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MT. KLAPPAN 1983 BULK SAMPLE PROGRAM 

1.0 INTRODUCTION 

1.1 Expl orat ion Framework 

The Mount  Klappan Coal Property i s  located in northwestern 

British Columbia, some 336 kilometers northeast of Prince Rupert. 

T h e  licences l i e  a t  the northern end o f  the Bowser Basin, just  

north of the Groundhog coalf ie ld ,  and cover coal-bearing strata of 

Upper Jurassic  t o  Lower Cretaceous age. 

To date Gulf Canada Resources Inc. has conducted three years 

of exploration on the property which has resulted in the 

i denti f icat ion of two large areas of open-pi t mi ne potential , ( see 

Figure 1.1). 

A bulk sampling program was undertaken i n  one of these areas 

on Lost Ridge d u r i n g  the period September 2nd t o  October 1 4 t h ,  

1983. A total  of 39.24 tonnes of coal were taken from Seam I :  

37.19 tonnes formed the bulk sample while the remaining 2.05 

tonnes comprised various channel samples. The precise objectives 

o f  the bulk sampling program, w h i c h  formed part of a much wider 

exploration e f fo r t ,  are  discussed below i n  Section 1.2.  

The  data included in the following report i s  concerned solely 

with the bulk sampling program; P a r t  I deals with log is t ics ,  

moni tor ing ,  supervision and data collection processes while P a r t  
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I1 presents the technical  data derived from the various samples 

. t h a t  were taken. 
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1.2 Program Objectives 

The three primary objectives of the 1983 Mount Klappan b u l k  

sample program were as follows: 

1) To provide information on the natural s ize  distribution 

of anthracite from seam I in a m i n i n g  si tuation. 

To provide a suff ic ient ly  large and representative sample 

for  a comprehensive analysis of a variety of sized coals 

i n  raw and cleaned s ta tes .  

2) 

3) To provide material for  sample product distribution t o  a ' 

number of potential customers. 

Care was taken t h a t  suff ic ient  material was extracted a t  the 

sample p o i n t  both t o  provide for  fu l l  representation of the seam 

and for  a l l  the samples for  which requests had been received. 

- 4 -  
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2.0 Logistics 

2 . 1 I ntroducti on 

The bu lk  sample program cons is ted  o f  two phases; phase I was 

a small d r i l l i n g  program fo l l owed  by phase 1 1 ,  the  ac tua l  a d i t  

cons t ruc t ion .  The e n t i r e  program was spread over 14 weeks w i t h  a 

5 week break between phase I and phase 11. A schedule of events 

r e l a t i n g  t o  the  bu lk  sampling program i s  presented i n  F igu re  2.1. 

P r i o r  t o  the  f i n a l  a d i t  s i t e  s e l e c t i o n  i t  was necessary t o  

determine whether an acceptable sample cou ld  be obta ined from the  

bu lk  sample po in t .  To t h i s  end a se r ies  o f  holes were d r i l l e d  on 

L o s t  Ridge which were designed t o  penetrate on ly  Seam I .  The 

d r i l l i n g  was c a r r i e d  o u t  us ing  a 1.ight-weight, small core diameter 

Winkie d r i l l  (see Sect ion  2.2). Core obta ined from the  d r i l l i n g  

was descr ibed i n  d e t a i l  , sampled and sent t o  Calgary f o r ' a n a l y s i s .  

The r e s u l t s  o f  t he  core sample analyses (presented i n  P a r t  

1 1 )  conf i rmed the  l o c a t i o n  o f  the a d i t  and once f i n a l  approval had 

been granted, a d i t  cons t ruc t i on  began. Deta i  1 s o f  the  procedures 

used i n  a d i t  cons t ruc t i on  are  discussed i n  Sect ion 4.0 w h i l e  

f u r t h e r  i n fo rma t ion  about the  con t rac to r  and equipment i s  

presented below i n  Sec t ion  2.3. 

As access t o  the  Proper ty ,  du r ing  1982, was by a i r  only,  a l l  

suppor t  o f  t he  Winkie d r i l l i n g  and a d i t  cons t ruc t i on  was by 

he l i cop te r .  A Hughes 500D was used t o  move the  d r i l l  crew, a d i t  

crew and geologis ts .  Th i s  h e l i c o p t e r  a l so  moved the  Winkie d r i l l  

equipment and most o f  the  equipment and suppl ies f o r  t he  a d i t .  

- 5 -  
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Three heavy pieces o f  equipment, t he '  compressor, generator  and 

tugger  were l i f t e d  from the  a i r s t r i p  t o  t h e  top  o f  L o s t  Ridge by a 

B e l l  205. Th is  machine was a l so  used t o  demobi l ize equipment a t  

t h e  end o f  t he  program. 

M o b i l i z a t i o n  o f  a d i t  equipment and supp l ies  was from Dease 

Lake us ing  a DeHavi l land Caribou and f r o m  Smithers us ing  a 

Beechcra f t  18 and a Norman B r i t t e n  Is lander .  Bulk sample 

t r a n s p o r t  was by Hughes 500D f rom the  a d i t  t o  the Summit a i r s t r i p ,  

by f i x e d  wing t o  the  neares t  t ruck  access ib le  a i r s t r i p  ( a t  Burrage 

Creek) and then by t ruck  t o  Calgary. 

Camp f a c i l i t i e s  f o r  phase I were prov ided by Gu l f  Canada 

w h i l e  phase I 1  r e q u i r e d  the  a d d i t i o n a l  f a c i l i t i e s  o f  a second 

camp. Th is  camp, l o c a t e d  a t  t he  a i r s t r i p ,  had e a r l i e r  been used 

t o  house a diamond d r i l l  crew who had been cont rac ted  f o r  the 

general e x p l o r a t i o n  program. The camp was leased from the  

d r i l l i n g  con t rac to r  and run  by Gul f .  Camp demobi l i za t ion  was 

main ly  v i a  Hughes 5000 t o  the Burrage a i r s t r i p  on Highway 37 and 

then by t r u c k  t o  S m i  thers .  
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2.2 Winkie D r i l l i n g  

The  contractor f o r  the Winkie d r i l l i n g  was Teck Corporation 

o f  Vancouver, British Columbia. T h i s  equipment was operated by 2 

men on a 12 hour s h i f t  and produced A I X  sized core from a hole of 

approximately 3.5 centimetres i n  diameter. The support equipment 

i s  l i s t e d  below: 

1) Dr i l l  Stem = 100 metres 

2 )  Casing = 20 metres 

3 )  Waterpumps = 2 

4 )  Mudtanks = 2 - 200 gal lons each 

5 )  Waterline = 500 metres 

No geophysical logs were r u n  down the .dr i l l  holes. 
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2.3 Adit  

T h e  contractor for the a d i t  construction was Target 

Tunnel1 i n g  of Strathmore, Alberta. The drill crew comprised five 

qualified underground miners and two surface laborers. A l i s t  of 

the equipment used i n  the construction of the a d i t  i s  provided 

be1 ow. 

1) Air Compressor 

2 )  Tugger ( w i n c h )  and Cable 

3 )  Generator 

4 )  Pneumatic Picks 

5 )  Miscellaneous Shovels, Picks and Augers 

6 )  Explosives Magazines - ( 3 )  

Plus supplies of sheet metal d u c t i n g  for the flume, logs, 

planks and explosives. 
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2.4 Project Management and Primary Contractors 

Geol og i  c a l  serv ices  and superv i  s i  on o f  f i e l  d operat ions f o r  

t h e  a d i t  dr ivage and bu lk  sampling were prov ided by JHP Coal-Ex 

Consu l t ing  Ltd.  The program was c a r r i e d  o u t  under the  superv is ion  

o f  B. P. Flynn, and ass is tance i n  t h e  f i e l d  was prov ided by 

J. W. I nn i s .  

The superv is ion  of t h e  Winkie d r i l l  p o r t i o n  o f  t he  program 

and the  c o l l e c t i o n  o f  data f rom the  d r i l l  core was conducted by 

G u l f  Canada personnel under the  d i r e c t i o n  o f  C. S. Wi l l iams.  

The personnel and pr imary con t rac to rs  who con t r i bu ted  t o  the  

1983 M t .  Klappan Bulk Sampling Program are l i s t e d  below: 

Gul f Personnel 

B. P. F lynn 

C. S .  Wil l iams 

J. W. I n n i s  

P. Tsavalos 

John H. Perry  

P r o j e c t  Supervisor 

P r o j e c t  Geo log is t  

Senior  Geo log is t  

Accountant 

Consultant 

JHP Coal -Ex Consul ti ng L td .  
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Contracting Companies 

Target  Tunnel i ng 

Teck Corporat ion 

G l a c i e r  He1 i c o p t e r s  

Nor thern Mountain He1 i c o p t e r s  

Aero Exped i t ing  

Centra l  Mountain A i  r Serv ices 

Kel owna F1 i ght  C r a f t  

Smi t he rs  Transpor t  

Cycl one Engi nee r i  ng Sal es 

B i r t l e y  Coal & M inera l  T e s t i n g  

David E. Pearson and Assoc. 

Ad4 t Const ruc t ion  

Winkie D r i l l i n g  

He1 i c o p t e r  Support 

He1 i c o p t e r  Support  

Expedi t i ng Services 

F i xed  Wing Support  and 

Coal Haulage 

F i xed  Wing Support 

Truck Coal Haulage 

Coal Analys is  

Coal Ana lys is  

Petrography 
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3.0 GEOLOGY 

3.1 Stratigraphy o f  Lost Ridge 

The Lost Ridge area i s  underlain by rocks of the Middle 

Klappan U n i t  o f  the Klappan Sequence. The precise age of these 

s t r a t a  i s ,  as ye t ,  undetermined b u t  they are generally considered 

t o  l i e  w i t h i n  the Upper Jurassic  t o  Lower Cretaceous. T h i s  u n i t  

consists of a se r ies  of coarsening upward sequences o f  fine t o  

medium grained sandstone, occasional conglomerate, s i l t s tone ,  

claystone and coal. I t  contains a l l  the major coal seams that  

have been identified w i t h i n  the property which, i n  the Los t  Ridge 

area,  includes 12  coal seams greater than 0.50 meters i n  

thickness. These seams have a cumulative average thickness of 

24.3 meters over a 350 meter stratigraphic interval.  The general 

stratigraphy of the Middle Klappan U n i t  i n  the Lost Ridge area i s  

i l l u s t r a t ed  - i n  Table 3.1. 
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TABLE 3, I 

Mf. KLAPPAN COAL PROPERUV 
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AVERAGE SEAM THICKNESS * 
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GEOLOG I C 
DATA 
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5.2m 

5. I m  
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L 3.2 Structure o f  L o s t  Ridge 

The structure of Lost Ridge i s  dominated by a large 

southeasterly plunging anticl  ine - syncl i ne pair , ( the  Lost Ri dge 

ant ic l  i ne, syncl i ne) . These folds are overturned t o  the northeast 
and are cut  by a ser ies  o f  steep, southwest d i p p i n g  thrust f au l t s  

(see Figures 3.1 and 3.2). 

The folds are characterized by l o n g ,  gently dipping 

southwesterly 1 imbs and shorter b u t  steeply d i p p i n g  overturned, 

vertical  or right-way-up northeast 1 imbs. 

A second phase of .folding i s  present, the trend o f  w h i c h  i s  

roughly east-west. This second phase manifests i t s e l f  as  regular 

changes and/or reversals in plunge along the axes of the primary 

phase folds. The e f fec ts  o f  t h i s  second fold phase are not  
evident on Lost Ridge. 
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3.3 Stratigraphy o f  Seam I 

Pr ior  t o  construction of the a d i t  the most r e l i ab le  data 

concerning Seam I i n  the Lost  Ridge area came from two diamond 

d r i l l  holes, DDH 82005 and DDH 83001. This data was supplemented 

by three Winkie hole in te rsec t ions  (WDH 83002, 3 and 41, and a 

number of hand trenches dug d u r i n g  the 1982 and 1983 exploration 

programs. 

Columnar sect ions of the Seam I in te rsec t ions  from holes DDH 

82005 and DDH 83001 a re  presented in Figure 3.3. Seam thicknesses 

a r e  4.98 metres (DDH 82005) and 5.54 metres (DDH 83001). The 

l a t t e r  may, however, have been subject  t o  some s t ruc tura l  

thickening. Rock bands vary up t o  0.20 metres in  thickness and are  

generally r e s t r i c t ed  t o  the upper half of the seam. 

More detai led discussion of the seam strat igraphy is  

presented i n  Section 5.4. 
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4.0 ADIT CONSTRUCTION 

4.1 Site Selection 

Several s i t e s  were i n i t i a l l y  considered for the 1983 b u l k  

sampling program, a l l  of which l i e  on the northern slopes of Lost  

Ridge ( see  Figure 4.1).  The major factors which determined the 

f inal  s i t e  selection were: 

i )  Access 

i i )  Ease of s i t e  construction 

i i i )  Rate of increase i n  depth o f  cover vs. length of 

d r i  veage 

i v )  Proximity t o  suitable areas f o r  waste coal disposal 

v )  Geological control of seam stratigraphy 

The a d i t  s i t e  selected optimized a l l  of these factors and 

was presented f o r  permitting and approval. Dur ing  the time 

needed t o  receive the permits several Winkie holes (WKD 83002, 3 

and 4, see Figure 3.1) were dr i l led i n  the proposed b u l k  sample 

area to  t e s t  the level o f  oxidation, thickness and quality of the 

seam. The resul ts  from the d r i l l i n g  indicated tha t  an acceptable 

sample could be obtained from th i s  location. Two Winkie holes 

(WKD 83005 and 6) were dr i l led  a t  a second s i t e  t o  provide an 

a l ternat ive i f  the primary s i t e  proved unsuitable or was not 

approved. 

Once government approval for the primary s i t e  had been 

received construction of the ad i t  began. 
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. 4.2 Regul atory Approval s 

Application t o  conduct a b u l k  sampling 'program on the M t .  

Klappan property was made to  the Brit ish Columbia Ministry of 

Energy, Mines and Petroleum Resources i n  April, 1983. Several 

s i t e  visits were conducted d u r i n g  June, July and Augus t  by Gulf 

and Government personnel t o  assess the a d i t  location, access and 

waste coal disposal proceedures. F i  nal approval was granted i n  

Augus t ,  1983. 
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4.3 S i t e  Preparation 

Prepara t ion  o f  the  a d i t  s i t e  commenced on September 2, 1983 

and was completed on September 9, 1982. A l l  work was c a r r i e d  ou t  

by hand us ing  shovels, p i cks  and pneumatic d r i l l s .  

A diagram i l l u s t r a t i n g  the  l a y o u t  o f  the  s i t e  i s  presented i n  

F i g u r e  4.2 .  As the  a d i t  was l oca ted  part-way down a steep s lope i t  

was necessary t o  b u i l d  a foo tpa th  from the  top o f  L o s t  Ridge t o  

t h e  p o r t a l  area. A pad was cons t ruc ted  a t  the  a d i t  s i t e  t o  p rov ide  

a safe, f l a t  area on which t o  work and s t o r e  mater ia ls .  Th is  pad, 

which measured 9 metres l o n g  x 4 metres wide, was cons t ruc ted  a t  

t h e  base o f  the  seam. Ma te r ia l  produced as a r e s u l t  o f  c u t t i n g  

i n t o  the  mountain s ide  was used t o  b u i l d  up the  ou ter  edge o f  the 

pad. The r e s u l t i n g  h igh  wa l l ,  ( 3  metres i n  he igh t ) ,  was braced and 

t imbered t o  prevent  s loughing and t o  p r o t e c t  personnel from 

poss ib le  rock f a l l  from above. 

A smal ler  pad was excavated some way up the  path from the 

p o r t a l  area t o  accomodate a f i r s t  a i d  post / lunch room. 

The area se lec ted  f o r  waste coal  d isposal  was a smal l ,  d ry  

g u l l y  immediately down s lope from the  p o r t a l .  A f lume measuring 87 

metres i n  l eng th  was b u i l t  from the  p o r t a l  t o  the  top o f  the g u l l y  

(approx imate ly  1778 metres e leva t i on )  . Sheet metal c e n t r a l  

hea t ing  duc t i ng  was used f o r  the  flume. Sect ions measuring 3.66 

metres x 0.60 metres x 0.25 metres ( l eng th ,  w id th  and depth, 

r e s p e c t i v e l y )  were r i v e t e d  together  a t  t he  pad and lowered down 

t h e  slope. 
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Once i n  position the flume was reinforced and braced a t  i t s  

lower end so t h a t  a slope suff ic ient  t o  carry f ine coal par t ic les  

t o  the waste p i le  could be maintained. Instal la t ion of the flume 

commenced on September 10, 1983 and was completed by September 12,  

1983. 

Prior to  taking the bulk sample the pad was extended t o  
provide an area t o  s tore  ful l  sample barrels awaiting collection 

by the helicopter. 
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4.4 A d i t  Driveage 

The underground p o r t i o n  o f  the  bu lk  sample program cons is ted  

o f  dr iveage o f  an a d i t  f o r  a t o t a l  o f  50 metres and the e x t r a c t i o n  

o f  approximately 39.24 tonnes o f  coal .  I n i t i a l l y ,  i t  was planned 

t h a t  t he  a d i t  be d r i v e n  t o  30 metres. However, due t o  concerns 

about the  poss ib le  e f f e c t s  o f  permafrost  on the  s i z e  d i s t r i b u t i o n  

o f  t he  sample, i t  was l a t e r  decided t o  take the  a d i t  t o  60 metres 

and then sample. A channel sample compris ing f o u r  b a r r e l s  was 

taken from the  a d i t  face a t  30 metres and analyzed as the  dr iveage 

continued. D e t e r i o r a t i n g  weather cond i t i ons  fo rced a rev iew o f  the 

t ime tab le  i n  l a t e  September. The r e s u l t s  o f  s i z e  ana lys i s  o f  the  

channel sample were favourable and there fore ,  i t  was decided t h a t  

t h e  bu lk  sample would be taken a t  t he  30 metre p o i n t  and, sub jec t  

t o  weather cond i t ions ,  t he  a d i t  would l a t e r  be d r i v e n  t o  60 metres 

where a smal le r  bu l k  sample would be taken. 

Dr ivage commenced on September 11th;  t he  work was c a r r i e d  ou t  

on an 11 hour s h i f t ,  seven days a week unless poor weather 

prevented access t o  the  s i t e .  Advance o f  the  a d i t  face was 

achieved by d r i l l i n g  a se r ies  o f  1.22 meter ( 4  f o o t )  ho les  i n  the  

d i r e c t i o n  o f  driveage, and then b las t i ng .  C lea r ing  o f  the  face 

a f t e r  b l a s t i n g  would usua l l y  p rov ide  an o v e r a l l  advance o f  

approximately 1.5 metres. The waste coal  was removed us ing  a 

bucket  and tugger, powered by compressed a i r .  Upon removal o f  the 

waste the  advance was t imbered and lagged a long the  roo f .  As the  

s ides  o f  t he  a d i t  e x h i b i t e d  l i t t l e  o r  no sloughing, no s ide  wa l l  

l a g g i n g  was necessary pas t  t he  p o r t a l .  V e n t i l a t i o n  was supp l ied  
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by an air-mover and a 0.4 metre diameter c loth hose suspended 
along the wall of the a d i t  and powered by a fan. 

Apart from some surface run-off no water was encountered i n  

the a d i t .  T h e  small amount of water t h a t  entered the a d i t  through 

the portal was confined t o  one s ide of the tunnel and directed t o  

an open j o i n t  i n  the f loo r  approximately 2 metres inside the 

po r t a l ,  down w h i c h  i t  disappeared. Due t o  the hardness of the 

coa l ,  very l i t t l e  d u s t  was generated a t  the face and so no d u s t  

suppression procedures were necessary. 

The a d i t  was driven along the f loor  of the coal seam so t h a t  

control could be exercised on the slope of the a d i t  should the d i p  

of the seam a l t e r  s ign i f icant ly  under Lost  Ridge. 

The a d i t  was not driven down the true d i p  of the seam and so 
the slope of the a d i t  f loor  represents an apparent dip. The 

difference between the true d i p  direction and the a d i t  driveage i s  

approximately 25' t o  30'. 

The a d i t  dimensions are approximately 2.0 metres wide by 2.30 

metres h i g h .  The f i r s t  30.0 metres of a d i t  were driven a t  14.5' 

decl ine,  from 30.0 t o  36.5 metres a t  13.5' and from 36.5 t o  50 

metres a t  12.5' i n d i c a t i n g  a gradual "shallowing of the slope". 

The overall decline of the a d i t  i s  13'. A cross-cut exposing the 

f u l l  section of the coal seam was driven perpendicular t o  the a d i t  

a t  30.0 metres. The cross-cut was taken inclined t o  the roof of 

the coal seam a t  a slope of approximately 18". A plan and 
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cross-sec t ion  view o f  the  a d i t  i s  presented i n  F igu re  4.3 w h i l e  

more d e t a i l e d  diagrams o f  the  c ross-cu t  are found i n  Sec t i on  5.0. 
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4.5 Incremental Channel Sampling 

A ser ies  of channel samples were taken a t  regular intervals  

from the a d i t  fo r  tes t ing  i n  the f ie ld .  These samples were 

crushed, screened and subjected to  f r o t h  f lotat ion tes t ing i n  an 

attempt to  establish roughly the level of coal oxidation. The 

method of analysis and the resu l t s  are presented i n  Section 4.6, 

below, and i n  Part  I 1  of this report, respectively. 

The samples taken were hand-picked from the face of the 

adi t as driveage proceeded. Unfortunately, construction a t  the 

portal covered the surface coal so tha t  a sample could not be 

obtained; otherwise the samples were taken a t  2 metre intervals.  

Additional samples were taken every 5 metres from the face and 

from above the ad i t  roof. These l a t t e r  samples were obtained by 

d r i l l i n g  into the roof of the ad i t  w i t h  a 1.5 metre auger and 

taking samp es a t  0.75 metre intervals.  The location of these 

samples and the method of sample collection are i l l u s t r a t ed  i n  

F i  gures 4.4  and 4.5, respectively . 

The sampl es are generally considered t o  be strati graphical l y  

equivalent, although a t h i n  rock band i n  the roof of the a d i t  may 

be par t ia l ly  included i n  some of the "hand-picked" samples and 

not i n  others. Similar samples were collected from the cross-cut 

before and a f t e r  b u l k  sampling. Here, the seam was divided i n t o  

three zones where the lower-most zone was stratigraphical ly 

equivalent to  the incremental samples taken by hand pick. 

- 29 - 



h 

1.' 

I 
1 



NOTE: Sample obtained by HAND PICK from the adit face 
- every 2metres and Smetres. 

Sample obtained by AUGER from roof of adit every Smetres 

SCALE - 
0 I metres 

GULF CANADA RESOURCES INC. 
Coal Division 

CALGARY ALBERTA 

SCHEMATIC DIAGRAM ILLUSTRATING METHOD 

OF INCREMENTAL C H A N N E L  SAMPLING 

P i  

EjG1'4.5 
'REPARED BY: ISCALE i :501 ' 

DATE: o~c.5--83  DRAWING NO. iPPROVED BY: JOHN PERRY 

L 

-31- 



. 
The results of  f r o t h  f l o t a t i o n  tests were somewhate v a r i a b l e  

and suggest t h a t  a number of f a c t o r s  o t h e r  than ox ida t ion  may 

c o n t r i b u t e  t o  the percentage  of f r o t h  y i e l d  obtained.  The samples 

were analyzed further (proximate,  s u l p h u r ,  B.T.U. and Hardgrove 

Index)  by Cyclone Engineering S a l e s  Ltd.  t o  provide some o t h e r  

parameters  f o r  compari son w i t h  the f l o t a t i o n  resul t s .  
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4.6 Field Analysis 

The two face ts  o f  the  f i e l d  ana lys is  program were designed 

t o  mon i to r  t he  q u a l i t y  and o x i d a t i o n  l e v e l  o f  t he  coal  penetrated 

by the  a d i t ,  as t h e  a d i t  was being dr iven.  

4.6.1 F r o t h  F l o t a t i o n  

A f r o t h  f l o t a t i o n  t e s t  was conducted on s i t e  by 

J .  I n n i s  us ing  a s i m p l i f i e d  technique and equipment 

purchased by G u l f  o r  borrowed from B i r t l e y  Coal and Minera ls  

T e s t i n g  L td .  Continuous process ing o f  samples as they were 

rece ived from the  a d i t  a l lowed constant  rev iew o f  the 

c e r t a i n  coal  c h a r a c t e r i s t i c s .  A d i r e c t  measure o f  ox ida t i on  

l e v e l  was no t  afforded by the  f r o t h  f l o t a t i o n  r e s u l t s  b u t  

severa l  observat ions were made. P a r t  I 1  - Sect ion  3.0. 

covers t h i s  study i n  d e t a i l .  

4.6.2 Petrography 

Two samples, from the  wa l l  o f  a d i t  driveage, and from 

an auger pene t ra t i on  o f  t he  a d i t  r o o f  were sent  t o  D.E. 
Pearson and Assoc. Ltd.  f o r  v i  tri n i  t e  r e f 1  ectance 

de terminat ion  and v i t r i n i t e  s t a i n i n g  f o r  o x i d a t i o n  t e s t i n g .  

Th is  exerc ise  was t o  serve as a supplementary i n d i c a t i o n  o f  

o x i d a t i o n  1 eve1 s a t  d i f f e r e n t  depths o f  pene t ra t i on  and 

d i f f e r e n t  seam hor izons. A d e t a i l e d  d iscuss ion o f  the 

procedure and r e s u l t s  are presented i n  P a r t  I1 - Sect ion 

3.0 
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4.7 A d i t  Survey 

All surveying a t  the a d i t  s i t e  and inside the a d i t  was 

conducted by Mr. J .  Perry us ing  chain and compass techniques. 

The location of the por t a l  entrance was established by 

surveying from d r i l l  hole DDH-83001, while the elevation of the 

portal f loor  was obtained from many a1 timeter observations. The 

co-ordinates and elevation of the por t a l  entrance are: 

UTM Northing 6344350 Eas t ing  505855 

Latitude 57" 14 '  North Longitude 128" 54'  West 

Elevation 1820 m 

Prior t o  the commencement of b u l k  sampling the topographic 

prof i le  from the mouth of the flume t o  the t o p  of Lost  Ridge was 
surveyed along the direction of the a d i t  drivage. T h i s  enabled an 

accurate calculation t o  be made of the depth of cover from the 

ground surface t o  the proposed sample point. 

Upon completion of the work the ad i t ,  cross-cut and sampled 

area were surveyed w i t h  respect t o  headings, slope and 

dimensions. 
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’ 5.0 Channel and Bu lk  Sampling 

5.1 I n t r o d u c t i o n  

A se r ies  o f  channel samples and one bu lk  sample t o t a l l i n g  

39.24 tonnes o f  coal  were taken from Seam I .  These samples 

cons is ted  o f :  

4 - B a r r e l  Channel: - a 0.787 tonne sample taken from the 

face  o f  the a d i t  a t  30 metres. 

To ta l  Seam Channel: - compr is ing th ree  separate p l y s  which 

cover  the  f u l l  th ickness o f  Seam I 
Ply 1 - 0.401 tonnes, top  p o r t i o n  o f  seam 

Ply 2 - 0.365 tonnes, midd le  p o r t i o n  o f  seam 

Ply 3 - 0.497 tonnes, bottom p o r t i o n  o f  seam 

Bulk Sample: - 37.191 tonnes, rep resen ta t i ve  of the e n t i r e  se 

seam. 

The depth o f  cover t o  the  r o o f  and f l o o r  o f  Seam I a t  the  30 

metre p o i n t  was 23 metres and 28 metres, respec t i ve l y .  

The 4 b a r r e l  channel sample was taken from the a d i t  face 

d u r i n g  dr iveage wh i l e  the  o the r  channel samples and the bu lk  

sample were obta ined from a cross-cut.  The c ross-cu t  and the 

l o c a t i o n  o f  the var ious  samples are i l l u s t r a t e d  i n  F igures 5.1 and 

5.2. 
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. 
5.2 4 - B a r r e l  Channel Sample 

Th is  sample represents  on ly  the  bottom p o r t i o n  'o f  the  coal  

seam and i s  equ iva len t  t o  the  incremental  channel samples and t o  

Ply 3 o f  t he  t o t a l  seam channel sample. A d e s c r i p t i o n  o f  the 

sampled .sect ion i s  presented i n  Appendix A and a columnar l o g  o f  

t h e  channel i s  inc luded i n  F i g u r e  5.3. 

As permafrost  was present  i n  the  a d i t  a t  the  30 metre p o i n t  

i t  was decided tha t ,  r a t h e r  than bu lk  sample immediately, a small 

sample should be taken f o r  t e s t i n g .  The purpose o f  t h i s  sample was 

t o  determine the  s i z e  d i s t r i b u t i o n  o f  the coal  t o  see i f  i t  was 

a f f e c t e d  by the  presence o f  the permafrost .  The sample was taken 

f rom a channel o f  dimensions 2.26 x 0.70 x 0.40 metres (he igh t ,  

w i d t h  and depth, r e s p e c t i v e l y ) ,  loaded i n t o  f o u r  drums and f lown 

immediately t o  Calgary. 

5.3 Sampling f rom the Cross-Cut 

D e t e r i o r a t i n g  weather cond i t i ons  fo rced  a review o f  the  

program i n  l a t e  September, 1983. As encouraging r e s u l t s  had 

been obta ined from the  4 b a r r e l  channel sample i t  was decided t o  

c ross -cu t  and take the  main bulk  sample a t  30 metres and then, i f  

cond i t i ons  permi t ted,  take a f u r t h e r  sample a t  60 metres. The 

main c ross-cu t  was d r i ven  from the seam f l o o r  t o  the r o o f  i n  t h e  

eas tern  a d i t  wa l l  wh i l e  a smal ler  c u t  was d r i ven  i n  the  western 

w a l l  t o  compensate fo r  the  coal  removed i n  the  dr iveage o f  the 

a d i t ,  (see F igures 5.1 and 5.2). The c ross-cu t  so produced was 

used t o  mine the  t o t a l  seam channel and bu lk  samples. Driveage o f  
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the a d i t  was stopped a t  50 metres and no f u r t h e r  samples were 
taken. 

5.3.1 Total  Seam Channel Samples 

Upon completion of the cross-cut a series of  channel 

samples were taken a c r o s s  the entire thickness of Seam I .  

Rock bands w i t h i n  the seam div ided  i t  i n t o  three i n t e r v a l s  

each of  w h i c h  were sampled s e p a r a t e l y  (see Figures  5.2 and 

5.3) .  The channels  were approximately 0.70 metres wide by 

0.40 metres deep and 1.49 metres ( p l y  1 upper), 1.37 metres 

( p l y  2 middle)  and 1.96 met res  ( p l y  3 lower)  i n  l ength .  The 

t o t a l  sample weight  f o r  a l l  the p l i e s  was 1.263 tonnes; ply 1 

= 0.401 tonnes, ply 2 = 0.365 tonnes and ply 3 = 0.497 

tonnes.  
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5.3.2 Bulk Sample 

The bu lk  sample was taken a f t e r  c o l l e c t i o n  o f  the  

channel samples. It was n o t  considered necessary t o  take the  

c ross-cu t  face back t o  remove the  channels as p ropor t i ona l  

amounts o f  coal  had been remove from each p a r t  o f  the  seam. 

The volume o f  coal  taken f rom cross-cu t  was i n  the  shape o f  a 

t h r e e  dimensional para1 le logram (F igu re  5.2) t he  dimensions 

o f  which were approximately 11.5 metres i n  length,  1.50 

metres i n  w id th  and 1.35 metres i n  depth. Special  care was 

taken t o  ensure t h a t  t he  boundaries o f  the  sample remained 

p a r a l l e l  so t h a t  a f u l l y  rep resen ta t i ve  sec t i on  o f  the seam 

was taken. 

Most o f  the  sample was mined by b l a s t i n g .  The 

development o f  prominent c l e a t s  w i t h i n  the  coal  seam and the  

presence o f  some j o i n t s  i n  the  c lays tone r o o f  made prec ise  

c o n t r o l  o f  the  b l a s t  very d i f f i c u l t .  As a r e s u l t  p ieces o f  

coal  and/or rock n o t  be longing t o  the  sample had t o  be 

i d e n t i f i e d  and removed. Consequently, i t  was necessary f o r  a 

g e o l o g i s t  t o  examine the  r e s u l t s  o f  the  b l a s t  be fore  removal 

o f  t he  sample cou ld  take  place. 

As the  s i z e  d i s t r i b u t i o n  o f  the sample was considered 

t o  be o f  subs tan t i a l  importance none o f  the pieces o f  coal  o r  

rock  were broken down t o  f a c i l i t a t e  handling. A l l  the  l a r g e  

peices were loaded by hand i n t o  the bucket and b a r r e l s  and 

packed around w i t h  the  smal ler  pieces. A t  the end the  
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cross-cut was swept t o  recover smaller coal pa r t i c l e s  and 

d u s t .  

The sample was col lected over a per iod of seven days 

from October 7 ,  1983 t o  October 13, 1983 and arr ived a t  the 

1 aboratory i n  Cal gary on October 18, 1983. 

Geological descriptions of the cross-cut face before 

and a f t e r  b u l k  sampling are  included i n  Appendix A .  
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5.4 6eology o f  t h e  Ad i t  and Sampled Sect ions 

Examination o f  t he  excavated coal  a t  t he  p o r t a l  showed few 

e f fec ts  of weather ing beyond the  heavy development o f  permafrost  

and t h i n  i c e  veins. The amounts o f  permafrost  and i c e  decreased 

r a p i d l y  over the  f i r s t  few metres o f  driveage. The r a t e  of 

decrease then dropped t o  a gradual reduc t ion  over the  l e n g t h  o f  

t h e  a d i t .  Th in i c e  ve ins and permafrost  coa t ings  on c l e a t  surfaces 

were noted i n  var ious  p a r t s  o f  the coal seam w i t h i n  the  cross-cut.  

Occasional peacock s t a i n i n g  was seen a t  the surface. This  s t a i n i n g  

was no t  noted pas t  the p o r t a l  except on some occasions where i t  

was present  on pieces o f  waste coal  and, occas iona l l y ,  on the  a d i t  

w a l l  s .  Carefu l  exami na t i on  of the  s t a i  ned coal  p ieces i n d i c a t e d  

t h a t  the  peacock c o l o u r a t i o n  was the r e s u l t  of scorching from the 

b l a s t  and was no t  due t o  ox ida t ion .  

Another, more prominent, s t a i n  o r  coa t ing  on t h e  coal  was 

orange-rust  i n  co lou r  and was present  throughout the l e n g t h  of the 

a d i  t. Th is  s t a i n / c o a t i n g  d i d  n o t  d im in i sh  no t iceab ly  w i t h  depth 

and covered we l l  developed c l e a t  surfaces. The scraping o f  a 

f i n g e r n a i l  a long these sur face o f t e n  removed the  f i l m  of colour .  

T h i s  s ta in / coa t ing  was present  throughout the  seam b u t  was much 

more p reva len t  i n  the  h i g h l y  coated lower po r t i ons  ( i . e .  p l y  3 ) .  

The a d i t  dr iveage showed t h a t  the  seam i s  both 

s t r a t i g r a p h i c a l l y  and s t r u c t u r a l l y  cons is ten t .  Minor s t ruc tu res  

observed were r e s t r i c t e d  t o  shear planes sub-para l le l  o r  a t  a h igh  

angle t o  bedding. One sub-para l le l  shear zone, w i t h  a th ickness o f  

0.30 metres suggested the presence o f  bedding plane t h r u s t s  w i t h i n  
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t h e  seam. The h igh  angle shears were usua l l y  t h i n  and w e l l  spaced. 

Occasional l y  , however, zones c o n t a i n i n g  many such shears woul d be 

i n t e r s e c t e d  by the  a d i t ;  any displacements a long these shears 

would usua l l y  be l i m i t e d  t o  j u s t  a few cent imetres.  

D e t a i l e d  l ogg ing  o f  the c ross-cu t  before and a f t e r  bu l k  

sampling (Appendix A) gave t o t a l  th icknesses f o r  Seam I o f  4.82 

and 5.01 metres respec t i ve l y .  Most o f  t h i s  d i f f e r e n c e  i s  accounted 

f o r  i n  p l y  3 and i s  due t o  the  presence o f  small low ampl i tude 

r o l l s  i n  the  f l o o r .  Indeed, there  i s  a d i f f e r e n c e  i n  th ickness o f  

0.33 metres f o r  p l y  3 be fo re  bu lk  sampling and the equ iva len t  

s e c t i o n  from the  4 b a r r e l  channel sample (see F igu re  5.3). S i m i l a r  

r o l l s  were found i n  the  roo f .  Consequently, any seam th ickness 

measurement cou ld  d i f f e r  from another by several  tens o f  

cent imetres depending upon the  p o i n t s  o f  measurement, re1 a t i v e  t o  

t h e  r o l l s  i n  t h e  r o o f  and f l o o r .  

From F i g u r e  5.3 i t  can be seen t h a t  Seam I may be d i v i d e d  

i n t o  th ree  d i s t i n c t  i n t e r v a l s  based on the  presence and frequency 

o f  conta ined rock bands. Each i n t e r v a l  i s  roughly equ iva len t  t o  

one t h i r d  o f  the seam and i s  equ iva len t  t o  p l y s  1, 2 and 3 o f  the 

t o t a l  seam channel sample. The upper i n t e r v a l  ( p l y  1) conta ins  two 

main rock bands i n  i t s  top h a l f  rang ing  from 0.05 t o  0.07 metres 

i n  th ickness. The r e s t  o f  the  p l y  i s  e s s e n t i a l l y  rock f ree.  The 

midd le  i n t e r v a l  ( p l y  2 )  con ta ins  two main rock bands near the top 

and many t h i n  bands i n  the  lower h a l f .  The upper rock bands vary 

f rom 0.08 t o  0.18 metres t h i c k  w h i l e  the  lower  bands range from 

0.02 t o  0.06 metres i n  th ickness. The lower i n t e r v a l  o f  the seam 
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(ply 3 )  i s  e s s e n t i a l l y  free of rock bands except f o r  a couple of 
t h i n  (0.01 - 0.03 metre) bands near the top. 

The coal throughout the seam is  predominantly b r i g h t  

( 80-100% v i t r a i n ) ,  hard, w i t h  only a few t h i n  bands containing 

less v i t r a i n  and occasional t h i n  boney or  stony layers .  The coal 
i s  of ten well c leated,  par t icu lar ly  i n  ply 3 .  Some sheared zones 

a r e  present as  well as  some t h i n  crushed zones. These crushed 

zones a re  usually cemented by permafrost and as a r e s u l t  a re  very 

hard. 

Rock bands w i t h i n  Seam I a r e  commonly carbonaceous claystone; 

the degree of carbon content var ies  b u t  most bands a r e  highly 

carbonaceous. Most of the rock bands a r e  poorly bedded, r e l a t i v e l y  
s o f t  and contain t h i n  stringers or  r o o t l e t s  of b r i g h t  coal.  They 

thicken and t h i n  (by as much as  0.10 metres) rapidly along s t r i k e  
and down d i p ;  some of the t h i n  bands may be discontinuous b u t  the 

major bands were always t raceable  accross the length of the 

cross-cut.  Ply 3 occasionally contains some t h i n  (0.01 t o  0.03 

metre) d i  sconti  nuous gri t t y  , orange col oured 1 enses. Whi 1 e most 
of these can only be traced approximately 0.20 metres they are  

always found i n  the same horizons along the cross-cut.  

Most of the var ia t ions i n  rock band thickness are  considered 
t o  be due t o  sedimentological causes. However, the presence o f  

l i s t r i c  surfaces along the coal/rock contact and w i t h i n  some of 

the bands does suggest t h a t  s t ruc tura l  thickening may have 

contributed t o  some of the var ia t ions.  Apart from bedding plane 
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and high angle shears,  very l i t t l e  s t ruc tura l  disturbance of the 

seam was noted. Two well developed c l e a t  pat terns  were present i n  

the coal ;  the strike and d i p  of the primary c l e a t  was 170"/84"W 

and t h a t  of the secondary c l e a t  was 094"/77"N. The strike and d i p  

of the roof and f l o o r  was qui te  var iable  due t o  the presence of 

of the r o l l s .  On average however the s t r i k e  and d i p  f o r  the roof 

and f l o o r  were O8O0/16"S and 074"/16"S, respectively.  

T h e  roof and f l o o r  of seam were formed by carbonaceous 

claystone. The contacts  f o r  each were qui te  abrupt; the claystone 

neares t  the coal was highly carbonaceous f o r  the f i r s t  0.15 metres 

o r  so b u t  then became rapidly l e s s  carbonaceous. Both the roof and 

f l o o r  were poorly bedded and qui te  competent. The roof was not 

heavily jo in ted  and only slabbed i n  c lose  proximity t o  b l a s t  

points.  

A cor re la t ion  of the a d i t  sect ions of Seam I w i t h  the Winkie 

and diamond d r i l l  holes on Lost Ridge i s  presented i n  Figure 5.4. 

T h i s  diagram i l l u s t r a t e s  the consis tent  s t ra t igraphic  development 

of the seam accross Lost Ridge. Detai ls  of the Winkie core 

descr ipt ions can be found i n  Appendix 111. 
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' 6.0 Ad i t  Closure 

Upon completion o the b u l k  samp 

compl i ance w i t h  government regul a t ions .  
? the a d i t  was sealed i n  

Support timbers were instal led along the cross-cut and sampled 

section t o  prevent collapse of the roof a n d ,  hence, ensure tha t  the 

a d i t  can be re-opened a t  a l a t e r  date w i t h  m i n i m u m  diff icul ty .  

A large steel door was instal led some 5 metres inside the entrance 

t o  the a d i t  and padlocked, t o  seal off access to  the tunnel. T h i s  door 

consis ts  of a heavy steel frame and steel  mesh which allows circulation 

o f  a i r  and any possible gas ,  and i s  approved by the British Columbia 

Government's Mines Inspection Branch. A berm was b u i l t  across the 

bottom o f  the door t o  prevent any surface water or melt water from 

reaching the face. In  addition any ice  or snow b u i l d  up  wi l l  be i n  

f ron t  of the door which should make for easier access t o  the a d i t  next 

spring or summer. 

The tugger and bucket were l e f t  inside the portal f o r  possible use 

next year and two magazines, one containing explosives and the other 

blasting caps, were l e f t  on t o p  of Lost Ridge. These magazines are 

separated by the regul ation distance and are securely pad1 ocked. 

Approximately 30 metres of the bottom end of the flume was removed. 

However, most of the flume and i t s  wooden supports had t o  be l e f t  i n  

place as they were was solidly iced i n .  

Demobilization of equipment and camp began on October 16,  1983. 
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7.0 Reclamation 

The f u l l  bu l k  sampling program which inc luded Winkie d r i l l i n g  and 

a d i t  cons t ruc t i on  was undertaken on a minimum dis turbance basis.  A l l  

aspects o f  t he  work were supported by h e l i c o p t e r  and no e a r t h  moving 

equipment was invo lved  i n  d r i l l  s i t e  o r  a d i t  s i t e  cons t ruc t ion .  

No rec lamat ion has y e t  been c a r r i e d  out.  

It i s  u n l i k e l y  t h a t  any rec lamat ion w i l l  be needed on the Winkie 

d r i l l  s i t e s  on L o s t  Ridge as no s i t e  p repara t ion  was needed. A l l  

equipment and garbage has been removed from the  s i t e s  and i f  the  hole 

l o c a t i o n s  were n o t  marked they would be almost impossib le  t o  loca te .  

Due t o  heavy snow and, consequently, d i f f i c u l t  work cond i t ions ,  no 

rec lamat ion  was c a r r i e d  ou t  on the  a d i t  and waste-coal d isposal  s i t e .  

Reclamation o f  these areas w i l l  be undertaken i n  1984 sub jec t  t o  the  

necess i ty  o f  keeping the a d i t  open. As the  foo tpa th  and a d i t  s i t e  were 

prepared by hand a minimum amount o f  sur face d is turbance was caused. 

Most o f  the  rec lamat ion e f f o r t  w i l l  be concentrated on removing coal  

f rom the  slope below the  a d i t  where i t  s p i l l e d  ou t  o f  the flume, and 

c o n s o l i d a t i n g  the  waste-coal below the  mouth o f  the flume and cover ing  

i t  w i t h  e a r t h  and rock. 

A l l  camp equipment has been removed and has been s to red  e i t h e r  i n  

Smithers o r  i n  the  B.C.R. t r a i l e r s  a t  the  1982 camp s i t e .  A l l  garbage 

has been removed and the  only  remaining i tems are the  wooden t e n t  

frames and f l o o r s .  
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ADT 83119 = 4 Barrel Channel Sample 

ADT 83132 = A d i t  Face Before B u l k  Sample 

ADT 83133 - Adit Face After B u l k  Sample 
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' 1.0 INTRODUCTION 

A mul t i - s t age  program of coal sampling and q u a l i t y  a n a l y s i s  

spanned the per iod  prior t o ,  du r ing  and fo l lowing  the extraction of the 

1983 M t .  Klappan bulk sample. 

In Phase I ( a s  descr ibed  i n  P a r t  I o f  this r e p o r t )  a Winkie 

d r i l l i n g  program provided core samples t o  v e r i f y  t h a t  coal q u a l i t y  i n  

the t a r g e t  seam was a s  a n t i c i p a t e d  from the d r i l l i n g  program o f  1982. 

(See  Pa r t  I 1  - S e c t i o n  2.0) 

During the dr iveage  of the a d i t  petrography and a f i e l d  f r o t h  

f l o t a t i o n  procedures  was conducted t o  monitor the oxida t ion  level o f  

the coal ( P a r t  I 1  - Sec t ion  3 .0) .  

A sample comprising 4 b a r r e l s  of mater ia l  was taken mid-way 

' through a d i t  d r iveage  (see P a r t  I - Sec t ion  5.2) and analyzed t o  

confirm the expected size a n a l y s i s  ( P a r t  I 1  - Sec t ion  4 .0) .  

Fi nal l y  , the bulk sample e x t r a c t e d  provided abundant materi a1 f o r  

a comprehensive product  a n a l y t i c a l  program . Part  I 1  - Sec t ion  5.0 

reports q u a l i t y  results f o r  f ive products  s i z e d  between 50mm and 0 on a 

raw b a s i s  and c leaned  t o  5% and 10% ash.  
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2.0 D R I L L I N G  PROGRAM 

The upper and lower in te rva ls  of Seam I as intersected by two 

Winkie d r i l l  holes were subjected t o  complete coal qual i ty  analysis t o  

determine i f  the same coal could be expected i n  the a d i t  as was sampled 

i n  DDH 82-005. Proximate analyses fo r  a l l  Winkie in te rva ls  a re  very 

comparable t o  hole -005, though  the level of oxygen from ultimate 

analysis  suggests a s l i g h t  degree of oxidation. 

The trend from hole -005 i n  the eas t  t o  the Winkie holes in the 

west i s  one of s l i gh t ly  decreasing ash i n  the seam as a whole. The 

qual i ty  of the samples from Winkie d r i l l i n g  ver i f ied  t h a t  there was no 
substant ia l  change in qual i ty  a t  a distance in te rna l ly  along the seam 

from hole 005. The point of seam penetration of the deepest Winkie hole 

(25m d e p t h )  was selected as  the t a rge t  p o i n t  f o r  the ad i t .  
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2.1 Introduction 

Four Winkie d r i l l  holes were spudded along the ridge l i n e  of 

Lost Ridge t o  obtain core samples of Seam I and t o  confirm, 

t h r o u g h  qual i ty  ana lys i s ,  the opt imum s i t e  f o r  a d i t  driveage. 

Dr i l l  holes WKD 83-001 , -002 and -003 are  a l l  s i tua ted  about 360m 

east  of DDH 82-005. Dri l l  hole 001 was n o t  completed due t o  

mechanical problems, b u t  d r i l l  hole -002, a t  e s s e n t i a l l y  the same 

s i t e ,  penetrated the top of the seam a t  12.4~1 d e p t h  and 

in te rsec ted  4.77m of coal w i t h  83% recovery. Hole -003 was 12m 

south of -002 and penetrated Seam I a t  15.5m, in te rsec t ing  4.84m 

of coal w i t h  73% recovery. Dril l  hole -004 was s i tua t ed  about  

280m east  of DDH 82-005: I t  penetrated Seam I a t  25.69111 and 

yielded 70% recovery over 4.36m of coal. 

Samples from holes -002 and  -004 were subjected t o  complete 

ana lys i s  a tBi r t ley  Coal & Minerals Testing. Hole -002 had  the 
best recovery of any hole and hole -004, although i t  had 

r e l a t i v e l y  poor recovery, sampled Seam I i n  a d i f f e r e n t  area,  from 

beneath a s ign i f icant ly  grea te r  amount of cover. 

The Seam I in te rsec t ion  from b o t h  holes -002 and 004 

contained a rock s p l i t  of .10m thickness about 1.5m from the top 

of the seam. Hole -004 had  an additional 6cm s p l i t  about  0.5m 

lower ( see  P a r t  I ,  Figure 3.3). In sampling, the core f o r  both 

holes was s p l i t  i n  two, the material from above the rock band 

comprising one sample, and the material below and including the 

rock band comprising the second. 
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Materi a1 from each interval  was analyzed separately.  The reported 

analyses for  the seam as  a whole a re  averages weighted by interval  

thickness and are  n o t  the r e su l t s  of d i r ec t  analysis  ( s ee  Table 2 .1) .  
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Proximate Ana lys is  

R .  M. 
Ash 
V O l .  M. 
F.C. 

T.S. 
Gross C.V. 

( c a l / g )  

U1 t i m a t e  Ana lys is  

Carbon 
Hydrogen 
N i t rogen  
Oxygen 

Ash Fusion Temperatures 

O x i d i z i n g  Atmos. ("C) 

TABLE 2.1 
TOTAL SEAM I COMPARISON 

DDH 82-005 WKD 83-004 WKD 83-002 

I n i t .  T 
Sof t .  T. 
Hemi. T. 
F i n a l  T. 

Reduci ng Atmos. ( "C) 

I n i t .  T. 
Sof t .  T. 
Hemi. T. 
F i n a l  T. 

Ash Composition 

S i  02 
A1 203 
Fe203 
CaO 
MgO 
T i02  
Na20 
K20 
SO3 
P205 

2.5 1.5 1.7 
22.4 24.0 21.2 

7.4 6.9 7.6 
67.7 67.6 69.5 

0.4 0.4 0.4 
6212* 5871 6054 

70.8 68.8 70.7 
2.1 
0.8 

2.2 
0.4 

2.2 
0.5 

1 .o 2.7 3.3 

1245 
1300 
1330 
1370 

1185 
1240 
1270 
1315 

50.5 
24.2 

8.6 
5 .O 
3.9 
0.5 
1 .o 
0.9 
3.7 
1.2 

1335 
1390 
1420 
1500 

1305 
1345 
1370 
1445 

64.5 
19.9 

6.6 
0.6 
2.2 
1 .o 
1.2 
1.7 
0.3 
0.4 

1305 
1390 
1430 
1480 

1275 
1370 
1400 
1460 

62.6 
21.1 

5.6 
1.7 
1.8 
1 .o 
1.4 
1.5 
0.4 
1.3 

*Cal c u l  a ted  
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TABLE 2.2 

UPPER INTERVAL COMPARISON 

DDH 82-005 WKD 83-004 WKD 83-002 
Upper Upper Upper 

Proximate Ana lys is  

R .  M. 
Ash 
V O l .  M.  
F.C. 

T.S. 
Gross C.V. 

( c a l / g )  

U1 t i m a t e  Ana lys is  

Carbon 
Hy d r o g e n 
N i t rogen  
Oxygen 

Ash Fusion Temperatures 

O x i d i z i n g  Atmos. ("C) 

I n i t .  T 
Sof t .  T. 
Hemi. T. 
F i n a l  T. 

Reduci ng Atmos. ( "C ) 

I n i t .  T. 
Sof t .  T. 
Hemi. T. 
F i n a l  T. 

Ash Composition 

Si02 
A1 203 
Fe203 

Na20 

P205 

2.5 
34.6 

7.3 
55.6 

1.4 
15.7 
6.3 

76.6 

1.7 
19.1 

7.7 
71.5 

0.3 0.5 0.5 

5055* 6728 6292 

59.8 76.5 70.5 
1.9 2.4 2.1 
0.7 0.4 0.6 
0.2 3.1 5.5 

1270 
1385 
1420 
1470 

1205 
1325 
1370 
1430 

58.2 
26.3 
5.3 
1.8 
2.8 
0.4 
1.4 
1 .o 
1.7 
0.3 

1410 
1440 
1465 
1535 

1365 
1405 
1415 
1520 

65.4 
20.5 

6.0 
0.7 
1.4 
0.9 
1.3 
1.5 
0.1 
0.4 

1360 
1390 
1455 
1525 

1305 
1370 
1420 
1500 

68.2 
18.0 

4.5 
1.3 
1.5 
0.7 
1.2 
1.4 
0.6 
0.4 

*Cal c u l  a ted  
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Proximate Ana lys is  

R. M. 
Ash 
Vol. M. 
F.C. 

T.S. 
Gross C.V. 

( c a l / g )  

U1 t i m a t e  Ana lys is  

Carbon 
Hydrogen 
N i t rogen  
Oxygen 

Ash Fusion Temperatures 

O x i d i z i n g  Atmos. ("C) 

TABLE 2.3 
LOWER INTERVAL COMPARISON 

hit. T 
Sof t .  T. 
Hemi. T. 
F i n a l  T. 

Reduci ng Atmos. ( "C) 

I n i t .  T. 
Sof t .  T. 
Hemi. T. 
F i n a l  T. 

Ash Composition 

S i  02 
A1 203 
Fe203 
C a0 

T i  02 
Na20 
K20 
SO3 
P205 

M?O 

DDH 82-005 WKD 83-004 WKD 83-002 
Lower Lower Lower 

2.5 1.5 1.7 
14.2 

7.5 
30 .O 

7.4 
22.1 

7.5 
75.8 61.1 68.7 

0.4 0.4 0.4 

6983* 5257 5957 

78.1 63.3 70.8 
2.3 2 .o 2.2 
0.8 0.4 0.5 
1.7 2.4 2.3 

1225 
1245 
1270 
1305 

1170 
1185 
1205 
1235 

45.3 
22.8 

7.2 
4.7 
0.6 
0.8 
0.9 
5.1 
5.1 
1.8 

1280 
1355 
1385 
1475 

1260 
1300 
1335 
1390 

63.8 
19.5 

7.1 
0.6 
2.7 
1 .o 
1.1 
1.9 
0.5 
0.4 

1280 
1390 
1420 
1460 

1265 
1370 
1390 
1440 

60.3 
22.4 

6.1 
1.8 
1.9 
1.1 
1.5 
1.6 
0.3 
1.6 

*Cal c u l  a ted  
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2.2 Proximate, Total Sulphur & Calorif ic  Value 

2.2.1 Upper Interval 

Proximate analysis of coal from the upper interval of 

Seam I i n  DDH-82-005, WKD-83-004 and WKD-83-002 indicates 

consistency i n  moisture and vola t i le  levels ,  b u t  considerable 

f 1 uctuation i n measured ash 1 eve1 s , and theref ore f i xed 

carbon values. Moisture levels are 2.5% (-0051, 1.4% (-004) 

and 1.7% (-002), while vola t i le  levels are 7.3%, 6.3% and  

7.7% respectively. The moisture level of -005 may have been 

affected by a longer delay between d r i l l i n g  and shipping of 

the sample t o  the laboratory. 

The ash levels of the three intersections are 34.6% 

(-0051, 15.7% (-004) and 19.1% (-002). T h i s  i s  most simply 

explained via comparison of ra t ios  of recovered coal and rock 

1.36/0.55 (coal/rock i n  -0051, 1.22/0.12 (-004) and 1.37/0.06 

( -002 1. Correspondi ng percentages of recovered rock are 

29%, 9%, and 4%. This suggests that  the coal i t s e l f  may be 

f a i r l y  consistent i n  ash content and changes i n  ash level i n  

the upper interval are largely a function of the amount of 

rock included i n  the seam. There must, however, be a s l i g h t  

s h i f t  towards higher ash i n  the coal between -004 and -002 as 

the ash level i s  increasing even though the rock content is 

decreasing. 

Total s u l p h u r  values are similar i n  a l l  three holes. 

Calorific values are consistent w i t h  the trend i n  ash and 
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range from 5055 c a l / g  i n  hole -005 t o  6728 ca l /g  i n  hole 

-004. 

2.2.2 Lower Interval  

Moisture l e v e l s  i n  the upper and lower i n t e r v a l s  a re  

v i r t u a l l y  ident ica l .  The  sample from DDH-82-005 s t i l l  shows a 

somewhat elevated value (2.5%). Volat i le  contents a r e  a l s o  

comparable and show g r e a t  consistency (7.4% - 7.5%). Ash 

l e v e l s  i n  the lower interval  a re  lower f o r  -005 (14.2%) and 

higher f o r  b o t h  -004 (30.0%) and -002 (22 .1%) .  This is  not 

so eas i ly  explained by comparing coal rock ratios: 2.00/0.09 

coal/rock, 4% rock f o r  -005; 1.55/0.15, 9% rock f o r  -004; 

2.43/0.16, 6% rock f o r  -002. The -005 in te rsec t ion  has much 

l e s s  rock i n  the lower in te rva l ,  and a corresponding much 

lower ash level. The  -002 in te rsec t ion  shows a s l i g h t  

increase i n  both rock proportion and measured ash. 

Intersect ion -004, however, has exactly the same percentage 

o f  sampled rock i n  the lower and upper i n t e r v a l s ,  y e t  a 

markedly higher ash content i n  the lower in te rva l .  

Total s u l p h u r  values a r e  constant f o r  a l l  three 

samples a t  0.4%. Calor i f ic  values r e f l e c t  the ash leve ls  i n  

t he  lower interval and range f rom 6983 c a l / g .  (-005) to 5257 

cal /g .  (-004). 

2.2.3 Total Seam 

When the trends i n  the lower and upper i n t e r v a l s  are  
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averaged over the whole seam, the parameters of proximate 

a n a l y s e s  are q u i t e  consistent from hole t o  hole. Moisture 

levels s t i l l  appear t o  be lower i n  the Winkie holes than i n  

ho le  -005 (-002 i s  1.7%, -004 i s  1.5% and -005 i s  2.5%),  

butash content remains cons tan t  a t  22-24%, volat i les  remain 

. around 7% and f i x e d  carbon levels range from 67% t o  69%. 

Total  s u l p h u r  f o r  a l l  samples i s  0.4% and g ross  

c a l o r i f i c  value ranges just above and below 6000 c a l / g  (6212 

fo r  -005 and 5871 f o r  -004).  
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2.3 U1 t imate Analysis 

2.3.1 Upper Interval 

Ultimate analysis resu l t s  for  a l l  three samples are 
qui te  comparable except for  the depressed carbon content of 

-005, due t o  the elevated ash level. In a d d i t i o n ,  the oxygen 

levels  for  the WKD samples (3.1% fo r  -004 and 5.5% f o r  -002) 

seem t o  be higher than would be expected and are l ikely 

affected by a small degree o f  weathering. Hydrogen levels 

are  re la t ively constant, ranging between 1.9% and 2.4%. 

Nitrogen levels range from 0.4% (-004) t h r o u g h  0.6% (-002) t o  

0.7% (-005). 

2.3.2 Lower I nterval 

The oxygen levels indicate a lesser  degree of 

weathering i n  the lower intervals  of intersections -004 and 

-002. However, a s l ight ly  higher oxygen content in the 

stratigraphical ly lower interval of -005 compared with i t s  

upper interval re f lec ts  the fac t  tha t  in DDH-82-005 the seam 

i s overturned. 

Hydrogen levels are quite consistent for a l l  

intersections (ranging from 2.0% t o  2.3%). Nitrogen levels 

exhibi t  almost the identical trend observed in the upper 

interval samples, 0.4% (-004) t o  0.5% (-002) t o  0.8% (-005). 
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2 . 3 . 3  Total Seam 

By averaging the interval resu l t s  together the 

variations are reduced t o  some extent. For a l l  samples the 

carbon level i s  very close to  70% and the hydrogen level i s  

jus t  over 2%. Nitrogen levels vary i n  the same way as fo r  

each of the intervals  separately, and the oxygen levels 

appear to  r i s e  towards the west (1.0% t o  2.7% t o  3.3% from 
-005 t o  -004 to  -002)  indicating s l ight ly  increasing degrees 

of  weathering as the amount of cover decl i nes. 



2.4 Ash Fusion Temperatures 

2.4.1 Upper I nterval 

In both oxidizing and reducing atmospheres the ash 

fusion temperatures f o r  the -004 interval  a r e  highest 

followed closely by -002. The temperatures f o r  -005 a r e  

s i g n i f i c a n t l y  lower t h a n  both. In an oxidizing atmosphere 

the difference between the i n i t i a l  temperature of -004 and 

-002 i s  50°C and between -004 and  -005 i s  140°C. The 

respect ive differences from the f inal  temperature of -004 are 

10°C f o r  -002 and 65°C f o r  -005. Temperatures i n  a reducing 

- atmosphere show a s imilar  trend. 

DDH 82-005 WKD 83-004 WKD 83-002 

Oxi d i  z i  ng ("C 
I n i t .  T. 1270 1410 1360 . ~ i n a l  T. 1470 

Reducing ( " C )  
I n i t .  T. 1205 
Final T. 1430 

2.4.2 Lower Interval  

535 1525 

365 1305 
520 1500 

The fusion temperatures f o r  the lower i n t e r v a l s  of 

-004 and -002 a r e  essent ia l ly  the same, w i t h i n  the bounds of 

analyt ical  e r r o r ,  while the temperatures f o r  -005 a r e  again 

d i s t i n c t l y  .lower. The trend of separation appears t o  be the 

reverse of the upper i n t e r v a l ,  being ( i n  an o x i d i z i n g  

atmosphere) 55°C between -005 and  the Winkie samples a t  the 

i n i t i a l  temperature and 170°C a t  the f ina l  temperature. 
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Oxi d i  z i  ng ( "C) 
I n i t .  T. 
F i n a l  T. 

Reduci ng ("C 
I n i t .  T. 
F i n a l  T. 

DDH 82-005 WKD 83-004 ' 

1225 1280 
1305 1475 

1170 1260 
1235 1390 

WKD 83-002 . 

1280 
, 1460 

1265 
1440 

2.4.3 Tota l  Seam 

When resu l  t s  o f  the upper and lower  i n t e r v a l  s are 

averaged, the  fus ion temperatures for -004 and -002 a re  

roughly  100 t o  150°C h ighe r  than for -005. 
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2.5 Ash Mineral Composition 

2.5.1 Upper Interval 

The re1 a t ive ly  small differences i n  f l u i d  temperatures 

f o r  the upper in te rva ls  are  a function of qui te  s imilar  ash 

mineral compositions. The s i l i c a  content of the samples from 

-004 and -002 i s  a few percent h i g h e r  and the aluminum 

content a few percent lower than f o r  -005, CaO, MgO, Na20 

and Fez03 leve ls  a re  comparable, Ti02, K20 and 

P2O5 levels a re  s l i gh t ly  higher and SO3 leve ls  are  

lower (by 1.0% t o  1.5%). 

2.5.2 Lower Interval 

The lower interval  WKD samples have comparable ash 

mineral compositions b u t  are qui te  d i f f e ren t  from D D H  82-005. 

The WKD s i l i c a  leve ls  are  higher by about 15% (60% ra ther  

than 45%) and the alumina levels  are  s l i gh t ly  lower (-005 i s  

22.8%, -004 i s  20.3% and -002 is  18.0%). Otherwise, Ti02, 

Na20 and K20 l eve l s  for the WKD samples are  s l i gh t ly  

higher, MgO, Fez03 and P2O5 l eve ls  are  s ign i f icant ly  

lower and CaO and SO3 levels are much lower. The low ash 

fusion temperatures of -005 a r e  accounted for  by excess 

s i l i c a  (Si02:A1203 r a t i o  greater  than 2 : l )  i n  the 
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presence of i ron,  calcium and magnesium oxides. The WKD 

samples have a much grea te r  amount of excess SiO2 b u t  lack 

the Fe2O3, CaO and MgO t o  form low fusion temperature 

compounds. 

2.5.3 Total Seam 

The  average values l i s t e d  f o r  ash mineral composition 

a r e  cons is ten t  w i t h  the trends indicated by the averaged ash 

fusion temperatures. 
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2.6 Petrography 

A t e s t  of v i t r i n i t e  weathering was conducted by D . E .  Pearson 

and Assoc. Ltd.  using a technique of etching w i t h  K O H  and s ta ining 

w i t h  Safranin-0 organic dye. The number of grains s ta ined i n  a 

count of 1000 v i t r i n i t e  grains was determined. Only 4.3% of  the 

grains showed any signs of s ta ining (only weathered grains wi l l  

s t a i n ) ,  and of these most were s ta ined only about the periphery. 

On a qua l i t a t ive  basis this coal can be described as sustaining a 

very low level of oxidation and i s  effect ively unoxidized. 

T h i s  t e s t  was conducted on coal taken from the lower level of 

-002 as this sample was the only one suf f ic ien t ly  large tha t  some 

m i g h t  be spared for  petrography. I t  i s  expected t h a t  coal from 

-004 wi l l  show even fewer signs o f  oxidation. 
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2.7 Concl u s i  on . '  

There i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  coal  q u a l i t y  between 

t h e  i n i t i a l  e x p l o r a t i o n  hole, DDH-82-005 and the  Winkie ho les p u t  

down as v e r i f i c a t i o n  o f  seam q u a l i t y  c o n t i n u i t y ,  c h i e f l y  WKD 

83-002 and -004. The q u a l i t y  f o r  t he  Winkie samples i s  even 

b e t t e r  than t h a t  found i n  ho le  -005 i n  some regards. Mo is tu re  

va lues and ash values i n  -002 a re  s l i g h t l y  lower.  The on ly  

i n d i c a t i o n s  o f  o x i d a t i o n  are  m i l d l y  e leva ted  oxygen values i n  the  

u l t i m a t e  r e s u l t s  from the  Winkie holes and the  presence o f  some 

o x i d i z e d  v i t r i n i t e  g ra ins  i n  the  lower p a r t  o f  -002. As WKD 83-004 

penet ra ted  seam I a t  a v e r t i c a l  depth o f  25m, y i e l d e d  samples t h a t  

i n d i c a t e d  coal  qua1 i t y  we1 1 w i t h i n  acceptable ranges , and 

penet ra ted  the  seam a t  a p o i n t  w i t h i n  a reasonable d is tance (30m) 

o f  a p o t e n t i a l  p o r t a l ,  t he  ,base o f  the  ho le  ( a t  the  base o f  the.  

seam) was designated as the  t a r g e t  p o i n t  f o r  the  a d i t .  
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3.0 OXIDATION TESTING 

3.1 Petrography 

Coal samples f o r  petrography were taken on the premise tha t  

oxidation t o  any substant ia l  degree will  cause reduction i n  the 

apparent mean maximum ref1 ectance of v i  tri  n i  t e .  As driveage pro- 

ceeded, two samples were sent  t o  David E .  Pearson and Associ.ates 

for  v i t r i n i t e  reflectance determination and a spec i f ic  t e s t  for  

oxi dation i nvol v i  ng etching w i t h  potassi um hydroxi de (KOH) and 

s ta in ing  w i t h  satranin-0 organic dye. A greenish colouration will 

be absorbed by oxidized v i t r i n i t e  grains exposed t o  this  dye. 

One of the samples examined (04804) was taken by auger driven 

i n t o  the roof of t h e . a d i t  a t  5m of driveage. I t  represents an 

interval  o f  roughly 1.0 t o  1.5 metres from the roof of the seam, 

where the e f f ec t s  o f  oxidation should be most noticeable. The 

other sample (04805) i s  pa r t  of a channel sample taken down the 

wall of the a d i t  (from the f loor  t o  2.30 m above the f loo r )  a t  

10 m of driveage. I t  represents the character o f  the coal b o t h  a t  

g rea te r  penetration beneath cover and a t  a lower level i n  the 

seam. 

One thousand grains from each sample were examined for 

s ta ining.  The r e su l t s  of analysis were: 

- 19 - 



Depth o f  Cover No. o f  Sta ined Gra ins Ro Max. 

04804 7m 
04805 13m 

0 
0 

4.06% 
4.03% 

The s t a i n i n g  t e s t  obv ious ly  i n d i c a t e s  t h a t  o x i d a t i o n  i s  

l i m i t e d ,  w i t h i n  t h e  s e n s i t i v i t y  o f  t h e  t e s t ,  and t h e  r e f l e c t a n c e  

values correspond very c l o s e l y  w i t h  what i s  expected i n  an 

unweathered sample o f  seam I (DDH82005 produced a va lue o f  3.97% 

r e f 1  ectance) . 
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3.2 Froth F l o t a t i o n  

The p r i n c i p l e  o f  o x i d a t i o n  l e v e l  de termina t ion  by f r o t h  

f l o t a t i o n  i s  t h a t ,  a l l  o t h e r  t h i n g s  be ing  equal, an o x i d i z e d  

sample o f  a coal  w i l l  e x h i b i t  poorer  f l o t a t i o n  than an unox id ized 

sample o f  t he  same coal .  A s e r i e s  o f  f r o t h  f l o t a t i o n  t e s t s  was 

conducted on a somewhat exper imental  bas i s  i n  the  f i e l d  as the 

a d i t  was being dr iven .  The t e s t s  gave a very broad i n d i c a t i o n  

t h a t  o x i d a t i o n  l e v e l  s decreased very r a p i d l y  w i t h  pene t ra t i on  b u t  

t h e  considerable f l u c t u a t i o n  between s t a t i o n s  i n d i c a t e d  t h a t  t h e  

technique was sub jec t  t o  a number o f  i n f l uences  beyond ox ida t i on .  

3.2.1 Technique 

Two se ts  o f  samples were taken a t  i n t e r v a l s  a long the  

a d i t ,  one every 2m and another every 5m. The c h i e f  

d i f f e r e n c e  between t h e  se ts  was t h a t  t he  5m incrementa l  

sampl es i n c l u d e  m a t e r i a l  rep resen t ing  almost t he  compl e t e  

th ickness  o f  t he  seam, d i v i d e d  i n t o  i n t e r v a l s  o f  0 t o  2.30111, 

2.30 t o  3.20m and 3.20111 t o  4.00111 from the  f l o o r  o f  the  a d i t  

seam. The 2m incrementa l  samples i nc luded  mate r ia l  on ly  up 

t o  2.30111 ( t h e  l e v e l  o f  t he  a d i t  r o o f ) .  The sampling 

procedure i s  descr ibed i n  P a r t  1 Sect ion  4.5. 

The equipment used f o r  f r o t h  f l o t a t i o n  ana lys i s  

i n c l  uded: 

1 geo log ica l  hammer and s tee l  pan 
1 i r o n  mortar  and p e s t l e  
12 aluminum pans 
4 smal l  p a i n t  brushes 
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1 Coleman o i l  heater 
1 thermometer 
envelopes 
coffee f i l t e r s  
2 f i l t e r  masks 
1 P h i l i p s  blender 
1 Krups KM50 e lec t r i c  coffee grinder 
1 lOOM x 0 screen 
1 Sauter balance 
diesel o i l  
methyl isobutyl carbonol ( M I B C )  
sample bags 

The procedure for analysis is  summarized i n  Figure 

3.1. The i n i t i a l  crushing was accomplished by hand and the 

drying temperature, over the oi 1 heater , was modul ated us ing  

both the heat control on the heater and the distance of the 

sample pan above the heater surface. T h e  samples were 

weighed before and a f t e r  drying and the moisture loss 

cal cul ated. 

The p o s t  drying g r i n d i n g  was a two stage process. The 

en t i r e  sample was crushed once w i t h  the mortar and pestle and 

then run through the coffee grinder as many times as i t  took 

t o  generate 1009 of minus  100 mesh material. T h i s  varied 

w i t h  the sample and took u p  t o  f ive passes w i t h  extremely 

hard coal. 

F r o t h i n g  would be accomplished as quickly as possible 

a f t e r  the sample had been ground t o  prevent the reabsorption 

o f  moisture by the f ine material. Two t r i a l s  of 509 each 

were r u n ,  each time the result ing f r o t h  being skimmed off 
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FIGURE 30 I 
MOUNT KLAPPAN 1983 

WEIGH OUT 
2 X 509. 

TEST IN DUPLICATE 
> 

INCREMENTAL ADlT SAMPLES 
FROTH FLOTATION ANALYSIS 

RESERVE REMAINDER 
AFTER TWO TRIALS 
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L onto previously weighed f i l t e r  paper. The froth was dried on 

the o i l  heater for  a t  l e a s t .  eight hours and usually 

overnight. Drying was judged to  be complete by this time, 

occasional t e s t s  w i t h  longer drying times yielded no 
additional weight loss. 

After drying, the f r o t h  was weighed, the weight of the 

f i l t e r  paper (coffee f i  1 t e r )  subtracted and a1 1 detai 1 s 

recorded. The resul ts  of the two t r i a l s  were compared w i t h  

each other and w i t h  resul ts  of other samples t o  detect any 

experimental irregul ari t i e s .  

3.2.2 Results 

3.2.2.1 Lower Seam Interval 

As tes t ing for  each channel sample s ta t ion 

was completed, the resul ts  were added t o  a continuous 

graph.  A t  the f irst  sample point, 2m i n t o  the ad i t ,  

f r o t h  recovery was an average 34.5% between two 

t r i a l s .  Two metres further i n ,  a t  +4m, f r o t h  recovery 

rose t o  54.2% of the o r ig ina l  sample weight. From 

here onwards there is  fluctuation about this level 

(average of a l l  channel samples is  49%) b u t  no real 

trend of increasing recovery beneath greater 

thicknesses of cover. A t  +25m froth recovery plunged 

t o  26.6% b u t  was back up to  average levels a t  +26m. 

F r o t h  recovery also drops into the range of 36-38% a t  
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+5m and +40m b u t  a l l  o f  these appear t o  be anomalies 

i n  the  general t rend.  . 

Al though the  f r o t h  ana lys i s  program was no t  a 

s t r o n g  i n d i c a t o r  o f  o x i d a t i o n  l e v e l s  i n  i t s e l f ,  i t d i d  

a f f o r d  an oppor tun i t y  f o r  c lose  v i sua l  i nspec t i on  o f  

coa l  sampled a t  c lose  i n t e r v a l s  a long the  a d i t .  With 

deeper pene t ra t i on  i n t o  the  seam an i n c r e a s i n g  

inc idence was noted o f  zones o f  extremely hard and 

b r i g h t  coal .  D i f f i c u l t y  was sometimes encountered i n  

t h e  l a t e r  samples i n  generat ing the  requ i red  lOOg o f  

minus 1000 mesh mate r ia l .  Desp i te  t h i s  coa ls  very 

sh iny  and f r e s h  appearance i t  sometimes produced lower  

than  average f r o t h  recover ies.  

3.2.2.2 Upper Seam I n t e r v a l  

The samples taken by auger f rom the  r o o f  o f  

t h e  a d i t  a t  5m i n t e r v a l s  were used t o  moni tor  the  

o x i d a t i o n  t rends  i n  the  upper p a r t  o f  the  seam. 

Presumably, the  o x i d a t i o n  l e v e l  m igh t  be g rea te r  here 

because the  th ickness  o f  cover i s  somewhat reduced. 

I n  f a c t ,  however, t he  average f r o t h  recovery was 

m a r g i n a l l y  h ighe r  f o r  t he  r o o f  samples than f o r  the  

channel samples from the  lower  i n t e r v a l ,  50.8% f o r  the  

2.30111 - 3.20111 i n t e r v a l  and 52.1% over  3.20111 t o  4.00111 

f rom the  f l o o r .  Again, t he re  i s  no cons is ten t  t r e n d  

o f  i nc reas ing  f r o t h  recovery w i t h  i nc reas ing  depth o f  
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cover, b u t  the fluctuation between sample s ta t ions is  

l e s s  pronounced (see Table 3.1). 

3.2.3 Further Analyses 

The portion of the incremental samples tha t  remained 

a f t e r  the extraction of the subsamples for f r o t h  f lotat ion 

were held i n  reserve and forwarded t o  Cyclone Engineering 

Sales Ltd.  for further analyses a f t e r  the completion of the 

a d i t .  I t  was hoped that  the measurement of a number of the 

parameters from these sampl es woul d provide suf f ic ien t  

information to  shed some l i g h t  on the fluctuation i n  froth 

recovery observed. Proximate, Total S u l p h u r  and Specific 

Gravity determi nations were performed on the 5m incremental 

samples taken by auger from the roof. These analyses and 

Hardgrove Gri ndabi 1 i ty tes t ing were performed on the 2 m  

i ncremental channel sampl es , and a1 1 previous analyses plus 

Calor i f ic  Value were performed on the 5m incremental channel 

sampl es. 

3.2.3.1 Lower Seam Interval 

A possible correspondence was sought  between 

froth recovery and both moisture level , because of i t s  

possible e f fec t  on surface tension around coal 

par t ic les ,  and ash,  because of i t s  effect  on density. 

A l inear  regression was calculated between f ro th  

recovery and each of the parameters i n  turn and a very 

weak relationship was found w i t h  each. There was an 
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unexpected s t ronger  b u t  s t i l l  i n s i g n i f i c a n t  

s t a t i s t i c a l  c o r r e l a t i o n  between f r o t h  recovery and 

v o l a t i l e  matter.  A moderate r e l a t i o n s h i p  was apparent 

between H.G.I. and f r o t h  recovery which bears ou t  the 

observa t ion  made w h i l e  g r i n d i n g  the samples 

. prepara tory  t o  the f r o t h  f l o t a t i o n  ana lys is .  

Apar t  from t rends i n  two-var i  ab le  s t a t i  s t i c a l  

c a l c u l a t i o n s  there  i s  a f a i r l y  d i s t i n c t  drop i n  

mo is tu re  values from 3.68% a t  2m i n s i d e  the p o r t a l  t o  

1.06% a t  +46m i n  the  a d i t .  Again, there  i s  

cons iderable v a r i a t i o n  about the general t rend, b u t  

t h e  t rend  does e x i s t .  There i s  a corresponding s l i g h t  

r i s e  i n  c a l o r i f i c  va lue w i t h  depth and a t  lower 

mo is tu re  l e v e l s .  These l a t t e r  t rends i n d i c a t e  t h a t  

t h e r e  i s  a tendency t o  lower l e v e l s  o f  ox ida t i on  a t  

g rea te r  depths o f  cover. 

3.2.3.2 Upper Seam I n t e r v a l  

The number o f  samples a v a i l a b l e  from the 

upper p a r t  o f  the seam i s  smal ler  as the sample po in ts  

were spaced a t  a l a r g e r  i n t e r v a l .  Therefore,  a 

s t a t i  s t i  c a l  correspondence numerical l y  equi Val e n t  t o  

one i n  the  lower i n t e r v a l  w i l l  n o t  be as s i g n i f i c a n t .  

Several poo r l y  de f ined re1 a t i onsh ips  e x i s t  here as 

w i t h  the channel samples, b u t  there  i s  one q u i t e  

s t r i k i n g  l i n k .  A we1 1 del i neated inve rse l y  

p ropor t i ona l  1 i near regress ion  appears between ash 
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level and froth recovery. This is  the expected trend 

and may be bet ter  defined i n  the upper interval 

because ash levels are higher overall (due to  a 

greater number of rock spli ts  - see P a r t  I ,  Section 

5.4)  and display a greater range. 
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4.0 PRELIMINARY SUBSAMPLE 

As p a r t  o f  a con t inu ing  process o f  coal  q u a l i t y  mon i to r ing ,  

l e a d i n g  up t o  the  e x t r a c t i o n  o f  the  bu lk  sample, a p re l im ina ry  sample 

was taken a t  +30m o f  driveage, compris ing 4 b a r r e l s  (787 kg)  o f  

m a t e r i a l  and represent ing  the  t o t a l  th ickness o f  the seam exposed a t  

t h e  advancing face (see P a r t  I - Sect ion  5.2). The main purpose o f  the  

sample was t o  demonstrate the  na tu ra l  s i z e  c o n s i s t i n g  o f  ex t rac ted  

coa l .  With the  shear ing recognized w i t h i n  the  seam ( P a r t  I - Sect ion  

5.4) i t  was considered poss ib le  t h a t  a pass ive p a r t i c l e  s i z e  reduc t i on  

m igh t  take p lace  as the  permafrost  i n  the  coal  mel ted a f t e r  mining. 

A l t e r n a t i v e l y ,  the  a c t i o n  o f  the f r o s t i t s e l f  might  tend t o  break down 

t h e  coal  t o  some degree, the  consequences o f  which cou ld  on ly  be 

apprec ia ted  through s i z e  ana lys i s  a f t e r  s t a b i l i z a t i o n  o f  an ex t rac ted  

sample a t  temperatures above f reez ing.  

A f u r t h e r  b e n e f i t  t h a t  was der ived  from the  ana lys i s  o f  a 

p r e l i m i n a r y  sample was an e a r l y  look  a t  the  proximate parameters 

and washab i l i t y  by s i z e  f r a c t i o n  o f  a t  l e a s t  p a r t  o f  the seam. 
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4.1 Raw Analyses 

4.1.1 Proximate Analysis 

A proximate s u l p h u r  and c a l o r i f i c  value analysis  of 

the e n t i r e  sampled interval  reaffirmed the indicat ions of 

analyses o f  previous samples from d r i l l  core. The  lower par t  

of  Seam I i s  quite low i n  ash w i t h  correspondingly h i g h  f i x e d  

carbon and c a l o r i f i c  values (see Table 4 .1) .  The only 

unusual value is  the s l igh t ly  elevated moisture level 

compared w i t h  previous measurements (3.10% compared w i t h  a 

maximum o f  2.50% i n  d r i l l  core) .  This s i tua t ion  appears w i t h  

regular i ty  i n  the b u l k  sample as well (see Pa r t  I 1  - Section 

5.4.1) and i s  due t o  an air-drying period inadequate t o  

compensate for  the superior moisture retention of the larger  

pa r t i c l e s  i n  b u l k  samples. 

4.1.2 Size Consist 

The s i ze  d is t r ibu t ion  of the 4 barrel  preliminary 

sample was measured fo r  the natural coal ,  and fo r  the 

natural ly  l a rge r  than 30 mm coal a f t e r  crushing t o  pass 30mm. 

From these screenings the s i ze  d i s t r i b u t i o n  of run-of-mine 

coal crushed t o  l e s s  than 30 mm i s  calculated ( see  Table 

4 . 2 ) .  

The natural s iz ing of the coal indicates an almost 

bimodal d i s t r ibu t ion ,  w i t h  27% of the the mass exis t ing i n  

pa r t i c l e s  larger  than 30 mm and 36% f a l l i n g  i n t o  the less 
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Table 4.1 

PRELIMINARY SUBSAMPLE 
RAW COAL QUALITY 

RM 3 .l% 
Ash 9.2% 
VM 7 .l% 
FC 80.6% 
S 0.54% 

Gross CV 7141 cal/gm 

(parti a1 ly  air dried) 
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Table 4.2 

PRELIMINARY SUBSAMPLE 
SIZE DISTRIBUTION 

(Raw Coal 1 

Total 
Natural  S i z e  

Natural  S i  z i  ng +30 mm and 
( i  .e. Uncrushed) Crushed Crushed Materi  a1 

+30 mm 

30 x 20 mm 

20 x 10 mm 

10 x 6 mm 

6 x O m  

6 x l m m  

1 x O m  

27.1 - - 
12.5% 50.7% 26.2% . 

13.2% 18.3% 18.2% 

11.4% 8.9% 13:8% 

35.8% 22 .l% - 
- - 26 .l% 

- - 15.7% 
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than 6 mm f ract ion.  Between 6 and 30 mn the s i z e  

d i s t r i b u t i o n  seems t o  be very even. A c e r t a i n  brittleness o f  

character  i s  demonstrated by the reaction of +30 mm coal t o  

b e i n g  crushed t o  pass 30 mm. Only half of the or iginal  

material remains above 20 mm i n  s i z e ,  almost 1/4 i s  reduced 

t o  less than 6 mm and the remaining 27% f a l l s  i n  between. 

Despite this material b e i n g  crushed by hand tamper ( the  

poten t ia l ly  l e a s t  destruct ive method f o r  s i z e  reduction) the 

coal appears prone t o  a s i g n i f i c a n t  amount of overbreakage. 
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L 4.2 F1 oat-Si nk Analyses 

4.2.1 Wa shab i 1 i ty  

The  washability of each of f i v e  s i z e  f rac t ions  was 

assessed t h r o u g h  f l o t a t i o n  a t  6 s p e c i f i c  g r a v i t i e s  (see Table 

4.3). The washability of a l l  s i z e  f rac t ions  down t o  1 mm are  

remarkably comparable. There i s  some var ia t ion i n  the y i e l d  

of material a t  1.50 S.G. b u t  the ash level i s  cons is ten t  a t  

2.40 - 2.70%. Cumulatively t o  1.60 S.G., however, each of 

these f rac t ions  y i e l d  between 90 and  95% coal of ash content 

between 4.70 and 6%. There i s  a marked increase i n  ash level 

i n  the f l o a t s  a t  g rea te r  than 1.60 S.G. 

The 1 mm x 0 material i s  the only exception to  the 

general finding. The  w e i g h t  percent i s  more widely 

d is t r ibu ted  w i t h  only a 65% y i e l d  a t  1.60 S.G. ( s t i l l  w i t h  a 
4.80% ash l e v e l ) .  T h e  increase i n  ash of elemental f rac t ions  

above 1.60 S.G. i s  not  a s  s t r i k i n g  b u t  because these 

f r a c t i o n s  make u p  a grea te r  portion of the whole s i z e  

f r a c t i o n  the t o t a l  head ash i s  higher: 14.50% compared w i t h  

8.0 t o  8.4% f o r  the other s i z e  f rac t ions ,  b r i n g i n g  the t o t a l  

ash f o r  the e n t i r e  sample up  t o  9.2% (see  Section 4.1.1 

above). 

4.2.2 At t r i t i on  through Cleaning 

A f u r t h e r  examination of the degradation 
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c h a r a c t e r i s t i c s  o f  the  coal  i nvo l ved  a f l o a t - s i n k i n g  t e s t  a t  

a s i n g l e  s p e c i f i c  g r a v i t y  t o  s imulate the  e f f e c t s  o f  c lean ing  

i n  product  preparat ion.  Separate rep resen ta t i ve  samples o f  

each s i z e  f r a c t i o n  were f l o a t e d  a t  1.6 S . G .  Fo l low ing  d r y i n g  

t h e  coal  was rescreened and the  degradat ion i n  each s i z e  

through c lean ing  was assessed (see P a r t  I 1  - Table 4.4). I n  

each s i z e  approximately 80% o f  o r i g i n a l  mass remained i n  the  

o r i g i n a l  s i z e  f r a c t i o n  wh i l e  the  remainder f e l l  i n t o  f i n e r  

f r a c t i o n s .  There i s  a s t rong skew i n  d i s t r i b u t i o n  towards . 

t h e  coarser  s izes,  suggest ing t h a t  the degradat ion i n  

f l o a t - s i n k i n g  i s  l a r g e l y  due t o  abras ion r a t h e r  than 

f r a c t u r i  ng o f  p a r t i c l e s .  
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5.0 BULK SAMPLE ANALYSIS 

5.1 Sumnary 

Analysis of the raw cha rac t e r i s t i c s  of coal from seam I was 

car r ied  o u t  f o r  seven d i f f e ren t  s i ze  f rac t ions  between 50mm and 0. 

The s i ze  reduction t h a t  occurred d u r i n g  preparation of the sized 

material from raw as-mined coal points o u t  the necessity for  

careful planning and e f f i c i e n t  handling i n  order t o  preserve the 

coarse f rac t ions  desired. Raw coal qua1 i ty  i s  re1 a t ive ly  

cons is ten t  th rough  a l l  f rac t ions  except for a rise i n  ash level 

be1 ow lmm. 

Product analysis was carr ied o u t  for  each of f ive  s i ze  

f rac t ions  ( the  three f rac t ions  below l m m  examined on a raw basis 

being combined in to  one). Yields a t  5% and 10% ash improve (from 

53% and 80%, respect ively,  for  the 50 x 25mm frac t ion)  toward 

finer f rac t ions  t h r o u g h  l ibera t ion .  Below lmm y ie lds  a re  lower 

due t o  higher i n i t i a l  ash levels .  Qual i ty  for products i s  again 

quite consis tent  from s i ze  t o  s i ze  w i t h  most var ia t ion being 

accounted for  by differences i n  ash chemistry and mineralogy. 

For  a l l  5% ash products  down t o  lmm,  the gross c a l o r i f i c  

value i s  around 7700 cal/gm (a.d.b.1. S u l p h u r  levels are 

uniformly 0.5%, Nitrogen leve ls  are  1.0% or l e s s ,  and the ash 

fusion temperatures are  consis tent ly  h i g h .  The qual i ty  of 10% ash 

products i n  terms of s u l p h u r ,  nitrogen and ash f u s i b i l i t y  i s  

equally h i g h  and the c a l o r i f i c  value (gross) i s  7200-7300 cal/gm 

(a.d.b.1. 
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5.2  Procedures and Parameters 

5.2.1 Ob j e c t i  ves 

There were three primary objectives of the 1983 M t .  

K1 appan b u l k  sampl e program. 

1) To provide information on the natural s ize  

d i s t r i b u t i o n  of anthracite from seam I i n  a min ing  

s i tuat ion.  

To provide a suff ic ient ly  large and representative 

sample for a comprehensive analysis of a variety 

of sized coals i n  raw and cleaned s ta tes .  

2) 

3 )  To provide material for sample product 

d i s t r i b u t i o n  t o  a number of interested par t ies  and 

potential customers. 

5.2.2 Method01 ogy 

Part  I - Section 5.0 describes i n  detail  how the bulk 

sample was taken. The b u l k  sample i t s e l f  was taken to  

represent the en t i re  thickness of the seam. The sample was t o  

be representative of run-of-mine coal tha t  would be derived 

from a future mining operation. Other smaller samples were 

taken by ply t o  allow comparison w i t h  previous ply samples of 

the seam, and mapping of coal quality variation w i t h i n  the 

seam. 
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Care was taken t h a t  a l l  p a r t s  o f  the  seam were equa l l y  

represented i n  the  sample and t h a t  none o f  t he  sample was 

1 o s t  i n  packing and t ranspor ta t i on .  

The bu lk  o f  c lean ing  and ana lys is  was done a t  B i r t l e y  

Coal and Minera ls  Tes t i ng  L td .  i n  Calgary. Comparative and 

speci  a1 ty analyses were done a t  Cycl one Engi nee r i  ng Sales 

Ltd.  i n  Edmonton, L o r i n g  Labora tor ies  i n  Calgary and Coors 

Spectro-Chemi c a l  Labora tor ies  i n  Go1 den, Colorado. 

5.2.3 A n a l y t i c a l  Procedures 

The f l ow  skeet (F igu re  5.1) i l l u s t r a t e s  th ree  phases 

o f  analys is .  

1) Screening and s i z e  ana lys is .  

2)  Raw coal  q u a l i t y  s tud ies  and d e t a i l e d  washab i l i t y  

ana lys is .  

3)  Product p repara t ion  and analys is .  

5.2.3.1 Size Analys is  

The i n t e n s i v e  screening program undertaken 

w i t h  the  bu lk  sample r e f l e c t s  the importance o f  s i ze  

c o n s i s t  t o  a n t h r a c i t e  product ion.  Screening was 

c a r r i e d  ou t  a t  80 mm, 50 mm, 25 mm, 12 mm, 6 mm, 1 mm, 

0.5 mm, and 0.15 mm. The natura l  +80 mm mate r ia l  was 

reduced t o  l e s s  than 80 mm and recombined w i t h  the  

recombined w i t h  the sample. S i x  tonnes o f  80 mm x 50 
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FIGURE 5, I 

5Ox25mm 25x I2mm I2x6mm 

1983 BULK SAMPLE ANALYSIS PROGRAM 

6 x l m m  I x0. I5mm 0. l5xOmm 

I 
8OxOm 

I 

PHOTOGRAPHY I I  RESERVE REPRESENTATIVE 5 TONNE SAMPLE : 
I 

80 x 50mm 
I 

r-l SCREEN 

I 
SAMPLE ANALYSIS 

PROX..T.S..S.G..C.V. 1 ““f”- pE+ 
ASH COMP. + FUS. 

REPRESENTATIVE 
SAMPLE FOR 

1.4.1.425.1.45.1.475. 
1.5.1.55.1.6.1.7.1.8. 

1.9,2.0.2.1.2.2 

I 

12x6mm 

SAME 

SAME 

SAME 

CONT I NUED 

I 

6x Imm 

SAME 

SAME 

SAME 

ON FIGURE 5.1 A 

I 

I x0.5mm 

SAME 

SAME 

SAME 

0.5x0.15mm 

~ 

I 

?-I 0.15xOmm 

30.45.60, 
90.l2Osec. 
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1983 BULK SAMPLE ANALYSIS PROGRAM CONTINUED I 

4 4 4 4 
CUT POINTS CHOSEN FOR 5% ASH PRODUCT FROM EACH SIZE 

SIMULATED PRODUCT ANALYSIS; PROXIMATE, SULPHUR, C.V.. SP.G.. 
CHLORINE. H.G.I.. ULTIMATE. ASH FUSION, ASH MINERAL COMPOSITION 

i 1 I I I 

c 4 4 4 + 4 
CUT POINTS CHOSEN FOR 10% ASH PRODUCT FROM EACH SIZE 

SIMULATED PRODUCT ANALYSIS: PROXIMATE. SULPHUR, C.V.. SP.G.. 
CHLORINE. H.G.I., ULTIMATE. ASH FUSION, ASH MINERAL COMPOSITION 

8 8 Q Q Q 
FURTHER PRODUCT SAMPLES CLEANED AS PER REQUESTS 
OF POTENTIAL CUSTOMERS. ANALYSIS AS REQUIRED. 
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mm coal  was s e t  as ide i n  reserve wh i l e  the remainder 

was crushed t o  pass 50 mm. A l l  a n a l y t i c a l  and 

w a s h a b i l i t y  s tud ies  were c a r r i e d  o u t  on the s i zed  

m a t e r i a l  l e s s  than 50 mm. Once segregated by s i z e  each 

f r a c t i o n  was t r e a t e d  as a d i s t i n c t  and separate 

m a t e r i a l .  Products were produced from each s i z e  

f r a c t i o n  i n d i v i d u a l l y  w i thou t  combination o f  more than 

one f r a c t i o n .  The except ion i s  coal f a l l i n g  i n t o  the 

range below 1 mm. Though raw analyses and 

f l o a t / s i n k i n g  were conducted f o r  1 x 0.5 mm, 0.5 x 

0.15 mm and 0.15 x 0 f r a c t i o n s ,  a l l  products  were 

generated from mate r ia l  i n  the  range o f  1 mm x 0. 

5.2.3.2 F l o a t  Sink Data 

Ma te r ia l  from each o f  t he  i n i t i a l  7 s i z e  

f r a c t i o n s  beneath 50 mm was f l o a t e d  a t  14 s p e c i f i c  

g r a v i  t i e s .  Between 1.375 S.G. and 1.5 S.G. an 

increment o f  0.025 S.G. was used. F l o a t  p ropor t i on  

was a l so  measured a t  1.55 S.G. and a t  0.10 S.G. 

i n t e r v a l s  from 1.60 S.G. t o  2.20 S.G. The 

concent ra t ion  on the  range below 1.55 S.G. was 

in tended t o  y i e l d  d e t a i l e d  data t o  a s s i s t  i n  the  

c lean ing  o f  low ash products. The two s i z e  f r a c t i o n s  

beneath 0.50 mm were t e s t e d  us ing  f r o t h  f l o t a t i o n  a t  

30, 45 ,60 90 and 120 seconds. 
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5.2.3.3 Product  Ana lys is  

ash 

The 

equ 

From coal  i n  the  s i z e  ranges o f  50 x 25 mm, 

25 x 12 mm, 12 x 6 mm, 6 x 1 mm and 1 mm x 0, products 

were produced and analyzed a t  5% and 10% t a r g e t  ash. 

Add i t i ona l  ana lys is  was done on m i  sce l  1 aneous products 

generated a t  h igher  and lower ash l e v e l s .  Analyses 

i n c l  uded proximate, u l  t imate,  ca l  o r i  f i c Val ue, 

s p e c i f i c  g r a v i t y ,  ch lo r i ne ,  H.G.I., carbon d iox ide,  

composi ti on. 

these p l u s  

o r i  ne. 

f us ion  temperatures and ash minera l  

i n i t i a l  raw analyses i nc luded  

1 i b r i  um moi s t u r e  and water sol  ub l  e ch 

5.2.4 Termi no1 ogy 

Many o f  the parameters discussed i n  comparing and 

c o n t r a s t i n g  the  coal q u a l i t y  o f  the  s i z e  f r a c t i o n s  i n t o  which 

t h e  bulk  sample was d i v ided  show considerable s i m i l a r i t y  f r o m  

f r a c t i o n  t o  f r a c t i o n .  Th is  i s  t o  be expected s ince a l l  the  

coa l  o f  the  bulk  sample i s  drawn from a s i n g l e  seam. Some o f  

t h e  t rends  t h a t  do d i f f e r e n t i a t e  the  coal  o f  one s i z e  

f r a c t i o n  from the  coal  o f  another occur i n  ash fus ion  

temperatures and ash m i  nera l  composi ti on. For the l a t t e r ,  

d i f fe rences  are expla ined n o t  j u s t  i n  terms of the percentage 

conten t  o f  var ious  i n d i v i d u a l  cons t i t uen ts ,  b u t  a lso  i n  terms 

o f  r a t i o s  o f  the  content .  o f  cons t i t uen ts  r e l a t i v e  t o  each 

o ther .  Many s u b t l e t i e s  i n  the  c h a r a c t e r i s t i c s  o f  an ash are 

t h e  r e s u l t  o f  the i n t e r a c t i o n  o f  several contained mineral  s .  
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The r a t i o s  used i n  the  d iscuss ions o f  the  ash character  o f  

raw and product  coa ls  are as fo l lows:  

S i 1 i ca : A1 umi na Rat1 o = S i  02% : A1 203% 

A r a t i o  o f  2 : l  o r  lower  i n d i c a t e s  an ash w i l l  have a 

h ighe r  fus ion  temperature than another ash which i s  s i m i l a r  

i n  composition, b u t  has a s i1 ica:alumina r a t i o  above 2 : l .  

Above 3 : l  ash fus ion  temperatures tend t o  drop o f f  sharply.  

There i s  no absolute r e l a t i o n s h i p  between t h i s  r a t i o  and 

s p e c i f i c  f us ion  temperatures, o the r  elements a f f e c t  the  range 

i n t o  which the temperatures f a l l .  

S i l i c a  Percentage = 100 x SiO7 

Si02 + Fez03 + CaO + MgO 

Th is  r a t i o  can be app l i ed  i n  s i m i l a r  s i t u a t i o n s  as the 

s i1 ica:a lumina r a t i o .  I n  general, a value o f  82 i n d i c a t e s  

low fus ion  temperature wh i l e  30 o r  l e s s  i n d i c a t e s  h igh  fus ion  

temperatures. Other r a t i o s  are more s t rong ly  l i n k e d  t o  ash 

f u s i o n  t rends than t h i s  one. 

Fe203%:CaO% + MgO% 

Where t h i s  r a t i o  i s  g rea ter  than 1 (more i r o n  than 

ca lc ium p l u s  magnesium), the ash i s  termed "bi tuminous type 

ash". Where the  r a t i o  i s  l e s s  than 1, the  terminology i s  

" l i g n i t i c  type ash''. Th is  des ignat ion can be app l i ed  t o  any 

coa l  regard less o f  i t s  rank. The ac tua l  value o f  the r a t i o  
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I is  not important b u t  the balance between these elements can 

be very inf luent ia l  i n  determining the degree of s ignif icance 

of other elemental ra t ios :  

Dolomite Percentage = 100 x (CaO + MgO) 

Fez03 + CaO + MgO + Na20 + K20 

T h i s  r a t i o  can be s igni f icant ly  applied only t o  a 

" l i g n i t i c  type ash" t h a t  has an acid content (SiO2% + 

Al2O3% + Ti02%) l e s s  than 60%. These c r i t e r i a  are 

never met by Mount Klappan coal and the values are  quoted for  

comparati ve purposes only. 

Base:Acid Ratio = Fez03 + CaO + MgO + K20 + Na20 

SiO2 + A1203 + Ti02 

T h i s  r a t i o  has considerable correspondence w i t h  ash- 

fusion temperatures throughout  a1 1 analyses of Mount Klappan 

coals. 

ind ica tes  h i g h  fusion temperatures while a value over 0.80 

For " l i g n i t i c  type ash'', a value l e s s  than 0.25 

indicates  low fusion temperatures. 

ash'', a value less than 0.5 ind ic tes  h i g h  fusion temperatures 

and temperatures drop systematical ly  above 0.5. 

For "bituminous type 

Fouling Factor ( R f )  = Base:Acid x Na$% 

T h i s  is not a measure of the fusion behaviour of ash 

b u t  indicates  the potential  for  accumulation of deposits on 
the heat exchange surfaces of a furnace th rough  sublimation 
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of gasses produced i n  combustion. For "bituminous type ash'' 

a f igure below 0.2 indicates  a low f o u l i n g  tendency while a 

f igure over 1.0 indicates  a severe fouling tendency. T h i s  

f ac to r  cannot be applied to  coals w i t h  " l i g n i t i c  type ash'' 

because the h i g h  r e l a t ive  content of calcium and magnesium 

reduces the f o u l i n g  tendency overall t o  be o u t  of the 

e f f ec t ive  range of the r a t io .  A s t r a i g h t  reading of fouling 

tendency can be drawn from Na20%. The range ( low t o  severe 

tendency for  "bituminous type ash'' i s  0.5-2.50%, while for 

" l i g n i t i c  type ash'' i t  is 3.0-5.0%. 

- 52 - 



L 5.3 Size Consist Analysis 

The  i n i t i a l  screening, crushing and homogenization of the 

coal as i t  was received a t  Birtley from the a d i t  revealed the same 

b r i t t l e  nature as observed i n  the preliminary subsample ( see  Pa r t  
I 1  - Section 4.0).  Due t o  the careful extraction and packing of 

the b u l k  sample ( P a r t  I - Section 5.3.2) the substant ia l  every 

coarse s i ze  cons is t  of the coal was preserved. Screening a t  80 mm 
yielded 23.6% of the sample coarser then 80 mm w i t h  some pieces 
upwards of 450 mm. Rehandling and crushing the p lus  80 mm 

material t o  pass through the 80 mm screen resul ted i n  some 
over-reduction i n  s ize .  The d i s t r i b u t i o n  following the f i r s t  

crushing stage indicated only 5.3% of  the sample fe l l  in to  the 80 

x 50 mm f ract ion while the remainder of the 26% passed not  only 

80 mm b u t  a l so  50 mm. 

After reservation of 6 tonnes of 80 mm x 0 mater ia l ,  a l l  
remaining +50 mm coal was crushed t o  l e s s  than 50 mm. Again, the 

b r i t t l e  nature of the coal created a degree of over-reduction and 
f ina l  d i s t r ibu t ion  was s l i g h t l y  skewed towards finer s izes ,  w i t h  

the most s tab le  s i ze  cons is t  appearing t o  be 6 x 1 mm (33.6%). 

The proportion of the to t a l  sample i n  coarse s i ze  f rac t ions  d i d  

n o t  conform t o  the e a r l i e s t  indicat ions b u t  over 1/3 of  the sample 

remained coarser then 6 mm (see Table 5 .4) .  
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' 5.4 Raw Coal Quality 

The e n t i r e  31 tonnes o f  sample remaining a f t e r  the 80 mm x 0 

reserve was screened a t  25 mm. The quantity of material below 25 

mm was stored a s  25 x 0 mm w i t h  representative quant i t ies  being 

extracted t o  provide sized samples fo r  raw and product analyses. 

The r e su l t s  of raw analysis  of seven s i ze  f rac t ions  between 50 m 
and 0 a re  summarized i n  Tables 5.5 through 5.11. 

5.4.1 Proximate, S u l p h u r ,  C.V., H.G.I. 

The unique qual i ty  of the b u l k  sample analysis program 

was tha t  each of a number of s ize  f ract ions was analyzed, 

f loat-sinked and cleaned i n t o  various products individually.  

Several trends of variation among cer ta in .  parameters were 

noted t h a t  had not previously been encountered i n  analytical  

programs concentrating exclusively on d r i l l  core. 

Moisture content of a i r  dried raw coal was found t o  

f luc tua te  qui te  subs tan t ia l ly  depending on s i ze  f ract ion.  

The coal was d r i e d  under controlled conditions for  a length 

of  time t h a t  experimental experience indicated should conform 

w i t h  A.S.T.M. standards. I t  was found,  however, t ha t  the 

coarser coals ( a s  50 x 25 mm) and the coals w i t h  higher ash 

content retained f a r  more moisture than was expected from 

past  analysis of d r i l l  core samples. Moisture levels were 

3.20% for 50 x 25 mm coal and around 5.0% f o r  a l l  f ract ions 

less than 6 mm. The s i ze  f ract ion about the same s i ze  range 

a s  d r i l l  core (12 x 6 mm) had about the same moisture level 
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(1.20%). To combat t h i s  problem, samples f rom each s i z e  

f r a c t i o n  were reduced ( i f  necessary) t o  l e s s  than 6 mm and 

then a1 1 were d r i e d  under more c a r e f u l  l y  c o n t r o l  1 ed 

c o n d i t i o n s  w h i l e  weight  l o s s  was monitored. Most f r a c t i o n s  

under these circumstances y i e l d e d  a mois ture value between 1 

and 1.5%. It i s  these mois ture values t h a t  are repo r ted  on 

Tables 5.5 t o  5.11. 

Ash conten t  i s  q u i t e  cons is ten t  i n  general. The 

coarse f r a c t i o n ,  down t o  6 mm, con ta ins  about 20% ash w i t h  

1 evel  s gradual l y  decl  i n i  ng w i t h  s i z e  ( through 1 i b e r a t i o n  

e f fec t )  t o  a low o f  13.9% i n  the  6 x 1 mm f r a c t i o n .  Below 

6 mm the  ash l e v e l  r a p i d l y  r i s e s  again t o  38.4% i n  the  

0.15 mm x 0 f r a c t i o n ,  an e f f e c t  o f t e n  observed i n  d r i l l  core 

(see Mount Klappan r e p o r t s  f o r  1982 and 1983) and due t o  the 

ash ma te r ia l  be ing s o f t e r  than the  coal  and f a l l i n g  n a t u r a l l y  

i n t o  the  f i n e s t  s i z e  f r a c t i o n s .  

. V o l a t i l e  mat te r  con ten t  a l so  e x h i b i t s  a t r e n d  n o t  

p rev ious l y  observed. Values are q u i t e  cons is ten t  through 

most s i z e  f r a c t i o n s  (on both an a i r  d r i e d  and dry  minera l  

ma t te r  f r e e  bas is )  b u t  then r i s e  i n  the  f i n e s t  f r a c t i o n s .  

Carbonate conten t  i s  on ly  s l i g h t l y  h igher  i n  the  f i n e  s i z e  

f r a c t i o n s  and may account f o r  some o f  t he  d i f fe rence.  

Another e f f e c t  though i s  l i k e l y ,  as w i t h  moisture,  a 

r e f l e c t i o n  o f  i nc reas ing  ash l e v e l .  Hydrated c l a y s  i n  the  

ash con ta in  both phys ica l  mois ture ( r a i s i n g  the  apparent 

moi s t u r e  1 evel  ) and chemi ca l  moisture,  bound i n t o  the  c l  ay 

mol ecul  es and n o t  re1 eased u n t i  1 temperatures empl oyed i n 
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v o l a t i l e  content determination a re  reached. T h i s  chemical 

water vapour, then, will  contr ibute  t o  the v o l a t i l e  content 

and will cause t h a t  content t o  f luc tua te  w i t h  ash level. I t  

can be seen t h a t  the 6 x 1 mm f rac t ion ,  w i t h  the lowest ash 

content ,  a l so  has the lowest v o l a t i l e  content. Also, because 

clay minerals will generally degrade i n t o  the f inest  s i z e  

f r a c t i o n ,  the f i n e  f rac t ion  will have higher v o l a t i l e  levels 

even a t  constant ash levels ( s e e  Par t  I1 - Section 5.5).  

Fixed carbon leve ls  average about 70% for most s ize  

f r a c t i o n s  and decrease i n  the h i g h  ash f i n e r  f ract ions.  

S u l p h u r  l eve ls  a r e  qui te  consis tent  a t  around 0.40% through 

a l l  s i z e  f ract ions.  The c a l o r i f i c  value varies universely 

w i t h  ash and is  a l so  qui te  strongly influenced by moisture 

leve l .  T h i s  has been observed through comparison of i n i t i a l  

cal  o r i  f i c Val ues and Val ues measured a f t e r  repet i  t i  on o f  

drying. The Hardgrove Grindabi l i ty  Index, as expected, r i s e s  

i n  the f i n e r  f rac t ions  from an i n i t i a l l y  constant value of 37 

through a l l  s i z e  f rac t ions  above 6 mm. 

5.4.2 U1 timate Analysis 

Ultimate analysis  of each s ize  f ract ion i n  raw form 

indica tes  t h a t  there  is  substant ia l  variation i n  ultimate 

composition from s i z e  t o  s ize .  Apart from the v a r i a b i l i t y  i n  

moisture, described above, and t h a t  i n  carbon caused chief ly  

by f luctuat ion i n  ash, hydrogen leve ls  are  f a i r l y  consis tent  

around 2% and nitrogen and s u l p h u r  levels range around 0.4%. 

Oxygen l e v e l s ,  between 3 and 4%, indicate  a s l i g h t  degree of 
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o x i d a t i o n  as was p rev ious l y  observed (see P a r t  11- Sect ion  

2.3). 

5.4.3 Ash Fusion and Ash Minera l  Ana lys is  

There i s  cons is tency a l so  i n  ash fus ion  temperatures 

between s i z e  f r a c t i o n s .  Temperatures i n  general are q u i t e  

h igh,  w i t h  the  lowest  i n i t i a l  deformat ion temperatures ( i n  a 

reduc ing  environment) be ing  j u s t  over 1200°C. and the h ighes t  

f l u i d  temperatures ( i n  an o x i d i z i n g  environment) be ing j u s t  

under the  maximum reading f o r  the  equipment used, a t  1530°C. 

The temperatures a t  the  f o u r  p o i n t s  o f  measurement r i s e  and 

f a l l  almost i n  concer t ,  the  range from i n i t i a l  deformat ion t o  

f l u i d  temperatures ( i n e i t h e r  atmosphere) vary ing  from 170°C 

t o  270°C b u t  genera l l y  f a l l i n g  around 220 - 24OOC. There i s  

a1 so good correspondence between o x i  d i z i  ng and reduc i  ng 

temperatures, t he  d i f f e r e n c e  between the  two being i n  most 

cases l e s s  than 50°C. 

There i s  a t r e n d  i n  fus ion  temperatures no t i ceab le  

f rom f r a c t i o n  t o  f r a c t i o n  i n  which, from the coarsest  s i z e  

(50 x 25 mm) , the f l u i d  (and a l l  ) temperatures r i s e  t o  peak 

i n  the 1 x 0.5 mm f r a c t i o n  and then drop o f f  again. The 

span i s  from 1425°C t o  1530°C. This  t rend  can be d i r e c t l y  

l i n k e d  t o  the  ash minera l  composi t ion measured i n  each 

f r a c t i o n  and may be a f u n c t i o n  o f  the  h a b i t  o f  mineral  

ma t te r  i n  the coal  , i t s  reac t i on  t o  progress ive l i b e r a t i o n  

and i t s  poss ib le  tendency t o  concentrate i n  the  f i n e r  
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f r a c t i o n s  (as  p a r t  o f  the  ash m a t e r i a l )  Apar t  from t h i s  m i l d  

var iance, the  ash charac ter  o f  each f r a c t i o n ,  as measured by 

ash'  f us ion  temperatures i s  q u i t e  s i m i l a r .  

The c h i e f  d i f f e r e n c e  i n  ash minera l  composi t ion o f  the  

1 x 0.50 mm f r a c t i o n  compared w i t h  the  o thers  i s  the  low 

s i l i c a :  alumina r a t i o ;  j u s t  over 2 : l  compared w i t h  almost 

3 : l  i n  the  50 x 25 mm f r a c t i o n .  Below a r a t i o  o f  2:1,  f l u i d  

temperatures are found t o  r i s e  q u i t e  r a p i d l y  as the r a t i o  

decreases. Temperatures drop gradua l ly  between r a t i o s  2 : l  

and 3 : l  and then more q u i c k l y  above 3 : l .  The temperature 

f l u c t u a t i o n  i s  a f u n c t i o n  o f  a v a i l a b l e  excess s i l i c a  t o  

combine w i t h  o the r  oxides ( c h i e f l y  calcium, magnesium, i r o n ,  

sodium and potassium) t o  form compounds w i t h  depressed 

me1 t i n g  temperatures. The s i l i c a  r a t i o ,  which compares 

s i l i c a  conten t  w i t h  the  contents  o f  i r o n ,  calcium, and 

magnesium i s  another measure o f  the  tendency o f  ash t o  m e l t  

a t  lower  temperatures. A s i l i c a  percentage o f  82 i s  

considered a benchmark i n  the  scale o f  f us ion  temperatures. 

The ash from the 1 x 0.5 mm f r a c t i o n  i s  the  on ly  ash t o  have 

a s i l i c a  percentage below 82 (81.65);  t h e  o the r  f r a c t i o n s  

have marg ina l l y  h igher  percentages ( i n  the  range of 85 t o  8 7 )  

and correspondingly  lower  fus ion  temperatures. 

Several general observat ions can be made on the ash 

f rom a l l  s i z e  f r a c t i o n s .  Regardless o f  the rank o f  a coal ,  

i f  i t s  ash has an i r o n  conten t  g rea ter  than the contents  o f  

magnesium and ca lc ium combined, then i t  can be charac ter ized  

as a coal  w i t h  a "bi tuminous type'' ash. Such i s  the  case w i t h  
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t he  raw coal from seam I. Several i nd i ces  can be used t o  

assess the  s lagg ing  and f o u l i n g  p o t e n t i a l  o f  a bi tuminous 

coal .  

I n  the  case o f  seam I ,  some o f  the i nd i ces  are  found 

t o  c o n f l i c t .  The s i l i c a  percentage i n d i c a t e s  a s lagg ing  

p o t e n t i a l  a t  t he  h igh  end o f  the  range (over  82) w h i l e  the 

base t o  a c i d  r a t i o  (comparing the  contents  o f  i r o n ,  calcium, 

magnesium, potassium and sodium w i t h  the  sum o f  s i l i c a ,  

alumina and t i t a n i u m  conten ts )  p o i n t s  t o  an extremely low 

s lagg ing  p o t e n t i a l .  The measured fus ion  temperature would 

seem t o  support  t he  l a t t e r  i n d i c a t o r .  

S i m i l a r l y ,  t he  f o u l i n g  p o t e n t i a l  as i n d i c a t e d  by 

sodium alone (1.5 t o  1.6%) i s  again high, b u t  the f o u l i n g  

f a c t o r  (base:acid ra t io /sod ium content )  i s  low (0.2 t o  0.3). 

The minera l  balance o f  t he  ash appears t o  be genera l l y  

favorab le  through a l l  s i z e  f r a c t i o n s .  

5.4 .4  Washab i l i t y  

There i s  minor v a r i a t i o n  i n  the  washab i l i t y  

c h a r a c t e r i s t i c s  o f  t he  coal  i n  d i f f e r e n t  s i z e  f r a c t i o n s  (see 

Appendix A ) .  As mentioned prev ious ly ,  the head ash i n  each 

s i z e  f r a c t i o n  i s  around 20% down t o  0.5 mm ( s l i g h t l y  lower  i n  

t h e  6 x 1 mm f r a c t i o n ) .  Cleaning t o  5% ash can be 

accomplished f o r  each f r a c t i o n ,  down t o  0.5 mm, a t  an S.G. o f  

1.55. There i s  some f l u c t u a t i o n  i n  ash l e v e l  (+0.5%) and the 

l abo ra to ry  y i e l d  r i s e s  from 57% i n  the  50 x 25 mm f r a c t i o n  t o  
- 
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t h e  6 x 1 mm f r a c t i o n .  There i s  a s l i g h t  decrease i n  y i e l d  

(58%) i n  the  1 x 0.5 mm f r a c t i o n  b u t  the  ash i s  a l so  lower 

(4.50%). Th is  i s  a f u n c t i o n  o f  i nc reas ing  l i b e r a t i o n  i n  the  

f i n e r  s izes.  No 5% ash product  can be produced from the  two 

f r o t h  f r a c t i o n s  below 0.5 mm due t o  t h e i r  accumulation o f  the 

s o f t  and, there fore ,  genera l l y  f i n e  ash ma te r ia l .  

Comparison o f  the c u t  p o i n t s  f o r  10% ash from f r a c t i o n  

t o  f r a c t i o n  produces an even more v i v i d  demonstration o f  the 

e f f e c t s  o f  l i b e r a t i o n .  For  the  coarsest  f r a c t i o n s  (above 

12 mm), a c u t  p o i n t  o f  1.80 S.G. w i l l  y i e l d  83% o f  an 

approximately 10% ash product. Ma in ta in ing  the  same ash 

l e v e l ,  t he  c u t  p o i n t  c l imbs t o  2.00 S.G. f o r  an 89% y i e l d  i n  

t h e  12 x 6 mm f r a c t i o n  and 2.20 S.G. f o r  a 93% y i e l d  i n  the  6 

x 1 mm f r a c t i o n .  The y i e l d  a t  the  same c u t  p o i n t  (S.G. 2.20) 

i n  the  1 x 0.5 mm f r a c t i o n  i s  down t o  89% a t  a s l i g h t l y  

h ighe r  ash (10.4%). suggest ing t h a t  t h i s  f r a c t i o n  has 

i n h e r i t e d  some o f  the ash l i b e r a t e d  from the s l i g h t l y  coarser 

coal  t h a t  becomes more concentrated i n  the f i n e r  f r a c t i o n s  

below. The 1 x 0.5 mm f r a c t i o n  appears t o  be a t  a node 

between two trends, the  progress ive l i b e r a t i o n  which leads t o  

lower  ash and b e t t e r  c lean ing  a t  f i n e r  s izes,  and the  

progress ive  accumulation o f  1 i b e r a t e d  ash which causes 

i nc reas ing  ash l e v e l s  i n  the  very f i n e s t  f rac t i ons .  

Below 0.5 mm f r o t h  f l o t a t i o n  t e s t i n g  i nd i ca tes  a 32% 

y i e l d  o f  10% ash ma te r ia l  i n  the  0.5 mm x 0.15 mm f r a c t i o n .  

10% ash ma te r ia l  does n o t  appear i n  any f r o t h  f r a c t i o n  o f  the 

0.15 mm x 0 s i z e  coal .  
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5.5 5% Ash Product Quality 

Analyses were conducted f o r  a 5% ash product  der ived  from 

each s i z e  f r a c t i o n .  Below 1 mm the ma te r ia l  was combined i n t o  a 

s i n g l e  f r a c t i o n  ( 1  mm x 0 )  as there  i s  no demand f o r  low ash 

products  a t  f i n e l y  d i v i d e d  f r a c t i o n s  i n  t h i s  s i z e  range. 

5.5.1 Proximate, Sulphur, C . V . ,  H.G.I. 

A s i m i l a r  problem w i t h  mois ture was encountered i n  the  

5% ash produc t  analyses as i n  the  raw analyses. The mois ture 

r e t e n t i o n  i n  the  coarse f r a c t i o n  was h igher  than expected and 

t h e r e f o r e  mois ture values measured a f t e r  the appl i c a t i o n  o f  

s tandard d ry ing  techniques were a l so  high. Re-measurement 

us ing  the  same techniques, descr ibed i s  P a r t  I 1  - Sect ion 

5.4.1 produced mois ture values between 1 and 2%. These 

values are repor ted  on tab les  5.12 through 5.16 a long w i t h  

values f o r  proximate, u l t i m a t e  and c a l o r i f i c  value 

determi na t ions  ad jus ted  t o  compensate f o r  the lower 

moi s tu re .  

Products a t  5% ash were ob ta inab le  from a l l  s i z e  

f r a c t i o n s  genera l l y  a t  y i e l d s  between 50% and 67%. The 37.5% 

y i e l d  from the  1 mm x 0 f r a c t i o n  i s  l i k e l y  l a r g e l y  drawn from 

coa l  above 0.5 mm i n  s i z e  cons ider ing  the washab i l i t y  o f  the 

f i n e s  below 0.5 mm (see p a r t  I1 - Sect ion 5.4.4 and 

Appendix A 1. The y i e l d s  repor ted  on the  f o l l o w i n g  tab les  

a r e  those achieved i n  ac tua l  bu lk  f l o a t - s i n k i n g  and may 
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d i f f e r  s l i g h t l y  from those discussed i n  P a r t  I 1  - Sect ion  

5.4.4). 

Vol a t i  1 e mat te r  contents  measured from the  low ash 

products  are no t  as a f f e c t e d  by i n te r fe rence  from ash minera l  

breakdown and are  the re fo re  genera l l y  lower  than f o r  the  

corresponding raw ana lys is .  Some i n t e r f e r e n c e  i s  seen i n  the  

f i n e s t  f r a c t i o n s  (below 6 mm) wherein the  ash ma te r ia l  t h a t  

remains i s  l i k e l y  t o  con ta in  a h igher  p ropor t i on  o f  f i n e  c l a y  

ma te r ia l .  A h igher  p ropor t i on  o f  c l a y  i n  the  same percentage 

o f  ash w i l l  have a grea ter  e f f e c t  on measured v o l a t i l e s .  

F i xed  carbon l e v e l s  r e f l e c t  the  c lean ing  o f  the coal  

t o  a constant  5% ash and most are a t  about 87%. The f i x e d  

carbon value f o r  the  1 mm x 0 f r a c t i o n  i s  depressed t o  84% 

because o f  i t s  e leva ted  v o l a t i l e s .  Sulphur values are very 

c o n s i s t e n t  a t  0.5%. C a l o r i f i c  value l a r g e l y  r e f l e c t s  ash 

l e v e l  and ranges around 7700 cal . /g.  (g ross)  through a l l  

s i zes  except the 1 mm. x 0 f r a c t i o n .  I n  t h i s  f i n e  f r a c t i o n ,  

desp i te  the mois ture and ash l e v e l s  be ing cons is ten t  w i t h  the 

analyses o f  o the r  s i z e  f r a c t i o n s ,  the  gross c a l o r i f i c  value 

i s  on ly  7400 c a l  ./g. Th is  corresponds w i t h  the e leva ted  

l e v e l  o f  v o l a t i l e s  i n  t h a t  t he  d i f f e r e n c e  i n  heat  value from 

o t h e r  f r a c t i o n s  i s  due t o  increased mois ture r e t e n t i o n  i n  the  

c l a y  cons t i t uen ts  o f  the  ash. The excess heat  generated i n  

o t h e r  f r a c t i o n s  i s  here absorbed i n  the process o f  break ing 

down hydrated c lays.  Once the  c lays  are degraded, the  

re leased mois ture appears as p a r t  o f  the  v o l a t i l e  content  

(see d iscuss ion i n  P a r t  I 1  - Sect ion  5.4.1). 
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V a r i a t i o n  i n  the  Hardgrove G r i  ndabi 1 i ty Index between 

s i z e  f r a c t i o n s  c leaned t o  5% ash and between the  product  and 

raw analyses o f  respec t i ve  s i z e  f r a c t i o n s  are l a r g e l y  a 

f u n c t i o n  o f  ash l e v e l .  The H.G.I. a t  5% ash through a l l  

f r a c t i o n s  down t o  1 mm i s  between 30 and 32, compared w i t h  37 

t o  40 i n  raw coal .  As the  H.G.I.  rose i n  raw coa ls  w i th  ash 

l e v e l  (towards the  f i n e r  s i z e  f r a c t i o n s ) ,  i t  a l s o  r i s e s  

s l i g h t l y  ( t o  40) i n  t he  5% ash products  as the  ash 

composi t ion changes. I n  add i t ion ,  t he  i n c l u s i o n  o f  some f i n e  

m a t e r i a l  ( l e s s  than 0.5 mm) i n  the  1 mm x 0 5% ash product  

may a r t i f i c i a l l y  i n f l u e n c e  the  apparent reading o f  H.G. I .  

5.5.2 U l t i m a t e  Ana lys is  

Cleaning o f  the  raw coal  t o  5% ash products a1 t e r s  the 

balance o f  u l t i m a t e  cons t i t uen ts ,  bu t ,  except f o r  the  1 x 0 

mm f r a c t i o n ,  t he re  i s  l i t t l e  v a r i a t i o n  i n  product  analyses 

f rom s i z e  t o  s ize.  Carbon l e v e l s  a re  un i fo rm a t  about 86% 

and n i t r o g e n  l e v e l s  a re  j u s t  under 1%. Oxygen conten t  ranges 

f rom 2.6% t o  3.9%. It i s  s l i g h t l y  lower  than f o r  t he  

corresponding raw f r a c t i o n s  and accompanies the reduc t ion  i n  

apparent v o l a t i l e  mat ter .  The u l t i m a t e  ana lys i s  o f  the 1 x 

0 mm 5% ash f r a c t i o n  i s  comparable i n  a l l  respects  t o  the 

coarser  f r a c t i o n s  except t h a t  carbon l e v e l s  are lower (80.9%) 

and oxygen l e v e l s  are much h igher  (8.2%). The e leva t i on  o f  

t h e  oxygen conten t  c o r r e l a t e s  w i t h  the r a i s e d  v o l a t i l e  mat te r  

con ten t  and suggests again t h a t  the  v o l a t i l e s  are no t  der ived  

so much from the  coal  as from the  ash. A r i s e  i n  combust ib le 
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v o l a t i l e s  should be accompanied by a rise par t icu lar ly  i n  the 

hydrogen content. That the excess vo la t i l e s  i n  the 1 x 0 mm 

f rac t ion  r e l a t ive  t o  coarser f rac t ions  occur w i t h  re la t ive ly  

higher oxygen content indicates  t h a t  the additional v o l a t i l e  

matter i s  largely composed of water vapour, derived i n  a l l  

probabi l i ty  from clays i n  the ash. 

5.5.3 Ash Fusion and A s h  Mineral Analysis 

The general trend i n  fusion temperatures observed i n  

the raw analyses i s  a l so  seen i n  the 5% ash products, w i t h  

some variation and a t  a higher overall temperature. From the 

coarses t  to  the f i n e s t  f ract ions ash fusion temperatures 

rise. Trends are  noticeable only below the f inal  or f l u i d  

temperature. However, because i n  bo th  oxidizing and reducing 

temperatures, the f l u i d  temperature i n  a l l  f rac t ions  is  i n  

excess of the capacity of the furnace used (over 1540°C). 

T h e  hemispherical temperatures i n  b o t h  atmospheres r i s e  

together from about 1450°C t o  1510°C for the 50 x 25 mm and 

1 mm x 0 f r ac t ions ,  respectively.  T h e  separation between 

oxidizing and reducing temperatures varies between 10°C and 

45°C. Softening temperatures i n  oxi d iz i  ng and reducing 

atmospheres a1 so exhi b i  t comparable trends. In an oxi  di  zi  ng 

atmosphere the softening temperature r i s e s  from 1400°C i n  the 

50 x 25 mm f rac t ion  t o  1500°C i n  the 1 mm x 0. Temperatures 

i n  a reducing atmosphere are  about 75°C t o  100°C lower. The 

most marked difference between oxidizing and reducing 

atmospheres, and the l a rges t  r i s e  i n  temperature from the 

coarses t  to  the f i n e s t  s i ze  f ract ion is noted i n  the i n i t i a l  
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deformation temperatures. I n  a reducing atmosphere the 

temperature i s  almost constant th rough  a l l  f rac t ions ,  a t  
1250°C t o  1275°C. In an oxidizing environment, however, the 

i n i t i a l  deformation temperature rises from 1255°C i n  the 50 x 
25 mm t o  1435°C i n  the 1 mm x 0 f rac t ion .  Overall,  the span 

between fusion temperatures i n  oxidizing and reducing 

atmospheres reduces systematically from the i n i t i a l  t o  the 

f i nal measurement poi n t .  

There i s  a s ign i f icant  variation i n  the ash mineral 

composition o f  the d i f f e ren t  s ize  f ract ions t o  account for  

the above described trends i n  fusion temperatures. The most 

apparent variation between s ize  f ract ions is  the increase i n  

s i l i c a  (SiO2) content from 41.4% i n  the 50 x 25 mm f ract ion 

t o  56.8% i n  the 6 x 1 mm f ract ion.  T h i s  i s  accompanied by a 
cons is ten t  drop i n  alumina (Al203) content from 33.8% t o  

27.9% between the same two fract ions.  The most s ign i f icant  
general difference between the mineral composition of raw ash 

and the composition of the ash remaining a f t e r  cleaning t o  a 
5% ash product i s  the a l t e r a t ion  of the balance between iron 

and the sum of calcium and magnesium oxides. While the ash 

i n  raw coal of a l l  s i ze  f rac t ions  i s  characterized as  

" b i t u m i n o u s  type", (Fe203% i s  greater than CaO% + MgO%), 

the ash from the 5% ash product of most s i ze  f ract ions 

contains less . i ron than calcium plus magnesium and so must be 

characterized as "1 i g n i t i c  type". T h i s  change i n  character 

a f f e c t s  the interact ion of other oxides and a l t e r s  the 
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s i g n i f i c a n c e  o f  var ious  f a c t o r s  i n  the  assessment o f  ash 

behaviour. 
- 

The s i1 ica:a lumina r a t i o  i s  much l e s s  than 2 : l  f o r  t he  

50 x 25 mm f r a c t i o n  (1.22: l )  and r i s e s  t o  j u s t  over 2 : l  f o r  

t h e  6 x 1 mm f r a c t i o n .  Because o f  the  conten t  o f  o the r  

minera ls ,  t h i s  does n o t  have a d i r e c t  c o r r e l a t i o n  w i t h  fus ion  

temperatures ( they  r i s e  where the  Si02/A1203 r a t i o  

i n d i c a t e s  they should be f a l l i n g )  o the r  than t o  make a l l  

temperatures , especi a1 l y  f l  u i  d temperatures , qui  t e  high. 

Normally, f o r  coal  w i t h  " l i g n i t i c  type'' ash, the  

do1 omi t e  percentage (be1 ow) i s . used t o  i n d i c a t e  tendencies 

f o r  f us ion  temperatures. The s t e a d i l y  dropping percentage 

towards f i n e r  s izes  should be accompanied by lower fus ion  

temperatures. 

100 x (CaO + MgO) 

Dolomi te Percentage = Fez03 + CaO + MgO +Na20 + K20 

The 5% ash product  from each s i z e  f rac t i on ,  however, 

has only  marg ina l l y  l i g n i t i c  ash, and the  charac ter  decreases 

s t e a d i l y  towards the  f i n e r  s i z e  f r a c t i o n  u n t i l  the 1 mm x 0 

ash i s  marg ina l l y  bi tuminous i n  type. The o ther  parameter 

used t o  determine the  appropr iateness of a p p l i c a t i o n  o f  the 

dolomi te percentage i s  t he  conten t  o f  a c i d  components 

(SiO2, A1203 and T i02) .  A l l  o f  the s i z e  f r a c t i o n s  

exceed the  maximum 60% c u t - o f f .  
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The most s i g n i f i c a n t  parameter f o r  j udg ing  (and 

exp la in ing )  t rends  i n  fus ion  temperatures i s  t he  ba.se:acid 

r a t i o :  

Fe7O3 + CaO + MgO + Na7O + K70 

SiO2 + A1203 + T i02  Base:Acid = 

From the  50 x 25 mm f r a c t i o n ,  the  r a t i o  drops s t e a d i l y  

f rom 0.19 t o  a minimum o f  0.12 i n  the  6 x 1 mm f r a c t i o n .  

There i s  a s l i g h t  r i s e  again i n  the 1 mm x 0 ( t o  0.15). Th is  

corresponds exac t l y  w i t h  the r i s e  i n  fus ion  temperatures from 

coarse t o  f i n e  f r a c t i o n s  and the l e v e l l i n g  o f f  below 1 mm. 

I n  absol Ute terms, the  base/aci d r a t i o  ( c o n s i s t e n t l y  be1 ow 

0.25) i n d i c a t e s  t h a t  m e l t i n g  temperatures should be h igh  and 

s lagg ing  tendency very low, an observat ion borne ou t  by the 

ac tua l  f u s i o n  temperature measurements. 

Because o f  the  " l i g n i t i c  type" charac ter  o f  the ash, 

t h e  i n f l u e n c e  o f  sodium conten t  on the  f o u l i n g  p o t e n t i a l  o f  

t h e  coal  i s  much reduced. The presence o f  a g rea ter  r e l a t i v e  

p r o p o r t i o n  o f  ca lc ium i s  thought t o  have moderat ing e f f e c t  on 

sodium accumulation and, there fore ,  a conten t  o f  l e s s  than 2% 

i s  considered very favourable i n  a l i g n i t i c  ash. The content  

o f  ch l  o r i  ne as measured through the i n t e r f e r e n c e  o f  heavy 

l i q u i d  c o n t r i b u t i o n  i s  a l so  s a t i s f a c t o r i l y  low ( l e s s  than 

.2%). Below 6 mm, the  f ineness o f  the ma te r ia l  causes much 

g rea te r  absorp t ion  and r e t e n t i o n  o f  f l o a t / s i n k  f l u i d  and 

these values are e n t i r e l y  u n r e l i a b l e  (See Tables 5.9, 5.10 

and 5.111. 
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5.6 10% Ash Product Quality 

The same f i n e  s i z e  f r a c t i o n s  d l x u s s e d  i n  the  5% ash produc t  

s e c t i o n  (5.5)  were a l s o  cleaned i n  a separate procedure t o  assess 

t h e i r  product  p o t e n t i a l  a t  10% ash. Many o f  the t rends noted f o r  

t h e  5% ash products  a l so  apply t o  the 10% ash products  b u t  there  

a r e  a l so  some i n t e r e s t i n g  d i f fe rences ,  p a r t i c u l a r l y  i n  ash minera l  

composi t ion and behaviour. 

5.6.1 Proximate, Sulphur, C a l o r i f i c  Value, H.G.I. 

The tendency f o r  mois ture values t o  be h igh  i n  coarse 

f r a c t i o n s  because o f  mois ture r e t e n t i o n  i n  l a r g e r  p a r t i c l e s ,  

lower  i n  the  middle range o f  s i ze  f r a c t i o n s  because o f  the 

g rea te r  sur face area t o  mass r a t i o  i n  t h i s  range, and then 

h ighe r  again i n  f i n e  s i z e  f r a c t i o n s  because o f  the  h igher  

con ten t  o f  p e r s i s t e n t l y  mo is t  c lays  i n  the  ash, i s  q u i t e  

c l e a r l y  de f ined i n  the  10% ash f r a c t i o n s .  I n  these products 

a1 so, t he  mois tu re  values i n i t i a l  l y  measured by standard 

procedures were very h igh  (up t o  6%) and they were remeasured 

us ing  the  more c a r e f u l  l y  c o n t r o l  1 ed technique descr ibed 

p rev ious l y  (Sec t i on  5.4.1). A l l  o ther  proximate and u l t i m a t e  

f a c t o r s  a f f e c t e d  by mois tu re  were adjusted as per  the new 

values and are repor ted  on Tables 5.14 through 5.18. The 

mois tu re  i n  the  coarser  f r a c t i o n s  i s  around 1.5%, dropping t o  

1.0% i n  the  6 x 1 mm f r a c t i o n  and r i s i n g  again t o  2.0% i n  the 

1 mm x 0 f r a c t i o n .  
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There i s  some f l u c t u a t i o n  around the t a r g e t  ash f r o m  

s i z e  t o  s ize;  values range from 9.5% up t o  10.3%. Y ie lds  are 

very good through a l l  f r a c t i o n s  above 1 mm and i l l u s t r a t e  the  

i n f l u e n c e  o f  l i b e r a t i o n  from the  50 x 25 mm f r a c t i o n  (80.4% 

y i e l d )  t o  the  6 x 1 mm f r a c t i o n  (92.7% y i e l d )  w i t h  a steady 

inc rease i n  between. L i b e r a t i o n  i n  c lean ing  i s  n o t  the  on ly  

r e l e v a n t  f ac to r ,  as the  head ash o f  the 6 x 1 mm f r a c t i o n  i s  

a l s o  the  lowest  o f  a l l  s i z e  f rac t i ons .  The h igh  head ash o f  

t h e  1 mm x 0 f r a c t i o n ,  p a r t l y  through l i b e r a t i o n  o f  f i n e  ash 

m a t e r i a l  from the  coarser f r a c t i o n s  (see Sect ion 5.4.1) 

c o n t r i b u t e s  t o  i t s  r e l a t i v e l y  low y i e l d  o f  46.8% ( a t  9.9% 

ash). 

The v o l a t i l e  mat te r  con ten t  o f  the  10% ash products i s  

n o t  i n f l uenced  by c o n t r i b u t i o n  f rom ash ma te r ia l  t o  a 

s i g n i f i c a n t l y  g rea te r  ex ten t  than t h a t  o f  the 5% ash 

products.  Th i s  i n t e r f e r e n c e  by ash does n o t  come i n t o  p lay  

u n t i l  h igher  ash l e v e l s  are reached. For  the s i ze  f r a c t i o n s  

f rom 50 mm down t o  1 mm, v o l a t i l e s  are i n  t h e  range o f  5.1% 

t o  5.7%. These values are a c t u a l l y  lower  than those repor ted  

f o r  t he  5% ash products,  b u t  t h i s  i s  a f u n c t i o n  o f  t h e  

c o r r e c t i o n  c a l c u l a t i o n  from the  i n i t i a l  measured mois ture t o  

t h e  l a t e r  ( lower )  res idua l  moisture.  True values f o r  

v o l a t i l e s  a t  t r u e  res idua l  mois ture w i l l  be very s i m i l a r  f o r  

5% and 10% ash products.  The e f f e c t  o f  the h igh  c l a y  content  

o f  the 1 x 0 mm ash i s  demonstrated again by a d r a s t i c a l l y  

- 86 - 



. .  

i n f l a t e d  "apparent" v o l a t i l e . l e v e 1  (9.2%). 

F i xed  carbon l e v e l s  are l a r g e l y  a f u n c t i o n  o f  ash 

con ten t  th rough a l l  f r a c t i o n s  down t o  1 mm. To t h i s  p o i n t  

t h e  range i s  between 83% and 84%. I n  t h e  1 mm x 0 f r a c t i o n ,  

because o f  t he  h igh  v o l a t i l e  con t ro l ,  a reading o f  on ly  78.9% 

i s  recorded. 

C a l o r i f i c  values are q u i t e  cons is ten t  a t  7300 cal/gm 

(gross)  o r  s l i g h t l y  above f o r  most s i z e  f r a c t i o n s .  The gross 

c a l o r i f i c  value f o r  t he  6 x 1 mm f r a c t i o n  i s  lower  (7220 

cal/gm.) because the  ash l e v e l  i s  s l i g h t l y  h igher .  The value 

f o r  t h e  1 mm x 0 f r a c t i o n  i s  even lower  as some heat  i s  

i n t e r n a l l y  absorbed i n  the breakdown o f  ash ma te r ia l  (see 

Sect ion  5.5.1). 

There i s  no s i g n i f i c a n t  v a r i a t i o n  i n  su lphur  values 

through a l l  s i z e  f r a c t i o n s  (0.4 - 0.5%). 

The Hardgrove G r i  ndabi 1 i ty Index is margi nal  l y  h igher  

i n  the  10% ash products  than i n  the  5% ash products. It i s  

comparable i n  a l l  f r a c t i o n s  down t o  6 rnm (31  t o  33) and then 

r i s e s  i n  the  f i n e r  f r a c t i o n s  (37 i n  the  6 x 1 mm and 49 i n  

t h e  1 mm x 0 ) .  Again, the  readings i n  the  f i n e s t  f r a c t i o n s  

may n o t  be as accurate as f o r  coarser f r a c t i o n s  due t o  the 

abundance o f  f i n e  p a r t i c l e s  a l ready i n  the  sample p r i o r  t o  

g r ind ing .  
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5.6.2 Ultimate Analysis 

The ult imate analysis  i s  the measurement t h a t  

indicates  the grea tes t  consistency between the coals of the 

d i f f e ren t  s i z e  f ract ions.  Proximate analysis  can be a1 tered 

i n  some degree, as  has been seen, by pecu l i a r i t i e s  of the ash 

contained w i t h i n  the coal. The hydrogen and nitrogen leve ls  

i n  the ult imate analysis  should  n o t  be affected unduly by 

the ash const i tuents  and for the 10% ash products, these two 

measures a re  most constant. Hydrogen values are  2.4% t o  2.6% 

through a l l  s i ze  f rac t ions  and nitrogen ranges from 0.7% t o  

0.9%. The carbon level more or less r e f l e c t s  f i x e d  carbon; 

80.5% t o  82.3% down t o  1 mm, and 77.7% f o r  1 mm x 0 ,  and the 

oxygen l eve l s  are  subject  t o  the same influence a s  the 

v o l a t i l e s  a t  2.9% - 3.7% down t o  6 mm,  4.3% f o r  the 6 x 1 

fractionsand rising t o  6.8% i n  the 1 mm x 0 f ract ion.  

5.6.3 Ash Fusion and A s h  Mineral Analysis 

Much the same trends e x i s t  for  the ash fus ion  

temperatures i n  the 5% and 10% ash products. There i s  a 

general rise i n  temperatures from the coarsest  t o  the finest 

s i z e  f ract ions.  The span between i n i t i a l  and f l u i d  

temperature i n an oxidizing atmosphere appears t o  remai n 

about the same, (200"G), t h o u g h  below the 1 2  x 6 mm f ract ion 

the f l u i d  temperature exceeds the maximum ca l ibra ted  
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temperature fo r  the fusion furnace. In a reducing 
atmosphere, the f l u i d  temperature a l so  rises b u t  the i n i t i a l  

temperature appears t o  decrease. In the 50 x 25 mm f rac t ion ,  

the range ( i n  a reducing atmosphere) is 1250°C - 1490°C 

( i n i t i a l  t o  f l u i d ,  a span of 240°C). For the 1 mm x 0 

f rac t ion  the range is 1215°C - 1540"C, a span of a t  l e a s t  
325°C. T h e  r e s u l t  of these tendencies taken j o i n t l y  i s  tha t  

the span between temperatures i n  an oxidizing and reducing 

atmosphere increases as  the s i ze  decreases. F l u i d  

temperatures i n  both atmospheres are near or i n  excess of 
1540°C fo r  a l l  f rac t ions ,  b u t  i n i t i a l  temperatures span 55°C 

(1305°C oxidizing and 1250°C reducing) for the 50 x 25 mm 

f rac t ion  and 160°C (1375°C oxidizing and 1215°C reducing) for  

the 1 mm x 0 f rac t ion .  

As mentioned e a r l i e r ,  the  differences between ash 

minerals compositions i n  the 5% and 10% ash products are  

i n t r i g u i n g .  Where the ash of most of the 5% ash products 
(down t o  6 mm) i s  " l i g n i t i c  type" (Fe203% i s  less than 
MgO% + CaO%) and then a t rans i t ion  to  "b i tuminous  type" ( the 

reverse s i t ua t ion )  occurs, i n  the 10% ash products the 

t r ans i t i on  i s  much e a r l i e r .  Only the 50 x 25 mm f ract ion has 

" l i g n i t i c  type" ash. Below 25 mm, the ash becomes 
propressively more bituminous i n  character.  The same trend 
i n  si1ica:alumina r a t io s  seen i n  the 5% ash products occurs 

w i t h  the exceptions tha t  the r a t io s  are ,  i n  general, much 

higher (and the fus ion  temperatures, therefore,  lower) , and 
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the peak'comes i n  the 1 2  x 6 mm f rac t ion  rather  than i n  the 6 

x 1 mm f ract ion.  

S i l i c a  contents are a l s o  higher than i n  the 5% ash 

products  a t  52.4% f o r  the 50 x 25 mm f rac t ion ,  r i s i n g  t o  peak 

a t  62.0% i n  the 12 x 6 mm f rac t ion ,  and d ropp ing  again t o  
57.1% i n  the 1 mm x 0 f rac t ion .  Alumina contents describe 

exactly the opposite var ia t ion going from 26.8% t o  23.2% t o  

26.8%, respect ively.  

The apparent discrepancy between the peaking of 

various mineral contents i n  the 12  x 6 mm f rac t ion  and the 

peaking of fusion temperatures i n  the 6 x 1 mm f rac t ion  

(a1 though  the f l  u i d  temperature remains h i g h ,  b o t h  

hemispherical and softening temperatures drop off aga in  i n  

the 1 mm x 0 f r a c t i o n )  l i e s  i n  the in te rac t ion  of the 

base:acid ratios and the si1ica:alumina ratios.. T h e  

base:acid r a t i o  declines qui te  s teadi ly  between 50 x 25 mm 

f r a c t i o n  (0.16) and the 12 x 6 mm f rac t ion  (0.12) and the 

fusion temperatures, i n  consequence, rise. The base:acid 

r a t i o  s tays  the same i n  the 6 x 1 mm f rac t ion  (0.12) b u t  the 

si1ica:alumina r a t i o ,  having peaked i n  12  x 6 mm f rac t ion ,  i s  

s l i g h t l y  lower. Ash fusion temperatures, therefore ,  a re  the 

highest of a l l  i n  the 6 x 1 mm f rac t ion .  

In absolute terms, the slagging tendency f o r  a l l  
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f r ac t ions ,  as indicated by the base:acid r a t i o  i s  very low 

(always less than the standard of 0.5 f o r  bituminous type 

ash,  and l e s s  than 0.25 fo r  l i g n i t i c  type ash).  The fouling 

f ac to r  i s  a l so  sa t i s f ac to r i ly  low (uniformly l e s s  t h a n  0.25) 

even though the sodium leve ls  are somewhat h i g h  (more than 

0.5%) in  cases where the ash is  of bituminous type (anything 

less than 3.0% i s  considered very favourable i n  a l i g n i t i c  

a sh ) .  
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