance  of  the  various 
surficial  and  bedrock  materials. 

Uni-axial  compression  tests  and  tri-axial  shear  tests 

The  average  test  results  are sham on Tables  5-1  and 5-2.  

which  exerts a major  influence  on  the  characteristics  of  mined  materials 
The  same  tables  indicate  the  moisture  content  by  type  of  materials, 

and  related  equipment  productivity. 

5.2.5.5  Bearing  Capacity  of  Materials 

the  in-situ  strengths  of  both  surficial  materials  and  bedrock  are 
expected  to  exceed  the  minimum  specification of 5  kg/cm2  for  foundation 
support. 

For  the  mine  buildings  and  fixed  structures  generally, 

A study  was  made  to  determine  the  ability  of  roads to 
support  large  mobile  equipment  working  at  high  production  rates.  Roads 
on granular  surficial  materials  were  considered  to  require  minimal 
preparation,  construction  activities  consisting  of  filling  excavations 
or  other  hollows  with  adjacent  materials  to  attain  a  uniform  gradient, 
and  providing  for  drainage.  Normal  road  topping  would  be  applied to the 
graded  surface.  S,pecific  road-building  technology  is  only  considered 
necessary in the  North-West  slide  area. 

Roads on waste rock  and  in-situ coal are considered 
capable  of  supporting  the  traffic  of  154-t  trucks,  provided  an  adequate 

bedrock  materials  is  below the derived  values  for  plastic  limits, 
sub-base  is  constructed. As the  effective  moisture in most  of  the 

geotechnical  conclusions  indicate  that  heavy  traffic  is  likely  to 
compact  rather  than to liquify  the  materials. 

The  design of haul  roads  crossing  the  active  slide  area 
must  take  into  account  two  problems:  soil  creep,  and  localized  "boils" 
in  the  bentonite  clays.  The  first  problem  requires  construction of a 
higher  standard  sub-base  and  more  frequent  upkeep,  resulting  in  higher 
localized  road  mziintenance  costs.  The  recommended  solution to bentonite 
"boils"  is  simply  to  identify  them  prior  to  road  building,  and  to  avoid 
them. 
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5 . 2 . 6  Dilution  and  Mining Loss 

No allowance  is  made  for  dilution  and  mining loss in 
this  preliminary  engineering  study. 

5 . 2 . 6 . 1  Dilution 

. 
I 

m 

Y 

an  allowance  for  accidental  inclusion of waste  materials  mined  with 
fuel-grade  coal. 

In most  mining  studies  it  would  be  appropriate  to  make 
. .  

The  mining  approach  recommended  for  the  Hat  Creek  Coal 
Deposit  stipulates  that  waste  partings  shall  be  selectively  removed 
during  mining  when  the  thickness  of  these  partings  exceeds two metres. 
The  quantity  of  diluents  in  the  run-of-mine  coal  would  therefore  be a 

attitude  of these  interfaces. 
function  of the  surface  area  of  the  coal/waste  interfaces  and  the 

The  sampling  procedures  carried  out on Hat Creek  drill 
cores  have  included  significant  quantities  of  waste  material in the 

planning  evaluations  have  already  been  reduced  due  to  this  factor. In 
samples  of good quality  coal.  The  coal  quality  values  used  in  mine 

actual  mining  operations  much of this  included  waste  would  be  rejected. 
For  this  reason  it  was  decided  not  to  include  any  further  allowance f o r  
the  dilution  of  fuel-grade  coal. 

5 . 2 . 6 . 2  ?lining. Loss 

Mining  losses of the  coal  reserves  could  occur  from  the 
following  day-by-day  operating  situations: 

(1) Coal  lost  when  waste  is  removed  at  coal/waste  interfaces; 

(2 )  Errors  in  dispatching  coal to waste  dumps; 

(3)  Degrading  of  coal  during  ground  sloughs to such  an  extent  that 
it  would  be  dispatched  to  the  waste  dumps; 
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( 4 )  Losses  from  dusting  of  fine  coal  and  spillages  during  transpor- 
tation. 

When  estimates  are  made  of  these  potential  losses  of 
coal,  they  are  found  to  constitute  less  than  half  of  one  per  cent  of 
the  total  coal  mined.  This  parameter  was  therefore  considered  insig- 
nificant  and  not  included in the  preliminary  engineering  design. 

5.2.7 

5.2.7.1 

Selective  Mining 

Definition 

The  Hat  Creek  coal  deposits  are  unique,  because  of  the 
immense  thickness of the  coal  formation,  which i s  due to the  existence 
of  a  favourable  depositional  environment  for  an  extended  period  of  time. 
However,  this  period  of  coal  deposition  was  frequently  interrupted  by 
episodes  of  flooding,  which  introduced  non-carbonaceous  sediments  into 
the  basin.  These  sediments  produced  waste  partings,  usually  clay,  in 
the  coal  sequence.  The  break  between  coal  and  clay is not  generally 
sharp,  but'includes  a  transition  zone  which  grades  from  good  coal 

grade  coal  (silty  coal), to a  succeeding  phase  where  the  clay  predominates 
through  a  phase  where  the coal  and  clay  materials  combine  to  form  a  low- 

(carbonaceous  claystone), and  finally  to  the  clay. 

These  periodic  inundations  were  particularly  significant 
during  the  deposition  of  the  A  and C coal  zones.  The  C-zone  depositional 
environment appears to have been particularly turbulent, judging by the 
widespread  occurrence  of  the  lower  grades  of  coal  and the relative 
absence  of  substantial bands of good quality  coal. In spite of its 
erratic  history, it is  still  possible to identify  seven  separate  occur- 
rences of flooding  within  the  C-zone.  The  A-zone  was  deposited  in  an 
environment  that  alternated  between  relative  calm  and  severe  flooding. 
This  has  resulted in bands of good coal  interbedded  with  clay  grading to 
coaly  shale.  Within  the  A-zone 20 of  these  interbeds,  ranging  in  thick- 
ness  from 2 m to 10 m, have  been  identified.  The  D-zone  coal  was  deposited 

most  consistent quality of coal,  is contained  in the D-zone. The  B-zone 
during a stable period. Few  waste partings  were formed  and the  best, 

was  also  deposited  under  relatively  stable  conditions  although  there 
were  a  few  incursions of sediment-laden  floods to produce  some  waste 
bands. 
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Similarly,  within  the  predominantly  waste  zones,  there 
are  occasional  bands  of  acceptable  coal. 

I 

The  larger  waste  and  low-grade  partings  are  simple  to 
identify  and  easily  mined  as  waste  material.  The  smaller  partings,  up 
to 5 m, are  more  readily  mined  with  the  coal.  However,  while  this 
simplifies  the  mining  process,  it  reduces  the  quality of the  coal  fed  to 
the  boilers,  which  are  subjected  to  additional  wear  and  produce  larger 
quantities  of  ash  to  be  disposed  of. 

The  separation of these  smaller  partings  from  the  coal 
would  improve  the  boiler-fuel  quality.  This  is  the  selective  mining 
process. 

Preliminary  studies  were  conducted  to  assess  the  impact 
on  coa1,qnality  of  the  exclusion  of  waste  bands  varying  in  thickness 
from k m to 5 m. These  studies  indicated  that  significant  improvements 
in  fuel  quality  could be obtained  with  selective  mining.  This  improve- 
ment  would  be  particularly  significant  in  the  A-zone. In the  C-zone  the 
quality  improvement  would  be  small,  but  more  coal  would  be  recovered. 
Overall,  the  indications  were  that  as  much,  or  more,  total  heat  content 
could  be  recovered  depending  on  the  size  of  parting  that  could  be 
removed. 

The  results of these  studies  were  reviewed  from  a  practical 
and  economic  viewpoint.  The  two  main  conclusions  drawn  from  this  review 
were : 

(1) The  mining  method  employed  would  govern  the  degree  of  selective 
mining  that  could  be  effected; 

( 2 )  The  cost  of  separating  small  waste  bands (k-1 m) would  be  high  'and 
reduce  equipment  productivity  significantly. 

5 . 2 . 7 . 2  Selective  Mining  Methods 

the  coal  with a hydraulic  shovel  established  that  this  type of equipment 
can  selectively  mine  Hat  Creek  coal.  During  this  test  program,  a 
hydraulic  shovel  with a 3 m3 bucket  was  able  to  segregate  partings 1 m 
thick.  This  separation  is  possible  primarily  because  of the difference 
in the  physical  characteristics  between the coal  which  is  hard,  and  the 
partings  which  are  soft.  After  exposure to the  atmosphere  for a week  or 

Experience  gained  during  the  Bulk  Sample  Program  excavating 
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differences  between  coal  and  waste.  This  assists  in  the  identification 
two,  sufficient  drying  of  the  coal  face  occurs  to  highlight  the  colour 

with 10 m3 buckets  at  other  mining  operations  indicates  that  the  wrist- 
of  the  different  materials.  Observation of larger  hydraulic  shovels 

like  digging  action  of  these  machines  will  permit  selective  mining  of 

,The  hydraulic  shovels  have  also  proved  effective  in  digging  hard,  rocky 
-partings  1.5  m  to 2 m  thick  without  reducing  equipment  productivity. 

materials  that  cable  shovels  are  unable  to  cope  with  unless  the  materials 
are  blasted.  The  digging  action  of  the  widely  used  mining  cable  shovels 
severely  limits  their  effectiveness  in  selective  mining.  Blasting  is 
not  compatible  with  selective  mining  because  it  loosens  and  mixes  the 
coal  and  partings,  destroying  the  physical  differences  that  are  essential 
to  success. 

was  concluded  that  partings 2 m  thick  and  greater  can  be  segregated 
effectively  without  significantly  reducing  equipment  productivity  or 
increasing  mining  costs. In practice,  it  will  often  be  possible  to  mine 
selectively  bands  less  than 2 m, depending  on  their  position  and  attitude. 

Based on this  evaluation  of  selective  mining  methods,  it. 

During  operation,  careful  control  must  be  exercised  to 

will  be  drilled  ahead  of  mining,  to  permit  local  correlation  of  coal 
ensure  the  success  of  selective  mining.  Closely  spaced  sample  holes 

quality  for  short-term  mine  planning.  This  will  be  supplemented  by 

will  be  marked  and  face  maps  supplied  to  the  shovel  operators  and  their 
detailed  geological  mapping  of  the  exposed  coal  faces.  Reject  bands 

physical  characteristics  between  the  coal  and  waste,  are  expected  to 
supervisors.  These  maps,  together  with  the  marked  differences  in  the 

be  monitored  by  a  quality  control  group  and  by  the  product  sampling  and 
ensure  the  feasibility of selective  mining.  The  results  obtained  will 

monitoring  of  the  crushed  product  en  route  to  the  blending  pile. 

5 . 2 . 7 . 3  Selective  Mining  Evaluation 

results  obtained  by  selective and non-selective  mining.  Similar  results 
were  obtained  in  each  case. 

Several  comparative  evaluations  have  been  made of the 

The  results  for  a  trial  35-year  pit  applying  a  9.3 M/kg 
cut-off  grade  are: 

a 
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Coal-tonnes  (Mt) 
KHV - W l k g  
Ash-content - % 

2 m Selective Non-selective 
Mining Mining 

34 7 365 
18.06  17.12 
33.47  36.20 

These  results  show  that  with  selective  mining: 

(1) The  total  heat  content  supplied  to  the  boilers  is  a  fraction of a 
per  cent  higher; 

(2)  The HHV is 5.52 higher; 

(3)  The  total  tonnes  of  ash  fed  .to  the  boilers  is  reduced  from 132 
million  tonnes  to 116 million  tonnes. 

From  these  facts  it  is  concluded  that  selective  mining  is 
beneficial  because:  it  provides  for  good  resource  utilization;  improves 
boiler  operating  efficiency;  and  will  improve  boiler  reliability  due to 
the  significant  decline  in  the  quantity  of  ash  handled.  These  benefits 
can  be  obtained  without  a  significant  increase  in  mining  costs. 

logs indicate  that  there  are  more  coaly  claystone  partings  in  the  deposit 
than  were  identified  in  earlier  sampling  programs  or  incorporated  into 
the  evaluation.  This  provides  scope  for  further  improvement  in  run-of- 
mine  coal  quality  during  operation. 

Recent  developments  in  the  interpretation  of  geophysical 

a 
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5 . 3  MINING METHODS 

5.3.1 Review  of  Alternatives 

The  following  six  alternative  mining  systems  were  identified: 

(1) Shovel/truck; 

(2)  Shovel/  truck/  conveyor; 

(3) Shovel/conveyor; 

( 4 )  Bucketwheel  excavatorfconveyor; 

( 5 )  Continuous  excavator/truck  and/or  conveyor; 

(6) Draglineltruck  andfor  conveyor. 

From  this  list  two  systems  were  determined  to  be  the 
most  practical:  The Bucketwhee1,ExcavatorfConveyor System  and  the 
ShoveliTruck  Conveyor  System. 

North  American  Mining  Consultants (NAMCO) were  retained 
to  assess  the  feasibility  of  the.Bucketwhee1  Excavator  and  Conveyor 
Syszem  for  developing  the  deposit,  while  Cominco-Monenco  Joint  Venture 
(CMJV)  carried  out  similar  studies  with  the  ShovelfTruckfConveyor 
System. 

value  and sulphur) to the powerplant, the pit must be deepened rapidly 
during  pre-production  and  the  first 10 years of production. As a  result, 
coal  and  waste  mining  will  be  carried  out  simultaneously on a  number of 
working  benches.  The  economic  advantages of employing  the  Bucketwheel 
Excavator  System  in  this  type  of  operation  are  therefore  not  realized, 
and  this  system  only  becomes  a  practical  alternative  when  most  of  the 
pit  expansion  occurs  laterally. 

In order to deliver  a  consistent  fuel  quality  (heating 

decided  not to consider  a  change  in  the  mining  system  from  the  Shovel/ 
Truck/Conveyor  System  to  the  Bucketwheel  Excavator  System  during  the  life . 
of  the  project.  It  was  also  felt  that  this  evaluation  could  better  be 
made after  some  experience  had  been  acquired  with  the  recommended  Shovel/ 
TruckfConveyor  System.  Since  the  recommended  system  has  in-pit  conveyors, 

Because  of  the  minimal  affect on the  project  cost,  it  was 
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and  the  operating  life  of  the  major  mining  equipment  is 10 years  or 
less,  it  should  be  possible to have  a  smooth  transition  to  a  Bucketwheel 
ExcavatorlConveyor  System  if  such  a  change  were  found  to  be  advantageous. 

. 
5.3.2 The  ShovelITruckiConveyor  System 

Scheduling"), a series  of  incremental  pits  and  a  35-year  pit  were 
developed  by  computer  using  the  Dipper  System,  based  mainly on economics. 
From  these  computer-generated  data,  and  incorporating  the  design  criteria 
described  in  Section  5.2,  practical,  operational  pit  plans  were  designed. 

As described  in  Section 5.4 ("Pit  Design  and  Production 

nation  with an in-pit  conveyor  system. .It includes  a  coal  screening  and 
The  selected  scheme is a  Shovel/Truck  System in combi- 

and  blending  facility  from  which  blended  coal is reclaimed  and  trans- 
crushing  plant at the  Northern  end  of  the  pit,  and  a  coal  stockpiling 

ported  by  overland  conveyor  to  the  powerplant.  The  low-grade  coal  (with 
a  heating  value  ranging  from  7.0  to  9.3 KJlkg) is treated  in  a  dry 
beneficiation  plant  with  a  capacity  of 1,000 tlh.  Beneficiation  plant 
rejects  are  mixed  with  the  mine  waste in the  Waste-handling  System, 
while  upgraded  coal is conveyed  to  the  blending  facility. 

Mine  waste  is  transported  by  conveyor  belts  to  Houth 
Meadows  and  Medicine  Creek  waste  dumps  and  deposited  by  spreaders.  Houth 
Meadows  will  be  started  in  Year -1 by  trucks  and  developed  by  spreaders in 

' Year 1. Medicine  Creek  will  be  started  by  trucks in Year 12 and  developed 
by  spreaders in Year  15.  Neither  of  the  dumps  will  have  been  built  to 
maximum  capacity at the  end  of  Year  35. 

The  mine  service  facilities  are  located  at  the  Northern  end 
of  the  mine  and  South  of  Indian  Reserve  IR-1. 

All the  foregoing  are  shown  in  Figure  3-3  (Detailed  Site 
Layout  Map). 

The  35-Year  Pit 

about 5.4 km2. The  pit  bottom is at  elevation  662.5  m. 

Significant  features in the  pit  include: 

Figure  5-17  shows  the  35-year  pit.  It  covers  an  area  of 
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1. Northern  Exit 

The  mine  plan  developed  shows  multiple  road  access  to  the 
various  benches.  The  in-pit  conveyor  and  the  principal  roads  exit  to 
the  North  end  of  the  pit. 

Studies  conducted  to  bring  waste  to  Medicine  Creek  from  a 
Southern  exit  showed  that  a  causeway  from  the  pit  to  the  dump  would 
interfere  with  the  access  road  to.  the  Upper  Hat  Creek  Valley  and,  more 
importantly,  with  the  Hat  Creek  Diversion. Long, large-diameter  culverts 

possible. 
‘under  this  causeway  would  need to be  installed  to  make  this  scheme 

It  was  confirmed  that  the  in-pit  conveyor  should  exit  to 
the  North.  The  natural  saddle  of  footwall  was.te  between  the  two  synclines 
provides  an  ideal  location  for  the  conveyor  which  would  not  entail 
additional  mining  of  waste. An in-pit  conveyor  belt  exiting  South  would 
require  more  waste  to  be  mined  to  allow  for  an  acceptable  slope. 

2.  In-Pit  Conveyors 

A four-line.  1,500 m in-pit  conveyor-belt  system  extends 
from 895 m  elevation  at  the  surface  to 702 m  elevation. A study  of  the 

various  delivery  points  confirms  that  the  In-pit  Conveyor  System  is 
number of mining  benches  and  the  corresponding  hauling  distances  to  the 

essential  for  a  more  efficient  hauling  operation  and  the  reduction  of 
haulage  costs. 

3. Dump  Stations 

Three  dump  stations  are  located  adjacent  to  the  in-pit 

The  locations of the  dump  station  were governed by the  material  distri- 
conveyor to which  cbal,  low-grade  coal, and  waste  material  are  delivered. 

bution  by  bench  and  their  corresponding average  hauling  distances. 

material  mainly  from 1,045 m to 865 m  benches’inclusive;  Dump  Station 
No. 2 ,  at 827.5 m elevation,  material  from 850 m to 775 m benches 
inclusive;  Dump  Station No. 3, at 722.5 m  elevation,  material  from 760 m 
to 670 m  benches  inclusive. 

Dump  Station No. 1, at 887.5 m  elevation,  will  handle 

These  dump  stations  will  be  developed  as  mining  progresses 
in  depth  and  when  hauling  to  existing  pockets  is  neither  practical  nor 
economic.  Based on computer-generated  incremental  pits  and  a  study 
comparing  haulage  costs to the  dump  stations,  the  following  schedule  of 
installation  was  developed: 

II 

. .m  
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- Dump  Station  No. 1 - Operational  Year -1 

Dump  Station  No. 2 - Operational  Year 8 

Dump  Station No. 3 - Operational  Year 20 
other.  Material  can  be  delivered  and  dumped  either  from  the  Eastern  or 

The  dump  station  design  and  road  network  complement  each 

Western  sections  of  the  pit.  This  feature  simplifies  hauling  operations 
and  reduces  hauling  costs. 

1 

1 

4 .  Mine  Roads 

Mine  roads  vary in width  from 25 m  in  coal,  sand,  and 
gravel  to 4 0  m in  the  Medicine  Creek  and  Coldwater  formations. A 6 0  m- 
wide  berm is provided  adjacent  to  the  active  slide.  This  wide  berm 
provides  ample  room for periodic  clearing  operations  should  soil  creep 
occur. 

The  road  network  provides  access at a  minimum  of  two 
locations  to  each  bench,  usually on opposite  sides  of  the  pit.  This 
operational  feature  will  be  important  for  two  reasons: (1) it  reduces 
hauling  distances  to  the  dump  stations;  and ( 2 )  it  will  provide  better 
assurance  of  continuous  mining  should  localized  wall  failures  occur. 
The  road  network is designed  to  allow  pit  expansion  after 35 years. 

Three  major  berms  are  located  at  elevations 9 0 2 . 5  m, 
0 2 7 . 5  m, and 7 2 2 . 5  m to  coincide  with  the  dump  station  elevations 
( 9 0 2 . 5  m berm is one  bench  higher  than  Dump  Station  No. 1). During 
mining  operations,  access  to  the  mining  benches  will  be  from  these 
berms,  which  are  essentially  extensions of the  dump  stations. 

5. The  Pit  Bottom 

450 m  at  the  widest  dimensions  and  has  an  area  of  about 263,000 m3. 
The  pit  bottom at elevation 6 6 2 . 5  m measures 700 m x 

A secondary  pit  bottom,  one  kilometre  long  and 100 m  wide, is at 

which  has  a  wide  range of heating  value.  Some  eight  million tomes of 
elevation 6 7 7 . 5  m.  Both  of  these  bench  bottoms  are  totally in coal 

coal  can  be  mined  by  deepening  the  pit  bottom  without  additional  waste 
removal.  This  coal  provides  assurance  that  the  designed  pit  can  meet 
the powerplant  requirements  over  the  life of the  project. 

Mine  Development 

bounded by co-ordinates 5625200 N i n  the  North, 5624700 N in the  South 
Mining  is  initiated on s i x  benches  west of Hat  Creek  and 
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and 598400 E in  the  West.  The  pre-production  pit  is  connected  to  Houth 
Meadows  Dump  by  a 2.5 km temporary  surface  road  at 880 m  elevation. 
Prior  to  the  installation  of  the  conveyor  system  all  construction 
materials'will  be  used  for  road  construction.  Unsuitable  materials  are 
hauled  by  truck  to  Houth  Meadows  and  dumped  to 880 m  elevation. 

Excavation  for  Dump  Station No. 1 will  be  started  during 
pre-production  in  order  to  have  the  station  operational in Year -1. The 
reasons  for  starting  the  first  dump  station  early  are  threefold: 

(1) To  reduce  haulage  distances  from  the  pit  to  the  dumps; 

(2) To  assure  the  supply of approximately  one  million  tonnes  of  coal  to 

plant  for this  quantity  is impractical); 
commission the  powerplant in  Year -1 (truck  haulage  to  the  power- 

( 3 )  To  have  a  source  of  sand  and  gravel  for  construction  in  and  around 

sand  and  gravel  will  be  mined  from  Dump  Station No. 1 during  pre- 
the  mine  areas.  Approximately  three  million  bank  cubic  metres  of 

production. 

A temporary 1.5 km surface  road  at  elevation 887.5 m 
connects  Dump  Station No. 1 with  the  pre-production  pit. 

Figures 5-12 to 5-17 show  pit  development in various 
stages. 

The  mining  sequence  adopted  shows  that,  during  the  early 
years,  production  is  concentrated  along  the  Eastern  limb  of  the  main 
syncline  which  has  a  wide  range  of  calorific  value.  Mining  of  the  thick 
sand  and  gravel  beds  overlying  the  North-East  sector  of  the  deposit  is 
limited  at  ttiis  time.  ,By  developing  the  pit  this  way  during  the  early 
years,  the  average  heating  value is maintained  and a low stripping  ratio 
is  achieved. 

quality  coal  in  the  Western  limb  is  exposed on the  upper  benches.  By 
this  time,  sufficient  sand  and  gravel  will  have  been  removed  to  allow 
mining of the  higher  grade  coal in the  Eastern  syncline.  This  mining 
strategy  ensures  that  both  the  average  coal  quality  and  the  stripping 
ratio  will  be  maintained at reasonable  levels. 

I In  later  years,  as  the  mine  develops  in  depth,  the  lower 

deposit  and  expands progressively towards  the  final wall. This  develop- 
The pre-production pit  starts  almost at  the centre  of  the 

ment  sequence  will provide  ample time  to  Observe  pit walls and  prepare 
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adjus tments   in   p i t   des ign   i f   requi red .  The road  network in   the  incre-  
mental p i t s  is designed  to  provide enough f l e x i b i l i t y   t o  accommodate a 
revis ion of t h e   p i t  design. 

In t h e  incremental   pits ,   the  coal benches were l a id   ou t  
so  that  coal  could be mined from them a t  any time without  having  to mine 
the bench  above.  This  ensures  that a wide va r i e ty  of coal   qual i ty  w i l l  
be  available  for  blending. In sec t ions   loca ted   in   was te ,   th ree   to   four  
benches were grouped together  with  the uppermost  bench  minable. Each 
succeeding bench becomes minable  as  the  bench above i t  is mined out .  
T h i s  scheme was adopted  to  reduce waste stripping.  Figure 5-3 ( " P i t  
Slopes") shows t h e  systems  described. 

Temporary roads between  benches are   l imited.  The in ten t ion  
is t o  construct and use  the  f inal   haul   roads  as  soon a s  i t  is  pract icable .  

The excavation and i n s t a l l a t i o n  of Dump Stat ions No. 2 
and No. 3 i s  governed by the mining  schedule of the  various  benches.  This 
resul ts   in   mater ia l   being  hauled from the two benches  above and the  three 
benches below the dump pocket  elevation. The haul  roads  are  designed 
accordingly. 
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Pit  design  and  production  scheduling  were  performed, 
making  extensive  use  of  computer  software  developed  by  Mintec  Inc., 
supported  by  manual  mine  planning  techniques.  This  section  describes 

Block  Model  (VBM)  developed  earlier  (described  in  Section 4 . 6 )  to  the 
the  methods  employed  to  perform  the  work  starting  from  the  Variable 

completion of the  production  schedule. 

5 . 4 . 1  Planning  Data 

A set  of  cross-sections  and  bench  plans  for  the  coal 
deposit  were  produced  to  provide  a  clear  picture  of  the  structure  and 
the  spatial  distribution  of  coal  quality. 

The'  preparation  of  the  cross-sections  from  the  Variable 
Block  Model  was  straightforward.  Each  cross-section in the  model  was 
computer-plotted  showing  the  geological  sub-zones  (see  Figure 5-9) and 
the  reserve  blocks  together  with  the  tonnage  and  heating  value  for 
each  block. 

The  preparation of the  bench  plans  was  more  complex, 
because  the  VBM  was  constructed on cross-sections.  The  plans  were 
ultimately  produced  by  manually  adjusting  the  computer  plots,.  The 
adjustments  required  were  primarily  in  areas of structural  complexity 
and  where  sub-zones  terminated  between  sections.  The  bench  plans  were 
produced  for  the  mid-points o f  27 benches  at 15 m  intervals.  Each 
sub-zone  block  was  annotated with an  identification  number, its coal 
tonnage,  heating  value,  and  waste  quantity.  These  plans  and  sections 
were  colour  coded  by  heating  value  range  for  easier  use  in  mine 
planning  (see  Figure 5 - 1 0 ) .  

5 . 4 . 2  The  Dipper  System 

1c 

.. engineer to develop  mine  plans  and  production  schedules  quickly.  This 
The  Dipper  System  is  designed  to  assist  the  mining 
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permits the  evaluation of many a l t e r n a t i v e  mining  sequences i n   t h e  
time i t  takes  to  develop a single  plan  manually and r e s u l t s  i n  a more 
p r a c t i c a l  and  economic mine plan. 

angular  block model of t h e  deposit .  The blocks  used  for  the  evaluation 
of the Hat Creek  Coal  Deposit a r e  50 m square  in  plan and 15 m high. 
A block of coal  this  size  represents  approximately  55,000 t .  Smaller 
blocks  can  be  used  to  refine  the  pit   design and production  schedule, 
where warranted, by closely  spaced  data ,   a t  t h e  expense  of  increased 
computer time. The model defines  the  mining  area  using  196,000  blocks. 
For  each  block  the  waste volume, coal  tonnes, and heating  value  were 
calculated from t h e  Variable  Block Model. . These ca lcu la t ions   a re  made 
every 10 m ,  and the  result ing  composite  values  accurately  reflect   the 
geologica l   in te rpre ta t ion  and quality  data  for  each  block. The surface 
topography was d ig i t i zed  and input   to  t h e  Dipper Model. 

The Dipper  System is designed  to  operate  using a rect-  

function is required. A gross  value .is assigned  to  each  block  based 
upon i ts  total   heat  content.   This gross value i s  reduced  to a net  
value by the  deduction of variable  assigned  overhead and mining cos ts  
fo r   u se   i n  p i t  design. 

To permit  the  evaluation of a l t e rna t ives ,  a value 

The mining  geometry in Dipper is simulated by a s e r i e s  
of inverted,  truncated  cones. Each cone is  defined by the  base  radius, 
which is  equivalent  to  half   the minimum mining  width, and the  slope,  
which  can  be varied i n  up to   n ine   spec i f ied   d i rec t ions   to   re f lec t  
varying  pi t   s lopes.  The centre  of each  cone  coincides  with  the  centre 
of a block. Any block whose cent re  i s  within  the cone  generated is  
included  in   the volume  mined. 

The design of t h e ' p i t  is controlled by the  requirement 
t o  meet cer ta in   cr i ter ia .   Typical   parameters   that   can  be  var ied  in  
applying  the  Dipper System include: 

(1) Mining cost ;  

(2)  Minimum average  heating  value  for  each  cone; 

(3)  Maximum s t r ipp ing   r a t io   fo r  each  cone; 

( 4 )  Required  coal  tonnage i n  a p i t  increment. 

When these c r i t e r i a  have  been specif ied,   the  p i t  limits 
a r e  determined by evaluating  the  cones  within  the  boundaries  defined 
by the  engineer.  The parameters of a l l  blocks  contained by a cone a re  
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accumulated  and  the  results  tested  against  the  criteria. If the  cri- 
teria  are  met,  the  cone  is  mined,  and  the  process  is  repeated  for 
another  cone  until  the  required  tonnage  is  mined  or no further  cones 
meet  the  criteria. 

Data  displays  available  include: 

(1) Printer  plotted symbol maps  of  the  deposit  by  section  and  bench; 

(2)  Symbol maps showing  the pit limits  on  each  bench; 

( 3 )  Tabulated  summaries of reserves. 

5.4.3 Pit  Design 

by  developing  a  sequence  of  incremental  pits  to  produce 347 million 
tonnes  at  an  average  heating  value  of 18.0 MJ/kg.  The  final  pit  bottom 
had  moved  about 200 m  South  compared  with  earlier  manually  designed 

with only a  small  improvement in  the  overall stripping ratio.  The 
pits; the stripping  ratio  was significantly reduced  in the  early  years, 

Dipper  results  were  checked  against  cross-sections,  bench  plans,  and 
previous  designs  in  order  to  evaluate  the  differences.  After  checking, 
it  was  concluded  that  the  results of the  test  were  reasonable  and  that 
the  system  should  be  adopted  for  the  pit  design  work. 

The  Dipper  System's  pit  design  capabilities  were  tested 

about  the  validity of the  costs  assigned  and  also  to  try  to  improve  the 
Further  tests  were  performed in order  to  remove  concerns 

coal  quality  in  the  first  five  years  of  operation.  The  cost  parameters 
were'varied in a series of runs, and it was found that the relative 
economics  provided a sound  basis  for  the  design of a  sequence of "best" 
pits.  The  coal  quality  improvement  tests  demonstrated  that  the  objec- 

unacceptably low  quality fuel  later.  This  was a  valuable  exercise  in 
tive  could  be achieved, but would  result  in  an extended  period  of 

demonstrating the  speed and  flexibility  of  the Dipper  System. 

In applying  the  system to the  design  of  theooverall  pit 
slope  aggles  were  estaklished  in  four  directions:  East 20 , South  and 
West 19 , and  North 15 (to  allow  for  the  conveyor  ramp - see  Figure 
5-11). These  overall  slopes  were  determined  from  manually  designed 
pits,  which  reflected  the  geotechnical  constraints  and  incorporated  mine 
haul  roads. In the  initial  runs  the  minimum  average  heating  value for 

m 
P 
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each  cone was s e t  a t  17.0  Wlkg and the maximum s t r i p p i n g   r a t i o   a t  2 . 0 .  
I n  subsequent  runs  these  parameters  were  varied  to  force  desired improve- 
ments i n  t h e  plan. 

The required  coal  tonnage  in a p i t  increment was s e t   a t  
approximately one year's product ion  for   the  f i rs t   10  years ,  and in   f i ve -  

working slope (16' except  to  the  North) was used. 
year  segments  thereafter.  In  designing  the  interim p i t s ,  a f l a t t e r  

The p i t  i s  designed one  increment a t  a time u n t i l  a f i n a l  
p i t  i s  reached  which  provides  sufficient  tonnage of an  acceptable  quali ty.  
When a s a t i s f a c t o r y   f i n a l   p i t  was establ ished,  a p i t  des ign  was prepared 
manually to   incorporate   roads,   crusher   s ta t ions,  and  conveyorways. The 
interim p i t s  were then re-worked t o  modify the   qua l i ty   o r   s t r ipp ing  
r a t i o .  I n  this   f ine  tuning  process ,   the   pi t   design  can  a lso  be  forced 

r equ i r ed   f ac i l i t i e s .  
t o  excavate  material i n  a par t icu lar   a rea   to   permi t   ins ta l la t ion  of 

The r e s u l t s   f o r   t h e  16  incremental   pits   developed  are 
presented i n  Table 5-4. I n  a r r iv ing  a t  t h i s   f i n a l   s e r i e s  of p i t s ,  a 
t o t a l  of 92 increments  were examined to  ensure  the  production of a 
consis tent   qual i ty  of f u e l  and t o  reduce  the  f luctuat ions  in  t h e  
s t r ipp ing   r a t io .  

5.4.4 Production  Scheduling 

A t  t h i s   s t age  of a project  production  scheduling would 
not  normally be carr ied beyond the  stage  reached w i t h  the  completion of 

Project  i t  was considered  necessary  to  ensure tha t  the  larger,   f ive-year 
the  sequence of interim p i t s .  However, in the  case of the H a t  Creek 

qua l i t y   fue l  was avai lable .  
increments d i d  not  include  extended  periods where only  unacceptable 

scheduling  selects  the  coal t o  be mined i n  a given time period. Th i s  is 
accomplished by examining t h e   p i t  bench by bench  from t h e  top down, 
removing the  coal  unti l   the  production  requirements  are met, and iden- 

process is repeated  for  succeeding  years  until a l l  the   coa l   in   tha t  p i t  
t i fying  the  waste   that  must b e  removed to  permit mining that  coal.   This 

and progresses   unt i l   the  p i t  is mined out. 
increment i s  mined.  Scheduling  then  continues  from  the  next  increment 

Working within  the  incremental  design p i t s ,  production 
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This  preliminary  production  schedule  showed  a  wide 
fluctuation  in  the  quantities of waste  removal  for  each  year.  To 
ensure  a  practical  mining  operation  that  makes  efficient  use  of  the 
equipment  available,  these  fluctuations  must  be  smoothed  out.  This 
smoothing  was  achieved  by  establishing  the  annual  waste  production 
capacity  and  forcing  advanced  waste  removal  in  low  stripping  years. 
This  procedure  was  effective,  and  a  practical  production  schedule 
was  produced  that  maintained an acceptable  quality  of  fuel  and  balanced 
material  quantities  over  the  life of the  project. 

Initially,  the  production  schedules  were  developed 
based on an  annual  coal  tonnage  requirement at an  average  quality.  The 
resulting  schedule  showed  that  the  total  heat  content  of  the  coal 
produced  in a given  year  deviated  from  the  powerplant  requirements. To 
overcome  this  problem  the  production  was  rescheduled  to  deliver  the 
required  total  heat  content. 

The  Adjusted  Production  Schedule  (Table 5-5) shows the 
final  production  schedule  that  was  produced  by  this  process. A final 
manual  adjustment  was  made  to  this  schedule  to  incorporate  waste  removed 
outside  the  pit  limits  for  the  development  of  facilities  (Table 5-6). 

1 5 - 38 



5.5  WASTE  DUMPS AND EMBANKMENTS 

5.5.1 

1 

The  total  amount of waste  material  mined  from  the  pit 
over  its  35-year  lifespan  would  be 4 2 6 . 8  million  bank m3. Two areas 
have  been  selected  where  the  waste  could  be  safely  and  economically 
dumped: (1) Houth  Meadows,  at  the  North-West  rim  of  the  pit,  with 
a maximum  capacity  of 5 4 2  million m3 o r  about 439 million  bank m3; 
(2)  Medicine  Creek,  about  one  kilometre  South-East  of  the  pit,  with 

The  potential  exists  for  Medicine  Creek  to  be  raised  to 1,200 m 
a capacity  of 257 million m3, with  the  crest  at  1,130  m  elevation. 

elevation  which  would  increase  the  capacity  by  another 310 million m3 
for  mine  waste  and  ash. 

The  selection  was  based on proximity,  capacity.  geo- 
technical  characteristics,  and  topographical  and  geological  features 
which  render  both  dumps  capable  of  meeting  the  most  stringent  require- 
ments.  Another  significant  factor  was  the  possibility  of  expanding  the 
35-year  pit to mine  out  the  No. 1 Deposit  and  starting  to  mine  the  No. 2 
Deposit  to  the  South. 

Comprehensive  studies  were  undertaken  by  Golder  Associates, 
geotechnical  consultants,  and  their  recommendations  incorporated  into  the 
design  of  the  dumps  (see  Section  5.5.2).  B.C.  Hydro's  own  geotechnical 
engineers  have  reviewed  the  consultants'  work,  and  have  issued a report 
"Memorandum on Proposed  Waste  Disposal  Embankment  Studies",  dated  October 
1979. Section 7 of  their  report,  Conclusions  and  Recommendations  for 
Final  Design  Studies, is shown in Section 5.5.6. 

5.5.2 

5 . 5 . 2 . 1  

.. 
waste: 

Geotechnical  Constraints  and  Parameters 

Material  Parameters 

Tests  have  led  to  establishing  two  general  categories of 
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Unstable  and  very  weak  bentonitic  claystones  and  siltstones,  and 
weak  silty  and  clayey  sedimentary  deposits.  These  materials  would 
remain in an  unconsolidated  condition  for  many  years,  and  their 
shearing  resistance  would  be  that  of  a  partially  saturated  material 
in  an  undrained  condition.  They  will  therefore  need  to  be  retained 
by  well-engineered  embankments; 

Stable  and  relatively  stronger  material  consisting  primarily  of 
sand,  gravel,  and  till.  These  materials  are  suitable  for  embank- 
ments  as  well  as  for  construction  of  roads,  yards,  and  as  concrete 
aggregate. 

5 . 5 . 2 . 2  Parameters  of  Waste  Dumps  and  Embankments 

main  issues  related  to  dump  stability: e 
(1) The  stability of retained  waste; 

Geotechnical  tests  and  studies  were  concerned  with  three 

( 2 )  The  stability  of  retaining  embankments  and  their  foundations; 

( 3 )  The  gross  interaction  of  waste  dumps  and  pit  slope  excavations. 

1. The  Stability of Retained  Waste 

As the  dumps  must  be  considered on the  basis of long-term 
stability at maximum  capacity,  they  must  be  located in relation  to  the 
walls  of  the  ultimate  pit.  Field  and  laboratory  tests  were  performed, 
including  an  examination  of the characteristics  and  stability  of a trial 
waste  dump on site.  From  these  it  was  concluded  that  the  retained  waste 
can  be  kept  stable,  whether  saturated  or  unsaturated  by  keeping  it 
within  the  recommended  surface  slope of 5%. This  slope  could  be  increased 
as  more  experience  regarding  slope  stability is gained. 

2 .  The  Stability of Retaining  Embankments  and 
their  Foundations 

The  embankments  must  be  free-draining  and  constructed 
entirely of well-graded  and  fairly  clean  sand  and  gravel.  To  remain 
stable,  they  must  be  uncontamipated  by  bentonitic  clays,  and  be  designed 
with  a  safety  factor  to  hold  the  retained  waste  when  either in a satu- 
rated or a fluid  state.  The  recommended  overall  slopes  for  the  embank- 
ments  are 2 . 5  horizontal  to 1 vertical  on  the  outside  face,  and 1:l on 
the  inside  face. 
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3.  The  Gross  Interaction  of  Waste  Dumps  and 
Pit  Slope  Excavations 

The  Houth  Meadows  Dump  is  sufficiently  close  to  the  pit 
for  the  stability  of  the  dump  and  the  pit  slope  to  be  considered  as  a 
unit.  A  North-East  to  South-West-trending  conglomerate  ridge  has  been 
identified  West of the  pit.  This  would  form  a  buttress  and  provide 
additional  support  to  the  dump. 

The  Medicine  Creek  Dump  is  far  enough  from  the  35-year 
pit  but  would  be  within 600 m  from  the  pit  rim of an  ultimate,  or  total 
resource,  pit.  Investigations  were  conducted  on  the  basis  of  the  total 
resource  pit  from  the CMJV report  rather  than  the  35-year  pit.  Present 

Medicine  Creek  embankment  would  provide  adequate  long-term  support  to  the 
studies  indicate  that  the  sequence  of  granular  rocks  underlying  the 

proposed  dump. 

5.5.3  Construction  and  Development 

m 

I 

Although  both  Houth  Meadows  and  Medicine  Creek  dumps  at 
maximum  capacity  can  accommodate  the  total  35-year  mine  waste,  it  is 
recommended  that  neither  dump  should  be  built  to  capacity  until  more 
data  is  available.  Material  characteristics  relating  to  swell  factors 
are  uncertain  and  can  only  be  ascertained  during  actual  operations. 
Room  for  additional  waste  will  also  be  required  for  any  expansion  of  the 
pit.  Neither  the  Southern  end  nor  the  bottom  of  the  No. 1 Deposit  will 
have  been  mined  out  after  Year  35. 

constructed.  It  will  be  developed at a  full  rate  from  Year  1 to Year 14 
by  two  conveyor-spreader  systems,  each  working  in  35-m  lifts.  From 
Year 12 to  Year 14, haulage  trucks  will  lay  the  foundations of the 
Medicine  Creek  Dump in preparation  for  one  of  the  conveyor-spreader 
systems  which  will  be  transferred  from  Houth  Meadows.  From  Year  15 
onwards,  both  Houth  Meadows  and  Medicine  Creek  dumps  will  be  constructed 
concurrently.  Figure  5-18  shows  the  different  stages  in  the  development 
of  each  dump.  This  sequence  of  dump  development  is  geared  not  only t o  
the  most  efficient  exploitation of the  No. 1 Deposit  during  the  35-year 
project  life,  but  takes  into  account  the  possible  expansion of the  No. 1 
Deposit  and/or  future  mining  of  the  No. 2 Deposit.  It  also  allows  ample 
time  to  study  the  effects  of  accumulating  large  amounts  of  waste  in  the 
dumps. 

Of  the  two  dumps,  Houth  Meadows  will  be  the  first  to  be 
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into  three  phases:  
The development  sequence for  each 35-m l i f t  is divided 

5.5.3.1  Construction of Access Roads and I n i t i a l  Conveyor Pads 

Conveyor pads w i l l  be  constructed a t  t h e   f a r  end of the 
dump from t h e  re ta in ing  embankment a t  an  elevation 20 m above the 
ex is t ing  dump surface in that   area.  Access  roads and conveyor  pads w i l l  
be.constructed on contour   using  s idehi l l   cuts   to   the  extent   pract ical .  
Conveyor pads w i l l  be 40 m wide,  which is su f f i c i en t   fo r   t he   i n s t a l l a t ion  
of t h e  s h i f t a b l e  conveyors and i n i t i a l   o p e r a t i o n  of the  spreader.  

The access  roads and conveyor pads w i l l  be  b u i l t  w i t h  
g l a c i a l  till, sand,  or  gravel. Road construction equipment:  front-end 
loaders ,  32-t trucks,  dozers,  graders, and compactors, w i l l ' b e  used f o r  

s ib l e   t o '   t he   sp reade r s .  
th i s . job .   This  equipment w i l l  a l so  be  used fo r   f i l l i ng   a r eas   i nacces -  

5.5.3.2 Dumping General Waste 

conveyor  pad. The f i r s t   spreading   pass  will be on the  downhill   side of 
the  conveyor, where a 20-m l i f t  w i l l  be  placed  bringing  the  f i l led  area 
up to   the   e leva t ion  of sp reade r   t r acks .   Th i s   l i f t  w i l l  be   level led and 
i ts  sur face  compacted by bulldozers  to  prevent  moisture  penetration. 
T h i s  operation  continues  unti l   the  spreader  has completed  placing  the 
lower l i f t .  The spreader i s  then  relocated  to t h e  u p h i l l  s i d e  of the 
s h i f t a b l e  conveyor,  where i t  places a 15-m l i f t  of waste above i ts  
operating  elevation. When t h i s  upper l i f t  is completed,  the  shiftable 
conveyor is moved towards  the embankment on top of the  previously  placed 
20-m l i f t .  The  new loca t ion   for   the  conveyor is not  closer  than 25 m t o  
the   c res t  of the f i l l .  

The spreader w i l l  s t a r t  dumping waste from t h e   i n i t i a l  

ZO-m,lift,  then  the  upper 15-m l i f t ,  followed by advancing the  conveyor. 
This  process  continues w i t h  general mine waste   unt i l   the  Conveyor- 
spreader System reaches  the  upstream  face of t h e  embankment. 

The cycle is then repeated w i t h  the  placing of the lower 

T h i s  system is i l l u s t r a t e d  i n  Figure 8-7 
I 
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5 . 5 . 3 . 3  Construction  of  Embankments 

When the  Conveyor-spreader  System  reaches  the  embankment, 
the  operation  continues in the  same  manner,  but  the  materials  trans- 
ported  and  placed  must be the  approved  construction  materials:  sand  and 
gravel  uncontaminated  by  bentonitic  clays. On completion  of  the  embank- 
ment  section  of  the  35-m  lift,  the  face  of  the  embankment  must  be  trimmed 
to the  designed 2 . 5 : 1  slope  ready  for  revegetation.  The  shiftable 
conveyor  system  is  dismantled  and  re-erected on a  new  conveyor pad 
constructed  at  the  planned  elevation  of  the  next  lift. 

between  the  general  mine  waste  and  the  embankment.  Routine  grading  of 
the dump  surface and ditching  will  be  required  to  collect  surface  runoff 
and  direct  it  into  the  main  drainage  treatment  and  disposal  system. 

This  dumping  sequence  prevents  the  ponding  of  water 

Tables 5-7 and 5-8 show  the  capacity  by  lift  of  the  Houth ' 
Meadows  and  Medicine  Creek  dumps  and  the  construction  schedules. 

5 . 5 . 4  The  Houth  Meadows  Waste Dump 

rl 
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Year -1 after  the  causeway  for  the Main Transfer  Conveyor  has  been 
Development of the  Houth  Meadows  Dump  will  start in about 

built.  Prior  to  the  construction  of  the  dump,  the  base  will  be  prepared 
by  laying  free-draining  sand  and  gravel  material  for  drainage  and  con-' 
structing  a  leachate  collection  facility  at  the  toe  of  the.embankment. 

Waste  from  the  pre-production  pit,  and  sand  and  gravel 
from  Dump  Station No. 1, will be hauled  by  trucks.  These  will  be  used 
.to  build  the  dump  to  the  880  m  elevation. I n  the  meantime,  the  road 
construction  equipment  will  be  constructing  the  first  transfer  and 

System No. 1 will  be  installed  at  this  elevation so that  waste  can be 
shiftable  conveyor  pads a: the 900 m elevation.  Conveyor-spreader 

dumped  to  the  first 35-m lift  (between  the  880 m and the 915 m  elevation) 
in Year 1. 

The  second  transfer  and  shiftable  conveyor  pads  at  the 
935 m  elevation  will  be  built  after  the  880-915  m  lift  has  advanced  far 
enough  to  allow  space  for  construction.  Conveyor-spreader  System No. 2 
will  be  installed  at  the 935 m  elevation  and  dumping of waste  to  the , '  

second  lift  (between  the 915 m  and  the 950 m elevation)  will  commence in 
Year 2 .  Both  of  the  conveyor  spreader  systems  will  then  work  Concur- 
rently, in parallel. 
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Following  the  two  bottom 35-m lifts,  the  schedule  for  the 
succeeding  lifts  is: 

Construct  transfer  and  shiftable  conveyor  pad  at 970 m  elevation  in 
Year 5; relocate  Conveyor-spreader  System No. 1 from  the 900 m 
elevation;  commence  waste  dumping  in  Year 6 .  Upon  completion  of 
this  lift  in  about  Year  14,  the  conveyor  and  spreader  will  be 
transferred  to  Medicine  Creek; 

Construct a transfer  and  shiftable  conveyor  pad  at  the 1,005 m 
elevation  in  Year 8; relocate  Conveyor-spreader  System No. 2 from 
the 935 m  elevation  and  commence  waste  dumping  in  Year 9. The 985- 
1,020 m  lift  will  be  completed  in  about  Year 22; 

Construct a transfer  and  shiftable  conveyor  pad  at  the.l,040 m 
elevation  in  Year 22; relocate  Conveyor-spreader  System No. 2 from 
the 1,005 m  elevation,  commence  waste  dumping  in  Year 23 and  carry 
on the  operation  until  Year 35. A total of 305 million m3 will  be 
dumped  in  Houth  Meadows  from  Years -2 to 35. A further 134 million m3 
could  be  placed  in  this  area if required. 

Houth  Meadows  is  designed  with  the  ultimate  embankment 

by  the Hat  Creek  road - Lillooet .Highway  junction  to the  NE-SW-trending 
crest at the 1,005 m elevation. The-major  embanbnent runs from  the  hill 

conglomerate  ridge.  Three  minor  embankments  are  located  running  in  an 
East-West  direction  and  are  required  to  prevent  waste  from  flowing on to 
the  Lillooet  Highway. As recommended  by  the  geotechnical  consultants, 
the  dumps  are  designed  with  a 2.5 horizontal  to 1 vertical on the  outside 
face  and 1:l on  the  inside  face  of  the  embankment.  Figure 5-21 shows 
the  waste  dumps  slopes. 

The  retained  waste  dump  id  designed.sloping  at  a 5% grade 
from  the  crest  of  the  embankment  at  the 1,005 m  elevation  to  the  Western- 
most  limits at the 1,150 m elevation.  The  surface  area of the dump 
covers  approximately 580 ha at maximum  capacity. 

Surface  water  in  the  dump  area  will be collected  by a 

ultimately  be  collected  in  the  settling  ponds.  Figure 5-19 is  a  detailed 
suitable  drainage  system  around  the  perimeter  and  surface  runoff  will 

drawing  of  the  Houth  Meadows  Waste  Dump. 
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5.5.5 The  Medicine  Creek  Waste  Dump 
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Development  of  Medicine  Creek  Waste  Dump  will  commence  in 
Year 12, three  years  before  the  installation  of  the  Conveyor-spreader 
System.  Contractors  will  prepare  the  base  of  the  dump  by  laying  free- 

narrow  portion  of  the  dump  up to the 1,040 m  elevation  by  trucks. 
draining  sand  and  gravel  material  for  drainage,  and  will  build  the 

Approximately 9.4 million  bank m3 will  be  hauled  by  the  contractors  over 
a  temporary  road.  By  the  end  of  Year 14, construction  work  should  have 
been  completed. The dump  will  then  be  built  using  Conveyor-spreader 
System No. 1, which  will  be  transferred  from  the  Houth  Meadows  Dump. 

The  dump  development  sequence  is  as  follows: 

Truck  construction:  base  of  dump  to  the 1,040 m  elevation  from 
Year 12 to  Year 14, by  contractor,  using  haulage  trucks; 

Construct  transfer  and  shiftable  conveyor  pads at the 1,060 m 

Houth  Meadows  Dump  in  Year 15; dumping  of  waste 1,040-1,075 m  lift 
elevation  in  Year 14; relocate  Conveyor-spreader  System No. 1 from 

from  Year 15 to  Year 18; 

Construct  transfer  and  shiftable  conveyor  pads  at  the 1,095 m 
elevation  in  Year 17; relocate  Conveyor-spreader  System No. l.from 
the 1,060 m elevation  in  Year 18; build 1,075-1,110 m lift  from 
Year 18 to  Year 26; 

Construct  transfer  and  shiftable  conveyor  pads  at  the 1,130 m 
elevation  in  Year 25; relocate  Conveyor-spreader  System No. 1 from 
the 1,095 m elevation  in  Year 2 6 ;  build 1,110-1,145 m  lift  from 
Year 26 to Year 35. 

A total  of 113 million  bank m3 of waste  will  be  dumped  in 
Medicine  Creek  from  Year 15 to  Year 35. About 29 million m3 capacity 
remains  below  the 1,130 m  crest. 

From  Year -1 to  Year 14, while  dumping  of  waste  will  be 
in  Houth  Meadows,  ash  from  the  powerplant  will  be  deposited  at  Upper 
Medicine  Creek  (downstream  of  the  water  reservoir  dam).  Ash  deposition 
will  progress  downstream  while  dumping  of  waste  will  progress  upstream. 
At  about  Year 20 or  Year 21, the  two  disposal  systems  will  meet. At 
this  time,  waste  material  will  be  dumped  at a slope of 2.5 horizontal to 
1 vertical  at  the  interface  between  the  waste  and  the  ash.  By  doing so, 
ash  will  overlay  the  waste  as  both  are  built  up.  Figure 5-20 is  a 
detailed  drawing of the  Medicine Creek Dump. 
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Followinn i the  neotechnica .1 consultants' recomen 
the  retaining  embankmen;  is  disigned  at 2 . 5  horizontal  to 1 vertical  at 

dations, 

the  outside  face  and 1:l in  the  inside  face.  The  retained  waste  slopes 
at a 5X grade  from  the  crest  of  the  embankment  to  the  interface  with  the 
ash,  after  which  the  latter  slopes  at 1% up  to  the  water  reservoir  dam 
(see  section  detail  Figure 5-20). The  Northern  side  of  the  waste  dump 
forms a V-cut  with  the  hillside  to  permit  access  to  the  reservoir  overflow 

Hat  Creek  Diversion Canal. 
outlet  conduit  which carries any overflow  from  the  reservoir  down  to  the 

Canals  around  the  perimeter of the  dump  will  be  installed 
to  collect  surface  runoff.  Runoff  from  the  dump  surface  will  be  diverted 
to  the  settling  ponds  West  of  the  embankment. 

5 . 5 . 6  Conclusions  and  Recommendations  Relating  to  Waste 
Disposal  Embankment  Studies 

design  basis  for  the  waste  disposal  embankments  were  reviewed  by  the 
B.C. Hydro  Hydro-electric  Generation  Projects  Division.  They  presented 
the  following  conclusions  and  recommendations  in  their  design  memorandum: 

The  geotechnical  consultants'  studies  and the recommended 

5.5.6.1 Conclusions 

It is concluded  that the studies are complete and ade- 
quate  for  the  preliminary  design  stage.  The  design  for  the  retained 
waste  material  disposal  and  the  stability  of  the  retaining  embankment 
and  its  foundation  have  an  acceptable  factor  of  safety  for  static 
conditions.  The  analysis  for  interaction  with  total  resource  pit  slope 
is reasonable. 
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5.5.6.2 Recommendations 

. ' I  

For  final  design  studies  it is recommended  that: 

(1) An exploration  program  be  carried  out  at  the  proposed  Medicine 
Creek  retaining  embankment  to  confirm  either  that  siltstone  and 

affecc  the  stability of the  retaining  embankment; 
claystone  do  not  exist  in  the  foundation,  or  that  they  do  not 

(2)  The  stabiliFy  of  waste  dump  and  pit  slope of the  Houth  Meadows 
Dump  be  studied  further, if the  total  resource  pit  scheme is to 
be  adopted; 

( 3 )  Tests  be  carried  out to assess  the  proposed  method  for  compaction 

embankment  fills; 
(i.e. by impact  of  gravels  falling  from  conveyor  belts)  of  the 

( 4 )  The  embankment  and  Qaste  mass  be  analyzed  for  seismic  stability 
and  that  the  sands  in  embankment  foundation  be  evaluated  for 
liquefaction  potential. 
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TABLE 5-1 
DESCRIPTION OF SURFICIAL MATERIALS 
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TABLE 5-2 

DESCRIPTION OF ROCK MATERIALS 
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TABLE 5-3 

HYDIWULIC  CONDUCTIVITY  RESULTS 

HYORAULIC WNOUCTIVITY RESULTS FROM 
FALLING HEAD TESTS ( m l s )  PUMPING TEST RESULTS 

NUl5ER RANGE 
OF FROM TO KOIUM CONDUCTIVITY 

HYORAULIC COEFFICIENT OF 

LITHOLOGIC UNIT E S T S  VALUE (m/s) 

Upper Siltstone- 
Claystone 

(Tcu) 13 1x10-12 3x104  1x10-10 1x10'10 (U76-1) < 10  (W77-4) 
4x10-11 (U77-4) 400'  (W77-3) 

A zone slltstone (Ted 6 1x10-11 3x10-10 4x10-11 9x10-9 (W78-2) - 
and coal 

C zone siltstone 
and coal 

(Tcc) 13 3x10'11  3x10-8 1.4~10-10 - 
0 zone coal (Tcc) 12 6x10'9 1x10-6 5x10-7 6x10-11 (Y77-1) < 45  (W77->) 

Lower Siltstone- (Tcl) 15  2x10-11 5x10'9 8x10-11 5x10-12 (Y77-2) 500' (W77-2) 
Sandstone-Conglomerate 

Conglomrate (Tcol)  4 9.5~10-11 2.9~10-9 1.3~10-10 - 
Limestone 7 .  12x10-9  iX10-4 3x10-8 

Basalt 5 2.3~10-11 1 . 8 ~ 1 0 4  7x10'9 - 
Greenstone 5 4x10-10  5x10-7 1.8~10-7 - 

_. - 
These values were calculated using sora assumptions and nay be rather high. 
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TABLE 5-4 

INCREMENTAL DESIGN PIT 

** 2M S E L E C T I V I T Y  -- P I T  XZP/LAM **  
SUMMARY OF M I N I N G  INCREMENTS 
"""""""""""""" 

--PI  T-NAME----  CUMULATIVE 
"""""""""""""" 

ORE TONS HHV S.R.  

R Z P L l  .OAT 

R2PAZ.OAT 

RZPAJ. OAT 

RZPA4. DAT 

R2PAS.DAT 

RZPL6.OAT 

R2PL7.OAT 

RZPL8.DAT 

RZPL9.OAT 

R2PLO.DAT 

RZPM 1'. OAT 

R2PM2. OAT 

R2PMS.OAT 

RZPM4.OAT 

RZPM5.OAT 

RZPM6.OAT 

1537. 

4672'. 

9990.  

18210. 

29772 .  

43545 .  

58407 .  

73116.  

84175.  

95624 .  

1 0 9 4 4  1. 

163209.  

213231 .  

254804 .  

307069 .  

335646 .  

18.45 2.16 

18.99 1.43 

18.79 1.27 

18.63 1.29 

18.62 1.33 

18.53 1 .so 
18.46 1.27 

18.30 1.28 

18.23 1 .so 
18.15 1.23 

18.13 1.19 

17.91 1.23 

17.99 1.12 

18.01 1.14 

17.97 1.18 

18.09 1.25 

QUANTITIES 

INCREMENT 
"""""""""""""" 

ORE TONS 

1537.  

3135.  

5318. 

8220.  

11562.  

13773 .  

14862.  

14709 .  

11059 .  

11  449. 

13817.  

53768.  

50022. 

41573 .  

52265 .  

28517 .  
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HHV 

18.45 

19.25 

18.62 

18.44 

18.60 

18.35 

18.24 

17.67 

17.74 

17.59 

17.98 

17.45 

18.26 

18.12 

17.78 

19.30 

S . R .  CUTOFF 

2 .  I 6  

1.07 

1.12 

1.32 

1.40 

1.22 

1.17 

1.32 

1.42 

0.75 

0.93 

1.29 

0.78 

1.21 

1 . 3 8  

1.99 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 

9.30 



TABLE 5-5 

ADJUSTED  PRODUCTION  SCHEDULE 

I 
1 ** 2M S E L E C T I V I T Y  -- P I T   X 2 P L / M  * *  PRODUCTION  BASED ON TONS HHV **  

YEAR  YEARLY  SCHEOULE  CUMULATIVE  SCHEOULE I 

M I L L  FEED  GRADE WASTE S.R. "ILL  FEEO  GRADE 
~~ ~~ ~ 

S.R. 

0.000 
2 
1 

3 
4 
5 

7 
6 

8 

10 
9 

1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

_. 3.7 

1139. 17.597 
0. 0.000 

2950. 19.292 
4759. 18.155 
7371. 17.994 

18.455 
17.914 
18.762 
18.750 
1 1  
1 
1 

3697. 
0. 

4375. 
7474. 
10720. 
13678. 
16082. 
14973. 
15301. 
16827. 
18016. 
14752. 
20503. 
17171. 
18848. 
6312. 
1521 2. 
10371. 
14222. 
14166. 
9839. 

12892. 
10559. 

16344. 
12140. 

9240. 
9859. 

7335. 
14509. 
8059. 

1 1  103. 
12145. 

10222. 
6972. 

9846. 
1871. 
1960. 

0.000 0. 0.000 
3697. 

0. 

15546. 
8073. 

26266. 
39944. 
56026. 
70999. 
86300, 
103127. 
121  142. 
135894. 
156347. 
173568. 

198728. 
192416. 

213940. 
224311. 
238532. 
252699. 
262538. 
273097. 
285988. 
302332. 
314472. 
32433 I .  
333571. 

355416. 
340907. 

363475. 
374577. 
386722. 
393694. 

413761. 
4039 15. 

41  5632. 
417592. 

3.246 
1.483 
1.570 
1.454 
1.479 

1.433 
1.505 

1.463 

1139..  17.59.7 

8848. 18.462 
4089. 18.820 

25469. 18.324 
16220. 18.249 

36153. 18.203 
46605. 18.328 

3.246 
1.974 
1.757 
1.619 

10684. 
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TABLE 5-7 

HOUTB MEADOWS WASTE DUMP 
(Capacity by Lift - million bank m3) 
Embankment  Crest at 1,005 m Elevation 

Retained Waste Embankment  To  tal 
35-m 

Year 
35-m 35-m 

Elevation  Lift Cum. Lift Cum.  Lift.  Cum. Start  Complete 

- - 

floor- 880 0.63 , 0.63  4.97  4.97  5.60  5.60 -2 2 

880- 915 14.95  15.58  17.52  22.49  32.47  38.07 1 6 

915-  950  35.67  51.25 14.20 36.69  49.87 87.94 2 9 

950- 985 58.86 110.11 9.15  45.84  68.01  155.95 6 14 

985-1,020 83.15  193.26  5.29  51.13  88.44  244.39 9 22 

~,020-1,05s 82.19  275.45  4.77  55.90  86.96  331.35  23 (35) 

1,055-1,090 62.35  337.80 4.34  60.24  66.69  398.04 - 
1,090-1,125 30.90 368.70 2.72  62.96  33.62  431.66 - 
1,125-1,160 7.70 375.40 0.67  63.63  7.37  439.03 - 

Note:  Embankment  quantities  also  include  material  for  the  three 
secondary  embanknents  North of Houth Meadows. 

Available  capacity  after Year 35 - 134.03 million bank m3 
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TABLE 5-8 

MEDICINE  CREEK  WASTE DUElP 

(Capacity  by  Lift - million  bank m3) 
Embankment  Crest at 1,130 m  Elevation 

Retained  Waste  Embankment  Total 
35-m 35-m 35-m 

- Year - 
Elevation  Lift  Cum.  Lift  Cum.  Lift Cum. Start  Complete 

floor-1,040 2.11  2.11 7.26 7.26 9.37 9.37 12 14 

,1,040-1,075 11.46  13.57 10.16 17.42  21.62  72.74 15  18 

1,075-1,110 29.75  43.32  15.04  32.46  44.79  117.53 18 26 

1,110-1,145 40.85  84.17  9.29  41.75  50.14  167.67 26 (35) 

1,145-1,170 16.16 100.33 '- 4.75 16.16 183.83 - - 

Available  capacity  for  mine  waste  after 35 years = 29 million  bank m3 

Potential  capacity  by  raising  embankment  crest from 1,130 m to 1,200 m 
elevation = 310 million loose m3 for mine waste and ash. 
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L E G E N D  

Piezometric contours 20melre  intervals 
&vattons in metres 

inferred  piezometric  contours 

e- Data point,  upper  (black) numbar = hold  number 
lower (blue1  number = piezometric 

Bedrock groundwater discharge areas. other Ihon 
those along Hot Creek 

elevat ion In metres  

NOTES_ 
I.Due io the variation of piezometric eIevaIIans both 

with deplh and time,  the contoured plezometrrc surfocl 
Illustrated in this drawing must be vlewed or a genen 
lized representatton only 

2.Piezometdc elevctions ore for  October 1978. 

3.Dalo points in brackets require the fO!lowln~ erP!OnO- 

- A r t e s m  pressures emst In droll holes DOH-77-848. 
ODH -77- 246 and DDH -78 - 859. Although the plezo- 

tory notes: 

metric elevations a! these locattons ore not known at 
pesent, me artesm pressures hove inf!uenced the 

-The ptezometer In dull hole DOH-76-812 has recently 
confqurohon of the ptezomelrlc cor,lours. 

become moperotwe The represented p~ezometrlc ele- 
votion at lh~s  locotmn has been  estnmoted frcm the 

-The piezometri: elevotlon a1 drtli  holh DDH-76-ISO 
ertropolated poezometer hydroprcph 

is  anomalously low and not fully  cantouredd p e y n t .  
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SECTION 6 

THE MINE DRAINAGE PLAN 

I 

" 
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: I  
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6.1 INTRODUCTION 

operation on the  scale of Hat  Creek  could  hope  to  succeed;  nor  could  it 
satisfy  today's  stringent  environmental  requirements.  The  Mine  Drainage 
Plan  devised  as a result  of  painstaking  studies  by  our  consultants, 
Cominco-Monenco  Joint  Venture,  does  both ( W V  1979). It is believed  to 
be a comprehensive  mine  drainage  plan  which  provides  for  environmental 
protection  in  initial  mine  planning.  Its  objectives  are: 

1. to keep  the  mine  dry  enough  to  ensure  continuous  operation; 

2 .  to  prevent  flood  damage  to  both  excavations  and  equipment; 

3. to  ensure  the  stability  of  slopes and embankments; 

4 .  to  protect  the  environment  by  providing  for  the  continuity of 

Without  effective  mine  drainage,  no  open-pit  mining 

existing  streams,  preventing  the  discharge  of  harmful  water-borne 
contaminants,  and  ensuring  that  all  applicable  regulations  are 
observed. 

This  report  covers  in  detail  all  elements of the Hat 
Creek  Mine  Drainage  Plan  during  the  first 35 years'  mining  of  the No. 1 
Deposit,  and  the  continuing  measures  after  the  mine  has  closed to ensure 
that  the  environment is restored  as  nearly  as  possible to its  former 
condition. 

6 - 1  
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c 6 . 2  MINE WATER: SOURCE AND QUANTITY 
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The  principal  sources  of  drainage  flow  within  the  mining 
area  are: 

1. Direct  precipitation  and  runoff; 
2. Creeks  entering  the  mine  site; 
3.  Standing  surface  water  in  lakes  and  poqds; 
4.  Groundwater  flow; 
5 .  Wastewater  from  mine  operations. 

6.2.1 Direct  Precipitation  and  Runoff: 

317 mmja,  of  which 55% is  received  as  rain  and  the  balance  as  snow. 
Summer  and  Winter  are  the  wettest  seasons,  with  Spring  and  Fall  being 

and  the  frequency of annual  and  24-hour  precipitation.  Roughly 16%.of 
somewhat  drier.  Figure  6-1  shows  the  seasonal  variation of precipitation 

flow,  which  indicates  a  high loss of  moisture  to  infiltration  and 
the  annual  precipitation  which  falls  in  the  valley  appears  as  stream- 

most  intense  rainstorms  in  mid-Summer.  Flood  hydrographs  show  that  only 
evapotranspiration.  Most  runoff  occurs  in  Spring  and  early  Summer,  the 

24%  of  the  precipitation  appears  as  direct  runoff  due  to  the  high 
storage  potential of the  surface  cover  and  high  losses  to  evapotrans- 
piration  (Beak 1978). Mining  activities  are  expected  to  reduce  this 
surface  storage  capability  and  increase  the  runoff,  resulting  in  in- 
creased  peak  flow  rates  from  the  watersheds.  Maximum  flow  rates  are 
expected during high intensity rainfall  in  Summer, calculated by the 
method  used  by  the  USDA  Soil  Conservation  Service  (1964).  This  volume 
of  runoff  is  correlated  to  peak  flow  rates  which  have  been  assembled 
from  field  data  for small agricultural  watersheds (USDA SCS 1975). 

Annual  precipitation  at  the  mine  site  is  low,  averaging 

Surface  runoff  at  the  top of the  active  waste  dumps  is 
expected to be negligible.  Leachate  from  waste  dumps,  which  is  expected 
to  be  low  due  to  the  low  hydraulic  conductivity  of  dumped  waste,  will  be 
collected  at  the  toe  of the downstream  waste  embankments.  Seepage  and 
runoff  from  the  coal  and  waste  rock  strata  within  the  pit  will  be  of 
similar  quality to the  stockpile  and  waste  dump  effluents. An average 
water  yield  of 80 mm has  been  assumed  for  these  areas,  giving  mean 
annual  flows  of 0.003 m3/s - 0.01 m3/s during  the  lifetime  of  the  mine. 
Flow  rates  for  waste  dump  leachate  and  pit  seepage  as  estimated  by 
Golder  in 1979 are  presented in Table 6-1. 
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6 . 2 . 2  

6 . 2 . 2 . 1  

Creeks,  Lakes and  Ponds: 

Creeks : 

The principal  creeks  flowing  through  the  proposed mine 
area   a re  Hat Creek,  Medicine  Creek, Houth Creek,  and  Finney  Creek. Of 
these,  Hat Creek is the   l a rges t ,  and flows  have  been  continuously 
recorded  since 1960. Figure 6-2 shows the  range of monthly var ia t ion  of 
Hat Creek. Flow guages es tab l i shed   in   four   o ther   c reeks   in  1977 have a s  
y e t  produced in su f f i c i en t   da t a   t o   p rov ide   s t a t i s t i ca l   ana lys i s  of flows, 
but  such  data  as do ex is t   ind ica te   tha t   the   f low regimes a re   s imi l a r   t o  
t ha t  of Hat Creek.  Flood  frequency  curves  derived  from  regional  stream- 
flow  data  are shown on Figure 6-2. 

The proposed  development of the open p i t  w i l l  require  ’ 

diversion of flows from various small watersheds and t r ibutary  creeks.  
Regional  streamflow  data shown a s  a flood nomograph gives estimates of 
flood  flows  for  watersheds  greater  than 10 km2 i n   a r ea .  

6 . 2 . 2 . 2  Lakes and Ponds: 

West s i d e  of Hat Creek  Valley.  There are  approximately EO small  lakes 
and  ponds t o   t h e  West of the  proposed p i t   per imeter .  

Most lakes  and  ponds in   the   p ro jec t   a rea   occur  on the 

Geotechnical  studies of t h i s   a r e a  have ident i f ied  both 
ac t ive  and inac t ive   s l i de  masses i n  t h e  overburden which may cause 
i n s t a b i l i t y  of the West p i t  slope  during  mining  (Golder 1977, 78/79). 
S t ab i l i za t ion  measures  require  that  Aleece Lake and 61 other  lakes and 
ponds be  drained.  Finney Lake and 15 other  small ponds l i e   i n  a more 
s t a b l e  and remote a rea ,  and therefore  drainage is  not  considered  essential 
a t   t h e   o u t s e t  of the  project.  Monitoring of the sl ide during mining 
should  give  an  advance  indication of any  need to   d ra in  Finney Lake and 
these  other ponds. Fif teen t o  20 small lakes and  ponds in   t he  Houth 
Meadows Waste Dump Area should b e  drained  prior  to  being  covered  with 
waste. 
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6.2.3 Groundwater: 

Studies  to date'have identified  three  major  geohydrologic 
units  within  the  general  mine  area  (Golder, 1978) which  comprise: 

(1) the  surficial  deposits,  which  vary  from  slide  debris  and  till  in 

unit  of  highest  average  conductivity  m/s; 
the  West  to  gravels  in  the  East.  This.is  the  major  waterbearing 

(2) the  coal,  which  exhibits  highly  variable  conductivity,  estimated  to 
average 5 x 10-9 m/s; 

(3) the  upper  and  lower  Coldwater  sediments  which  are  essentially 
impermeable  with  an  average  conductivity  of 5 x m/s. 

General  groundwater  flow  within  the  Upper  Hat  Creek  Valley 
recharges  in  upland  areas  and  discharges  in  the  valley  bottom.  Most of 
the  groundwater  flows  through  surficial  deposits.  Less  than 2% is  estimated 
to  move  through  clastic  sediments  in  the  valley'bottom. 

greater  depths  of  surficial  deposits,  whereas  they  are  thinner  in  Western 
areas  in  addition  to  being  of  lower  permeability. 

The  Eastern  areas  are  reasonably  well  drained  due  to  the 

The  two  main  aquifers in the pit area  are a small  alluvial 
aquifer  along  the  central  valley  and a buried  bedrock  channel on the  East 
side  of  the  valley,  flow  of  which  is  estimated  to  be  in  the  area  of 
3 x 10-2m3Is. 

Due to  the  low  permeability  of  the  coal  and  bedrock  units, 
water  yield  from  seepage  and  draining  operations  during  mining  is  predicted 

not  likely,  and  dewatering  wells  will  therefore  be  selectively  located  in 
to be  minimal  (Golder, 1978). Extensive  depressurization  of  pit  slopes  is 

pervious  zones,  where  higher  benefits  can  be  realized. 

Flow  from  peripheral  dewatering  wells  is  estimated  to  be 
0.02 m3/s one  year  prior to commencement  of  mining,  decreasing  to a steady 
rate of 0.017 m3/s throughout  the  remainder  of  the  project.  Groundwater 
which  by-passes  this  system  and  appears  as  seepage  in  the  pit  is  expected 
to average 0.0047 m3/s, of which 0.0037 m3/s would  seep  from  the  surficial 
deposits  and 0.001 m3/s from  the  bedrock  zone  at  the  base of the  pit 
(Golder, 1979, Appendix 2) .  
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6.2.4 Mine  Wastewater: 

m 

' W  

Three main sources of wastewater  produced  by  the  mining ' 

operations  have  been  identified: 

1. effluent  from  the  Mine  Services  Area; 

2. runoff  and  leachate  from  coal-handling  areas,  waste  dumps,  and  low- 
grade  stockpiles; 

3. runoff  and  seepage  from  coal  and  bedrock  strata i n  the  open  pit. 

The  major  source  of  waste  from  the  Mine  Services  Area 
will  be  sanitary  effluent  from  the  daily  work  force  peaking at about 700 
persons.  The  mean  daily  flow is estimated  at 140 m3/d, plus  an  allowance 
of 90 m3/d for  vehicle  washdown  and  general  use. 

Runoff  and  leachate  from  coal  and  low-grade  stockpiles 
will  require  special  drainage  and  disposal  systems  due  to  the  predicted 
high  levels  of  dissolved  salts.  (B.C.  Hydro  Thermal  Division 1979 - 
1978 Environmental  Field  Program.)  Water  yield  from  the 33 ha  Low-grade 

Blending  Area yielding  an  estimated 80 mm/a.  These  yields  correspond to 
Coal  Stockpile is  expected  to  average 50 m/a, with  the 22 ha  Coal 

annual  volumes of 16,500 m3 and 17,600 m3 respectively. 

will  be  retained  in  valley-fill  type  dumps in Houth  Meadows  and  Medicine 
Creek  Valley.  Any  runoff  and  leachate  from  mine  waste  disposal  areas 
will  require  a  special  drainage  system  because of  the  predicted  level  of 
dissolved  solids  and  trace  elements in excess  of  regulatory  guidelines 
for  discharge  to  streams  (Beak, 1978/79). 

The  overburden  and  waste  rock  material  from  the  open  pit 
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m 6.3 MINE DRAINAGE  SYSTEM: 

w 

I 

The  proposed  mine  drainage  system will consist  of: 

1. Diversion  canals  to  divert  creeks  which flow through  the  mine  site; 

2 .  Perimeter  drains  around  the  open pit, slide  area,  and  waste  dymps; 

3.  Dewatering  wells  around  the pit perimeter  and  the  unstable  slide 
area; 

4. Surface  water  drains  to  collect  stormwater  in  the  pit  and  mine 
service  areas; 

5 .  Field  drains  to  collect  leachate  from  waste  dump  and  stockpiles; 

6.  Sanitary  sewers  to  collect  sewage  from  the  Mine  Seniices  Areas. 

A  schematic of the  system is shown  on  Figure  6-3  and a 
geographic  layout  plan  on  Figure 6-4. 

6.3.1  Design  Criteria  and  Selection  of  System  Capacity: 

the  risk  of  flood  damage,  should  the  system  fail.  Design  criteria  are 
shown  on  Table  6-2  and  design  flows  for  the  system  on  Table  6-3.  The 

year  average  return  period  flood,  which  has  a 3% chance  of  being  exceeded 
larger  drains  or  canals  have  been  designed  on  the  basis of the  1,000- 

withstand  lesser  flood  risk. 
during the 35-year mining  period.  Smaller  components  are designed to 

The  calculation  of  system  capacity  has  taken  into  account 
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6.3.2 Drainage  of  the  Mine  Development: 

6.3.2.1 The  Open  Pit: 

1. Diversion of  Hat  Creek  and  Finney  Creek: 

To prevent  flooding  the  excavation,  Hat  Creek  and  Finney 
Creek  must  be  diverted. 

The  Hat  Creek  Diversion  will  consist  of a headworks  dam 
with a canal  intake  and  an  emergency  spillway  located  downstream  of 
Anderson  Creek;  approximately 6.4 km of  diversion  canal on the  East  side 
of  Hat  Creek  Valley;  and 1.9 km of  buried  conduit  with  intake  and  outlet 
works  to  convey  the  flow  back to Hat  Creek. A pit  rim  dam,  spillway, 
pumphouse,  and  pipeline  between  the  headworks  dam  and  the  minepit  will 
intercept  seepage  and  local  inflow  immediately  upstream  of  the  pit.  The 
diversion  works  have  been  designed  to  accommodate a flow  of 18 m3/s 

flow  of 27 m3/s (100-year  recurrence  interval  flood). The proposed 
(100-year  recurrence  interval  flood),  and,  as  an  emergency  condition, a 

Finney  Creek  Diversion  Canal is 2.75 km long  and  will  divert  Finney 
Creek  flows  South,  along  the  West  side of Ha,t Creek,  with  discharge  to 

canal  is 5 . 5  m3/s, which  is  also  based  on  the  estimated  1,000-year 
the  Hat  Creek  Diversion  Headworks  Pond.  The  design  capacity  of  the 

recurrence  interval  flood. 

2 .  Perimeter  Drainage: 

The  open  pit  will be surrounded by approximately 6 km of 
open  perimeter  drainage  ditches,  some  of  which  are  illustrated  in  Figure 
6-4. The  drain  to  the  North-East  will  collect  runoff  from  areas  .of 
heavy  traffic  for  discharge  to  sedimentation  lagoons  North  of  the  mine. 
North-West  of  the  open  pit,  an  open  drain  will  discharge  to  the  buried 
drainage  pipe  located  in  the  conveyor  causeway.  To  the  South  of  the 
mine  there  will  be  three  similar  drains:  the  upper  South-West  perimeter 
drain,  which  discharges  to  the  Finney  Creek  Canal;  and  the  lower  South- 
West  and  South-East  perimeter  drains,  which  discharge  to  the  pit  rim 
reservoir. 
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3. In-Pi t  Surface Water Drainage: 

Surface water and seepage will be   co l lec ted   in  open  bench 
drains   a longside bench  haul  roads. Runoff and seepage from s u r f i c i a l  
material   above  the mouth of t he  mine w i l l  flow by gravi ty   to   the  North 
end of t h e   p i t ,  where i t  will be  collected and discharged  to  sedimentation 
lagoons. Runoff from s u r f i c i a l s  below t h e  mouth of t h e  mine w i l l  b e  
col lected by bench drains,   discharged  to small pump sumps and ra i sed   to  
upper  gravity  bench  drains by portable  pumps. The l i n ing  of major  bench 
dra,ins w i l l  probably  be  required. Runoff and seepage  from  coal and 
bedrock scrata   in   the  base of the p i t  w i l l  d ra in   v ia  bench dra ins   to  
sumps located  near  the main p i t   access .  Temporary sumps and pumps w i l l  
be  placed i n  low areas  on t he   f l oo r  of t he  p i t  t o   c o l l e c t  and remove 
accumulations of water. A major  system of pumps w i l l  be  i n s t a l l ed  on 
the  pi t   incl ine.   This   system w i l l  discharge  to  a  leachate  storage 
lagoon  to t h e  North of the p i t .  During Summer, water  tankers  used  for 
dust  suppression on bench  and haul  roads w i l l  b e   f i l l e d   d i r e c t l y  from 
sumps wi th in   the   p i t .  

I 

L 

' L  

.' 

. L  

. -  

4. Dewatering Wells: 

A staged program of groundwater  withdrawal i s  planned: 

S t a r t i n g   i n  Year  5: Two systems of wells w i l l  be   d r i l l ed ,  25 ins ide  
the  perimeter,  and 10 t o  15 outside; 

Year 10 t o  Year 15: A f i n a l  set of wells w i l l  be  established beyond 
the  perimeter of the 35-year p i t .  By Year 15, 
75 pairs of wells should- have- been d r i l l e d  and 
be operating,  one deep and one shallow i n  each 
pa i r .  

Total   water  yield i s  expected  to  be low - an  average of 0.017 m3/s o r  
1,470 m3/d (Golder, 1979) ,  and while surface water may be  discharged  to 
Hat Creek via  sedimentation  lagoons,  water from wel l s   in   coa l   o r   c las t ic  
sedimentary  rock will have t o  b e  col iected  in   drainage sumps along w i t h  
surface  runoff and pumped to  leachate  storage  lagoons.  

6.3.2.2 South-West S l i d e  Area: 

of t he   s l i de   a r eas   t o   t he  South and South-West will depend primarily on 
Geotechnical  studies  have  determined  that  stabilization 
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drainage  (Golder, 1979). Surface  water  drainage  will  be  required  to 
prevent  the  groundwater  system  re-charging,  and  sub-surface  drainage  to 
drain  or  de-pressurize  the  groundwater. 

1. Perimeter  Drainage: 

Two diversion  drains  will  minimize  surface  runoff  from 
small  creeks  and  watersheds  at  the  back  of  the  slide.  The  North  Slide 
Diversion  will  be a 1.5 m3/s capacity  open  drain 1.7 km long, discharging 

Meadows  Waste  Dump.  The  South  Slide  Diversion  will  be  an 0.75 m/s 
to the  West  perimeter  drain  near  the  South-West  corner  of  the  Ilouth 

capacity  open  drain 1.2 km long,  discharging.to  the  North  end  of  Finney 
Lake. 

Diversion  drains  will  either  be  fully  lined  or  lined  on 
the  downstream  side  with a layer  of  impermeable  soil  to  minimize  seepage. 

2 .  Surface  Drainage  Within  The  Slide  Area: 

The  system  will  drain  approximately 62 small  lakes  and 
ponds  by  improving  natural  drainage  channels  and  deepening  outlets. 
Drainage  will  be  carried  out  prior  to  coal  production. 

The  slide  area  uphill  and  to  the  West  will  be  drained  to 

existing  lake  chain,  the  other  draining  the  series  of  hollows  above  the 
the  West  Perimeter  Drain  via  two  secondary  drains - one draining  the 
active  slide  area. 

Draining  the  active  slide  area will require  deepening  and 
ipproving  existing  channels  down  the  slide,  which  will  drain  to  the 
surface  water  collection system at the  North end of  the  upper pit benches 
and  ultimately  discharge to the  North  valley  sedimentation  lagoons.  The 
area  to  the  South  and  South-West  contains a system  of  lakes  and  hollows, 
the  existing  channels of which  will  require  deepening  and  improving. 
The  area  downhill  of  the  South-West  Perimeter  Drain  will  be  drained  by a 
secondary  drain  system  joining FiMey Creek  at  its  diversion  point. 

3. Well  System: 

Provision  has  been  made,  for a 20-well  system  and  three Ian 
of  collector  piping,  which  would  be  buried to allow  for a year-round  use 
(Golder, 1979), 
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6 . 3 . 2 . 3  Houth  Meadows  Waste  Dump: 

1. Perimeter  Drainage: 

During  construction,  surface  water  from  the  Upper  Houth 
Meadows  Watershed will be  diverted  around  the  dump  via  the  West  Perimeter 
Diversion.  This  divefsion  consists of a 5 km x 8 m wide  open  drain, 
with  discharge  to a buried  pipe 2 .2  km i n  length  in  the  conveyor  causeway. 
This  pipe  will  drain  into  Hat  Creek,  North  of  the  mine. 

The diversion is designed  to  carry  the  1,000-year  flood, 
and a typical  cross-section is shown  in  Figure 6 - 4 .  The channel  will  be 
unlined  on  minor  gradients. On steeper  gradients, a riprap  lining  will 
be  laid  to  prevent  scour.  Though  icing  may  occur,  no  special  design 
configurations  are  deemed  warranted. 

the  North  slopes of Houth  Meadows,  which  will  discharge  to  the  Marble 
Canyon  Watershed. 

Two further small perimeter  drains  will  be  constructed  on 

. .  

2 .  Drainage  of  Lakes: 

Approximately 20 small  lakes  and  ponds  within  Houth 
Meadows w i l l  be  drained  before  dump  construction.  Since  these  lakes  are 
expected  to  be  high  in  nutrients,  their  draining  would  be  carried  out 
during  freshet,  in  order  to  prevent  enrichment of creeks. 

3 .  Surface  Water  Collection: 

During  construction  of  the  dump,  it  is  expected  that  the 

be  trapped  and  lost  primarily  to  evaporation.  Minor  drainage  below  the 
surface  of  the  waste  will  be  undrainable  and  that  the  precipitation  will 

perimeter  drains  will  be  collected  by  an  open  drain  and  discharged  to 
the  North  valley  sedimentation  lagoons  by a buried  pipe  in  the  conveyor 
causeway.  During  operation  of  the  waste  dump,  this  drain  will  dispose 
of surface  water  from  the  conveyorway  and  service  roads.  Drainage  from 

diversion  dykes or  swales. 
the  re-claimed dump  surface  will  be  channelled  to  this  drain  by  small 
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4. Leachate  Collection: 

Leachate  from  the  main  waste  embankment will be  collected 
by a line of  perforated  subsoil  drains and discharged  to  the  leachate 

may  be  advisable to determine  whether dewatering wells should  be  installed 
storage  lagoon in the  North  valley.  Monitoring  of  water  quality  downstream 

to  return  leachate  to  the  dump  surface  for  disposal  by  evaporation. I 

rl 
6.3.2.4 Medicine  Creek  Waste Dump: 

1. Perimeter  Drainage: 

The Medicine  Creek  Valley  would  be  extensively  used  by I 

this  project.  The  powerplant  reservoir  would  be  constructed in the 
Eastern  portion  of  the  upper  valley.  Canals  would  be  constructed  to 
collect  ‘runoff  from  the  downstream  area,  directing  it  to  the  reservoir 

adjacent to  the reservoir. In Year 16, mine waste  would  be  dumped in 
starting in  Year 1. Powerplant ash would  be dumped  in  the  valley immediately 

II 

.. m the  valley, but starting  from  the  Western  end. 

During  the  first 15 years,  runoff  and  seepage  from  the 
ash  disposal  area  would  be  collected in the  valley  bottom  and  pumped to 
a powerplant  holding  pond  for use in  dust  control.  Normal  runoff  in  the 
lower  valley  would  enter  the Hat Creek  diversion  directly.  Once  mine 
waste  disposal  commences,  two  minor  sidehill  drains  will  be  constructed 
to  direct  small  amounts of runoff  occurring  below  the  major  collection 
canals. 

. .  I 

m 

- 
- 

2 .  Surface  Water  Drainage: 

A special  collection  system will be  constructed  to  collect 
- 

runoff  and  treat it for  sediment  control  before  discharge. 

.I 

- 3. Leachate  Collection: 

Leachate  will  be  collected  by a perforated  subsoil  drain 
and  discharged to a leachate  storage  lagoon  for  Summer  disposal  by  spray 

I irrigation  on  the  active  dump  surface. 
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6.3.2.5 Coal  Blending  Area: 

This  covers  an  area  of 22 ha  and  consists  of  four  stock- 
piles  totalling 15 ha. A compacted till blanket  overlain  by a pervious 
sand  and  gravel  drainage  layer  will  form  the  foundation  of  the  stockpiles. 
Surface  water  and  leachate will be drained  to  the  North-West  perimeter, 
from  where  it  will  be  collected  and  piped  to a leachate  holding  pond  for 

within  the  mine. 
temporary  storage  before  final  disposal  by  re-cycling  for  dust  control 

6.3.2.6 Low-Grade  Coal  Stockpile: 

' 1  

This  should  consist  primarily  of  claystone  material  with 

The  permeability  will, therefore,  be  low. Non-active stockpile surfaces 
a varying  percentage  of coal,  which will be  compacted as  it is placed. 

will  be  covered  by a non-sodic  buffer  material  and  suitable  surface soil 
for  re-planting.  Runoff  and  leachate  will  be  collected  in a sump  and 
discharged  to a leachate  lagoon. 

.. m 

6.3.2.7 Topsoil  Storage  Areas: 

.. L 

Surface  water  will  be  diverted  from  the  upper  perimeters 
.. rl by  small  ditches  to  minimize  erosion.  The  stockpile  surface  will  be 

progressively  re-planted,  which  will  both  minimize  erosion  and  avoid 
contamination  of  downstream  surface  water. - 
6.3.2.8 Mine  Services  Area: 

To  collect  surface  runoff  from  the  Mine  Services  Area, 
yards  will  be  sloped  to  open  drains  at  the  perimeter,  and  drainage 
around  buildings  will  be  handled  in  buried  stormwater  drains.  Drainage 
will  be  channelled  West  to  the  main  sedimentation  lagoons  via  primary 
treatment  to  remove  sediment  and  oil. 
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6.3.2.9 Mine  Roads: 
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I 
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Major  roads  in  the  North-West  and  North-East  quadrants  of 
the  mine  area  and  within  the  pit  will  drain  to  sedimentation  lagoons  for 
primary  treatment.  Roads  to  the  South will drain  to a temporary  sedimen- 
tation  lagoon.  Temporary  construction  and  haulage  roads  will  drain  to 
the  Medicine  Creek  Sedimentation  Lagoon  via a buried  conduit  beneath  the 
Hat  Creek  Diversion  Canal. 

Small  service  and  access  roads  will  drain  to  local  water- 
courses  by  sidehill  drains.  Particular  care  will  be  taken  to  limit 
erosion  and  scour  by  the  use  of  stable  drains  and  by  early  re-planting 
of  disturbed  areas. 

6.3.2.10 Sewage: 

Sanitary  effluent  from  the  Mine  Services  Area  will  be 
biologically  treated  and'directed  to  the  Zero  Discharge  System  where  it 
will  be  re-cycled  to  dust-control  use  in  the  mine.  Provision  has  been 
made  for  treating  up  to  140  m3/d. 
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6 . 4  WASTEWATER  DISPOSAL 

I 

6 . 4 . 1  Discharge  Objective: 

1 

1 

I 

..I 

.. - 

government  regulations,  the  quality  of  water  discharged  from  the Hat 
Creek  Mine  should  be  within  the  British  Columbia  Ministry  of  the  Environment 
Pollution  Control  Board's  'Level  "A"  Effluent  Discharge  Guidelines  for 
the  Mining  Industry'. 

To  protect  the  environment  in  compliance  with  applicable 

6 . 4 . 2  Projected  Quality  of  Mine  Drainage: 

Chemical  analyses  of  groundwatgr  from  surficial  materials 
would  seem  to  indicate  that  it is of  very  similar  quality  to  that  of Hat 
Creek  during  low  flow  periods.  Hence  drainage  and  seepage  from  surficials 
is considered  suitable  for  direct  discharge  except  for  sediment  control. 

Based on present  data,  seepage  and  well-drainage  from 
bedrock is expected  to  be  unsuitable  for  direct  discharge.  Projections 
of  water  quality  from  various  sources  are  given in Table 6-4 .  

1. Slide  Area: 

Drainage  from  the  wells will have  high  suspended  solids 

wells  will  require  sedimentation  if  the  bentonitic  slide  debris is 
concentrations.  As a consequence,  surface  water  and  drainage  from  the 

disturbed. 

2 .  Waste  Dumps: 

Runoff  from  waste  is  not  expected  due  to  the  hummocky 
nature  of  the  dumped  waste  surface.  During  the  reclamation  of  waste 
dumps,  non-sodic  materials  would  be  added  to  the-dump  surface;  runoff 
from  these  areas  would  need  to  be  treated  for  sediment  prior  to  discharge. 
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Tests of  leachate  from  waste  materials  has  shown  it  to  be 
of a quality  unsuitable  for  discharge  to  surface  waters. 

3. Coal-Elending  Stockpiles: 

Leachate  will  be  unsuitable  for  discharge  due  not  only  to 
high  concentrations  of  chemical  contaminants,  but  also  to  low  pH. 
Runoff  and  leachate  will  be  virtually  inseparable  due  to  the  semi- 
pervious  nature  of  the  stockpiles. 

4 .  Low-Grade  Stockpiles: 

Leachate  will  contain  roughly  the  same  level  of  .con- 
taminants  as  in  the  coal-blending  stockpiles.  Runoff  will  probably  be 
unsuitable  for  direct  discharge. 

5 .  Disturbed  Land: 

Projections  have  been  made'on  the  basis  of  previous 
mining  experience.  Runoff  from  stripped  or  disturbed  land  will  contain 
high  concentrations  of  suspended  sediment.  Average  sediment  yield  may 
increase  by a factor  of  three.  Experience  in  North  Dakota  has  shown 
that,  even  after  re-planting,  erosion  rates  may  remain  high.  Sedimentation 
lagoons  should  therefore  be  kept  in  service  until  sediment  has  fallen  to 
acceptable  concentrations. 

6. Mine  Services  Area: 

Washdown  water  may  contain  high  concentrations  of  oil, 
grease,  coal  fines,  and  suspended  sediment. 
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6 . 4 . 3  Proposed  Treatment t o  Meet Discharge  Objective: 

I 

6 . 4 . 3 . 1  Zero Discharge System: 

II 

6 . 4 . 3 . 1 . 1  General: .. 
(I Seepage and leachate  flows of qual i ty   unsui table   for  

discharge from, f o r  example, the  pi t ,   waste  dumps, coal   s tockpi les  and 
sewage treatment  plant, w i l l  be   s tored i n  a "Zero  Discharge"  lagoon 
system and evaporated i n  Summer-time by re-cycling,the  water  for  dust-  
control   operat ions on coal   s tockpi les  and p i t   roads .  The surplus w i l l  
be  used fo r   sp ray   i r r iga t ion  on the   ac t ive   sur faces  of waste dumps. An 
annual  water  deficit  w i l l  occur at  the  mine s i t e  ranging from 170 mm t o  
350 mm, according  to  elevation. To take  advantage of this   evaporat ive 

To t h i s  end, a large  lagoon w i l l  be  constructed  at   the  bottom of Hat 
poten t ia l ,   s torage  is  required  to  hold  back  winter  leachate  discKarges. 

Creek  Valley,  which will s t o r e  994 of the  annual  leachate  production. A 
smaller secondary  lagoon a t  Medicine  Creek will s tore   the   o ther  11. 

6 . 4 . 3 . 1 . 2  .Inflow,  Outflow,  and Lagoon Capacity: 

f ac to r s :   t he ' accep tab le   r i sk  of a leacha te   sp i l l ;   the   quant i ty  and time 
d i s t r i b u t i o n  of annual  inflow; and the  quantity and time d i s t r ibu t ion  of 
annual  outflow. In  this  f e a s i b i l i t y  study, suff ic ient   capaci ty   has  been 
allowed t o  cope with  the maximum projected  groundwater  flow  plus  twice 
the  projected mean inflow from surface  runoff.  In pract ical   terms,   the  
worst  flood  envisaged  has a 3% chance of exceeding  lagoon  capacity 
during  the  l ifetime of the mine. Flows from smaller,   disturbed water- 
sheds w i l l  probably  vary over a greater  range, and an annual.probabili ty 
fac tor  of between one and two percent i s  l i ke ly  t o  be  representative of 
t he   r i sk .  

The se l ec t ion  of the  required  capacity depends on three 

Three  additional  safety  factors  should  be  considered: 

1. The bulk of inflow is  pumped from the lower p i t  under the  control  
of opera t ions   s ta f f .  When excessive  inflow i s  l ike ly   to   occur ,  i t  
may be  possible   to   s tore   leachate   in  sumps i n  the bottom of the p i t  
un t i l   capac i ty  is ava i lab le  i n  the lagoon: 
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2. The increasing volume of inflow over  the mining period  requires a 
system which  grows. Provision  can  be made to   b r ing  forward  planned 
increments t o  lagoon  capacity when ca l led   for ,  or deferred  should 
the   reverse  happen; 

3.  In t h e  unlikely  event of a s p i l l ,   t h e  flow would be  discharged  back 
t o  .the mine, a s   i n  (1) above. 

Taking a l l  factors  into  account,   the  chances of a s p i l l  
are   a lmost   negl igible .  

Hydrographs of projected  inflows and outflows  to and  from 
the  zero  discharge  lagoons  have  been  prepared  for  Years 5, 15 and 25. 

The following  conclusions have  been  drawn: 

Year 5: A t o t a l  lagoon  capacity of 200,000 m3 i s  required. In  
mean years,  a water de f i c i t   f o r   dus t   con t ro l  of  about 
120,000 m3 w i l l  exist, which w i l l  r equi re  make-up water 
from sedimentation  lagoons.  In an extreme  year, a l l  
inflow could b e  consumed by dust-control  operations i n  
one  year; 

Year 15: A t o t a l  lagoon  capacity  of 360,000 m3 i s  required. In 
a mean year,  inflow w i l l  exceed  dust-control  outflow 
requi r ing   spray   i r r iga t ion  on a dump area of about 5- 
10 ha. In  an  extreme  year,  approximately 100 ha of 
sp ray   i r r iga t ion  would be  required  to empty the  lagoon 
before  the  next  season; 

Year 35: A t o t a l  lagoon  capacity of 560,000 m3 is required.   In 
a mean inf low year,  50-60  ha of spray   i r r iga t ion  w i l l  
be  required,  and i n  an  extreme  year 200-210 ha. 

Based on these data,  the  proposed scheme a t  Hat Creek is both  feasible  
and manageable. 

6.4.3.1.3 North  Valley Lagoon 

The North  Valley Lagoon w i l l  cover  an  area of  up t o  9 ha 
and  be constructed i n  the  bottom of Hat Creek Valley  near t h e  confluence 
with Houth Creek. The proposed  layout  features  zoned  earthfil l  dams a t  
each end of the  lagoon which  can  be r a i sed   i n   t h ree  5 m s tages   to  
e levat ion 845 m. A fu r the r  5 m increase i n  dam height   to  850 m has  been 
allowed  for as an emergency measure. 
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Material f o r  dam construct ion w i l l  come from t h e   p i t  

membrane l i n ing  consis t ing of two metres of t ill  overlying a 0.8 mm 
s u r f i c i a l s  and from the East and West s ides  of the   va l ley .  A buried- 

thickness PVC sheet w i l l  be l a i d  on the  prepared pond bottom  and a 

w i l l  be  placed on the pond sides. 
l in ing  of 0.8 mm PVC, one metre of till and one metre of sand  and  gravel 

The pond in l e t  and o u t l e t  w i l l  be a t  the  South end of t he  
pond. The pond o u t l e t  w i l l  cons is t  of a concrete tower  which w i l l  house 
leachate   recycl ing pumps of t o t a l   capac i ty  175 1/s. The buried  discharge 
p ipe l ine  w i l l  supply pond ef f luent   to :  

- Sprinkle  monitors a t  the  coal-blending  stockpiles;  

- Water t anke r   f i l l i ng   po in t s  on the   Nor th   p i t   inc l ine ;  

- A discharge  point a t  the  top of the  low-grade 
s tockpi le ;  

- A discharge  point near the  South  abutment of the  
Houth Meadows Waste Embankment t o  service the  spray 
i r r iga t ion   sys tem  requi red   in   the  l a t t e r  p a r t  of 
the  project .  

An emergency spillway  of  capacity  equal t o  the  1,000-year 
return  period  f lood w i l l  be  located on the  West abutment of t he  North 
Dam; overflow would be  directed  to   the open p i t .  

6 . 4 . 3 . 1 . 4  Medicine  Creek  Valley Lagoon: 

The required leachate storage  capacity i s  estimated a t  
12,000 m 3 ,  which will be  created i n  a small pond of 0.7 ha.  This pond 
w i l l  be l ined  with one metre of till over a 0.8 mm PVC l i n e r ,  and w i l l  
allow  for  expansion  above  projected  storage  requirements. 

Inflow  to  the pond w i l l  be  from f i e l d   d r a i n s   a t  t h e  
embankment base, and outflow w i l l  be pumped  away t o  be  disposed of  by 
spray  evaporation on t he   ac t ive  dump surface.  

An emergency spil lway and runoff  diversion  drains w i l l  
also  be  provided. 
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6 . 4 . 3 . 1 . 5  Operation: 

rl 

I 

a 

... 

The  Zero  Discharge  System  will  require  minimum  maintenance. 
Seasonal  inspection  of  the  pond  lining  should  be  done  in  late  Aut= 
when  the  pond  level  is  at  its  lowest.  The  selection  and  maintenance  of 
pumps  and  piping  systems  requires  care,  due  to  the  presence  of  sediment 
and  potentially  aggressive  water. 

In relation  to  the  pond  volume  of  between 2 0 0 , 0 0 0  and 
600,000 m3, the  annual  sediment  build-up  in  the  large  lagoon  of  between 
65 to 250 t/a  will  be  insignificant,  and  the  sediment  will  build  up  in 
the  pond  for  the  life  of  the  project. 

Geotechnical  studies  have  shown  that  even  full  saturation 
of  the  waste  dump  surface  would  not  affect  the  stability  of  the  planned 
5% slope,  though  Golder  recommends  that  the  materials  near  the  transfer 
conveyor  should  be  kept  dry  in  order  to  improve  the  stability  of  the 
bench on which  it  operates. In relation  to  the  large  sto.rage  capacity 
of  the  lagoon,  spray  irrigation  at  the  low  rate of 250 mm/a  should 
permit  sufficient  flexibility  to  allow  satisfactory  operation.  Measures 
will  be  taken to ensure  that no conflict  arises  between  spray  irrigation 
and  the  spreading  of  waste. 

When  the  active  life of the  mine  comes  to  an  end,  the 
mean  annual  lagoon  inflow  will  decrease  from 470,000 m3 to 2 5 , 0 0 0  m3. 
The  Medicine  Creek  system  will  remain  in  operation  until  such  time  as 
the  seepage  is  considered  fit  for  discharge.  Sewage,  after  biological 
treatment,  will  also be dealt  with  within  the  Zero  Discharge  System,  and 
ultimately  used  for  dust  control. In the  North  valley,  natural  evaporation 
from  the  leachate  pond  will  dispose  of  the  residual  leachate  from  the 
Houth  Meadows Dmp and  the  low-grade  coal  storage  area. A flow  hydro- 
graph  for  Year 35 for  these  systems is shown  in  Figure 6 - 5 .  

6 . 4 . 3 . 2  Sedimentation Lagoon System: 

6 . 4 . 3 . 2 . 1  General: 

concentrations  in  runoff  otherwise  fit  for  discharge.  This  runoff  comes 
from  natural  rangeland  stripped  of  soil-cover  during  construction  and 
operation,  pit  surficials,  permanent  stormwater  drainage,  and  =-graded 
and  reclaimed  waste  dumps. 

This is required  to  reduce  projected  high  sediment 
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Two sets  of  lagoons  are  required,  as  shown  in  Figure 6 - 4 .  
The first  will  consist  of  three  lagoons  constructed  before  mining  begins 
to  the  North of the pit; the  second  two-lagoon  system will be  constructed 
in  Year 16 downstream  of  the  Medicine  Creek  Waste  Dump. 

6 . 4 . 3 . 2 . 2  Design  Criteria: 

The  sediment  removal  efficiency  of  the  lagoon  system 
takes  into  account  the  Level "A" discharge  objectives  of  the  Pollution 
Control  Board. 

During  larger  flood  flows,  the  efficiency  of  sediment 
removal  w.ill  decrease,  but  as  the  natural  suspended  sediment  concen- 
tration  in  Hat  Creek.itself  will  rise  (specially  during  freshet),  the 
net  effect  on  receiving  water  quality  should  be  low. 

6 . 4 . 3 . 2 . 3  Inflow: 

An analysis  of  land use in  relation  to  the  size  of  water- 
sheds  has  produced  the  following  10-year  24-hour  volumes of runoff: 

Year 5 and 1 5 :  78,000 m3 

Year  35 : 91,000 In3 

Annual mean  discharges for the lagoons are  estimated to 
total 1,050,000 m3 in  Year 5; 1;093,000 m3 in  Year 1 5 ;  and  1,181,000 m3 
in  Year 3 5 .  A breakdown  of  lagoon  inflows  for  Year  35 is shown  on  Table 
6-5 .. 

6 . 4 . 3 . 2 . 4  Sediment  Tests: 

s 

These  were  carried  out  by B.C. Research  in  1978  and  show 
that  only  runoff  from  glacial-fluvial  sand  and  gravel  may  be  expected  to 
satisfy  the  guidelines  without  chemical  treatment. Alum has  been  found 
to  be  effective  as a coagulant  where  concentration  of  sediment  exceeds 
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the  guidelines. It should  be  noted that only  sediment  with a sub- 
stantially  higher  settling  velocity  than  the  design  value  will  be 
admitted  to.  the  lagoons, a measure  arising  out  of  the  recognition 
that the  use of chemical  coagulants  should  be  minimized  in  order  to 
avoid  observed  increases in sulphate  concentrations. 

6 . 4 . 3 . 2 . 5  North  Valley  Sedimentation  Lagoons: 

pit  will  consist  of a primary  sedimentation  and  flow  balancing  lagoon 
The three-lagoon  system  to  be  constructed  North  of  the 

of 1.5 ha  and  two  secondary  lagoons  totalling 4 . 5  ha.  Total  storage 
volume  will  be 250,000 m3. . The  materials  for  the  retaining  dams  and 
dykes will be  excavated  from  deposits  in  the  mine  area.  Test  drilling 
reveals  that  conditions  may  be  encountered  during  construction  which 
require  that a low  permeability  till  lining  be  applied  to  the  bottom 
of  the  lagoons. 

and  inlet  manifold,  and  outflow  will  be  controlled  by  two  decant  towers. 
Inflow  to  the  secondary  lagoons will be  via a pipe  manifold  and  outflow 
via  an  overflow  weir. When chemical  treatment i.s required,  chemicals 
will  be  added  at two mixing  points. 

Inflow  to  the  primary  pond  will be via a stilling  basin 

During  high  inflow,  the  two  secondary  lagoons  will 
operate  in  parallel;  under  low  inflow,  in  series. This is designed  to 
improve  treatment  efficiency  and  reduce  the  use  of  chemical  coagulants. 
An emergency  spillway  channel  will  pass  flows  in excess,of outlet  capacity. 

6 . 4 . 3 . 2 . 6  Medicine  Creek  Sedimentation  Lagoons: 

Two lagoons  totalling 1.8 ha will be  constructed  before 
stripping  operations  in  Year 15. The  system will consist  of a small 
primary  and a larger  secondary  lagoon. 
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6.4.3.2.1  Lagoon  Discharge: 

The  mean  discharge  hydrographs  for  the  sedimentation 
lagoons  are  show  in  Figure 6-6 .  The  flood  discharge  hydrograph  following 
10-year  24-hour  rainstorm i s  shown  in'Figure 6-7. 

The  effect of lagoon  discharges on water  quality  have 
been  assessed  for  three  cases: 

Case 1: where,  under  dry  weather  condition, Hat Creek  would  be  at 

wells. 
its  lowest  and  the  main  inflow  would  be  from  de-watering 

Conclusion: 

Water  discharged  will  meet  Pollution  Control  Board's "A" 
guidelines  except  for a higher  sulphate  concentration. 
The  total  dissolved  solids  concentration of receiving 
water  will  increase-by  less  than 2%. 

Case  2: 
would  he  from  surface  water in the  lower  pit.  Hat  Creek 
where,  under  Spring  runoff  conditions,  the  main  inflow 

flows  would be high. 

Conclusion: 

The  North  lagoon  effluent  will  be  suitable  for  discharge; 
only the  sulphate  concentration  would  exceed  level A 
discharge  objectives.  Discharges  from  the  pit  rim 
reservoir  would  meet  level A objectives  for  all  parameters 
except  copper  which  would  be  less  than  level  B.  Th.e 

would  rise  by  2%. 
total  dissolved solids concentration in receiving  water 

Case 3 :  where,  under  Summer  rainstorm  conditions, a large  amount 

Hat  Creek  Valley. 
of  surface  runoff  may  occur  in  proportion  to  the  rest  of 

Conclusion: 

These  are  essentially  the  same  as  in  Case 2 above,  except 
that  the  solids  concentration  in  receiving  waters  would 
increase  by  less  than 5%. 

The  greatest  increase  in  sulphate  concentration  occurs in 
Case 1, but  amounts  to  only  31  mg/L,  increasing  from 54 mg/L to 85 mg/L. 
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500 mgh as  acceptable  and 250 mg/L  as  desirable.  The  natural  con- 
Present  Canadian  standards  for  drinking  water  define 

centration  of  sulphate  in  Hat  Creek  near  the  mine  site  measures  approximately 
59 mg/L  and  76  mg/L  further  downstream.  Taking  all  this  into  account, 
the  lagoon  effluent  may  therefore,be  deemed  acceptable  by  the  regulatory 
authorities. 

is  well  below  the  acceptable  level  of 1 mg/L  of  the  Canadian  Drinking 
Water  Standards  1968. 

The  final  concentration  of  copper  in  the  receiving  water 

6 . 4 . 3 . 2 . 8  Operation: 

lagoon  system  will  require  careful  operation,  maintenance, and regular 
checks  and  inspections  of  all  componerLs., 

To  achieve  the  required  discharge  water  quality,  the 

The  total  storage  capacity  of 100,000 m3 in  the  North 
lagoons  and 30,000 m3 in  the  Medicine  Creek  Lagoon  is  calculated to be 
greater  than  the  expected  lifetime  yield  of  sedimentation  of 10,000 m3 
and 500 m 3  respectively. No clean-out  will  therefore  be  necessary. 

in  operation  until  land  reclamation  has  reduced  sediment  concentration 
After  the  mine  has  closed,  the  lagoon  system  will  remain 

in  runoff to acceptable  levels.  During  this  time,  the  stored  water  may 
be  used  for  irrigation. 

b&sed  upon  the CMJV Mine Drainage Report, 
The  Mine  Drainage  Section of  this report  is 

October  1979,  and  has  not  been  adjusted  to 
reflect  changes  in  the  1979  Mining  Plan. 
The  economic  and  environmental  effects of 
such  adjustments  would  be  insignificant. 
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TABLE 6-1 

I 

m 

1 

1 

Projected Groundwater Yield From The Mine  Development 
Hat Creek Project Mining Feasibility Report 1979 

OPEN PIT 

Peripheral Wells 

Seepage: - Surf i c ia l s  - Bedrock 

YEAR 5 YEAR 15 YEAR 35 
VOLUME VOLUME VOLUME 

m3 x 103 . m3 x 103 m 3  x 103 

520 

90 
20 - 

Total 630 

HOTJTH  MEADOWS DUMP 

Embankment Seepage - No. 1 - No. 2 - No. 3 
Subtotal 

9.5 
1.5 
0 

11 

- 

To Regional Groundwater 0.3-3 

Total 11-14 

MEDICINE CREEK DUMP 

Embankment Seepage 0 

To Regional Groundwater - 0 

Total 0 

Source:  Golder 1979 Refer Appendix 2 

520  520 

120  120 
30 

690 670 

50 - - 

11 11 
3 4 
2 5 

16 20 

- - 

1.5-15 6-32 

17-31 26-52 

4 12 

1- 6 

4- 7 13-18 

0.3-3 - - 
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TABLE 6-2 

Design Criteria For  Planning O f  Mine Drainage  System 
Hat Creek Project Mining Feas ib i l i ty   Repor t  1979 

~~ ~ ~~ ~ ~ ~~ ~~~~~ ~ ~~~ ~~ ~ ~ ~~~ ~ ~~~ ~ 

Probabi l i ty  of 
Exceedence in 

Type of Drainage  Element 
Design 

Description  Flood 
35-YearfMine 
L i fe  

Major  Creek  Diversions Hat Creek 1,000 year* 3x 
Finney  Creek  1.000  year* 3% 
Houth  Creek 1,000 year 3% 
Upper Medicine  Probable 

Max. 
Flood* 

Creek 

Perimeter Drains Around P i t  100 year 30% 

" 

Waste Dumps h 
S l i d e  Area 

Surface Water Drains within  Permanent Major 100 year 30% 
mine  development  Drains 

Temporary Minor 10 year 9 7% 
Drains 

Leachate  Collection  Systems  Field Drains Max. " 

'Seepage 
Rate 

Pumping 
Rate . 

Dewatering Wells Col lec t ion  Max. 
Sys tems 

" 

Sedimentation  Lagoons Emergency 1,000 yea r  3% 

Treatment 10 year 97% 

Leachate Storage Lagoons Emergency 1.000 year  32 

Spillways 

Capacity 

Spillways 
Storage and 2x Mean 

Disposal Annual 
Capacity Flow 

"_ 

* Refer BCH E D D  1978 and Monenco 1977 f o r  Design Criteria 
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TABLE 6-3 

248 
308 
383 - 
2.0 
3.7 
1.3 
21 
3s 
4.4 - - 
2 
1.2 
4.5 

1 
25 

1.7 
0.5 
3 

- 
ma 
33s 

ZOO - - 

- 
0.22 
0.33 - - - - - 
- 
- 

A 
A 
A 
1OW? 

lw1 
1w1 

1M)oP 
lWO? 

l o a  

- - - 
lw1 
l D O 1  
lDOR 

lorn 
lOW? 

10011 
1001 

m 
10011 

1DI 

m 
108 

101 
m 
10. 
m 
1011 

1011 
1OR 

m 
A 

A 
A 

A 
A 
A 
A 

m 
A 

0.63 - 1 
0.67 - 
0.72 

1 - 1 
27 - 3 

0.75 - 
1 

1 
1 - 

1 1 
0.7 - 
0.) 

1 
1 

1.s - 
0.01-0.025 - 1 

3 

- 
- 

D.Wl6 S1 1 
v01- 



SOURCEt Beak 1978. 

Il.t(1) 
C r e e k  

8.4 
336 

8- 

'1 
8 
212  

NATURAL SURFACE WATER 

npdlelnr 
C r e e k  Flnney Aleece Dump 
Are. 

Ash 
lake Lakc R""0ff Leachra 

8.3 8.2 
27s 

7.6 
17.9  N.A. 

8.0-8.5 8.0-9.0 
1900- 4800- 

0-110 N.A. 
2760* 8900' 

N.A. >SO* W.A. 

' H e d l e l n a  
C r e e k  

-~ __" 

N.A.  N.A. 
19 I8 

N.A. <115-150 <35-19S  137 N.D. 
N.A. 

N.D. 

221 
N.A. 

123 217 
N.A. N.A. N.A. 

332-360 1120- 123 <27 . <o.s 
N.D. 

1.2 0.1 0 .5  '0. s 58-61  175-190  27 I4 
0.14 0.12 0.22 N.A. 

0.88 

<O.W 0.04 
0.7-1.1  3.3-4.9*  0.06 0. I 

eO.02 N.A. 3 . 5 - 4 . 2  2.4-3.3 4.4 
H.D. 

0.19 
N.D. 

0.26 0.83 H.A. W.A. N.A. N.A. W.A. 
W.O. 
N.A. 

1260 

0.038 0.01 D.02S N.A. 0.27- 0.M- 0.3 0.01 N.D. 

co.01 < O . l  <O.l W.A. 0.31 0.7 
<O.OOS <O.WS <0.005 N.A. 

'0.7-0.8 '1.0-3.6 0.04 
0.022. -0.1 

145 130 60 85 260.271 lOS0- 48 1900 
<0.002 W.D. N.D. 

107s 

0.566 2.44 

1130 
<O.Ol ~ 0 . 0 1  '0.01 W.A. <0.13- r0.12-, 0.13' '0.01 ' '0.01 

<O.WS <0.00S <O.WS N.A. <1.2- co.23- 1.5. 0.04 ~ 0 . 0 0 7  
0.14. 0.20' 

1.34 0 .33 .  
~0.018 ~ 0 . 0 2  c0.M ' 0 .05  <I.&- 1.95- 1 . E . A  0.26 co.01 

I.)* 2.  OS. 
'0.01 <O.Ol <0.01 N.A. 
74 8 S  33 100 

'0.026 <0.05 0.02 N.D. M.D. 
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TABLE 6-6 

I 

Projected  Quil i ty  of Lagoon Discharge and  Hat Creek - Case III* 
Hat Creek Pro jec t  Mining F e a s i b i l i t y  Report 1979 

Projected  Projected 
Effluent P i t  Rim 
North, Dam Existing After 
Lagoon Discharge Hat Creek  Mixing 

Projected 
Hat Creek 

Parameter (mg/l) 

pH (Units) 
Temperature O C  
Fi l terable   Residue 
Non-Filterable  Residue 
TOC 
Total  Hardness (as CaC03) 
Alkal ini ty   (as  CaC03) 
Chloride 
Fluoride 
Total  Nitrogen (N) 
Phosphorus  (P) . . 

Sulfa te  
Arsenic 
Boron 
Cadmium 
Calcium (as  CaC03) 
Chromium 
Copper 
I ron  

Piagnesium (as CaC03) 
Lead 

Mercury 
Sodium 
Vanadium 
Zinc 

8.4 
N.D. 
376 

11 
220 
223 
2.3 
0.16 

~0.43 
<O. 05 

57 
~0.008 
<o. 1 
<0.005 
140 

~0.015 
~0.07 
<0.08 
co.01 

76 
< 0.0004 

24 
<0.005 
~0.014 

- ~ 5 0 .  

8.3 
N.D. 
450 
< 50 
20 

196 
200 
5.0 
0.13 
0.60 
<0.06 

35 
co.019 
<o. 09 
~0.005 
122 
~0.03 
~0.26 
~0.23 
<0.012 

73 
<0.0006 
24 

<0.006 
<O. 03 

- 

8.4 
N.D. 
342 
95 
9 

224 
226 
1.1 
0.16 
0.24 
0.043 
54 

~0.005 
C O . 1  

~0.005 
143 

co.01 
<O. 005 
<a. 026 
co.01 

< 0.0004 
77 

20 
~0.005 
<0.007 

8.4 
N.D. 
435 
82 

2.27 
12 

230 
3.6 
0.19 

<O. 43 
<0.05 

63 
<0.023 
<O. 13 
<0.006 
146 
<0.016 
<0.066 
C O . 0 9  

<0.0007 
77 

24 
~0.007 
<O. 035 

i o .  01 

* Summer Rainstorm  Condition (Year 35) Discharges t o  Hat Creek v i a  
sedimentation ponds include  surface  runoff  caused by a "year 24-hour 
ra infal l ,   dewater ing flows from p i t   s u r f i c i a l s  and from t h e   s l i d e  area. 
Hat Creek  discharge was assumed t o  be 1.68 m3/sec.  Surface  runoff and 
dewater ing  ra tes   are  from CMJV estimates. Flow attenuation  has been 
assumed t o  occur in the  lagoons. 

(Source: Beak 1979) 
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SECTION 7 

FLTEL QUALITY 

1 

II 

- 
, .- 

7.1 INTRODUCTION 

The qua l i ty  of the  coal   to   be  suppl ied  as   boi ler   fuel   has  
a major  impact on the  design, economics, and the environment of both 
the mine and the  powerplant. Because of t he  wide  range of v a r i a b i l i t y  

number  of f u e l s  of d i f fe ren t   qua l i ty .  As a bas is   for   the   se lec t ion  of 
of t h e   c o a l   i n   t h e  Hat Creek No. 1 Deposit, i t  is  possible  to  produce a 

the  project   performance  fuel,   the  following  objectives were established: 

The performance  fuel must be  within  the  design  l imitations  for 
conventional  North American bo i l e r s  and pulver izers ;  

A cons is ten t   qua l i ty  of coal  within  specified  tolerance limits must 
be  supplied  to  the  powerplant; 

U t i l i za t ion  of the  coal  resource  should  be maximized; 

Adverse  environmental  impacts  should  be  minimized; 

The energy  cost  should  be  minimized.  This  requires a carefu l  
balancing of c a p i t a l  and operat ing  cost   factors  between the mine 
and t h e  powerplant. 

To meet these  object ives ,  a mining method has  been 
developed t h a t  w i l l  economically  produce  performance  fuel  for  the 
boi lers ,   whi le   providing  for  a high  level of resource   u t i l i za t ion  and 
minimizing  environmental risk. 

developed f o r   t h e   a n t i c i p a t e d   l i f e  of the  powerplant  demonstrate  that 
f u e l  of a cons is ten t   qua l i ty  - 18.0 W/kg - can  be  produced by se l ec t ive  
mining within a tolerance of 1 .0  MJ/kg. To smooth out  short-term 
f luc tua t ions  i n  t he   fue l   qua l i t y ,  a comprehensive  blending  stockpile and 
reclaim fac i l i ty  is  planned. The mining  plan is  f l ex ib l e ;  i t  w i l l  
always  permit  access  to  higher  quality,  low-sulphur  coal when necessary 

regulated  ambient  levels. 
t o  cope w i t h  predicted  short-term  sulphur  dioxide  excursions beyond 

A sequence of mining  plans and production  schedules 

The beneficiat ion of coal  by washing was s tud ied   a t  
length and re jec ted  on technical,  economic, resource   u t i l i za t ion ,  and 
environmental  grounds. 
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7 . 2  HAT CREEK COAL 

. ,  . .  

The  quality  of  the  coal  in  the  Hat  Creek  coal  deposits 
varies  over  an  unusually  wide  range.  The  reasons  for  this  are  presented 
in  Section  5.3.8.1,  which  discusses  how  the  coal  was  deposited  and  how 
the  coal  formation  grades  from  good  coal  through  low-grade  coal  to  clay. 

It is difficult  to  present a clear  cut  classification 
system that consistently  and  accurately  describes  the  different  grades 
of coal,  except  on  the  extremes  of  the  range.  The  good  coal is shiny, 
black,  thinly  bedded,  hard,  and  breaks  with a glassy  conchoidal  fracture. 
This  coal  is  typical  of  the  D-zone  coal,  particularly  in  the  D3  sub- 
zone,  contains  approximately 20% ash,  and  has a heating  value  of  23 W/kg. 
At  the  other  extreme,  the  carbonaceous  claystone  is a soft,  grey  to 
dark-grey,  earthy  clay  matrix  with  finely  disseminated  carbonaceous 
particles.  and  has  greater  than 8OX ash  and a heating  value  less  than 
2.3  MJ/kg.  Between  these  two  extremes  there  is a complete  spectrum of. 
coal  quality  developed  by  an  increasing  frequency  of  partings  in  the 
good  coal  from  one  end  of  the  scale,  and  of  an  increasing  percentage  of 
carbonaceous  particles  in  the  clay  matrix  from  the  other. 

For  example,  cut-off  grade  quality (9.3.W/kg, 59% ash) 
coal  could  occur  in  two  different  ways: 

(1) Bands  of  equal  thickness  of  good  coal  and  pure  clay; 

(2)  A massive  low-grade  coal  band  with SO%, by  volume,  high-quality 
carbonaceous  particles  in  the  clay  matrix,  or  by  some  combination 
of these. 

I 

.. I 

.. 

.. I 

m 

coal  and  the  principal  related  characteristics. 
Table  7-1  presents a broad  classification  of  Hat  Creek 

of the  Hat  Creek  coal  and  the  numerous  zones  of  transition  between  coal 
and  waste.  These  factors  'have a major  impact on the  quality  of  run-of- 
mine  coal  and  on  the  processes  that  can  be  applied  to  improve  the  quality 
of  fuel  supplied  to  the  powerplant. 

It  is  important  to  recognize  the  nature  of  the  variability 

A review  of  the  data  presented  in  Table  7-1  is  helpful  in 
understanding  how  the  decision  between  fuel  and  non-fuel  material  was 
made.  Categories 4 ,  5, and 6 were  'rejected  because  they  contain a very 
high  proportion  (>73%)  of  non-combustibles:  ash  and  moisture.  Including 
such  poor  material  in  the  fuel  reduces  the  boiler  efficiency,  increases 
wear  and  tear  in  pulverized-coal-fired  boilers,  and  creates  handling 
problems  in  the  powerplant  coal  system. 
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fuel  for  the  boilers  and  is  discussed  further  in  Section 7.5. The 35- 
Category 3, the  low-grade  coal,  was  considered  marginal 

-7ear  design  pit  contains 21.7 million tomes of low-grade  coal.  The 
inclusion  of  this  quantity  with  the  boiler  fuel  would  increase  the  total 
heat  available  by 2.7%, but  would  be  accompanied  by  an  increase  of 11.9% 
in  the  quantity  of  ash  to  be  processed  through  the  boilers  and  disposed 
of. 

The  fuel  selected  for  the  boilers  is a blend  of  coal  from 
categories 1 and 2,  produced  by  selectively  mining  bands  of  fuel  and 
non-fuel  materials  down  to 2 m in  thickness.  The  resulting  fuel  over 35 
years  will  average 18.0 W/kg with 33 .47% ash  and 0.51i: sulphur  (dry- 
coal  basis)  and 23.5% moisture  content.  The  non-combustible  content of 
this  fuel  is  slightly  less  than 50%. 

. 

a 
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7 . 3  COAL  BENEFICIATION 

. '  . .  

Coal  beneficiation  is a broad  term  which  includes  any 
process  that  improves  the  quality  of  coal. In dealing  with  boiler 
fuels,  this  generally  implies  raising  the  heating  value  and  reducing  the 
ash  content  of  the  coal.  Beneficiation,  however,  can  also  be  used  to 
reduce  the  moisture  or  sulphur  content.  The  majority  of  the  proven 
beneficiation  processes  in  use  are  wet,  gravity-separation  processes. 
Dry  processes  have  been  used  in  the  past,  and  new  dry  processes  are 
under  development. 

An extensive  program  of  investigations  into  coal  bene- 
ficiation  has  been  completed  and  is  outlined  below. 

7 . 3 . 1  Testing  Programs 

The  initial  investigations  into  coal  beneficiation  were 

beneficiation  plant  feed  and  the  performance  of  coal  samples  in  standard 
directed  towards  establishing  the  characteristics  of  the  proposed 

laboratory  washability  tests.  Data  from  these  tests  were  used  to 
predict  the  performance  of  the  coal  in  various  beneficiation  processes. 

beneficiation  plants.  The  results  of  these  pilot  plant  operations  were 
Larger  samples of the  coal  were  then  processed  through  pilot-scale 

used  to  validate  the  predictions  made  from  the  laboratory  tests  and  to 
develop  plant  design  criteria. 

obtained  by  drilling a series of 0.91-m  diameter  bucket-auger holes. 
These  three  samples  represented  coals  of  different  quality: 13 .2 ,  18.1, 
and 20.2 W/kg (dry-coal  basis). A portion of each  sample  was  tested in 
the  laboratory  of  Birtley  Engineering  to  determine  the  size  distribution 
of  the  material  and  to  establish  the  sink-float  characteristics.  The 
results of this  testing  form  the  basis  for  the  prediction of performance 
in  gravimetric  processes. 

In 1976, three  bulk  samples  of  Hat  Creek  coal  were 

The  remainder  of  the  three  bulk  samples  was  crushed  to 
-20 mm. The (20 mm by 28 mesh)  fractions  were  cleaned,  using  heavy- 
media  cyclones,  and  the -28 mesh  fractions  using  water-only  cyclones. 
In  the  heavy-media  process,  the  clay  coated  the  media,  creating  density- 
control  problems  and  high  magnetite loss. Part of  the raw and  washed 
coal  samples  were  shipped  to  CCRL  Ottawa  for  pilot-scale  burn  tests. 
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sample  program:  two  from  Trench A and  one  from  Trench B. Particular 
care  was  taken  in  obtaining  three  samples  to  ensure  that  'they  represented 
"as  mined"  coal  rather,  than  the  finer  coal  obtained  using  the  bucket-auger. 
These  samples  were  sent  to  Warnock  Hersey  Professional  Services,  Calgary, 
for a laboratory  testing  program  designed  by  Simon-Carves  Canada  Ltd. 
This  program  was  essentially  similar  to  that  conducted  in 1976, except 

introduced  to  permit the  anticipated  degradation  during  processing t.0 

that a wet  attrition test,  based on an  Australian  standard  method,  was 

be  evaluated  in  the laboratory. 

In 1977, three  samples  were  obtained  during  the  bulk 

A 73-t  sample  obtained  from  Trench A during  the  bulk 
sample  program  was  submitted  to  the  Western  Research  Laboratory  of 
Energy  Mines  and  Resources,  Edmonton,  for  evaluation  of  its  beneficiation 
performance  in  their  compound  water  cyclone  pilot-plant. A second 
objective  of  this  program  was  to  evaluate  the  production  and  treatment 
of  the  liquid  tailings  effluent. 

7 . 3 . 2  Conclusions  Drawn  from  Test  Results 

Hat  Creek  coal is subject to severe  breakdown  in  water,  especially 
where  there  is  attrition.  The  clay  particles  from  the  coal  form a 
suspension  which  can  interfere  with  gravity-separation  processes; 

Washability  data  show  that  the  degree  of  beneficiation  achieved  would 
be  relatively  low  for  the  effort  expended;  approximately  half  the 
normally  expected  improvement  would  be  gained; 

The  finer  size  fractions  have  increasingly  difficult  washability 
characteristics. Since all  cleaning  processes are less efficient 
for  the  finer  size  fractions,  the  overall  efficiency  of  any  procgss 
treating  the  fine  size  fraction  would be abnormally  low; 

The  finer  size  fractions  have  increasingly  higher  ash  content. 
This  would  limit  the  effectiveness  of a commonly  used  process  for 
thermal  coals  where  washed  coarse  coal is blended  with  unwashed 
fine  coal; 

The  better  quality  (D-zone)  coal  should  not  be  washed,  because 
the  small  improvement  in  quality  would  not  offset  process losses; 

m 
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a 
- ( 6 )  The  tailings  produced  by  any  process-washing  of  Hat  Creek  coal 

m 
would  be  largely a clay-water  suspension,  which  would  be  extremely 
difficult  and  costly  to  dewater.  The  quantity of tailings  produced 
by  any  process  would  be  dependent on the  size  of  the  material  and 
the  duration  of  contact  between  the  coal  and  water; 

m . 
( 7 )  There  would  be  some  reduction  in  the  sulphur  content  per  unit  of 

heating  value  of  the  coal  through  washing,  with  resulting  lower 
powerplant  sulphur emissions; 

I 

(8) Practical  beneficiation  plants  could  be  designed  and  operated  to 
clean  the  Hat  Creek  coal  and  their  performance  could  be  predicted 
with  reasonable  confidence  from  laboratory  tests; I 

(9) The  design  of a practical  tailings  disposal  scheme  would  require 
0 pilot-plant  work  and  further  research. 

7 . 3 . 3  Alternative  Beneficiation  Processes  Considered 

reviewed in the  light  of  the  results  of  the  test  programs  and  the 

only  coal  from  the A ,  B, and  C-zones  would  be  washed,  while  the  better 
quality E-zone coal  would  be  blended  with  the  wash  plant  product.  The 

at a nominal 13 mm. Six  practical  plant  schemes  were  selected  for 
evaluation: 

A wide  range  of  possible  beneficiation  processes  were 

m - process  characteristics.  The  processes  were  evaluated on the  basis  that 

I plant  feed  would  be  divided  into  coarse  and  fine  fractions  by  screening 

. .  I 
- . (1) Heavy-media  bath  (coarse  coal)  and  water-only  cyclone  (fine); 

(2)  Heavy-media  bath  (coarse)  with  untreated  fines; 

( 3 )  Baum  jig  (coarse)  with  untreated  fines; 

( 4 )  Untreated  coarse  with  dried  and  classified  fines; 

( 5 )  Water-only  cyclones  for  coarse  and  fine  coal  which  would  require 

- 
- 

- 
- crushing  coarse  coal  to -40 mm. This  scheme  would  be  similar  to 

the EMR pilot  process; 

.I (6) Heavy-media  bath  (coarse)  with  dried  and  classified  fines. 

m 
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prepared  and  capital and operating  cost  estimates  made.  Predictions  of 
plant  performance  were  made  based  on  the  available  test  data. 

For  each  scheme a preliminary  modular  plant  design  was 

7.3.4 Tailings  Disposal 

The  disposal  of  tailings  from a beneficiation  plant 

elsewhere  by  the  tarsand,  phosphate,  diamond,  and  china  clay  operations 
received  very  close  attention,  because of the known difficulty  experienced 

in dealing  with  tailings  with a high  clay  content. 

The  concentration  of  clay  particles  would  build  up  in  the 
plant  process  water  to a level  that is unsuitable  for  use.  Under  natural 
conditions,  the  clay  settles  very  slowly.  Under  lagoon  storage  conditions, 
it is  anticipated  that  over a period of years  natural  sedimentation 
would  produce a sludge  with  40X.solids.  Any  further  improvement  beyond 
this  level  would  be  extremely  slow,  requiring  many  years.  The  settling 
can  be  accelerated  by  the  use of flocculants,  which  will  produce a layer 
of relatively  clear  water  for  re-use  in  the  process  and a settled  layer 
with a solids  content  of  up  to 40%. However,  there  are  indications  that 
the  use  of  flocculants  limits  the  long-term  compaction  that  can  be 
achieved. 

The  only  possible  alternative  to  lagoon  sedimentation  and 
storage  is  mechanical  dewatering  by  the  application  of  solid-bowl 

Edmonton,  indicated  that a cake  of 75% solids  material  could  be  produced. 
centrifuges.  Laboratory  work on Hat  Creek  tailings  conducted  at EMR, 

Operating  plant  experience  suggests  that a 45% solids  product is a more 
realistic  estimate.  For  the  total  beneficiation  schemes  evaluated, 
approximately 50 million m3 of 45% solids  sludge  will be produced over 
35 years. 

presents  some  difficult  problems.  One  method  of  disposal  is  to  convey 
The  physical  handling  and  disposal of this  material 

the  sludge  with  the  wash  plant  solid  discard  material  to  the  Houth 
Meadows  Waste  Disposal  Area, a distance in excess of 2 Ian. This  would 

would  be  required  to  ensure  that  the  sludge-solid  discard  mixture  can  be 
create  conveyor  problems - especially in sub-zero  temperatures.  Testing 
conveyed  up 10% gradients.  The  alternative  method  of  sludge  disposal is 
by  storage in a lagoon  similar  to  that  provided  for  the  sedimentation 
process,  although  in  this  case  the  lagoon  would  be  smaller. 
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.Of the two alternative  methods  for  sludge  disposal, only 

and  practical.  There  are some  serious  drawbacks to  using  this  method: 
the  lagoon  sedimentation and  storage  approach  can be  considered  proven 

lack  of a suitable  storage  space;  the  cost of building  retaining  struc- 
tures  for  the  lagoons;  and  the  possible  permanent  alienation  of  the  land 
in  the  storage  area  should  it  prove  impossible  to  reclaim. 

The  mechanical  dewatering  process  would  require  further 
research  and  testing,  particularly on the  performance  of  centrifuge 
equipment  and  the  handling  and  disposal  of  sludge,  before  it  could  be 
proposed  with  any  confidence.  Should  dry  disposal of the  sludge  prove 
impractical,  the  mechanical  dewatering  process  could  prove  to  have  the 
same  disadvantages  as  the  storage  and  .sedimentation  approach  and  prove 
more  expensive  to  operate. 

7.3.5 Conclusions 

An evaluation  of  the  costs  and  benefits  was  conducted 
based  upon  the  estimated  capital  and  operating  costs  and  the  predicted 

were: 
plant  performance  of  the  selected  schemes.  The  principal  conclusions 

(1) Hat  Creek  coal  can  be  beneficiated  to  produce a fuel  averaging 
21.0 MJ/kg,  compared  to 18.0 W/kg for  run-of-mine  coal; 

(2)  Sulphur  emissions  could  be  reduced  by  up to 20-25% using  benefi- 
ciated  fuel; 

(3)  The  disposal of clay  tailings  remains a major  technical  and  economic 
problem,  with  potentially  severe  environmental  impacts; 

( 4 )  Resource  utilization  would  be  reduced  by 5-8% because  of  process 

efficiency;  but  the  remaining  losses  must  be  made up by  mining 
losses to tailings.  This  is  partially  offset  by  improved  boiler 

additional  tonnages  of  coal  at  higher  marginal  stripping  ratios; 

(5) The  estimated  capital  and  operating  costs of the  beneficiation 
plant  exceed  the  anticipated  savings in the  powerplant. 

Based  upon  these  conclusions,  it  was  decided  to  eliminate 
beneficiation  from  further  consideration  in  the  base  plan. 
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7.4 BOILER  FUEL  SPECIFICATION  DEVELOPMENT 

II 

1 

7.4.1 Introduction 

The  boiler  fuel  specification  is a critical  project 
document  whose  reliability  must  be  assured  for  the  design of appropriate 
boilers  and  ancillary  equipment  for  the  powerplant.  The  penalties  of a 
design  based on an  incorrect  fuel  specification  are  severe  and  include 
the  inability  to  produce  at  rated  capacity  and  excessive  maintenance 
costs. 

In  March, 1979, the  Paul  Weir  Company  (Weirco)  were 
retained  to  review  and  refine  the  boiler  fuel  specification  previously 
developed  by  B.C.  Hydro  staff.  The  scope  of  the  assignment  included: 

1. Data  Assessment 

A review  of  the  quantity  and  quality  of  the  data  available  for  the 
purpose; 

A review of the  procedures  followed i n  analysing  the  data  and  of 
the  conclusions  drawn; 

Identification  of  any  requirements  for  additional  testing  and 
recommendations of appropriate  testing  procedures; 

An assessment  of  bench-quality  variability. 

2. Fuel  Assessment 

An assessment  of  the  suitability  of  the  fuel  for  the 
design  of a large  steam  generator  and  identification  of  any  potential 
problem  areas  in  design  and  operation. 

3. Preparation  of  Boiler  Fuel  Specification 

Presentation  of  the  coal  fuel  characteristics  and  any 
necessary  description  in a form  suitable  for  inclusion  in a boiler 
specification  document. 
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7.4.2 

of  the I .ntern 
The  first  phase of the  assessment  program  was  an  evaluation 

la1 consistency  of  each  of  the  four  laboratories  used,  as  well 
as  the  ability  to  reproduce  results  between  the  laboratories.  This 

values. As a result  of  this  examination,  the  results  of one laboratory 
comparison  was  conducted on nine  of  the  most  important  characteristic 

were  excluded  from  further  evaluation.  Weirco  does  not  believe  that 
this  exclusion  significantly  affects  its  overall  conclusions,  because . 

limited  area  and  the  excluded  laboratory's  participation  was  relatively 
the  samples  distributed  to  each  laboratory  were  not  concentrated  in a 

small.  During  this  phase  the  data  base  was  screened  for  apparently 
erratic  results. 

A series  of  regression  studies  were  performed  during  the 
second  phase  of  the  program  to  establish  certain  relationships  that  are 
typical  of  Western  coals.  These  correlations  were  obtained  from  the 
data  accepted  in  Phase I: 

CO2 - % - 0.058 X % Ash - 0.269 

(This  equation  is  used  to  adjust  the  volatile  matter 
content  for COz.) 

Adjusted  Volatile  Matter - % = 48.90 - 0.475 x X Ash 

Equilibrium  Moisture - % = 25.145 - 0.0617 x % Ash 

As  Received  Moisture - % = 28.439 - 0.1566 x % Ash 

A series  of  tightly  controlled  determinations of the 
Hardgrove  Grindability  Index  (HGI)  at  approximately 10% moisture  were 
made on coal  samples  with  varying  ash  content.  Weirco  calculated  the 
following  exponential  curve  as  the  best  fit  for  the  data: 

HGI = 24.40 e 
0.02 x % Ash 

Because  of  Weirco's  previous  experience  with  the  under- 
reporting of the  alkali content of Western  coals, a number  of  samples 

modified  method. On an overall  average  basis,  Na20  was  under-reported 
from  each  sub-zone  were analyzed  by  two  methods:  the  standard  and a 

by 36.4% and K20 by 17.0%. Based on these  results,  the  alkali-content 
data  was  adjusted.  These  adjustments  eliminated  most  of  the  undetermined 
error  from  the  analytical  data. 
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The  third  phase  of  the  assessment  program  was  the  prepa- 

boiler  fuel  specification.  These  sunrmaries  were  prepared  initially  on  a 
ration  of  a  series  of  data  summaries  for  use  in  preparing  the  final 

zone-by-zone  basis  and  then  on  a  composite  basis,  where  each  zone  is 
weighted  in  proportion  to  its  contribution  to  the  designed  pit.  In 

adjust  the  volatile  matter,  the  HGI,  and  the  ultimate  analyses  except 
developing  the  data  summaries,  the  regression  equations  were  used  to 

chlorine,  sulphur,  and  ash. 

Concurrently,  Weirco  also  examined  the  mining  plan  to 
evaluate  its  impact  on  coal  quality.  The  principal  conclusions  drawn 
were: 

(1) Core  examination  indicates  that  the  run-of-mine  coal  quality  can  be 
upgraded  by  selective  mixing  practices.  Material  exceeding 60% ash 
content  should  be  excluded  to  the  maximum  practical  extent; 

( 2 )  No further  allowance  should  be  made  for  dilution,  because  the 
. .  

sampling  procedures  have  included  significant  quantities  of  waste 
material  with  the  good  quality  coal.  This  included  waste  could  not 
be eliminated in the  evaluation  of  selective  mining; 

( 3 )  The  short-term  fluctuations  are  the  daily  or  weekly  swings  in 
quality  which  are  a  function  of  where  the  coal  is  being  mined  from 
a  given  bench  or  series  of  benches.  On  a  weekly  basis,  the  dry-ash 
content  can  probably.be  controlled  to  approximately t1.5 percentage 
points,  which  equates  to  a  heating  value  range  of f0.6 W/kg. The 
daily  fluctuations  would  be  approximately  double  the  weekly  range. 

7 . 4 . 3  Fuel  Assessment 

7 . 4 . 3 . 1  Testing  Programs 

To establish  the  feasibility  of  burning  various  qualities 
of Hat Creek  coal  and  to  develop  design  parameters  for  full-size  boilers 
and  their  associated  equipment,  two  test  programs  were  undertaken.  The 

burn  test  in a small  commercial  unit. 
initial  program was  on a pilot-scale  research  boiler,  followed by a bulk 
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Pilot-scale  Testing 

Pilot-scale  testing  was  conducted  in  the  research  boiler 
at  the  Canadian  Combustion  Research  Laboratory  (CCRL)  in  Ottawa. 

coal  of known performance  from  Sundance,  Alberta.  The  Hat  Creek  samples 
Six  samples of  Hat  Creek  coal  were  tested  along  with a 

were  obtained  from  the  bucket-auger  drilling  program  and  consisted  of 
three  raw  samples  and  three  washed  samples  obtained  from  the  test- 
washing  program  conducted  by  Birtley  Engineering. 

The  principal  conclusions  and  comments  reported  were: 

Hat  Creek  coals  having a heating  value  of 13.9 W/kg or  more, on an 
equilibrium-moisture  basis,  can  be  successfully  burned  using  con- 
ventional  pulverized-fired  technology.  This  heating  value  is 
equivalent  to  approximately 18.1 W/kg on a dry-coal  basis. 
However,  in  the  design  of  steam  generators  for  this  coal,  it  is 
imperative  that  reliable  facilities  be  provided  for  removing  the 
large  quantities of ash  that  would  be  produced; 

All three  samples  of  raw Hat Creek  coal  burned  during  the  program 
produced  stable  flames  without  support  fuel; 

The  three  samples of washed  Hat  Creek  coals  generally  produced 
hotter,  more  stable  flames  than  the  raw  coals.  The  removal  of  much 
of the  extraneous  clay  by  washing  facilitated  handling  and  drying 
noticeably.  Reactivity  was  also  improved; 

High  clay  and  moisture  content  in  the Hat Creek  coal  makes  handling 
difficult.  This  problem  could  be  minimized  by  drying  the  coal  to 
less  than  equilibrium  moisture. 

The  results of the  CCRL  pilot-scale  tests  were  considered 
in  the  planning  of  the  bulk  burn  test  at  Battle  River. 

Bulk  Burn  Testing 

The  principal  objective  of  the  burn  test  was  to  monitor 
the  behaviour  of  Hat  Creek  coal  of a quality  at  or  near  the  anticipated 
minimum  acceptable  level  in a commercial  scale  powerplant,  and  to  obtain 
data  needed  for  steam  generator  and  ancillary  equipment  design.  Key 
parameters  observed  included: 

- coal-handling; 
- pulverizer  performance; 
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- combustion  characteristics  (flame  stability  and  ignitability); 
- slagging  and  fouling  characteristics; 
- ash-handling; 
- precipitator  performance. 

(nominal  capacity)  unit  at  the  Alberta  Power Ltd. (APL), Battle  River 
Station  near  Forestburg,  Alberta,  during  August, 1977. 

The  burn  tests  were  conducted  in  Unit No. 2 ,  a 32 MW 

In order  to  establish  with  confidence a lower  limit  for 

burn was  below  the  minimum  recommended  by CCRL. The  coal used in  the 
the practical  burning  of  Hat  Creek  coal, the  fuel selected for the  test 

test  averaged 1 5 . 2  W/kg on a dry-coal  basis,  with  individual  tests 
being  successfully  run  on  samples  as  low  as 13.0 MJ/kg.  The  "as  received" 
moisture  content  was 21 .8% (see  Table 7-2) .  

The  bulk  burn  test  provided  important  practical  data  to 
establish  the  reasonable  minimum  quality  of  Hat  Creek  coal that can  be 
used  as  powerplant  fuel. 

7 . 4 . 3 . 2  Comparison  with  Other  Plants 

In assessing  the  suitability  of  Hat  Creek  coal  as a 
boiler  fuel,  it  is  useful  to  examine  the  design  fuels  for  other  power- 
plants.  The  Brazos  Plant,  San  Miguel,  Texas,  has a 400 MW (net)  unit 
scheduled  for  commercial  service  in  early 1980, fuelled  by  raw  lignite. 

Table 7-2 compares  some of the  principal  characteristics 
of  the  San  Miguel  fuel  with  Hat  Creek  performance  coal  and  the  fuel 
tested  at  Battle  River. 

Considering  the  results  of  the  burn  test  and  the  San 
Miguel  design  fuel,  the  proposed  Hat  Creek  performance  coal  appears  to 
be  well  within  the  range  of  boiler  technology  and  provides a reasonable 
basis  for  design. 
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7.4.4 The  Boiler  Fuel  Specification 

The  boiler  fuel  specification is used  to  design  the  steam 
generator  and  also  to  establish a reference  point  for  evaluation  of 
manufacturers’  performance  guarantees.  This is the  average,  or  performance, 
fuel  for  the  project.  The  second  fuel  that is of major  significance  to 
the  project is the  low-sulphur  or  MCS  coal. 

The  specifications  for  these  fuels  is  presented  in  Table 
7-3. 

The  performance  fuel  is  the normal product  that  the 
mining  operation is designed  to  deliver  at  all  times,  except  for a small 
percentage  of  the  time  when  high-grade,  low-sulphur  coal  is  required  for 
implementing  the  Meteorological  Control  System. 

The  size  distribution  of  the  fuel  that  will  be  delivered 

Estimates  of  the  size  distribution  have  been  developed  from  the  results 
to  the  powerplant si los  is a significant  factor  in  pulverizer  design. 

of  laboratory  and  field  crushing  tests.  Table 7-4  presents  two  estimates 

blending  pile  to  the  silos,  and  the  second is for  coal  subjected  to 
of  size  distribution:  The  first  is  for  the normal coal  flow  from  the 

long-term  storage  and  compaction  prior  to  utilization. 
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7.5 LOW-GRADE COAL 

Low-grade  coal  is a fuel of marginal  quality  that  should 
not  be  incorporated  into  the  powerplant  fuel  unless it can  be  improved. 
It is  defined  as  having a heating  value  between 7.0 and  9.3 Wlkg and  an 
ash  content  of 59-66% (dry-coal  basis).  At a moisture  content  of 20- 
22%, it  contains  between 68% and 72% non-combustible  materials. As 

material,  but  occurs  as  the  result  of a cdbination of many  different 
discussed  in  Section 7.2, low-grade  coal  is  not a simple,  well-defined 

million tomes of  low-grade  coal  averaging 63.5% ash  content  and 8.0 W/kg. 
depositional  conditions.  Within  the  designed  35-year  pit  there  are 21.7 

There  are two alternatives  available  for  improving  the 
quality  of  the  low-grade  coal:  washing  and  dry  beneficiation.  The  wet 
process  was  quickly  eliminated  from  consideration  because of its  cost, 
the low recovery,  and  the  magnitude  of  the  tailings  problem  that  would 
be  created. It is  estimated  that  low-grade  coal  would  produce  three 
times  the  volume  of  sludge  per  tonne  washed  compared  to  run-of-mine . 
coal. 

Based  on  observations  of  results  obtained  during  dry 
screening  tests,  the  theory  was  postulated  that a limited  degree  of 
beneficiation  could  be  achieved'by  screening  low-grade  coal  at 13 mm or 
20 mm and  discarding  the  undersize. 

Tests  were  conducted on low-grade  samples  available  in 
the  bulk  sample  trench.  These  tests  indicated  that  some  improvement 
could  be  achieved,  and a possible  plant  layout  was  developed  (see 
Section 8). However,  there  are  some  reservations  that  must  be  eliminated 
by  further  testing  before  committing  the  construction  of  this  plant: 

The results  are based on limited samples and are  not  necessarily 
representative; 

The  moisture  content  has a major  influence  on  the  efficiency  of the 
screening; 

The  performance  of  the  soft,  massive,  silty  coal  in  screening  is 
not known. 

To  resolve  these  questions  will  require  testing  materials 
from  greater  depth  in  the  deposi;  when  access  to  them  can  be  gained. 
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In  the  plan  presented  in  this  report,  it  has  been  assumed 
that a low-grade  dry  beneficiation  plant  will  be  constructed  and  its 
costs  incorporated  into the cost  projections. No allowance  has  been 
made  for  the  recovery  of  additional  heating  value.  Should  further 
testing  prove  that  the  process is not  practical,  the  material-handling 
system  will  be  revised  to  circumvent  the  proposed plant.. Without  this 
plant,  there  are  four  options  for  disposal  of  the  low-grade  coal: 

(1) Use as a raw  material  for  an  alternative  use  such  as  alumina 
production; 

(2)  Disposal  as  waste; 

(3)  Stockpile  for  possible  alternative  uses; 

( 4 )  Incorporate  with  the  run-of-mine  fuel,  should  experience  prove  that 
no  serious  problems  would be created  in  the  boilers. 

' I  
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7.6 FUEL QUALITY CONTROL 

7.6.1 Introduction 

The  fuel  Supplied  to t 
consistent  quality  in  heating  value  to  permit  stable  boiler  operation, 
and  in  sulphur  content  to  meet  emission  standards.  This  consistency 
must  be  achieved  over  both  long-term  and  short-term  periods.  The 
ability to meet  the  quality  requirements  over  the  life  of  the  project 
has  been  established  in  developing  the  mine  plan  and  production  schedule. 
This  work  showed  that on an  annual  basis,  the 18.0 U/kg can  be  produced 
with  a  tolerance  of 1.0 M/kg and  that  the 0.51% sulphur  content  can  be 
met  with  a  tolerance  of 0.05%. 

:he  powerplant  must  maintain a 

Having  established  that  control  can  be  maintained  in the 
long-range  plan,  shorL-range  control  can  be  achieved  through  the  selec- 
tion  of  appropriate  mining  systems  and  the  design  and  implementation  of 
planning  and  monitoring  procedures. 

The  key to  reducing  short-term  fluctuations in coal 
quality  is  to  smooth  out  the  variations  that  occur  in  nature.  The 
selected  mining  methods  and  equipment  make  this  practical.  The  appli- 
cation  of  selective  mining  techniques  eliminates  much of the  poor- 

ensure that  in normal operation coal can,  and  will, be  mined  from 
quality material  from the  fuel. The number  and  size of  shovels  selected 

multiple  locations  of  varying  qualities.  There  will  be  some  mixing  of 
coals  from  different  mining  locations  through  the  conveying  and  crushing 
systems.  The  blending  scheme  is  specifically  designed  to  provide  a 
stream of reclaimed  coal to the  powerplant  with  minimal  variation  from 
the  mean  of  the  blending pile. All of these  factors  combine to form an 
effective  variance-reduction  system. 

7 . 6 . 2  Control  Program 

and  monitoring.  During  operations,  each  week's  production  will  be  planned 
and  scheduled to deliver  the  quantity  and  quality  of  coal  required  to  the 
blending  plant.  This  coal  will  be  laid  down  in a blending  pile to be 
reclaimed  to  meet  the  powerplant's  fuel  requirement  for  the  succeeding 
week. In a  typical  week,  the  production  requirement  will  necessitate  in 

The  control  program  has  two  primary  elements:  planning 

I 

a 
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excess  of 30 shovel-operating  shifts.  These  shifts  will  be  scheduled 
based on the  quality of coal  available  to  meet  the  required  average  over 
the  week.  The  stacker  will  normally  lay  this  material  down  in 100 
windrows  to  ensure that the  variability  of  the  reclaimed  fuel  is  minimized. 
The  reclaimer  recovers  the  coal,  taking  slices  perpendicular  to  the 
direction  in  which  the  pile  was  constructed. 

The  key  to  being  able  to  prepare  useful  weekly  production 
schedules  is  the  ability  to  predict  the  quality  of  the  coal  to  be  mined. 
Based on the  data  available  from  the  diamond-drill  holes  at 150 m spacing, 

a standard error of 5 % ,  and  the  sulphur,  which  is more erratic,  has a 
the  heating value for  an individual  block  of  coal can be  predicted with 

standard  error  of  prediction  of  10-12X.  When a number  of  different 
blocks  are  combined,  as  in a weekly  production  schedule,  these  standard 
errors  would  be  reduced. 

While  this  level of predictability  is  very  good  at  this 
stage  of  the  project,  it  can  be  improved  upon  considerably  as  more  data 
becomes  available  as  the  mine  is  opened  up. As the  mine  develops,  it  is 
planned  to  acquire  additional  data  through  geological  mapping,  in-fill 
drilling,  face  sampling and monitoring  actual  production  to  improve 
quality  predictions  to a high  level of reliability. 

Provision  has  been  made  in  the  design  of  the  material- 
handling  system  for  continuous  ash  monitors,  which,  when  integrated  with 
signals  from  the  weightometers,  can  produce a record  of  the  status  of 
the  blending  pile.  Composite  samples  will  be  collected  once  or  twice a 
shift  for  laboratory  analysis  to  provide  verification  of  the  results  of 
the  ash  monit.or.  Sulphur  monitors  are  still  in  the  development  prototype 

monitoring  would  be  provided  through  laboratory  analysis  of  the  com- 
stage.  These  would  be  installed  when  proven.  Until  that  time,  sulphur 

posite  samples,  which  could  be  taken  more  frequently,  should  it  prove 
necessary. 

The  monitoring  results on a shift  or  daily  basis  provide 
an  opportunity  for  comparing,actual  versus  forecast  quality,  which  is 
useful  for  improving  the  prediction  process  and  for  initiating  modifi- 
cations  to  the  current  week's  production  schedule  where  required.  The 
monitoring  data  would  be a key  item  on  daily  production  reports  to 
management.  This  system  provides  timely  data  for  corrective  action  and 
control. 

The  quality  of  coal  reclaimed  and  conveyed  to  the  power- 
plant  will  be  monitored  in a similar  manner on the  Overland  Conveyor  as 
a confirmatory  check on quality. 
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7.6.3 Special  Operations 

The  mine  will  produce two qualities  of  fuel:  performance 
coal  and  low-sulphur  coal.  The  low-sulphur  coal will be  produced  only 
to  meet  the  requirements of the  Meteorological  Control  System,  which is 
designed  to  eliminate  unfavourable  ambient  sulphur  dioxide  concentrations. 
It is  estimated  that  these  conditions  will  occur  about 2-4% of  the  time 
on a seasonal  basis.  The  low-sulphur  coal  will be produced  from  the E- 

The  D-zone  represents  approximately 40% of  the  coal  to  be  mined  over  the 
zone,  which  is  characterized  by its.10~ sulphur  and  high  heating  value. 

project  life. When the  production  of  low-sulphur  coal  is  required,  this 
coal  would  bypass  the  coal-blending  facility  and  be  conveyed  directly to 

one  of  the  coal  shovels  in  E-zone  coal to control  the  sulphur  content  in 
the  powerplant.  During  normal  operations,  it  would  be  necessary  to  keep 

the  blended  performance  coal.  One of the  coal  shovels will.be diesel- 
powered  for  added  mobility,  and  this  shovel  can  be  relocated to any 
required  quality  of  coal  to  replace a shovel  that  is  inoperative  or  at 
other  times  of  low  output. 

During  the  early  years  of  operation,  before  four  generating 
units  are on stream  and  the  coal  production  is  limited,  there  is  some 
concern  that  coal  quality  can  be  controlled  within  acceptable  tolerances. 
To  provide  assurance  that  the  tolerances  can  be  maintained,  the  coal- 
stacking  system  has  been  designed  to  permit  blending piles to be  built 
in 200 passes  instead  of  the  normal 100 passes. 
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TABLE 7-1 

Classification of Hat Creek  Coal 

I 

Chemical  Data 
(Dry Basis)  Equiv. 

x HHV Coal 
Grp.  Cat.  Physical  Character X Ash  Moisture  MJ/kg  Cont. X 

1 good  shiny  black;  hard, <30 25 1 9 . w   9 w  
coal  thinly  bedded,  light 

2 coal  black  to  brownish- 30-59  22-24 9.3- 50-90 
black,  moderately 19.0 
hard,  well  bedded, 
moderately  light 

cut-of f 

3 low-  black  to  dark-grey, 59-66  20-22 7.0- 40-50 
grade  hard  but  slightly 9 . 3  
coal  softish,  thickly 

bedded,  light but 
heavier  than  the 
above 

4 silty  dull  black  to  dark- 66-72  20  4.7-  25-40 
coal  grey,  soft,  massive 7.0 

and  earthy, 
relatively  heavy 

5 coaly  dark-grey  to  grey, 72-80  2.3-  10-25 
clay-  soft  and  weak  when 4 . 7  
stone  wet,  rubbly  when  dry, 

earthier and heavier 
than. the  above 

I 6 carb.  grey,  soft  and  very >80 
clay-  weak  when  wet.  sheared 
stone  when  dry,  'very  massive 

I and  earthy  texture, 
heaviest 

c 2 . 3  <10 
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TABLE 7-2 

I 

~ =. 

I 

I 

San  Miguel  Fuel Characteristics 
Comparison of Hat  Creek  and 

Hat  Creek 
San  Miguel  Battle  River  Performance 

Parameter  Design  Fuel  Test  Average  Coal 

Heating  value - as  recelved 
MJIkg 11.6 11.9 13.7 

- dry  basis 
Wt'kg. 16.6  15.2  18.0 

Moisture  .content (%) 30.0 21.8  24.0 

Ash  content - as received (X) 28.4  33.6  25.4 

Weight of asht'heat  input 
kg/GJ 24.4  28.3  18.5 

Weight of waterlheat  input 
kg/GJ 25.8 18.4  17.5 

Weight  of  coallheat  input - as  received  kg/GJ. 86.0  84.3 73.0 
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TABLE 7-3 

Boiler  Fuel  Specification 

Performance Coal Lowsulphur Coal 

Basis Received Basis Received 
Dry-coal As Dry-coal As 

Moisture % 

Equilibrium 
As Received 

Proximate  Analysis % 

Ash 
Volatile Matter 
Fixed Carbon 

Ultimate  Analysis X: 

Carbon 
Hydrogen 
Nitrog.en 
Chlorine 
Oxygen (by difference) 

Sulphur Forms X 

Pyritic 
Sulphate 
Organic 

Total 

Higher  Heating Value - W/kg 

MAF Basis 

Hardgrove Grindability Index 
(at 10% moisture) 

- - 

33.5 
33.0 
33.5 

46.2 
3.6 
0.9 
0.03 

15.4 

0.13 
0.02 
0.36 

0.51 

18.1 

27.2 

45.0 
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23.1 
23.5 

25.6 
25.3 
25.6 

35.3 

0.7 
0.02 
11.8 

2 . 8  

0.10 
0.01 
0.28 

0.39 

13.85 

- 

- 

- - 

24.6 
37.2 
38.2 

54.3 
4.0 
0.8 
0.02 
16.0 

0.04 
0.02 
0.24 

0.30 

21.3 

28.3 

38. o 

23.6 
24.5 

18.6 
28.1 
28.8 

41.0 
3.0 

0.02 
0.6 

12.1 

0.03 
0.02 
0.18 

0.23 

16.08 

- 

- 

... continued ... 



Mineral  Analysis of Ash X 

A1203 Acid 
Ti02 

Fe203 

. . 

} Base 
K20 
Na20 

p2°5 
so 3 

.m304 
"2O5 

Base Acid Ratio 

T,5n°C 

Water Soluble Alkalies %(deb) 
Na2O 
K20 

CO? X (dcb) 

Fusibility of Ash OC (Range) 

Reducing - Initial  Deformation 
Hemispherical 
Softening 

Fluid 

Oxidizing - Initial  Deformation ' 
Softening 
Hemispherical 
Fluid 

52.6 
28.3 
1.0 

8 . 5  
3.4 

0.7 
1.5 

2.1 

0.2 
1.8 
0.2 
0.1 

0.197 

1500 

0.51 
0.069 ~ 

1.8 

1170-150W 
1210-15OW 
1250-15OW 
1290-15OW 

1310-150W 

1340-15OOt 
1330-150W 

1360-150W 

54.1 
27.5 
1.0 

7.2 
3.9 
1.2 
0.4 
2.9 

0.1 
2.0 
0.2 
0.1 

0.189 

1510 

0.026 
0.64 

1.2 

1160-15OW 
1200-15OW 
1230-1500+ 
1270-15OW 

1330-15OW 
1340-15OW 
1350-150W 
1360-15OW 
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TABLE 7-4 

Size  Consist - Powerplant  Feed 

Size Normal Coal  Stored  Coal 
m Weight X Weight X 

50-25 10 71 

25-13 

13-6 

6- 3 

16 

17 

15 

15 

16 

15 

' 3-1.5 13 10 

1.5-0.6 14 12 

0.6-0 15 25 

Total  100 ~ 100 

Effective t o p   s i z e  40 mm or less. 
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