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GEOLOGY REPORT 

ELK RIVER COKING COAL PROJECT 

J. Long - Consulting Engineer International Engineering Company 

A. REGIONAL GEOLOGY 

The Elk River coal project is located within the Ftont Range geornorphic 

subprovince of the Rocky Mountains The dominant tectonic feature of this region is the 

classic Lewis Thrustfault which crops out several miles east of the project area. The well 

known Rocky Mountain Ttench is located approximately 20 miles west of the project 

area 

Rocks which both underlie and form the eastern flank of the Elk River Valley are 

folded into tiyht northwest trending anticlines and synclines that are thought, by most 

geologists, to  comprise the upper plate, or hanging wall of the Lewis Thrust. Regional 

geologic mapping and nearby oil well information suggest the Lewis Thrust may be in the 

order of 8,000 t o  10,000 feet below the Elk River in the area under investigation 

(Dahlstrorn et. al., 1962) 

Anticlinal and synclinal structures, mentioned above, appear to  be overridden and 

truncated along the west flank of the Eek River Valley by a fault which has been 

designated as the Elk River Thrust by some authorities 

This fault is projected a t  least 30 miles south of the study area and extends an 

unknown distance t o  the north Dip of the Elk River fault plane is unknown but 

stratiyraphic and structural relationships suggest it dips to  the west and is  well outside 

areas likely to  be initially mined within the Eik River Project 

A general description of formations which are known to exist in the Front Range 

Province is shown in Table 1. Rocks exposed within the project area and general vicinity 

include the Permo.Pennsylvanian, Rocky Mountain formation, the Triassic Spray River 
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TABLE 1 

TABLE OF FORMATIONS 

SOUTHEASTERN BRITISH COLUMBIA 

AGE FORMATION PRINCIPAL LITHOLOGY 

Upper Cretaceous Belly River Non-Marine Sandstone & Shale 
Wapiabi Marine Grey Shale 
Cardium Marine Sandstone 
Blackstone Marine Grey Sliale & Siltstone 

Upper Cretaceous Crownsnest Volcanic Agglomerate 6 Tuff 
Lower Cretaceous Blairmore Non-Marine Sandstone, Shale & 

Conglomeratc 

D I S C O N F O R M I T Y  

Lower Cretaceous 
Jurassic + Kootenay Non-Marine Sandstone, Shale & 

Jurassic Fernie Marine Black Sliale 
Coal 

D I S C O N F O R M I T Y  

Triassic Spray River Marine Laminated Siltstone 
Permo-Penn Rockv Mountain Orthoaiiartz~te 8: Arenaceous 

~ o i ~ m ~ t e  
Mississimian Rundle G r o u ~  _. 

Elherington Silty Doloinltc 
Mount Head Thin Bedded Limeslone 
Livings t one 

Banff Dark. Airillaceous Chertv 
Massive Cr~no~dal  Limestone 

Mississippian? 

Devonian 

Cambrian 

Precambrian 

Exshaw 
L i m e s b e  

Black. Fisstle Sliale 

D I S C O N F O R M I T Y  

Palliser Cliff-Forming Mottled Limestone 
Fairholine Dark, Grey Limestone, Reefield 

Dolomite 

D I S C  0 N F 0 R hl I T  Y 

Dolomite Unit Light Grey Dolomite 
Shale Unit 
Quartzite Unit 

Green Shale & Limestone 
Light Yellowish Grey Quart~ite 

D I S C  0 N F 0 R M  I T  Y 

Kintla Red .% Green Arrilltte & 

Slieppnrd 
Purcelln Lava 
Stych 
Griiiiieil 
Appckuniiy 
Alty~i 
Watertori 

I 

Quartzite 
Dolomite, Quartzite, Siltstone 
Aniygdaloidai Andesite 
Grey Doloriiitc 
Red Argillitc 
Green Argillite 
Grey Argill:iccoiis Liincstoiie 
Bandcd Litrirstoiic & I k h i i i t c  

9 

THICKNESS 

3000 - 4200 
1000 - 1600 
30. 300 
450. 1000 

0 -  lo00 
1 0 0 0 ~ 2 2 0 0  

600.3500 

480. 1500 

0.1800 
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Formation, the Jurassic Fernie Formation and the Jurassic-Cretaceous Kootenay 

Formation. Coal bearing measures to  be mined on the Elk River Project are contained, 

within the Kootenay Formation. 

B. GEOLOGY OF THE PROJECT AREA 

STRUCTURAL GEOLOGY - In  the Elk River Valley coal fields, beds of the 

Kootenay Formation have been folded into a northwest trending syncline. This syncline 

is probably the northern extension of the Alexander syncline which can be traced into 

the Fording River coal mining area and beyond for a distance of 30 miles to  the south. As 

shown on Exhibit 4, the syncline is assymetric with beds on the west side folded to  near 

vertical a t  the surface while beds along the eastern side of the valley dip westward a t  

35-45 degrees. 

Coal bearing strata of the Kootenay Formation are exposed a t  the surface on both 

the eastern and western synclincal limbs on either side of the valley. Stratigraphic 

relationships and field observations indicate that the western limb of the syncline has 

been overridden by a westward dipping, high angle reverse or thrust fault. As indicated 

earlier, this fault is designated as the Elk River Thrust, It will have no effect on rninability 

of coal in the initial area. 

Geologic relationships under the Elk River Valley floor are not completely known 

due to  glacial till accumulations which mask rock outcrops over most of the area. Surface 

geologic evidence and subsurface information from exploratory drilling in the initial 

study area indicates it is unlikely that a major thrust fault exists under the central part o f  

the valley. As shown on the geologic cross section included on Exhibit 4, enough space i s  

available between valley walls t o  project beds, which crop out on both sides of the valley, 

into a normal synclincal fold without major fault offset, Also drill holes along Station 

340 + 00, which extend well into the central part of the Elk River Valley, penetrated 20 

coal seams al l  of which appear to  be in  their normal stratigraphic positions further 

indicaiing no major thrust faulting has occurred under the valley floor. 
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Some authorities believe, however, that Kootenay Formation beds exposed on ;he 

west side of the valley were displaced along a major thrust fault from a distance of 

approximately five miles t o  the west. Considering the regional tectonics of the area and 

the amount of movement believed to  exist on the Lewis Thrustfault the above is possible. 

Final answer to  this question, however, will be dependent on additional exploration 

outside the area being covered in this report. 

Mountain building occurred in the Elk River Valley area during the Tertiary 

Period of geologic time. It was during this period that the syncline into which the Elk 

River Valley has been eroded was formed. Movement along the Elk River Thrustfault was 

also probably initiated a t  this time. Some evidence indicates normal faulting in the 

project area also took place during the Tertiary Period. 

STRATIGRAPHY . As indicated earlier, coal bearing strata in the Elk River Coal 

Field are contained within the Kootenay Formation (See Figure 1) .  Coal bearing strata 

appear to be a t  least 1700-1800 feet thick and have been reported by  earlier investigators 

to contain between 20 and 25 mineable coal seams. Field observations and published 

information indicate sediments within the coal bearing portion of the Kootenay 

formation were deposited in  a coastal swampy environment with frequent incursions of 

turbid sea water (Price, 1963, and Walton, 1969) The predominate rock type interval 

between coal seams i s  dark, gray siltstone. Siftstone grades laterally and vertically into 

sandstone layers and dark carbonaceous shale. Prominent coal seams are persistent, 

laterally, although the detailed lithology of intervals between seams is irregular, as would 

be expected in  a coastal environment such as existed in the Elk River Valley area during 

Jurassic-Cretaceous time. 

Coal bearing strata are underlain by a massive basal sandstone bed which probably 

correlates with what is known as the Moose Mountain Member of the Kootenay 

Formation in  other parts of British Columbia and Alberta. The basal sandstone may be in 

the order of 300 feet thick in this area. Total thickness of the Kootenay Formation i s  

estimated to  be about 3,500 feet. 
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In south p a r t  of f i e l d  fou r  or m r e  seams f r n m  1-12 f e e t  t h i c k  w i t h  shale s p l i t s  ove r  a s t r a t i g r a p h i c  i n t e r v a l  
o f  approximately 65 feet, merges i n t o  t h i c k  s i n g l e  seam t o  nor th .  

Appears to  range from about 12-28 f e e t  t h i c k  w i t h  shale s p l i t s  ranging from 5-15 f e e t  t h i c k .  
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12 COAL SEAM 

l l  COAL SEAM Seam appears t o  merge w i t h  seam 12 near S t a t i o n  255 + 00. 
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Varies i n  thickness from about 20-37 fee t ;  average thickness 27 fee t .  

Varies i n  thickness from about 4-15 fee t ;  average about 7 f e e t .  

2 COAL SEAM Varies i n  thickness froiii about 8-29 fee t ;  average thickness 15 fee t  
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____ 
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cguld d i f f e r  s l i g h t l y  f rom those 
based on l a t e r  data and more de- 
t a i l e d  study. 

Thickness estimated fmm pub- 
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Valley. 
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A thick marine shale sequence, known as the Fernie Formation, underlies the 

basal sandstone member of the Kootenay Formation. The Fernie Formation ranges from 

500-1500 feet thick. Thickness in the project area is estimated to  be 1,000 feet. 

The Kootenay Formation is overlain by  the Blairmore Formation which, where 

observed in the project area, consists of a hard pebble conglomerate. Thickness of the 

Blairmore Conglomerate is estimated to  be 200 feet in  the study area. The complete 

formation is reported to  range from 1,000 - 2,200 feet thick in other areas (See Table 1 ). 

Progressive vertical change in lithology from the older marine shale of the Fernie 

Formation up through the relatively younger stream laid conglomerate of the Blairmore 

Formation represents a normal gradual change of depositional environment in geologic 

time from marine to  non-marine. Shales of the Fernie Formation were deposited in a 

deep sea environment. Gradual recession of the sea, possibly due to  gentle uplift, is 

represented by the hasal sandstone member of the Kootenay Formation which was 

deposited in a nearshore environment. Uplift continued and deposition of the overlying 

coal bearing strata in the Elk River Project Area occurred a t  a time when the sea had 

nearly completely receded and a coastal swampy environment existed in the area. As time 

progressed, uplift accelerated, coastal swamps disappeared, and the geologic cycle was 

culminated with continental deposition represented by the Blairmore conglomerate. The 

Blairmore conglomerate was probably deposited by  torrential mountain streams. 

No major disconformities are believed t o  exist within the Fernie or Kootenay 

Formations due to  relatively constant and slow rate of uplift and deposition during this 

period of geological time. An erosional discontinuity is believed to have been developed 

after Kootenay time and prior t o  deposition of the Blairmore Conglomerate. 

GLACIATION . The last important geologic event to  take place in  the project 

area was alpine glaciation. In  geologically recent time, laige mountain glaciers moved 

down the Elk River Valley from the north filling scoured areas under the glacier, and 

along glacier margins, with accumulations of glacial till. During periods of glacial retreat 
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"outwash" gravels were deposited in the valley by streams developed from melting 

glaciers. 
f- 

Figure 2. View of Elk River Valley looking north. Note 
"U" shaped glaciated character of valley. 
Photograph taken in September, 1970 

Glaciation appears to  have scoured considerable amounts of coal and rock from 

both Little Weary and Big Weary Ridges, which was replaced by glacial till. Bulldozer 

trenches excavated in  1970 revealed remnants of glacial till on the above slopes which 

were up t o  34 feet deep locally. Coal seam 2 was found beneath a 27-foot thick cover of 

glacial till in bulldozer trench T-70-3 (See Exhibit 8, Sheet 3). It appears that Coal Seam 

2 was stripped of the basal Kootenay sandstone down to approximately elevation 5,700 

in the vicinity of trench T-70-3 (See Exhibit 5). 

Glacial till ranges up to  a maximum depth of 140 feet in the river valley. 

Elevation of the till-bedrock contact i s  variable, indicating glacial erosion and scour may 

have dug channels into the ancient bedrock surface of the valley. There is also evidence 
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that glacial till was deposited in pre-existing river channels eroded by  the ancestral Elk 

River. Some drill holes in the river valley encountered water bearing gravels lying on the 

bedrock surface under glacial till accumulations, Water bearing gravels were probably of 

alluvial origin. 

Till is composed of a hetergeneous assortment of angular rock fragments in a 

dense silty clay matrix which has provided some protection of coal seam against deep 

weathering and oxidation Glacial till in the Elk River Valley is essentially impervious. 

Impervious till, however, appears to  be locally interbedded with pervious water bearing 

glacial outwash gravel. As mentioned earlier, till accumulations also appear t o  be locally 

underlain by water bearing gravels of alluvial origin. 

Matterhorn-type mountain peaks and high level glaciated benches indicate ice 

masses may have been up t o  3,000 feet thick in  the Elk River Valley, a t  one time. 

Remnants of glaciers persist today in the high mountains flanking the project area. 

C. GEOLOGY OF INITIAL STUDY AREA 

GENERAL -The initial section of the Elk River Project being studied is shovvn on 

Exhibits 3 and 5. It comprises the area between approximately Station 180 + 00 and 365 

+ 00. Photographs showing various views of the area are presented on Figures 3 and 4. 

The southern limit of the init ial area of study was located a t  Station 180 + 00 to  

provide sufficient clearance from portion'of Big Weary south of that station which has 

been disturbed by glaciation, landsliding and possible minor faulting. This area i s  a 

complicated zone which will require extensive and time consuming exploration and 

testing. Geologic information north of Station 180 + 00 is adequate for confident 

calculation of coal volume. 

A t  the time of this report, exploratory work i s  s t i l l  in  progress in the vicinity of 

the northern limits of the Elk River Valley property For the purposes of this report, the 
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Figure 3. View of Little Weary looking North. Note west slope 
which is a dip slope. A number of exploratory dozer 
trench cuts can be seen on the hillside. 

Figure 4. View looking south a t  area directly south of Weary 
Creek. Spot marked (x) is location of large outcrop 
of Kootenay sandstone which appears to have slumped 
downhill possibly due to undercutting by glacial action. 
Photograph taken September, 1970. 
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northern limit of the study area is established along the Station 365 + 00 section. Exact 

northern mining limits will be dependent on results of exploration presently in progress 

north of Station 365 + 00. 

A t  least 20 coal seams have been identified in  the study area by exploration 

initiated in  1970. A composite stratigraphic section showing pertinent generalized 

information such as average thickness of coal within individual seams and intervals 

between seams i s  presented in Figure 1. 

Coal seams are identified from bottom to top, in a stratigraphic sense. The lowest 

mineable coal seam, Seam 2, directly overlies the basal sandstone member of the 

Kootenay Formation. Average thickness of coal bearing strata in the Kootenay 

Formation, as indicated by exploration to  date, is  about 1,700 feet. Average total 

thickness of coal within the Kootenay Formation in the initial study area is about 300 

feet. 

Geologic structure of the Kootenay Formation in  the initial study area i s  

relatively simple. Beds generally strike North 20 degrees West and dip 35 45 degrees 

Southwest. Minor changes in strike and dip indicate beds "roll" gently due to  minor local 

folding. 

The relative simplicity of the subsurface geologic structure within the init ial study 

area is illustrated by a structural contour map of Seam 2 footwall shown on Exhibit 9. 

The lateral subsurface continuity of coal seams stratigraphically above Seam 2 is 

illustrated on Exhibit 10 which shows the traces of major coal seams in the init ial study 

area taken at  the 5,000 elevation. 

The simplicity of geologic structure area is also well illustrated by the geologic 

maps presented as Exhibits 3 and 5. As shown, surface expression of coal seams on Li t t le 

and Big Weary Ridges north of Station 180 + 00 is very regular Nearly 8,000 feet of 

dozer trenching, in which outcrops of numerous coal seams were exposed, failed to 
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uncover any major faulting. Minor faulting was observed in one dozer trench (T-70-4) 

near Station 190 + 00 (See Exhibit 8, Sheet 5). Geologic logs of dozer trenches are 

presented in  Exhibit 8. 

The overall persistence of beds, between Stations 180 + 00 and 340 + 00, a 

distance of more than three (3) miles indicates no major faulting should be expected 

which might critically effect mineability or coal reserves for the area studied. Minor faults 

will, no doubt, be found during detailed mining development exploration and as the 

excavation progresses. 

COAL SEAM CORRELATION -Coal seams were preliminarily identified by field 

personnel according to  their stratigraphic position relative to the basal sandstone member 

of the Kootenay Formation, the interval between coal seams, and thickness of individual 

seams. Density logs and natural gamma logs were made both in rotary holes drilled with 

rock bits and in  holes cored with diamond bits. Comparison of drill core logs and 

geophysical logs provided adequate information for field identification of seams from 

geophysical logs alone, in rotary holes which were not cored. 

Correlation of coal seams was subsequently checked and refined by utilization of 

slightly modified standard geologic techniques. All drill hole data and seam intercepts 

were projected to a longitudinal section along the baseline of the study area. Intercepts 

and traces of coal seams were also projected in section and plan from drill hole to  drill 

t,ole. Coal seam intercepts were then plotted a t  their points of intersection with geologic 

sections which were constructed a t  right angles t o  the baseline every 1,000 feet between 

Stations 180 + 00 and 360 + 00 

Location and identification of coal seams a t  the surface on Little and Big Weary 

Ridges was verified by exposing coal seams in  bulldozer trenches (See Exhibits 7 and 8). 

Strike and dip of beds measured from outcrops and bedding plane dips observed 

in drill core were also checked against bedding orientations derived from plotting and 



projecting of coal seam intercepts. There was no important disagreement between field 

observations and information derived from plotting and projecting between drill holes. 

As mentioned earlier, the excellent lateral persistence of coal seams is illustrated 

in the Exhibits 9 and 10. Evidence of thickening and thinning of intervals between coal 

seams, however, can be seen on a seam correlation chart presented as Exhibit 11. 

DISCUSSION OF COAL SEAMS - The following is a discussion of thickness and 

continuity of the coal beds. The generalized conclusions were presented earlier in  the 

report on Figure 1, Composite Stratigraphic Section. References for the analysis are 

Exhibit 11, Coal Seam Correlation Chart, Exhibit 12, lsopach Drawings of Coal Seams 

and Exhibit 7, General Exploration Drawing. 

Also included i s  discussion of the columnar logs of coal seams prepared according 

to  Japanese standards, Exhibit 13. Columnar logs of the coal seams were constructed by 

Dr. A. Aihara of Mitsui Mining Co., in October, 1970, during a visit to  the Elk River 

Project. Dr. Aihara’s classification consisted of qualitative visual classification of coal 

seams according t o  the estimated ash content and petrographic class that can be 

corresponded roughly with the Stopes-Heerlen classification which is widely used in 

North America and Europe. 

TABLE 2 

VISUAL COAL CLASSIFICATION (‘AIHARA) 

1. CLASSIFICATION BY RAW ASH CONTENT 

Coal Type Ash Content % 

C-A 0 . 1 0  
C-B 10 - 20 
c-c 20.30 
C- D 30 - 40 

Dr. A. Aihara, Mitsui Mining Company 
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2. PETROGRAPHIC CLASS1 FlCATlON 

Class 

Bright 

Bright Banded 

Banded 

Dull Banded 

Dull 

Appearance 

Uniform, shiny black 
Laminated, composed of shiny and dull 
bands with bright bands predominate 
Laminated, composed of equal amounts 
of bright and dull bands 
Laminated, composed of predominantly 
dull bands 
Dull, l i t t le  or no lamination 

COAL SEAM 1 ranges from 1 to  3 feet thick, It is  located approximately 30 feet 

below from the top of the basal sandstone member and will not be mined. 

COAL SEAM 2 varies from 8 - 29 feet in coal thickness. Average coal thickness is 

about 15 feet. Seam 2 develops a 2 . 3 foot thick shale parting between Station 185 + 00 

and 215 + 00 and appears to  split into three seams a t  Station 360 + 00. 

Columnar logs on Seam 2 were developed from observations taken in Adits 2 and 

2N both in the vicinity of Weary Creek. A t  this location the coal is predominantly in the 

"6" - "C" ash classification. That is shaky and petrographically in the banded to  dull 

banded class. 

SEAM 3 varies from 4 - 15 feet thick. Average thickness is about 7 feet. Seam 3 

splits into two seams between station 270 + 00 and 340 + 00 The seam appears to  split 

into three seams a t  Station 360 + 00. 

Visual classification of the seam in No. 3 test  adit a t  Weary Creek indicates 

C range and about 30% is  approximately 70% of coal in the seam i s  classified in the B 

within "A" category. Most coal is dull to  banded. 

SEAM 4 varies in coal thickness from 20 - 37 feet. The seam contains a distinctive 
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Figure 5. View looking southwest a t  outcrop of coal seam no. 4 
exposed in trench T-70-7. Note thin rock cover on dip 
slope. Photograph taken October, 1970. 

Figure 6. View looking east a t  seam no. 4 exposed in trench 
T-70-3. Seam is  29.75 feet thick a t  this point. 
Photograph taken October, 1970. 
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split into two seams from near Station 230 + 00 lo Station 360 + 00. The lower seam is 

designated Seam 4A. Maximum interval between Seam 4 and 4A is  about 40 feet near 

Station 290 + 00. 

Visual classification of Seam 4 was made in Adit 4 on the south side of Weary 

Creek, in bulldozer trenches T-70-3 and T.70.10 on Little Weary Ridge and in bulldozer 

trench T.70-4 on Big Weary Ridge. The seam classified predominantly in the "A" . "B" 

category and was generally banded to dull banded in appearance. 

SEAM 5 is  not a continuous seam, 11 is  usually found in drill holes and on the 

surface as a thin trace up to a maximum of 3 feet thick. This seam has been identified in 

the subsurface and on the surface between Stations 190 + 00 to 250 + 00 

SEAM 6 contains up to 12 feet of coal. Average coal thickness is about 4 feet. 

The seam i s  very persistent as one or two seams between Stations 230 + 00 and 340 + 00 

but splits into three seams between Stations 185 + 00 and 230 + 00 The seam apparently 

pinches out near Station 340 + 00. 

Visual classifications were made of Seam 6 coal inside Adit No 6 Coal seams 

outside Adit No. 6, where splits of Seam 6 are exposed near the portal, were also 

classified. In addition, visual classifications were made in bulldozer trench T-70 6, Seam 6 

coal was visually classified in the "B" - " A '  category and appeared to be generally dull 

banded with several noticeable bright bands. 

SEAM 7 varies from 4 .  9 feet coal thickness with an average thickness of about 6 

feet. The seam is very persistent between Station 180 + 00 and 340 + 00, but splits into 

two seams between Stations 295 + 00 and 325 + 00. Correlation of Seam 7 north of 

Station 340 + 00 is doubtful 

Seam 7 was visually classified in Adit No 7 and dozer trench T-70-6. Visually, the 

seam in Adit No. 7 appeared to contain a relatively high amount of "A" category coal 
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which ranged from bright to bright banded. 

Figure 7. View looking north a t  seam no. 7, exposed in T-SR-10. 
True thickness of seam i s  10 feet a t  this point. 
Photograph taken in September, 1970. 

SEAM 8 is one of the thicker and more persistent coal seams in the Elk River Coal 

Field. The seam usually consists of two seams (8 and 8A) and contains coal ranging from 

17 - 26 feet thick. Average coal thickness is 20 feet. A shale parting between Seams 8 and 

8A ranges up t o  about 40 feet thick near Station 265 + 00. Seam 8 appears to split into 

four seams in the northern part of the field near Stations 340 + 00. Correlation of Seam 8 

north of Station 340 + 00 is doubtful a t  the present time. 

Visual classifications of Seam 8 were made in Adit No. 8 near Weary Creek and 

dozer trench SR-4 on Little Weary Ridge. In No. 8 Adit Seam 8 is divided into two seams 

by a two fool thick shale parking. Visual classification indicates that the coal below the 
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shale, which correlates with Seam 8A. is comprised of approximately G5% coal that falls 

within the "A" category and 35% coal in the "B" category of classification according to  

ash content. The coal appears to be bright to banded. * 

Figure 8. View of seam no. 8 exposed in trench T-SR-4 which was excavated 
by Scurry-Rainbow Oil Co., Ltd. in 1969 and deepened in 1970. 
Photo taken in September, 1970. 

The upper part of Seam 8 contains approximately 14.5 feet  of coal which is 

comprised of 42% "B" coal, 38% "A" coal and about 10% coal falling in the "B" to  "C" 

category. Petrographically, most coal in the upper part of Seam 8 in Adit No. 8 appears 

to be bright banded. 

SEAM 9 varies in coal thickness fi-om 14 to 19 feet. Average coal thickness is 

about 16 feet. 
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Figure 9. View of seam no. 9 exposed in trench T-70-9. 
Seam 19.4 feet thick a t  this point. Photograph 
taken in October, 1970. 

Seam 9 can be correlated in the subsurface as a single seam from Station 180 + 00 

to 310 + 00. It appears to split into two seams on the surface between Stations 240 + 00 

and 270 + 00. North of Station 310 + 00 the seam appears to split into three seams 

merging back into one near station 340 + 00. Correlation of Seam 9 north of Station 340 

+ 00 i s  tentative pending additional drilling. 

Columnar logs were made from exposures of Seam 9 in bulldozer trenches 

T-70-11, T-SR-12, T-SR-5 and Adit 9. According to visual classification, Seam 9 is 

comprised predominantly of dull banded coal "5" with minor dark shale partings. 

SEAM 10 is very persistent through the study area. The seam ranges in coal 

thickness from 14 to 35 feet. Average coal thickness is about 25 feet. 
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Figure 10. View of seam no. 10 near Adit 10 north of Weary Creek. 
Note 4' x 5' adit entrance for scale. Coal seam is  43' thick 
a t  this point. Photograph taken in September, 1970. 

Seam 10 is comprised of two or three splits from Station 180 + 00 to 220 + 00. 

Between Station 220 + 00 and 340 + 00 the  seam is predominated by a 25 - 30 foot thick 

single seam. North of Station 340 + 00 Seam 10 appears to split into five seams over a 

stratigraphic interval of about 45 feet. 

Columnar logs of coal seams were made in dozer trenches T-SR-6, T-70-13, 

T-SR-13, and Adit No. 10. Visual classification indicates Seam 10 contains approximately 

60% category "A" coal. The remainder of the seam is comprised of mostly Coal "B" with 

a small amount of "C" and "D" coal. Petrographically, coal of Seam 10 appeared to be 

predominantly banded to dull banded. 

SEAM 11 is a persistent seam between Stations 260 + 00 and 360 + 00. The seam 
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contains an average coal thickness of 19 feet. Seam 11 appears to merge with Seam 12 a t  

Station 250 + 00, Identification of Seam 11 in the area of Station 250 t 00 is somewhat 

doubtful and will require additional attention during mine development exploration. 

No visual classification was made on Seam 11 

SEAM 12 contains an average coal thickness of 20 feet over an average 

stratigraphic interval of 48 feet. The seam i s  comprised of three seams between Stations 

180 t 00 and 210 + 00. North of Station 210 + 00 to approximately Sration 265 + 00, 

Seam 12 is comprised of one seam approximately 20 feet thick From Station 265 + 00 

to the northern boundary of the study area, the seam i s  comprised of up to seveii splits, 

One columnar log was constructed of Seam 12 in bulldozer trench T.70-I. In 

T-70 1, Seam 12 contains a coal thickness of 19 feet, 2 inches Approximately 60 percent 

of the seam a t  this location is composed of coal in the "A" category Petrographically, 

the seam appears to be predominantly bright to bright banded. 

SEAM 13 is comprised of as many as four coal seams ranging up to  12 feet thick 

over an average stratigraphic interval of 65 feet, between Station 180 + 00 and 290 + 00. 

From Station 290 t 00 to approximately 320 + 00, Seam 13 appears to merge into one 

seam with a 2-4 foot shale parting. The seam appears to  again split into about four seams 

in the vicinity of Station 340 + 00. 

No visual classification made on Seam 13 

GENERAL COMMENTS SEAMS 14 THRU 18: The exploration work on Seams 

14 thru 18 is presently incomplete. The Seam Correlation Chart, Exhibit 11, outlines the 

limited areas in which definitive information has been secured Tentative seam 

identification has been assigned a t  Station 340 f 00. Seams 14 and 15 are well defined 

between Stations 340 t 00 and 300 t 00. Drilling data has been obtained a t  Stations 190 

+ 00 and 180 + 00 but the seam groupings were not constant enough to permit seam 

identification. 
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Exploratory drilling and bulk sampling of these seams is presently being pursued 

and additional data will be available in about 3 months. 

The drilling at  Station 340 + 00 does, however, establish a gross coal thickness of 

approximately 125 feet in these 7 seam groupings, The following comments are presented 

with the understanding that they are based on very limited information. 

SEAM 14 is composed of up to  seven seams over an average stratigraphic interval 

of about 65 feet. Average coal thickness of Seam 14 is  about 19 feet. 

SEAM 15 is composed of up to  five coal seams ranging from 1.5 - 7 feet thiclc 

over an average stratigraphic interval of 50 feet. Average coal thickness of Seam 15 is 

about 14 feet. 

SEAM 16 data indicated the seam consists of four or five seams ranging from 1 to  

about 6 feet thick. Stratigraphic thickness of the interval containing Seam 16 coal ranges 

from 50 - 150 feet. Average stratigraphic interval is estimated to  be 75 feet thick Average 

thickness of coal in  Seam 16 is  about 17 feet. 

SEAM 17 Average stratigraphic interval containing Seam 17 coal is estimated to  

be 50 feet. Average coal thickness is estimated to  be 18 feet. 

SEAM 18 Drilling information indicated the seam consists of an average of 19 feet 

coal thickness within about four seams over an average stratigraphic interval ot 30 feet. 

SEAM 19 is comprised of from 2 - 5 coal seams ranging from ahout 1 . 6 feet 

thick over an average stratigraphic interval of 30 feet .  Average coal thickness is estimated 

a t  20 feet. 

SEAM 20 At  this location Seam 20 consisis of six coal seams ranging from 1 - 6 

feet thick within a Stratigraphic interval of 65 feet  Seam 20 is, stratigraphically, the 

highest mineable coal seam penetrated in the initial study area a t  this stage of the 

exploration 
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D. GEOTECHN ICAL CONS1 DE RATION 

TAILINGS DAM - A sixty foot high earthfill dam will be constructed to  provide 

retention for tailings from the coal preparation plant. The dam will be located west of the 

Elk River between base line stations 180 + 00 and 200 + 00 on a topographic bench a t  

about elevation 5,150. 

Test pits dug with a backhoe reveal the bench to  be covered with 3 t o  5 feet of 

weak organic material. Weak organic materials are underlain by dense impervious, 

bouldery, glacial till. Till deposits are contained in a matrix of silty clay, Glacial till in the 

area of the tailings dam, i s  estimated to  range up to  60 feet deep or deeper. 

Additional exploration and soils testing will be required prior to  detailed design of 

the tailings dam, Preliminary exploration, however, indicates organic materials will 

require stripping but underlying dense glacial till will provide an adequate foundation for 

a dam of the height being considered. Glacial till, available in the immediate area, should 

provide adequate quantities of suitable quality materials for construction of a dam with a 

homogenous section Till materials might require scalping to remove oversize rock. 

I t  is  believed slope protection will not be required for the tail ings dam due to  the 

small size of the reservoir, If  later study indicates protection is necessary, coarse granular 

materials contained in locally available outwash gravels or waste rock from the mining 

operation could be utilized for face protection. 

PLANT SITE Processing facilities for the project will be located directly north 

of the tailings dam on the west side of the Elk River between stations 205 f 00 and 230 + 

00. Backhoe test pits and rotary drilling indicate the plant s i te  area is  underlain by 25-60 

feet of dense glacial till, generally composed of a heterogenous assortment of gravels and 

boulders in a silty clay matrix Minor amounts of clay were reported from rotary holes 

drilled a t  the plant site. 
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Till deposits are locally underlain by approximately 10 feet of water bearing 

gravels which are, in  turn, underlain generally by bedrock. Gravels were found to  contain 

water under artesian pressures in several holes. 

Dense glacial till materials will provide adequate foundation for processing plant 

structures. Heavy storage silos may require foundation treatment such as piling if 

foundations are not placed into rock. Additional exploration and some sampling will be 

required for final foundation design, 

RIVER RELOCATION Present mining plans contemplate relocation of the Elk 

River by canal around the mining and coal processing area A drawing of the relocation 

will be included in Volume II of this report. Basically the Elk River is diverted by a small 

dam located approximately 4,000 feet north of Cordona Creek A canal will carry the 

water south along the east side of the valley. I t  swings west a t  Cordona Creek, joins the 

flow from Cordona and then proceeds south along the west side of the valley. 

No exploratory work 0 1  detailed topography has been made along the proposed 

alignment. Preliminary field observations have, however, indicated the following: 

(a) 

(b) 

The bulk of the canal excavation north of Cordona CTeek will be in rock. 

The canal excavation one-half t o  one and one h a l f  miles south of Cordona 

Creek, where the largest cuts are required, will also encounter substantial 

amounts of rock. 

The balance of the canal work will generally be in glacial till However, 

accumulations of pervious talus and glacial outwash gravels are to  be 

expected in the till and precautions must be talken against seepage 

(c) 

Investigations to  be made prior to  design of the river relocation will require 

careful study of potential canal seepage problem. Information available a t  the present 

time, however, indicates that clayey soils which can be processed from glacial till in the 

area will provide suitable lining materials to  insure against excessive seepage from the river 

relocation canal. 
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r EXCAVATION - Due to  the relative homogeniety of rock in intervals between 

coal seams, blasting pattern, loading, and delays, which will permit maximum blasting 

efficiency for excavation of rock, can be developed with a small amount of 

experimentation. The rock i s  relatively massive with a minimal amount of open bedding 

planes, or other natural fractures which might lower blasting effectiveness. Although the 

rock is massive a t  depth, beds near surface that have been weathered are platy or blocky 

in many places indicating microscopic planes of weakness occur in the rock along bedding 

planes and joints. These planes should help the rock to break out in sizes which can be 

handled easily. 

* 

Soil overburden consists of glacial till and weathered rock to variable depths. Both 

can be considered common excavation. 

Figure 11. Exposure of glacial till in trench T-70-6. Note size of angular 
till fragments which are in the order of 3-6 inches. Matrix is 
dense silty clay. Material i s  firm but not cemented. Photo 
takcn in Octobcr. 1970. 
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Figure 12. Taken in trench T-70-6 illustrating large diameter of materials 
which will be occasionally encountered in till. Photograph 
taken in October, 1970. 

Figure 13. View illustrating depth of glacial till in some areas. Note D8 
tractor lor scale. Photo taken in October, 1970 in trench T-70-6. 
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Groundwater flows from water bearing gravels, that will be found beneath and 

possibly interbedded with glacial till, will require attention during excavation t o  insure 

tnat flows into the pi t  will not hamper mining operations. 1 1  is believed that the gravels 

should drain relatively quickly after heavy initial flows due to  the limited recharge area 

available in the drainage basin and the relatively small amount of storage capacity of the 

gravel i tsel f .  Some minor recharge of gravels which lay directly on bedrock will continue 

indefiriitely, however, due to  water under hydrostatic pressure that is ejected from 

bedrock fractures and bedding planes into overlying gravels. Lining of the river relocation 

canal, as planned, will insure against recharge of gravels by infiltration of Eik River water 

to  the water table, 

Artesian flows from deep drill holes in  the mining area indicate some flows should 

be expected from rock deep in the excavation Water in  rock to  be mined is probably 

stored primarily in joints and bedding planes, Storage capacity of the rock, relative to  the 

volumes to  be excavated, will be small and it should be possible to  handle inflows from 

this source by sump pumps. 

SLOPE STABILITY - Slope stability studies are being made by Golden Bcawner 

Associates of Vancouver, British Columbia. Results of their studies will be contained in a 

separate report. 

Geological information for the stability studies was provided for Golden Bfawner 

dnd Associates by geologists of International Engineering Co Geological information 

consisted of rock joint orientation logs prepared from some sixteen drill holes Joints 

were oriented relative to  bedding planes of known strike and dip as observed in core 

samples. The chosen drill holes were located to  reflect changes in geologic structure which 

might influence joint patterns in the rock. Approximately 9,500 feet of drill core was 

logged in this manner from the following core holes: SR 1, SR-2, SR-3, SR.4, SR 16, lC, 

4C,8C, 12C. 13C, 14C, 19C,23C,24C,29C,3OC 

CONCRETE AGGREGATE Good quality gravels which may be used for 
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concrete aggregate are available approximately 10 miles south of the project area on the 

west side of the valley along the main access road. Exploration may also reveal gravel near 

tne mouth of Cardona Creek t o  be of adequate quali ty and gradation for use as concrete 

aggregate. 
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Price, R.A., Fernie Map-Area, East Half, Alberta and British Columbia, 

Paper 61-24, Geological Survey of Canada 

Walton, Matt, Core logs and Test . Elk River Pfoject, report for North 

American Coal Corp. 

Carmichael, V.W., Report of Geological Exploration, Eik River Coal Field, 

Southeastern British Columbia, North American Coal Corporation Report. 
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EXPLORATION 

GENERAL - The previously described licenses have had three separate 

exploratory programs in recent years. In 1968 North American Coal Co., pursuant to  an 

option agreement with Scurry-Rainbow, conducted a limited program that centered on 

the Big Weary Ridge reserves. During the following year Scurry-Rainbow continued the 

program alone extending the investigations and concentrating on Little Weary Ridge and 

the west side of the valley. In 1970 Emkay Canada Natural Resources and 

Scurry Rainbow Oil jointly undertook a comprehensive exploration program. 

The purpose of the 1970 program was to  confirm previous data, extend the area 

of investigation, and to  gather al l  the information necessary for commercial development. 

A program was developed which would fulfil l that aim and complete in la te  fall. 

However, the scope of the additional coal seams discovered and their lateral persistence 

was such that operating through the winter to  present s t i l l  has not fully defined them. 

The current program has been extended into the.spring of 1971 in  an effort to  gather 

additional data. The scope of the future exploration is discussed herein. 

Exploratory activity covering the three years is presented in  summary on Exhibit 

3, General Geologic Map. An expanded drawing of exploratory work in the initial mining 

area is shown on Exhibit 7, Si te Plan of Exploration in  Initial Mining Area. Other details 

are presented in Exhibit 8, Geologic Trenches, Exhibit 14, Test Adits and Exhibit 16, 

Interpretation of Drill Hole Logs, Seam Identification and Thickness. Data has been 

gathered on coal seam oxidation, but the Exhibits and discussion are presented in  a later 

section of this report. Exhibit 15 i s  a sample Lithologic and Geophysical Log used to  

present the results of drilling and classification. Such logs exist for a l l  core drilling done 

during the 1970 season, but only a sample is included in this report. The results of al l  this 

data have, of course, been incorporated in  the Exhibits to  the previous section on 

Geology. 

The exploratory activity to  date and the samples taken have been summarized on 
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a coal seam basis and included in tabular form in Exhibit 19. This listing is complete for 

al l  drilling and adit work. It contains a l l  1970 trenching and any 1970 work done in 

earlier trenches. However, data on a few of the older 1968 and 1969 trenches not 

reworked has been excluded. 

Sampling procedure i s  not covered in this section but is included in SAMPLING 

AND TESTING later in this report. 

A. - 1968 EXPLORATION - The first major exploration program on the Elk River 

property, other than 1920 development of Aldridge Tunnel, was completed by the North 

American Coal Corporation in the late fall of 1968. Primary emphasis during this period 

was on evaluation of Big Weary Ridge. The following work was done: 

TOPOGRAPHIC MAPPING - Aerial photography was completed by Spartan Air 

Services and a 1,000 foot to the inch base map of the property with 20 foot 

contours was prepared. 

DRILLING . Thirteen vertical rotary drill holes and five vertical core holes were 

completed and sampled. Holes were logged with gamma ray-neutron equipment 

by ROKE Oil Enterprises. A 1,000 foot horizontal core hole, drilled from the end 

of the 650 foot Aldridge Tunnel, was completed and sampled by Shepherd 

Enterprises. 

EXPLORATORY TRENCHES - Dozers exposed a l l  coal seams in exploration 

trenches along the crest of Big Weary Ridge to a depth of 30 feet where possible. 

Coal Seams 2 through 9 were also exposed along Weary Creek. Numerous random 

cuts were made to open coal seams along the flank of Big Weary Ridge and a 

network of access roads was completed. 

TEST ADlTS - Adits were driven by Shepherd Enterprises into Seams 2, 3,4, 7, 

8, and 9 immediately south of Weary Creek. Test adits were also driven into Seam 
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9 and 10 north of Weary Creek on the south flank of Li t t le Weary Ridge. Bulk 

samples taken from the above adits were analyzed by Commercial Testing and 

Engineering, Warnock-Hershey International and North American Coal Company. 

B. - 1969 EXPLORATION - A second major field exploration program was 

completed by Scurry-Rainbow Oil Co. during the 1969 season. Exploration during this 

period extended work done by North American Coal Company northward to  include 

most of Little Weary Ridge. Specific items of work completed during 1969 are 

summarized below: 

TOPOGRAPHIC MAPPING - An updated and enlarged base map of the entire 

license area was completed by McElhanney Surveying and Engineering, Limited, 

Vancouver B.C. a t  a scale of one (1) inch to  1,000 feet with 20 foot contour 

interval. A portion of the initial mining area, was also mapped by McElhanney a t  

a scale of 1 inch to  200 feet with a 5.fOOt contour interval. All drill holes, adits 

and trenches completed a t  that time were located on these maps. New topography 

was used for reserve calculations. 

DRILLING - Sixteen additional core holes were completed by Canadian Longyear 

for Scurry-Rainbow to enlarge upon the potential areas explored by  North 

American Coal Co, in 1968. Emphasis was placed on evaluation of Little Weary 

Ridge. Holes were logged with gamma ray.neutron equipment by ROKE Oil 

Enterprises. Samples were analyzed by Cyclone Engineering Sales Ltd., 

Edmonton, Alberta. 

TEST ADITS - Additional bulk samples were taken from test adits 4, 7, 8 and 9 

by Scurry-Rainbow Oil Company after the adits were deepened to  insui-e samples 

free from surface oxidation. Three (3) adits were also driven on the west side of 

the valley in the Bleasdell Creek and Coal Creek areas. The adits were not 

excavated deep enough to  escape surface oxidation. 

38 



EXPLORATORY TRENCHES - Several new trenches were excavated on Li t t le 

Weary Ridge for coal seam correlation purposes. An extensive trenching program 

was also started on the west flank of the valley in the Bleasdell area. This program 

was terminated during the fall of 1969. Prior to  termination of the program 

several trenches were completed on the west side of the valley on approximately 

4,000 foot spacing from 2,500 feet south of Bleasdell Creek to  about 2,000 feet 

north of Gardner Creek. 

C. - 1970 EXPLORATION - Exploration during the 1970 season was resumed in 

July. The camp was relocated a t  the 1969 location on Aldricli Creek just south of the Big 

Weary Ridge. 

A comprehensive trailer complex consisting of living quarters, kitchen and mess 

hall, recreation facilities and office working quarters was established. Power was supplied 

by a 50KW generator and facilities for equipment maintenance were set up. 

By late July drilling and restoration of adits prior to  bulk sampling was in 

progress. The exploration program was conducted by Elk River Exploration Ltd., a 

subsidiary of Emkay Canada Natural Resources Ltd. 

TOPOGRAPHIC MAPPING - The mapping prepared by McElhanney and 

Associates at  the end of the 1969 exploratory program was used in 1970. 

Additional aerial photography and ground survey was ordered for strip maps on 

the railroad spur location from Sparwood up the valley. 

DRILLING . Coal seam exploratory drilling amounted to  a total of twenty-seven 

core holes and fifteen rotary holes in the 1970 season. Of that total twenty-six 

core and eight rotary holes were located in the initial mining area. The total 

footage represented by the above drilling was 22,284 feet, of which 17,226 feet 

was cored and 5,058 was rotary drilled. Average hole depth was 700 feet. 
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Core drilling was performed with one skid mounted Longyear (T-44) drill and two 

skid mounted Chicago Pneumatic No. 8 drills. Coring was done with NQ wire line 

equipment and 3 inch drill bit. A water truck supported the operation for the 

preparation of the bentonite drilling "mud". Core recovery, in coal, averaged 

about 80%. with most of the core losses occurring in the beginning of the 

program. 

Statistics on the core drilling performance are as follows: 

Chicago - Pneumatic No. 8 - (CP - No. 8) Core Drill 

Activated 

Hours Worked 

Hours Down/ldle 

Hours Available 

Productive Effort 

Number of Holes Drilled 

Total Drilling Footage 

Footage per Available Hour : 

Footage per Worked Hour : 

Longyear (T-44) Core Drill 

Activated 

Hours Worked 

Hours Downlldle 

Hours Available 

Productive Effort 

Number of Holes Drilled 

Total Drilling Footage 

August 13, 1970 

1.387 hrs. 

1341458 hrs. 

1,979 hrs. 

70% 

10 holes 

6,363 feet 

3.2 ft,/hr. 

4.6 ft./hr. 

August 24, 1970 

1,802 hrs. 

531473 hrs. 

2,328 hrs. 

77.5% 

17 holes 

10,863 feet 
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Footage per Available Hour : 4.6 ft./hr. 

Footage per Working Hour : 5.9 ft./hr. 

Cores on coal were sampled as described in SAMPLING AND TESTING. All 

remaining recoverable overburden and rock interval core was boxed and stored for 

future reference. 

Rotary drilling was done with a self-contained, truck mounted Reich rotary drill. 

A 4.5 inch drilling bit was used. The primary function of the rotary drill was to 

drill "fill in" holes which could be logged for seam correlation between core 

holes. The rotary drill was also occasionally used to drill through bouldery glacial 

till for setting of surface casing prior to  coring with skid mounted core drills. 

Statistics on rotary drilling performance are as follows: 

Reich - Rotary Drill 

Activated 

Hours Worked 

Hours Down/ldle 

Hours Available 

Productive Effort 

Number of Holes Drilled 

Total Drilling Footage 

Footage per Available Hour : 

Footage per Working Hour : 

August 5, 1970 

1,125 hours 

148/418 hours 

1,691 hours 

66.5% 

15 holes (Coal Exploration) 

5,058 ft. 

4.5 ft./hr. 

6.8 ft./hr. 

All core and rotary holes were logged with gamma ray and high resolution density 

probes by BPB Borehole Ltd. Some holes were also logged with a resistivity 

probe. Coal intercepts were determined from the probe logs. A columnar log of al l  
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core holes was made by combining the geologic evaluation of the cored material 

and placing it directly on the probe recording, see Exhibit 15, Lithologic and 

Geophysical Log of Drill Holes. 

BULK SAMPLING - The program of bulk sampling was given first priority in the 

1970 program. Previously established adits in the Weary Creek area were opened 

and rehabilitated. The existing adits were deepened with FSI checks until a fresh 

unoxidized face was obtained. A fifty barrel bulk sample, including a l l  partings, 

was taken from a crosscut which exposed the full face of the coal seam (see 

Exhibit 14). Details of the sampling procedure will be presented in a later section, 

SAMPLING AND TESTING. 

Bulk samples of coal seams 2, 3, 4, 6, 7,8 and 9 were obtained from adits of the 

respective numbers on the south side of Weary Creek. An additional bulk sample 

of coal seam 2 was taken a t  adit no. 2N located north of Weary Creek a t  Station 

220 + 00. Coal seam 10 was also sampled in an adit near Station 220 + 00. Seam 

12 could not be conveniently reached by an adit and was bulk sampled in trench 

T-70-1 located near Station 228 + 00. 

All of the above bulk samples were taken under the direction of Mr. Rozenhart, 

Field Engineer from the Canadian Department of Energy, Mines and Resources, 

Edmonton, Alberta. Part of the bulk samples went to Cyclone Engineering Sales, 

Ltd. for cleaning and then to  the Canadian Department of Energy, Mines and 

Resources for coking testing. A part of the cleaned bulk samples were sent to the 

Japanese Steel Mills for testing. The remainder raw bulk samples were stored in 

50-gallon drums under water for further possible use. 

EXPLORATORY THENCHING - A series of sixteen dozer trenches were 

excavated during the 1970 season. This amounted to 8,900 lineal feet of 

trenching almost exclusively located in the initial mining area. Coal seams 2 
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through 13 inclusive were intersected by the trenching. 

This work yielded information on the depth of glacial till in many areas and 

accurately established the cropline location of the seams. Rock exposures in the 

trenches gave a good insight into the degree of uniformity of seam attitudes and 

demonstrated the lack of any major faulting in the study areas. 

A bulk sample of seam 12 was taken in trench T-70-1. Smaller channel samples 

were taken in the trenches as part of the oxidation studies and in two trenches, 

T-70-2 and T-SR-4, a line of drill holes was established to secure "stepped" 

samples for the oxidation study. 

ACCESS ROAD IMPROVEMENT - The total footage of road building and major 

improvement during the coal exploration program and adit work, i s  as follows: 

Main Roads 64,000 lin, ft. 

Aux. Roads (eg. to Drillsites) 46,500 lin. ft. 

Total Roadwork 110,500 lin. ft. 

The total footage of road building with respect to the plant site location 

determination is as follows: 

East Side of River 

West Side of River 

Total Plant Site Roadwork 

20,000 lin. ft. 

45,000 lin. ft. 

65,000 lin. ft. 

The overall footage of roadwork to December 31, 1970 was 175,500 lin. ft. 

equivalent to  33.2 miles. 

Major road improvement north from the upper limits of the coal leases to the 

Upper Kananaskis Lakes Dam has been conducted along 17 miles of the  Kan-Elk 

Transmission Line Access Road. This improved access towards Calgary provides 
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this major center a t  a distance of 105 miles from Aldridge Creek camp over 50 

miles of gravel roads and 55 miles of Trans-Canada highway. 

PLANT SITE SUBSURFACE INVESTIGATIONS - Rotary drilling and dozer 

trenches were used to  evaluate the quality of subsurface material as a foundation 

for the plant structures. Some work had been started in the area of Station 170 + 
00 which was the initial plant location. However, exploratory coal seam drilling 

revealed that the higher numbered seams then being discovered would be beneath 

the plant site. 

As soon as the extent of the new seams was ascertained, the remaining areas were 

studied and a new plant location established a t  Station 220 + 00 on the west side 

of the Elk River. After a tentative plant layout was established the drilling and 

trenching resumed in  the new area. Drill hole locations for both areas are 

indicated on Exhibit 7. The extensive trenching has been omitted from this 

Exhibit. Results of this work are reported in the Geotechnical section of 

GEOLOGY. 

WEATHER OBSERVATIONS - The keeping of daily weather records was 

established as part of the exploratory program since none had been accurately 

observed for this area. The decision to  extend work through the winter afforded 

an excellent opportunity to  judge the severity of local conditions. These records 

are not included as part of this report, but the general conclusions were presented 

in PHYSIOGRAPHY AND CLIMATE. 

SLOPE STABILITY STUDIES - Slope stability studies were made by  Golder 

Brawner and Associates of Vancouver, B.C., t o  determine safe slope angle and 

height criteria for design of operating benches, footwall slopes, highway slopes, 

and north and south terminal ends of the mine as is presently being considered. 

Data utilized for this study included institu testing of the Kootenay Sandstone 
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and Coal Seam No. 1 in Adit 2 and M-K tunnel No. 1, laboratory strength tests on 

core samples and geologic data consisting of natural rock fracture orientations 

from core holes and surface outcrops exposed in dozer trenches in the mining 

area. 

D. - 1971 EXPLORATION - Work during this current season has been directed 

exclusively to determining the location, quality and quantity of coal seams 13 through 

20. Four core holes M-71-31C to 34C drilled during the season are included in this report. 

Effort is currently centered on drilling a t  Stations 260 + 00 and 380 + 00 in order to t i e  

down the position of these seams. Trenches T-70-16 and T-71-17 awnow being deepened 

in order to  get unoxidized bulk samples of coal seams 13 through 20. 

E. - FUTURE EXPLORATION . Exhibit 7 outlines the future drilling necessary 

to fully ascertain the position, amount and characteristics of seams 14 through 20. Also 

indicated are proposed drill holes which would continue to trace al l  seams to the northern 

limits of the property. When the sampling is  completed in trenches T-70-16 and T-71-17, 

bulk samples will have been obtained on al l  mineable seams on the east side of the valley. 

A t  present there are no plans t o  extend exploration of the Big Weary Ridge area 

or the coal reserves on the west side of the valley. 

F. -SUMMARY OF EXPLORATION: 

Drill Holes Drill Bulk Trenching Access Road 
Program Core Rotary Footage Samples Footage Miles 

1968 6 13 10,800 8 6,900 NA 
1969 16 _. 9,621 4 5,125 NA 
1970 27 15 22,284 10 8,900 33.3 mi. 
1971 .. 3,029 ._ 1,600 _. - - 4 - 

Total 53 28 45,734 22 22,525 50.0 approx. 

(Figures through February, 1971 only) 
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COAL RESERVES 

1. - GENERAL - This section discusses the total coal reserves that l ie within the 

property lease limits. The data used to  determine these reserves is a l l  the exploration and 

pertinent information collected over the past three working periods, North American in 

1968, Scurry-Rainbow in 1969 and Emkay-Scurry in 1970. This data from drill holes, 

dozer outcrop trenches and adits, along with the historical geology of the area has been 

discussed in previous sections of the report. 

There are, however, several general exhibits that are particularly relevant to this 

Section. 

Exhibit 3 General Geologic Map 

4 Geologic Cross Section 

11 Seam Correlation Chart 

12 lsopach Drawings 

16 Interpretation of Drill Hole Logs, Seam Identification & 
Thickness 

17 Geologic Reserve Map 

The last referenced Exhibit 17 was prepared specifically for this section and 

demonstrates al l  the reserve areas on the property and their classification. 

Reserves have been categorized into the following classifications: 

PROVEN - Reserves which have been drilled and trenched to an extent that 

accurate engineering calculations on a station to  station basis are used in  the 

computation of coal volume. 

PARTIALLY PROVEN - Reserves which have been partially drilled and trenched 

permitting engineering calculation of gross coal a t  particular sections and having 
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established geology permitting the gross coal amounts t o  be projected into areas 

not sufficiently explored to  be considered proven. 

INFERRED - Reserves not drilled in which computations are based on projections 

o f  gross coal from proven areas, partially proven areas or surface trenching on the 

basis of established geology. 

UNCERTAIN - Reserves not drilled in  which computations are based on 

projections of gross coal from proven areas, partially proven areas or surface 

trenching but do not have sufficiently established geology t o  justify being 

classified as inferred. 

2. - AREA A - PROVEN OPEN PIT RESERVE -This area is the indicated initial 

mining area of the report. It extends from Station 180 + 00 to 365 + 00 and from Seam 2 

on the east t o  basically Seam 13 on the west. However, it also includes short sections of 

Seams 14 and 15, totaling about 2,000 feet. In the initial mining plan analysis, excavation 

is carried to  a 400 feet depth. However, it is judged that surface mining may be extended 

to  600 feet depth and reserves are therefore calculated for both conditions. 

Area A, as the indicated initial mining area, has received the bulk of the attention 

during the exploration program. The extensive drilling, adit samples and trenching have 

al l  been correlated and plotted on detail cross sections. All this detail work will be 

presented in  the Section on MINING in Volume II and is  not stated here. The original 

ground surface on the cross sections was taken from a detailed topographic map that was 

prepared by McElhanney Associates to  a scale of 1 inch equals 200 feet, with a 5 foot 

contour interval. The drilling pattern is  such that the holes are within 2,000 feet or less 

along the strike of the coal beds and close enough in the direction of the dip to overlap a l l  

the coal seams. This drilling pattern established consistency in  the strike and dip of the 

bedding planes, therefore the coal seams were plotted on even 1,000 foot cross sections 

with a scale of 1 inch equals 50 feet. 

- 

The quantities of coal and overburden were determined, using the double end area 
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method applied to detailed 1,000 foot cross sections. 

There are several reductions which must be applied to  the in place coal to reflect 

the final mined open pi t  reserve of usable metallurgical coal. 

MANTLE OR WASTE COAL - An average thickness of 15 feet  normal to  the 

surface i s  assumed to be waste coal in those areas not covered by a t  least 15 feet  

of glacial till. 

OXIDIZED COAL . A layer of coal 15 feet thick below the 15 feet  of waste zone 

or till layer is  considered to  be oxidized coal. At  higher elevations, above 5,600 

feet  elevation, an oxidizing depth of 35 feet was used because of greater exposure. 

This oxidized coal has thermal value but is not included in  the proven 

metallurgical coal reserve. 

PIT LOSSES - Because of the dip of the coal beds, the variations in seam 

thickness, and the mining operation planned, a p i t  mining loss in proportion to  

the seam thickness of each seam was determined. A factor varying from 5 to  35 

percent was used depending on the nature and thickness of the seam. The p i t  

losses were deducted from the in situ coal volume and added to  the overburden 

volume t o  calculate the ratios. The weighted average of a l l  seams was calculated t o  

be 10 percent pi t  loss. 

The following is a statement of the in place coal without considering reductions 

for the above factors. These reductions will be considered in the summary section. 

AREA A In Situ Coal 
ST 

Surface to  400 feet 109,172,000 

400 feet  to  600 feet 39,270,000 

Total 148,442,000 
-~ 
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3. - AREA B - PARTIALLY PROVEN OPEN PIT RESERVES -This area parallels 

Area A along the strike of the coal and includes the seams from the west edge of Area A 

out to Seam 20. Based on the present drilling, the identified Seam 20 appears to be the 

last commercially mineable seam. These higher numbered seams have been drilled a t  

Stations 180 + 00 and 340 t 00. However, the interval between these stations is  sparsely 

drilled a t  this time (see Exhibits 3 and 11). The geology is established and the available 

drilling information i s  fully consistent with geological projections from one station to the 

other. The average of the gross coal a t  Stations 180 + 00 and 340 + 00 was projected over 

the interval yielding: 

AREA B In Situ Coal 
ST 

Surface to 400 feet  27,000,000 

400 feet to 600 feet 27,000,000 

Ratio 
CY/ST 

4.7: 1 

7.2: 1 

Total 54,000,000 5.9: 1 

4 - AREAS C AND D - PARTIALLY PROVEN OPEN PIT RESERVES. Some 

drilling has been done in this area north to Station 380 t 00. Also, coal outcrops have 

been observed by the geologists north to the property limits. Therefore, it appears to be a 

safe assumption to  calculate partially proven reserves in these areas. 

Area C is defined as a zone of coal measures equal to the extreme north section a t  

365 + 00 extended north to the property lease limits. (Includes Seams 2 through 12.) 

Area D is the extension of Area B a t  Station 340 + 00 and extended north to the 

property line (includes Seams 13 through 20). 

AREA C 

Surface to 400 feet  

400 feet  to 600 feet 

In Situ Coal 
ST 

2 1,000,000 
13,000,000 

Ratio 
CYIST 

6.2: 1 

7.5: 1 

Total 34,000,000 
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AREA D 

Surface to 400 feet 

400 feet  to  600 feet  

In Situ Coal 
ST 

15,000,000 

13,000,000 

Ratio 
CYIST 

4.3:l 

6.5:l 

28,000,000 5.4:l ~- Total 

5. - AREA E - PARTIALLY PROVEN OPEN PIT RESERVES - This area is 

commonly referred to as Big Weary. I t  extends from Station 180 + 00 to the south 

property line. It is bounded on the east by the property line of the Cominco licenses in 

this area. Coal reserves are present in both Area E and the contiguous Corninco licenses. 

This area was more thoroughly studied by North American Coal Co. and 

Scurry-Rainbow in 1968 and 1969 than by Emkay-Scurry in 1970. (See Exhibit 3.) The 

area has been generally drilled and well trenched along the Big Weary ridge. Since the 

drilling was not complete and the geology indicates possible faulting and slides in the 

Station 140 + 00 to  170 + 00 zone, the reserves are assigned a partially proven 

classification. The reserves were calculated on the basis of cross sections carried down to 

elevation 4,850, which is typical of Area A. 

AREA E 

Surface to 400 fee t  

400 feet  to 600 feet 

Total 

In Situ Coal 
ST 

54,000,000 

14,000,000 

68,000,000 

Ratio 
CYIST 

9.4: 1 

6.4: 1 

8.8: 1 

AREA F AND G - INFERRED OPEN PIT RESERVES. In 1969 Scurry-Rainbow 

exposed coal seams on the west side of the valley in a series of dozer trenches. (See 

Exhibit 3.) They also drilled one core hole, SR-11, at  an angle to  intersect the coal 

measures which are nearly vertical in this area. 
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Areas F and G are contiguous along the strike of the coal, and the reserve has 

been broken into two areas, mainly to reflect that the strength of the geologic study i s  

higher and there are a greater number of trenches in Area F than G. The reserves were 

calculated on the basis of apparent gross coal a t  tre'nch sections projected over the 

interval. The pit was established a t  a 1 : 1 side slope down to 5,200 feet  elevation. 

AREA F In Situ Coal 
ST 

Ratio 
CYIST 

To Elevation 5,200 feet 123,000,000 7.4:1 

AREA G 

To Elevation 5,200 feet  39,000,000 7.6: 1 

7. . AREA H - UNCERTAIN OPEN PIT RESERVES - This area is an apparent 

extension of the coal beds in Areas F and G ,  However, there are no direct coal 

observations by drilling or trenching and no firm geologic work has been performed. In 

addition, the topography'in a substantial portion of the area indicates surface open pit 

mining would be difficult or economically prohibitive. 

The area has been ajsigned an uncertain reserve classification, Reserves are 

calculated by projecting the gross coal indications of Area G on the same pit slope and 

depth assumption. 

AREA H In Situ Coal 
ST 

Ratio 
CYIST 

To Elevation 5,200 25,000,000 7.6: 1 

8. - AREA J - INFERRED UNDERGROUND RESERVES - The structural 

geology of the coal measures as shown on Exhibit No. 4 and the consistency of the dips 
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infer that the coal beds on the east side of the valley continue to dip a t  a uniform rate a t  

least 2,000 feet below the valley floor. 

Considered in an underground mining operation are seams 5 feet thick and greater 

to  a bottom elevation of 3,200 feet. An estimated recovery factor of 30 percent is 

considered. In situ coal for Area J is 1,200,000,000 ST. - 
9. - AREA K .  UNCERTAIN UNDERGROUND RESERVES - The geology of the 

underground portion of the west side of the valley is unsettled. These reserves are 

therefore placed in the uncertain category. 

Consider again seams greater than 5 feet  thick and a bottom elevation of 3,200 

feet. Using these criteria under areas F, G, and H, there would be 660,000,000 tons of in 

situ coal. A 30 percent recovery would be considered in this area also. 

10. - SUMMARY OF RESERVES - The following chart summarizes the reserves 

outlined in this section. The in situ amounts of coal indicated a t  the end of  each area 

analysis will be corrected for waste coal loss, oxidized loss and pit loss. These items were 

discussed in the section on Area A. For the other areas, an approximate loss of 15% will 

be used for the surface to 400 foot depth volume and 10% for the 400 to  600 foot depth 

where only the pit loss is applicable. An assumed processing plant loss of 25% is applied 

to coal in a l l  areas to yield the final available clean coal volume. 
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2L 

1.33 

- 
ed E - 
BTlL 

4 , l t  



- 
SaGlpll 
Numbei 

5232 

5233 

0338 

- 

137314 
<I-690 
1653-0 

1337 

15 
16 

217 

218 

222 
223 
224 

237 

46 7 

1 

C o a l  

!.!I. 

17.45 

18.06 

14.64 

- No 

17.92 
15.47 
I 

14.81 

18.17 
16.99 

.6.35 

9.32 

7.97 
.8.99 
,9626 

5.68 

,4.+ 

ELK RIVER COAL PROJECT 

SAMPLE SUWARY - LOCATION AND PROXIMATE ANALYSIS 

A n a l ]  

Ash 

15.11 

12.31 

22.91 

S q :  

14.3: 
25.u 
27.61 

25.2: 

19.7: 
32.7; 

28.31 

67.01 

9.33 
13.58 
36.04 

29.12 

p . O S  

i 

i n  V e r t i c a l  

407.6 434. 
SR-2) 

T70-4 ay Sc Try D zer Trench 
(Smpled  or 0 d a t i  Study) 

8 - 
. .  

6.80 

89.00 

2.02 

Taki 

__ 
8.72 -- 
9.63 

- - 

4.72 

2.96 

2.29 
5.82 
8.83 

0.43 

3.25 

M70-4C 415.5 427.0 11.5 
(4A) 429.0 447.0 18.0 I 1 1 29.5131.5 

A i r  Dried 1 

. T t  

0.43 12.7' 

0.36 13,l 

0.35 11.4, 

n. 

0.36 - 
0.33 11.61 - -- 
0.45 11.11 

0.34 -- 
0.32 - 
0.24 11,0( 

0.14 4,4t  

0.35 13,65 
0.27 13,04 
0.27 9,39 

0.52 11.31 

0.34 12.82 

0 

Core 

407.5 

425.0 

Eorlz 

P O I t B .  
Port . ,1 
P o r t  

- 

059.0 
678.0 

131.0 

159.5 

123.5 
136.0 
149.0 

183.0 - 

m-Ie 
425.C 

432.a 

n t a l  

- 50 
- 5 

11 - 4 

Ho ' i ron t  

478.0 
493.0 

257.0 

266.7 

136.0 
149.0 
152.0 

190.0 

L l o l l W D t ~  

228.0 247.0 19.0 
251.0 255.0 4.0 

jR-' 1 I I 23.0127.0 

(NA) B 446.0 448.0 2.0 
454.0 471.0 17.0 

19.0125.0 

February, 1971 SEAM NO. 4 

IR-4 ( 4 N  

iR-3  ) 
) 
1 

iR-3 (U) 

:70-3 
[Sampled 

. .. 
i 

275.0 284.0 9.0 

123.0 151.0 28.0 

181.0 190.0 9.0 

BnWy Sourr Domr t r m  
!or Ox,dstio Study) 

L! 

5 

3 

3 

31 
1! 
2! 

3 

1 
2 

I! 

u 
2 
21: 
21: 

4 

1 

Coal - 
LL 
'0.32 

8.67 

6.26 

8.21 
7.15 
7.44 

5.36 

9.66 
9.41 

9.06 

7.29 

?.31 
?.24 
8.92 

8.34 

1.89 

l& 

u 
1.3 

8.8 

'.2 

.5, . O( 
0.t 

7 .! 

8.: 
8.: 

7.5 

4.: 

6.t 
7.1 
4. I 

7.6 

b . 5  

1.35 -- 
1.39 -- 
1.33 -- 
1.31. -- 

1.36 14,48 

. I  i 
54 . 
I '  

I 



ELK RIVER COAL PROJECT 

SAMPLE SUHMARY - LOCATION AND PROXIMTE ANALYSIS 

Eemple 
wrnber 

5178 

5179 

5180 

5172 

5173 

5182 

0334 

0335 

Lo- 

9R-15 

SR-15(41 

SR-16 

SR-l6(41 

M70-1% 
( 41 

W70-19C 

# 

Probe 
Interval 
prom TO 

394.0 412.0 

414.0 417.0 

m:q 15::8( ;:: 8.0120 .o 

Tocal Coal 
in Vertical 
J%au&kB 

18.0 
3.0 

21.0l23.0 

Coal 

7.85 

5.23 

7.72 

8.09 

7.49 

3.53 

6.45 

6.34 

5.33 

7.33 

-- 

Anal: 

L A &  

11.5 

36.0 

11.9 

11.4 

15.5 

44.71 

12.7 

17.1 

18.5: 

16.61 

_- 

724.01 751.01 27.0 

53.0 
62.0 
84.0 

150.0 

654.0 656.5 2.5 
657.5 672.5 15.0 

54.0 1.0 
82.0 20.0 
87.0 3.0 

156.0 6.0 
24.0134.0 

518.5 
557.0 
560.5 

79.5 
88.0 

110.0 

188.0 
190.0 
204.0 

February, 1971 

546.0 27.5 
558.0  1.0 
565+ 4.5  

33.ot/46.5+ 

83.5 4.0 
109.0 21.0 
116.0 6.0 

31.0137.0 

189.0 1.0 
196.5 6.5 
208.0 4.0 

11.5/20.0 

rn 

198.1 

i1O.l 

155.1 

64.: 

76.1 

L52.l 

i20.1 

90.: 

lo cc 

'26.! 

856.C 

I 

0058 

0301 

L 
A 
810.0 

t21.0 

59.5 

76.0 

88.5 

59.0 

48.0 

16.0 

ReC4 

54.0 

87.0 

-- 

( 4-41 

M70-2OC 

W70-lZC 

M70-100 

Recovered 
nd Sampled 
LenPth 

12.0 

11.0 

6.5 

11.5 

11.5 

7.0 

28.0l28.0 

17.5127.5 

rl 

15.0127.5 

18.5131.0 

- 382.0 
387.0 

SEAM NO. 4 (Continued) 

384.5 2.5 
418.5 31.5 

34.0136.0 

- 
R - 

H20 

1.6s 

1.77 

1.9i 

1.65 

1.71 

1.65 

1.36 

1.38 

1.25 

1.43 

-- 

- 
s -  - 
5 

3.8! 

7.9! 

9.4: 

1.7: 

5.21 

1.0t 

1.4t 

i . l (  

1.9c 

1.54 

- 

- 
1 

s, 
-3 

.2  

.4  

.3 

.3  

. 3  

.3  

. 3  

.z 

_- 

- 
JEL. 
13,36 

9,2E 

13,31 

13,4E 

12.83 

7.91 

13,39 

12,45 

12,49 

12.82 

- 

- - 
w 
9.65 

9.09 

0.11 

0.31 

3.17 

3.11 

7.30 

5.00 

3.7 

5.0 

-- 

- 
:oal - 
u 
9.45 

3.50 

3.64 

3.32 

3.58 

3.49 

5.74 

1.34 

1.27 

1 . 3  

- 

- 
9 
,& 

7.7 

8.9 

5.2 

7.6 

8.4 

.3.4 

7.5 

6.7 

8.6 

8.5 

-- 

.50 Sp. GI 

. -  BTU S. 

1.32 -- 
1.32 -- 
1.50 -- 

1 .32  -- 
1.31 -- 
1.55 -- 
1.53 14,34 

1.51 l4 ,56 

1.33114.72 

1.26 a4,-7 
1 

-- -- 

- 
- 
a 
3 

5 

6 

14 
3 

44 

14 

14 

1 

lr, 

-- 
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E
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.
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samp1< 
m 
0470 

5229 

5206 

137720 

6907 

0704- 
0759 

8 3  

5171 

5177 

0529 

0333 

s - 
E C .  
2.96 

3.43 

5.40 

-- 
- 
7.25 

- 
-- 
_- 
4.64 

9.90 

7.44 

1.42 

Location 

M70-6C 

SR-2 

SR-1 

MO-4c 

M i t  7 

VA - B 
Y70-1R 

SR-14 

SK-15 

170-1OC 

Y70-l8C 

170-2OC 

(70-12C 

A i r  Dried B 

S .  BTU 

0.40 8.28 

0.54 12.25 

0.58 12.30 

-- - 
0.51 - 
0.59 12,86 

-- -- 

0.63 -- 
- - 

0.46 11,101 

0.49 11.751 

0.49 10,141 

0.60 11,431 

1 

Probe 
la! 

479 

115 

39 8 

14 3 

NA I 

SR 1 

r n l  

200. 

177. 

326. 

161. 

767. 
775. 

266. 

i61,  

373. 

23 

190. 

124. 

106. 

147. 

c Sf 

c S6 

c sa 

!06. 

104. 

137. 

r68. 

'73. 
'76. 

!72. 

165. 

176. 

ELK RIVER COAL PROJECT 

SAMPLE SUllEULRY - LOCATION AND PROXIMATE ANALYSIS 

'oral Coal 
n V e r t i c a l  
$netrat-  

11.5 

9.0 

8.0 

4.5 

.e - 35 f t .  
nor. e 

e - 154 f t  
Hor. @ 

e - 189 ft 
nor. @ 

6.0 

7.5 

11.0 

7.0 

6.0 
1.0 
7.018.5 

5 . 5  

4.0 

2.5 

February, 1971 

Core Recovered 
nd Senplec 
LennLh 

7.f114.0 

9.0 

8.0 

- 
3 f t .  

11 f t .  

11 f t .  

5.0 

- 
6.018.5 

7.0 

9.019.0 

5.015.5 

- 
I - 
- H2( 

0 . :  

0.1 

0.1 

- 
- 

0.1 

- 
-. 
- 

0.1 

0.1 

0.1 

0 . :  

SEAM NO. 7 
- 
Coa - 

11.9 

18.11 

17.71 

-- 
18.4, 

17.8! 

__  
!2.2: 

-- 
.9.5! 

A.8: 

.9.8: 

.6.2f 

- 
9 

14.0: 

7.81 

.6.1: 

_- 
.9.8: 

4.4f 

1.9; 

6.81 

-- 
5.12 

0.7; 

2.5c 

3.01 

- 
te 
u 
1 

3 

2% 

- 
3 

1 

2 

4 

- 
3 

3 

1 

4% 

- 
- 
r?pi 

33.5 

78.C 

75.: 

_- 
73.c 

- 
-- 

96.4 

- 
69.7 

71.4 

52.0 

61.1 

- 
Coal 

u 
16.7; 

19.2( 

19.01 

- 

-- 
-_ 

10.2; 

18.41 

21.5: 

_- 
20.51 

19.oi 

17.2C 

L7.50 

- * 
&I 
8.: 

9.1 

8.1 

_. 

8.C 

9.1 

0.1 

5 . i  

_. 

6.: 

1.: 

8.2 

3.1  

A 
0.66 

0.52 

0.63 

__ 
-- 
-- 
.61 

0.64 

__  
3.54 

1.54 

1.73 

).78 



ELK R I V E R  COAL PROJECT 

SAMPLE SUMMARY - LOCATION AND PROXIENTE ANALYSIS 

Sample 
lumber 

0468 
0469 

Locatioq 

H7O-6C 
(8A 

5227 
5228 

6 4 2  

.26 

.44 

.45 

.41 

.06 

.41 

SR-2 
(8A 

13484 
10,57 

13.57 
13,46 

13.35 
1.71 

12.87 

5203 SR-1 
5204 I 5205 (8A 

n 

.36 -- 

.46 

.50 

.36 

-37 

.43 

Smples 

10.12 -- 

13,53 

14.40 

12.82' 

13,241 

12,431 

2 
Frm - 
380.1 
407.1 

22. 
36., 

-_ - __ 
517.f 
534.( 

518.C 
535.( 

62.( 
82.C 

NA Bt 

HA Bt 

SR BL 

SR 8u 

w BU 

37433 

37434 

>078 

207P 

IOlB 

104.6 24.0 
826.0 19.0 

43.0146.0 

M i t  8 

. 

34.8 12.5 
49.8 13.4 

-- -- __ __  
-- I -- 
29.01 12.0 

31.0 13.0 
42.01 7.0 

20.0l26.0 

76.0 14.0 
95.0 13.0 

27.0133.0 

Sa l e  - 55 f t .  
20 ft .  

Sam 1s - 55 f t .  
22 f t .  

Sam le  - 107 f t ,  
20 f t .  

S l e  - 107 f t ,  i 16 I t ,  
Sam 1e 108 f t ,  t - 20 f t .  

February, 1971 

A I L  
k5!e 

182.1 
i10.1 

22.: 
38.1 

124.1 
138.1 
143.1 

Pro1 

Chec 

69.f -- 

om r 
'rirr 
o m f  
rim 
roa 
I i Z C  

rom 
rim 

:Om 
riaa 

L 
A 
106, O 
t27.0 

32.7 
49.5 

38.2 
43.4 
52.5 

Probi 

02.0 -- 

t a l  - 
a1 @ 
t a l  - 
a1 c 
r t s l  
a 1  e 
r t d  
11 8 
rt.1 
n 1  e 

Recovered 
md Sample' 
LalalL- 

18,0/24e0 
14.0117 .O 

10.4 
11.5 

14.2 
5.0 
9 .1  

North Amer 

y I 5  - 197 

33.0 - 

W -  
OO 

H -  
00 

N -  
20 
H v -  
00 

ni- 
20 

- 
r - 
- "2( 

0.1 
0.2 

0.6 
0.6 

3.7  
3.8 
3.6 

an 

1.1 -- 

1.6 

1.9 

1.6 

1.6 

1.4 

SEAN NO. 8 

r Dried 1 

G 
i s  - 
5% 

3& 
1 

3 
24 

5% 

24 

ske 

NA 

2 -- 

4 

yr 

4 

4 

4 

- 
- 
m 
12 .5  
53.8 

91.9 
86.9 

87.9 
10.6 
86.8 

54.3 _- 

35.2 
(corm 

- 
-- 
- 

Coal 

2L&L 

17.F 

- 

17.6C 

19.07 
19.22 

20.47 
16.63 
19.44 

15.44 -_ 

18.88 
S-Pl 

19.65 

19.56 

18.92 

- 
d y  

Ash 

6'21 

- 

6.9 

6.5. 
7.2, 

6.4! 
13.8( 
7 . a  

8.15 -_ 

7.11 
of t 

8.28 

6.96 

7.90 

I 
1.45 14,396 

-- -- 
-- -- 

I _- __ 
1 

- 
%L 

24 
3 

4 
4 f  

6 
0 
4 

2% - 

yr 

_- 



- 
SaUlpl4 

Numbe 
6907C 

0805- 
0830 

0513 : 
0514 : 

5165 

B 1  
8 2  

0461 ; 
0463 : 
0309 

5215 
5216 

5169 
5170 

0540 . 
0541 

5174 
5175 
5176 

&cat ion  

Adlt 8 

Y70-5C 
Composite 

SR-13 

(NA) B 

Probe Total Coal 
Interval i n  Vertical  
F r m  To P e n e t r s t i u  

SR Bu1.k Sam le - 148 f t  
Hot. 4 

HK Bu:k Sam 18 - 205 ft 
A m .  E 

253.0 267.0 14.0 
274.0 286.0 12.0 

:8A) 26.0133.0 

590.0 602.0 12.0 

132.0 145.0 13.0 
149.0 161.0 12.0 

25.0129.0 

Coal 

. .  
19.34 

-- 
16.59 

19.76 

19.41 
19.99 

14.95 

14.19 

-- _- -- 

3 . 8 3  
4.39 

.9.56 

.7.52 

.7.52 

.8.71 

.1.25 

.a.84 

Analz 

sh 

11.34 

20.94 

17.91 

8.52 

24.78 
32.34 

26.72 

31.47 

-- -- -- 

0.07 
17.00 

11.47 
22.09 

13.77 

16.28 
7J.01 
17.62 

3R-15 

i a l y s i s  a t  

. .  
6.87 -- 
6 .68  73.87 

6.99 75.38 

5.72 -- 
6.29 -- 
8.19 -- 

7.34 75.17 

8.36 74.12 

__ __  -- -- __ __ 

5.67 -- 
8.46 -- 
6.76 -- 
9.56 -- 
6.53 74.58 

7.09 -- 
6.98 -- 
9.60 -- 

1.50 

-- 
0.45 

0.44 

0.57 

0.58 
0.41 

0.53 

0.62 

-_ 
-- -- 

0.56 
0.43 

0.52 
0.54 

0.50 

0.49 
0.38 
0.40 

ELK RIVER COAL PROJECT 

SAMPLE SUEWLRY - LOCATION AND PROXIMATE ANALYSIS 

February, 1971 SEAM N O .  8 (Continued) 

(70-1R 
(8A) 
(8A) 

Recovered 
.nd Sample 
-knsrJL 
HW - 16 fl 

39.6 i t .  

7.018.0 
10.0115.5 
17.0123.5 

12.0112.5 

16.0 
13.3 

41.0 
t lon Studj 

- - -- 

14.0 
10.7 

12.0112.5 
7.518.0 

10.5 
7.0 

10.) 

365.5 380.0 14.5 
417.5 423.0 5.5 
424.5 425.5 1.0 

21.0160.0 

R; - - H20 

0.51 

-- 

0.04 

0.5t 

- - 

0.X 

0.3C 

-- -_ -- 

0.59 
0.55 

0.58 
0.60 

0.30 

0.71 
0.99 
0.82 

jR-5 
(8A) 

324.0 336.0 12.0 
342.0 354.8 12.8 

24.8130.8 

.B - - 
8.81 

I 

5.48 

1.16 

- -- 

8.03 

4.03 

-- -- __ 

2.51 
4.06 

8.39 
9.79 

8.41 

b.30 
2.75 
2.72 (8A) 

!3,J3 

-- 
.1,73 

.4,02 

-- -- 

.o ,99’ 

- 

_- -_ __ 

4,211 
3,361 

3,451 
1,601 

3,261 

2.751 
2,711 
2,341 93.0 104.0 L1.D 

te 

J 

3 

3 

4h 

2 
1 

14 

1 

__ __ __  

3 
24 

54 
24 

24 

% 
NA 
& 

- 

- 
- 

74.1 

92.: 

72.2 
63.1 

58.C 

58.C 

__  -- __  

94.6 
83.1 

89.6 
72.3 

80.4 

85.2 
14.6 
80.1 

Coal - 
U L  
19.8! 

19.0 

17.0: 

20.7: 

21.9t 
23.0; 

16.91 

16.91 

__ -- __  

20.14 
19.44 

10.37 
19.36 

18.13 

10.9 
18.42 
19.6 



5LK RIVER COAL PROJECT 

SAUPLE SlJMiAnY - LOCATION AND PROXIMATE AN ALYSIS 

50 

.sa 

.65 

.59 

.58 

.56 

.52 

.42 

.51 

.75 

.50 

.53 

.53 

.SO 

.47 

February, 1971 SEAH NO. 8 (Continued) 

sp. G=. 

LJlu!-sL 
14,760 5 
14,320 3 

13,700 5 

13,810 24 

14,400 2% 
14,400 4 

14,550 4 
14,090 24 

13,650 8 

14,480 1 
14,050 1% 

14.460 3 

14.570 7.4 

14,200 14 

Sampl1 
&?!&a 
0527 
0528 

0499 

0500 

0331 
0332 

0348 
0349 

0548 

0549 

0550 

0544 

0545 

0546 

. .  

70-9C 

(811) 

1 Probe ITo ta l  Coal 

526.0 534.5 8.5 
537.0 538.0 1.0 
552.5 559.5 7.0 
562.0 565.0 3.0 

19.5/39.0 

I n t e r v a l  in V e r t i c a l  
P-tion From I To Fe n e t r a t -  I I 

70-2OC 

70-9R 

359.0 373.5 14.5 
385.0 396.5 11 .5  
400.0 402.0 2.0 

28.0/37.5 
252.0 276.0 24.0 

70-18C I l l  182.5 195.0 12.5 

(a) 
(8A) 
(86) 

(811) 204.0 208.0 4.0 I I ~ I 16.5125.5 

302.0 308.0 6.0 
314.0 324.0 10.0 
327.0 329.0  2.0 

Is.olz'l.0 
70-l lC 

(8n) 
(8A) 
(a) 

(a) 283.5 292.5 9.0 I I I 33.0f40.5 

604.0 620.0 16.0 
646.0 656.0 10.0 
710.5 723.0 12.5 
724.0 726.0 2.0 
729.5 739.5 10.0 zz?iKii 

70-12C 1237.01247.51 10.5 

Core 
InL 
LwB 

542.1 
113.4 

528.1 

557.1 

184.1 
105. 

361.: 
388.1 

Z40.1 

105.1 
116.: 

i06.1 
lot I 

I n . !  

r14.1 

L 
le 
52.5 
24.0 

41.0 

64.0 

97.5 
11.0 

18.0 
30.0 

50.5 

12.0 
16.0 

18.0 
, lad 

17.0 

b1.0 

Recovered 
ad Sample, 
lennrh 
10.W10.5 
11.0/11.0 

13.0113.0 

4.0f7.0 

9.5413.5 
5.5/5.5 

13.0116.5 
8.5l12.0 

9.5/10.5 

7.011.0 
9.019.5 

U.Ofl2.0 

L1. Of 14.5 

7.017.0 

K, - 
'ZO - 
1.21 
1.1; 

1.2. 

1.1; 

1.3: 
1.4, 

1.2: 
t. 2 

1.0: 

1.0: 
1.1, 

1.1: 

1.01 

1.11 

L 

L 
.5  
. 5  

. 2  

.4 

.4 

.3  

. 3  
- 3  

,4 

. 2  

.4 

.4 

.4 

, 4  

.ed B - 
Bill 

0,501 
4,281 

6,681 

2,711 

2,791 
8.041 

1.471 
0.541 

-- 
-- -- 

-- 

- 
I 

le 

6 
1 

1 

2 

2 
1 

3 
1 

1 

4 
1 

14 

24 
1 

1 - 
u.3 

94.7 
65.1 

34.4 

88.3 

83.6 
41.7 

69.0 
59.4 

24.1 

63.4 
69.3 

78.1 

96.1 

79.9 

.hed Coal Analysis  at 

I 



sampll 
k!& 
0474 

c-12 
C-13 
C-14 

5157 

5201 
5202 

6907d 

853-0 

37073 

0512 

A- 4 
A- 5 

5163 
5164 

0339 

5213 
5214 

.so 

0.57 

0.74 
0 . 6 8  
0.51 

0.43 

0.43 
0.38 

__ 
0.42 

0.46 

0.46 

0.49 
0.39 

0.39 
0 .43  

0.50 

0.43 
0.41 

b.iss& 

170-6C 

iA-C 

SR-12 

;a-1 

i- 10 

Ldit 9 

1 Adit  5 

Ldit P-I 
(9N; 

170-5C 

:NA) A 
A 

iR-13 

:70-11 
:s€mp1eS 

iR-5 

sp.  cr 

SLm 

14,46 

- 
-- -- 

-- 
-- -- 

__  
-- 
-- 

14.13 

-- -- 
-- -- 

14,19 

-- -- 

Probe shed 

1.37 

_- -- -- 

-- 
-_ -- 

__ 
1.43 

-- 
8.38 

-- -- 
-- -- 
1.30 

-- -- 

' o t a l  coa 
n Vert ic i  
'enetretll 

39.0 

3.0 
5.0 

17.0 
25.0164. 

22.0 

1.5 
21.6 
23.1/54.! 

6 .0  
11.0 rn 

Le 108'  f 

Le 139' f 

Le 148' f 

23.0 

20.0 

20.0 

Trench - 
Study) 

22.4 

Coal 

V.M. 

16.64 

21.19 
21.31 
20.83 

19.37 

19.4 
19.4 

19.86 

19.33 

20.85 

16.91 

20.96 
20.12 

20.92 
23.60 

17.96 

19.5 
20.3 

ELK RIVER COAL PROJECT 

SAMPLE S W R Y  - LOCATION AND P R O X W T E  ANALYSIS 

February,  1971 

COP2 

2 
L W  

19 I 

609. 
637. 
656. 

576. 

163. 
175. 

POT t 

Po1 t 

Port 

90. 

318. 
328. 

500. 
515. 

izon 

203. 
216. 

ral 
2 2 -  

21.0 

613.0 
642.0 
673.0 

595.5 

175.0 
185.4 

25' I 

25' 1 

23' 1 

112.0 

328.0 
337.0 

515.5 
519.5 

1 mi, 

216.0 
225.6 

Recovered 
nd Sampled 

2.0 

3.0 
5.0 

17.0 

19.5 

11 .5  
10.4 

..@ 36O D i r  

'.@ 38' D i l  

..@ 38' D i r  

18.0122.0 

10.0 
9.0 

15.5 
4.0 

Y S S  28' 
45' Dip 

12.5 
9.6 

SEAW NO, 9 

Coal Analysis  - A i r  Dried B 

Y . M .  Ash F.C . S. BTU 

17.09 11.78 76.93 0.35 1 3 , ~  

17.31 30.95 -- 0.51 -- 
15.77 43.99 -- 0.41 -- 
21.52 22.41 -- 0.4C -- 

19.30 16.65 63.33 0.37 12.31 

18.13 23.70 57.42 0.32 11.05 
18.82 13.19 67.19 0.37 13,05 

cords avai1;ble  a:t t o  vhethr 
by No:th Ame.rican 

19.27 13.66 66.39 0.42 12.94 

-- -- -- 15.48 -- 
19.44 13.66 -- 0.37 -- 
20.05 19.55 45.37 0.31 12.26 

20.22 18.66 -- 0.45 -- 
20.24 20.24 -- 0.38 -- 
19.91 14.51 64.99 0.34 12,94 
22.04 18.90 58.50 0.37 12,39 

18.10 11.36 70.24 0.42 13,47 

18.82 17.63 62.95 0.35 12.26 
20.01 12.41 67.03 0.35 13,24 

'B 
ESJ 

2 

l! 
1 
2 

2 

I! 
2: 

8W 

-- 
3 

4 

3 

11: 
1 

3 
SJ: 
1 

2+ 
5 

42.17 
70.13 

79.36 

72.07 

__ 
__  

84.4 

71.4 

76.7 
88.0 

83.25 
75.79 

81.2 

77.79 
87.19 

* 
w 
a 1 4  

. 7 f  

.21 

.a: 

.3; 

.6 

.3 

.8 

.9 

.02 

.86 

.78 

.8? 

.65 

. 2 7  

.26 

-16 
- 2 2  

- 
CSL 

2 

6 
54 
3 

24 

3 
34 

_- 

G4 

Yr 

74 

4k 
24 

4 
9 

14 

* 
54 



Ew( RIVER COAL PROJECT 

SAMPLE S W R K  - LOCATION AND PROXIEUTE ANALYSIS 

- 
- 

85.0 

79.7 
79.3 

60.0 

48.4 

68.4 

68.5 

55.9 

65.9 

71.8 

3 2 - 5  

Samplt 
Numbel 

0310 

5167 
5168 

0526 

0498 

0347 

0330 

0519 

0547 

0320 

0311 

.SO Sp. Gr. 

BTU FSI 

0.36 14,580 44 

~. ~~ ~_.._I 

0.42 -- 3 
0.46 -- 54 

0.42 14,380 3 

0.67 14,090 2 

0.59 14.170 34 

0.64 14,090 Ur 

3.59 14,000 2 

! 

1.5;' 14,34C 34 . 

1.5; 14,15r. 411 

1.71: 14,4111 Blr 
" 

I 

:ocsticn 

TSR-5 
(Sampled 

M70-1R 

SR-14 

Y70-1OC 

370-9C 

LL70-2OC 

470-17C 

470-98 

470-7C 

470-12C 

170-1% 

1970 

129.5 
141.0 

498.0 

345.5 

165.5 

722.5 

513.0 

197.0 

i39.0 

161.0 

- 
Pr 

Inr 
From 

Scur 
-or 0 

289. 

128. 

498. 

345. 
360. 

- 

162. 
176. 

721.8 

89. 

608.1 
623.8 
669. 

184.1 
187. 
192.1 
205. I 

637.1 
633.1 
630.1 

. Ilori 
@ 40 

141.0 
148.0 

520.0 

365.0 

179.5 

737.0 

628.0 

210.0 

6S9.0 

670.0 

175.0 13.0 
178.0 2.0 

15.0/16.0 

22.0 

18.0119.5 

14.0114.0 

14.5114.5 

15.OllS.O 

13.0/13.0 

16.0116.0 

7e5l8.0 

0.22 

0.20 

0.25 

0.28 

0.23 

0.07 

0,44 

0.k6 

dO.0 10.5 
lE77Z5  

'M+ 

104.0 

i22.0 
25.0 

.85.0 1.0 

.91.5 4.0 
!04.0 12.0 

9+ 

14.5 

14.0 
2.0 

106.5 1.5 f 18.S122.5 

February, 1971 SEAM NO. 9 (Continued) 

11.5 0.58 
7.0 0.55 

Can - 
u 
18.1 

18.; 
L9.l 

L5.i 

14.1 

16.2 

17.1 

15.5 

-7.6 

.7.3 

. a . i  

- 
Anal] 

.A& 

12.41 

14.8: 
15.6: 

32.Y 

30.4: 

22.31 

23.8t 

31.81 

25.2C 

14.41 

11.07 

s - Air Dried 1 
- 
L L  
a 
24 

1 
4 

2 

1 

1 

1 

1 

2k 

211 

34 

- 
she - 
"2' - 
.41 

.4( 

.4t 

.3: 

.2€ 

.44 

.41 

.63 

.61 

- 

u 
8 . 4 2  

0.04 
1.20 

8.12 

7.54 

8.01 

8.40 

8.32 

8.84 

8-61 

i . 3 1  

- 
9 
m 
8.84 

.71 

.66 

.47 

.52  

.27 

.01 

.93 

.64 

* 40 

-03 

- 
8 at - 
J S  
75.: 

__  -- 
74.c 

73.1 

73.: 

72.2 

72.3 

73.1 

72.3 

70.0 



- 
ifIUtpl, 

31139 

M91 

inalysis 

8.36 

16.63 

- 

L2w&w 

170-llC 

170-26C 

- 
A?dL-JLL 

71.6f 

39.21 

148.0 

00.0 
A5.5 

'oral C o d  
n Vertical 

9.0 

3.5 
2.5 

6.019.0 

557.1 

802. 
809.1 

ELK RIVER COAL PROJECT 

SAnPL E SWRY - LOCATION AND maxmm ANALYSIS 

February, 1971 SEAM NO. 9 (Continued) 

L 
A 

60.0 

12.5 

Recovered 
nd S e p l e i  
Lennth 

7.0 

8.519.5 

. i 3  

-14 

Coa - 
4n4 
19.8 

14.0 

- 

'2" 
1.7 

1.4 

:oal Analy 

19.87 5.1 

i9.79 9.4 

- * 
73.3 

70.3 

. cr - 
a& 
4.60 

4.13 

I i 

I .  



174.0 
188.0 
129.0 

Doze? 
lat iox 

I 0 
0 

7.0 
24.0168.0 

Trench - H 
Study) 

.87.0 

.93.0 
!14.0 
116.0 

9.0 
3.0 
4.5 
1.0 

17. 5/38.0 

22,,5 
33.0 
42.5 

1.0 
9 , O  
0.5 

26.5/39.5 
curr 
a t i o i  

I Dozer Trenl 
Study) 

ELK RIVER COAL PROJECT 

SAnPLE SlPNARY - LOCATION AND PROXI MATE ANALX SIS 

February,  1971 SEAM NO. 10 
- 
Coa: - 
LlL 

!5.0! 
!3.11 

!2 .7: 

18.41 

!0.81 

.9.8! 

9.1: 

:1.44 

- 

7.90 

- 
.r  - 
s. 

I.< 
1.; 

1.; 

1.5 

1.f 

1.f 

1.5 

.4 

- 

.3 

- 
!!I 

L& 

8 
8 

5 

7 

4 

64 7 

21: 

% 

w 

Sampl 
IhkS 

C-8 
c-9 

c- 10 

c-11 

5155 

5156 

0311 

37533 

0072 

Core 
Int 
&!2n 

463. 
467. 

495.' 

561.' 

365. 

i25.1 

. 22 

Po11 

Port 

001 

- 
1 - 

X h a  

#1.6 
18.7 

2.8  

7.9 

1.30 

1.88 

9.6 

-- 
- 

1.8 

- 

LL 

23.6; 
23.0: 

22.8: 

22.0: 

21.7( 

20.6; 

17.9i 

- 
z0.25 

.8.62 

- 
- alY 

&b 

5.5 
7.3 

5 .1  

6.3 

5.3 

8.5' 

4.0 

7.0: 

5.8 

i.lC 

- 
50 - 
L 

1.9' 
1.8 

1.7 

1.81 

1.6. 

8.6; 

.51 

-- 
.4: 

.39 

Recovered 
i d  Sample, 
AcuLtb- 

2.0 
4.0 

6.0 

9.0 

9.8 

6.0 

0or.e 
350 Dip 

~ ~ 1 .  e 
400 mp 

. A ' ,  10' 
e 40.50 

- 

74 
54 

5 

8 4  

6 4  

84 

74  

- 
54 

4 

Int L 
-Te 

b65.0 
i71.0 

io1.0 

i70.0 

175.0 

131.0 

! 400 

. - 4. 

, - a  

onta: 

w 

(NA) C 

x+12 

ISR-13 
[Sampled 

"A) N-1 

Ldit 10  

Mit 10 

(70-3R 

'70-16 
:Sampled 

a 

__ __  
-_ 
_- 

361.8 
384.1 
i22.l 

ICUI 
,r 0 

178.1 
190.1 
Log.. 
!15.1 

iA B! 

K B, 

103.1 
105.t 
la.! 
124.l 
142.1 

&a, 
11 m 

.0.1; 

.4.0: 

9.01 

8.65 

0.11 

7.76 

7.67 

6.06 

7.24 

3.80 

-- I -- 



ELK RIVER COAL PROJECT 

SAHPLE SUMMA RY - LOCATION AND PROXIMATE ANALYSIS 

91.24 
26.78 

87.66 
88.71 
63.18 

68.1 

88.6 

71.5 

81.8 

81 .6  

-- 
88.4  

- 
Samp 
Nmk 

5161 
5162 

5210 
5211 
5212 

0308 

0312 

0497 

0346 

0329 

0516 
6 

23.83 

21.60 
23.03 

20.1 
20.7 
20.5 

18.31 

19.53 

18.59 

18.95 

19,Ol 

19.30 

20.13 

w 
:NA) A 

iR-13 

iR-5 

[70-14C 

170-1R 

170-2R 

SR-6 
Sampled 

170-1oc 

,70-9C 

70-POC 

10-17C 

70-7C 

6.56 -- 

6.06 -- 
6.06 -- 
7.16 -- 
6.60 -- 
8.06 -- 
7.04 74.1 

6.19 73.1 

6.57 74.1 

5.11 74.2 

7.10 73.: 

5.97 14 .2  

5.75 12.9  

R o b e  T o t a l  Coal 
in V e r t i c a l  

113.0 138.0 25.0 __  
__ 
-_ 
-_ -_ -- 

14.540 

14.470 

14,460 

14,610 

14,930 

14,580 

14.690 

34.0141.0 
74 

44 
81, 

4 
6 
5 4  

54 

44 

34  

2 

3 

4 

4 

314.0 

28.5 

464.0 

338.0 24.0 

67.5 39.0 

489.0 25.0 
491.5 
497.5 

451.0 454.5 3.5 
11Xij7-m 

496.0 4.5 
499.0 1.5 

31.0135.0 

156.0 

287.5 

Scurrr 
or  

416.5 

February, 1971 SEAM NO. 10 (Continued) 

188.5 32.5 

317.0 29.5 

Tren:h - Deepeoe 
Ox.datio> Study) 

448.0 31.5 

Care 
loll 
LETL 

112.( 
145.( 

316. ( 
325.: 

29.: 
45.c 
56.C 

464.( 

Horir 

419.5 

266.0 

59,5 

542.5 

503.0 

257.0 
265.0 

5 9 , s  

542.0 

500.0 
511.0 

ml 
2% 
136. 
153. 

325. 
340. 

45.1 
56.1 
66. 

502.1 

42' 

157.1 

112.1 

91.1 

115.1 

i45.! 

262.0 5.0 
309.0 44.0 

49.0f52.0 

9 5 . 5  36.0 

674.0 32.0 

510.0 
544.0 43.0144.0 

Recovered 

24.0 -- 
8 . 0  -_ 

9.5 0.66 
15.0 0.11 

10.4 0.57 

27.5i3a.5 0.37 

1.50 0.29 

32.5131.5 0.23 

45.0146.0 0.21 

c Dried 1 is 
a 
4 
6$ 

4% 
7 

3 
5 
24 

24 

3 

2 

1 

2 

24 

3 

'he 
(2O - 
.- 
.- 

._ 

._ 

._ 

._ 

._ 

,38 

33 

5 3  

12  

36 

35 

15 

. 5 [  - 
A 
0.1 
0.1 

0.1 
0.: 

0.: 
0.: 
0.: 

0.: 

0.: 

0.: 

0.: 

0.2 

3.1 

3.4 
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19-18 
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Sample 
.w&! 

0078 

0524 

0495 

0496 

0056 

0057 

0328 

0492 

0344 

0345 

Coal 

-- -- 

11.53 - 

17.24 

17.22 

17.54 

18.93 

!0.46 

19.04 

17.41 

14.20 

3 . 7 6  

170-2R 

170-25C 

no-1oc 

170-9C 

i70-22C 

170-17C 

Ro-7C 

:70-21c 

Analysis - 
L s L A S L x  

*- - -- -- 

58.23 30.06 __ _- 

29.68 52.83 

34.89 47.54 

15.59 66.54 

21.01 59.81 

13.72 65.53 

21.45 59.21 

17.58 64.54 

46.91 38.57 

92.96 41.01 

50 

-- 
- 

1.48 __  

1.62 

1.83 

1.82 

1.76 

t.78 

8.69 

1.79 

8.54 

.69 

' o ta l  Coel " Vert i ca l  
'enetratiag 

13.5 
6.5 

20.0121.0 

9.5  
21.5 
31.0132.0 

8.0 
15.0 
23.0124.0 

7.0 
2.0  

17.0 
2.0 

28.0141.0 

88 Taken - 

22.0128.5 

16.0 

3.5 
16.0 
1.0 

20.5124.0 

2.5 
7.5 
8.0 
1.0 
2.0 

21.0137.5 

Sp.  Cr 

L-BTI1  
_- -- 

13.99 __ 

13,971 

13,838 

14.35' 

14,221 

14,351 

14,331 

14,061 

14,531 

14,611 

ELK RIVER COAL PROJECT 

SAHPLE S M R Y  - LOCATION AND PROXIHATE ANALYSIS 

Probe 
-& 
Erm 

89.0 
103.5 

660.0 
670.5 

282.0 
291.0 

60.0 
69.0 
73.5 
99.0 

!lo 
Bole 

483.0 

291.0 
296.0 
314.0 

S87.0 
591.0 
599.0 
508.0 
522.5 

February, 1911 

TO 

102. 
110.1 

667. 
692.1 

290.1 
306.1 

67.1 
71.1 
90. 

101.1 

Pr,be - 
:wed 

499.1 

294.' 
312.1 
315.1 

569. .  
598.1 
607.1 
609.1 
624.! 

Core 
lptr 
za. 
_- -- 

62.C -- 

84.: 

61.: 

77.c 

74.1 

87.C 

84.C 

95.c 

88.5 

w.a 

al 
A 
-- -- 

77.0 -- 

04.0 

69.5 

94.0 

80.5 

03.0 

02.0 

13.5 

97.5 

D l  .O 

Recovered 
nd Sample< 
lenPLh 

-- -- 

8.0115.0 -- 

19.0119.5 

8.018.0 

7.0117.0 

4.016.0 

8.0116.0 
/ 22 .0  

14.5118.0 

11.5118.5 

10.0/12.0 

7.017.0 

SEAM NO. 11 

R - 
a20 - 
-- __ 

1.1 - 

1.2 

1.3 

).3 

1.2 

1.2 

1.3 

1.4 

) .3 

1.2 

r 
L 

-- -- 

. 3  __ 

.4 

.51 

.5 

.6 

.71 

.6 

.5,  

.4. 

-41 

-- -- 

5.90 -_ 

>1,00 

9.63 

13.04 

.1,97 

3.19 

.2,07 

.2,80 

7.91 

8.46, 

- 
m 
-- _- 

25.9 - 

55.8 

54.3 

51.5 

$9.7 

37.6 

- 

19.7 

39.2 

i9.4 

shed Coal A n d y  

LL 

-- -- 

70.1, -_ 
i9.5 

i8.9, 

72.3 

'0 .5!  

i9.1: 

10.2 

i8.2' 

'0.31 

'3.2: 
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h p l e  
(umber 

: 6  

: 7  

;I54 

5159 
5160 

1073 
I171 

1776 

1307 

67.0 
100.5 
117.0 

194.0 
211.0 
213.5 

.ma t i o n  

"A) C 

C 

170-14 
(Sampled 

jR-12 

i-12 

Y-10 

UC-3R 

SR-13 

r70-16 I 
1 

(Sampled 

r70-1 

$70-14C 

81.0 14.0 
102.0 1.5 
121.5 4.5 

20.0t54.5 

208.0 14.0 
211.5 0.5 
214.0 0.5 

i n  Ver t i ca l  

195.0 
221.0 

? d a y  Scurr Dozer Trenr 
>r Ox d a t i o  Study) 

119.0 i t  228.0 9.0 

216.0 21.0 
222.0 1.0 

22.0/27.0 

14.0/102.0 

296.0 
323.5 

373.0 387.0 14.0 I I  

318.0 22.0 
324.0 

215.01217.01 2.0 
221.5 225.5 4.0 I ImK5 

E L K  RIVER COAL PROJEq 

S W = E  SlJnMARY - LOC ATION AM) PROXIMATE ANALYSG 

February, 1971 

core 
L n r e L  

70.0 

93.0 

30' - 

19.0 

- 
robe 

99.c 
1s.c 

' ac - 
ame 

ch: 

98.C 

L 
84.0 

95.0 

r. e 

28.0 

-_ 
08 B> 

15.0 
21.0 

eg 
catir 

&I. 

21.5 

Recovered 
od Sampled 
_Length 

14.0 

2.0 
0 p n i p  

5.5t9.0 

-- 
-K Co. - 1 

13.5t16.0 
5.016.0 

D i p  
Deepened 4 

- 4oo Dip 

21.0123.5 

SEAM NO. 12 
- 
9 

b.L 

3.28 

5.15 

1.92 

1.37 

.- 

I Av. 

P.79 
1.07 

1.41 __ 
5.02 

3.45 

- 
- 
& 
__ 
-- 
8.29 

1.41 

- 
.abl 

!.31 
1.07 

1.86 
I 

I 

1.85 

- 
1 - 

'lea 

i4.9 

i3 .2  

3 . 6  

$0.3: 

- 
:n. 

15.7, 
57.24 

11.5 __ 
-- 

14.71 

:Oal 

!a- 
4.05 

5.08 

0.11 

- 

2.59 

-- 

!4.63 
!4.74 

10.66 -- 
10.6 

!0.83 

9 
&!L 

' .29 

1.27 

i.82 

'.7? 

- 

1.62 
r.4: 

i.47 ._ 

1.1s 

1.54 

50 

L 
.77 

.12 

'.82 

- 

8.64 

- 

1.55 
1.77 

1.58 -- 

1.67 

1.68 



@K RIVER COAL PROJECT 

SAMPLE s m r  - LOCATION AND PROXIMATE ANALYSIS 

Core 

123.0 

!11.5 
149.5 

525.5 
i47.0 

188.0 

158.5 

111.0 

Sample 

0317 

0522 

0076 

0055 

0326 

-A 

349.5 

233.5 
257.0 

645.0 
652.0 

513.5 

381.5 

423.0 

70-28 I 89.01102.1 
103.5 110.: 

8.62 

'.65 
.10 

' .58 
.68 

8.71 

.71 

.95 

14,208 

14.728 
14,591 

15,031 
14,231 

14,988 

14,361 

14,221 

70-15C 

70-1OC 

7+17C 

319.5 328.( 
329.0 335.1 
336.0 342.1 
344.5 345.: 
346.5 348.1 

186.0 190.1 
194.5 198.1 
208.0 230.1 

70-25C 

70-22C 

246.5 253.1 

618.0 619.1 
621.5 624.1 
628.0 643.1 
646.0 650.1 

470.0 471.f 

otal coal " Vertical 
metratlps 

13.5 
7.0 

20.5122.5 

8.5 
6.0 
6.5 
1.0 
1.5 
23.5128.5 

4.0 
3.5 
22.0 
1.0 
36.5167.5 

1.0 
3.0 
15.5 

4.5  
24.0132.5 

1.5 
3.5 
15.w 
2o.01)2.0( 

1.5 
3.0 
1.0 
19.5 
1.5 
3.0 
4.5 

34.0180.0 

477.5 
487.0 

340.0 

February. 1971 SEAN NO. 12 ( C o n t i n u e d )  

481.1 
502.1 

341.: 
346.0 
352.5 
356.5 
371.0 
411.0 
415.5 

Recovered 
md Smmplei 
Lenprh 

18.0126.5 

19.5122.0 
6.017.5 

14.0119.5 
5.015.0 

15.5125.5 

13.0/23.0 

12.0112.0 

349.( 
353.1 
376.1 
378.! 
414.1 
420.1 

R - 
!!2 

0.2 

0.3 
0.21 

0.1. 
0.1 

0 . 3  

0.31 

0.3  

Cos: - 
!ax& 

-6.01 

.a. 0: 

.a. 31 

.7.1I 
2.21 

!O .8l 

.6.3! 

.2.91 

3.71 

7.64 
4.92 

8.31 
1.79 

6.7C 

1.33 

7.01 

- 

I& 

9.94 

4.01 
6.52 

4.32 
5.81 

2.10 

1.92 

9.75 

- 
.ed B - 
BTll 

-_ 

.2,691 

.1,951 

.0,741 
5.021 

.4.421 

0,491 

6.151 

- 

u 

4 

64 
6% 

& 
14 

6 

6 

14 

- 
ul 

i6.7 

14.2 
i4.6 

i7.6 
16.6 

19.1 

i4.8 

!5.9 

- 
Bhf 
H2( - 

0.3 

1.a 
0.2 

1.2 
0.4 

2.1 

0.9 

3.2 

- 
g 

JbLLc. 

17.9( 

20.u 
20.6f 

20.41 
21.U 

20.X 

21.1; 

19.9i 

- 
a1 - 
43 

8. 

4. 
6. 

3. 
8. 

4. 

7. 

8. 

- 
!2 

LJ 

'3. 

' 3 .  
' 2 .  

'4. 
19. 

'3 ,  

' 0  I 

'1. 

50 Sp.  Gr - 

7 

64 
7 

54 
7 

7 

84 

8 



E4L( RIVER COAL PROJECT 

SAMPLE SullMARY - LOCATION AND PROXIMATE ANALYSIS 

Analysis 

d a h u  

66.68 

11.56 

53.58 

8.27 

20.17 

14-01 

29.92 

20.16 

I 
i 
i 
i 
i 

! 
I 

- 

22.01 

68.86 

33.07 

70.08 

59.55 

65.25 

51.58 

61.22 

- 
;ample 
fYab  

1343 

1491 

1493 

1302 

1303 

1074 

I075 

I084 

70-21C 

in V e r t i c o l  
Penerratlon 

467.5 470.5 3.0 
476.5 478.51 2.0 
481.0 484.5 3.5 
490.5 510.51 20.0 

531.5 
537.5 
541.0 
545.0 

1512.01514.51 2.5 
534.5 3.0 
538.5 1.0 
543.0 2.0 
546.0 1.0 

38.0178.5 

152.0 
160.0 
179.0 
200.0 

154.5 2.5 
176.0 16.0 
182.0 3.0 
208.5 8.5 

70-13C 

210.0 212.0 2.0 
215.0 217.0 2.0 

41.5184.0 

203.0 218.0 15.0 

70-23C 

70-26C 

219.0 
235.0 
254.5 
267.0 
274.0 

224.0 5.0 
241.5 6.5 
257.0 2.5 
270.0 3.0 
276.0 2.0 

8.0 
2.0 
8.0 

18.0123.0 
4.0 

15.5 

285.0 

535.0 
544.0 
550.0 

178.5 
183.5 
200.5 

February, 1971 SEAN NO. 12 (Continued) 

286.5 

543.0 
546.0 
558.0 

182.5 
199.0 
201.5 

In( 
ZGS 

177. 

164. 

106. 

108, 

138. 

538. 

$53. 

184, 

L 
-EL 

37.0 

78.0 

10.0 

23.0 

63.5 

i8.0 

58.0 

11.0 

Recovered 
nd Sample< 
lenPrh 

11.0129.5 

5.0114.0 

4.014.0 

11.0115.0 

5.015.0 

9.0110.0 

4.015.0 

12.0117.0 

- 
.ed 1 - 
xu 

4.21 

3,61 

6.81 

3.9; 

2,3: 

3,6i 

0.51 

2.11 

- 
ie 
SJ 

1 

6 

1 

6 

54 

6 

4 

2 

- 
- 
Elon 

20.5 

91.6 

32.0 

87.8 

75.7 

75.9 

58.1 

71.7 

- 
shi - 
2 

0.f 

1.c 

0.5 

1 . 4  

1.2 

3.8 

3.3 

3.4 

- 
Coal - 
!LL 

23.6: 

19.91 

20.11 

21.5: 

2 1 . u  

21.51 

21.41 

19.51 

- 
€A: 

&d 
- 

5.( 

8.t 

1.1 

5.i 

1.f 

6.C 

9.7 

8.5 

- 
s * I  - 
I& 

70.1 

70.1 

67.3 

71.2 

65.8 

71.6 

68.4 

71.5 

- 
.50 - 
-sL 

D.87 

3.72 

3.97 

1.65 

3.75 

1.59 

1.71 

1.52 

. GI - 
BTU. 

i .8i  

i . l !  

3.72 

i.6; 

3,7( 

i.61 

i.0C 

i . l i  



ELK RIVER COAL P R O J E q  

W P L E  S W R Y  - LOCATION AND PROXIHATE ANALYSIS 

R-12 

-12 

Saslpls 
&?EL% 

c 4  
c 5  

5155 

5152 
5153 

5158 

0305 

0306 

102.0 105.0 3.0 
110.0 114.0 4.0 
138.0 144.0 6 . 0  
166.0 171.0 5.0 
178.0 186.0 8.0 

26.0/84.0 

253.0 261.0 8.0 

February, 1971 

70-3R 

Probe Total Coal Core 
in vert ica l  Jut. 

prpla 

291.0 296.0 5.0 
306.0 313.0 7.0 

20.0/60.0 

15 .5  22.5  7.0 
26.0 28.0 2.0 
37.5 42.0 4.5 
56.0 57.5 1.5 
65.0 68.0 3.0 
70.0 73.0 3.0 
75.5 81.0 5 . 5  
85.0 88.0 3.0 

108.5 110.0 1.5 

NA) C 1 -- I -- I 5.0 

70-14C 

I -- 1 -- I :::/12.0 

177.0 179.5 2.5 
188.0 199.0 11.0 178. 
226.0 233.0 7.0 227. 

20;5/56.0 

314. ' 
323.' 

140.1 
166.' 
1Bo.I 

I112.01 117.01 5 .0  I 

R-13 I142.01147;01 5 .0  1146.  

L 
-Te 

19.0 
26.0 

44.0 
73.0 
86.0 

50.0 

00.0 
33.0 

Recovered 
nd Sampled - 

5.0 
3.0 

4.0 
7.0 
6.0 

3.514.0 

18.5/22.0 
6.0/6.0 

SEAM NO. 13  

COa:  - 
!A& 

!1.81 
.9.6! 

!3.4: 
!2.5) 
!2.4: 

Brd 1 

18.81 

L5.11 
!O . 01 

A 
A& 

3.31 
1.74 

9.42 
4.41 
1.39 

i l a l  

5.1: 

7 . x  
7.01 

-_ -_ 

6.44 
2.35 
5.45 

of 

5.25 

7.00 
2.39 

1 - 
22.a 

12.0 
i5.4 

)1.8: 
17.8: 
i1.7! 

19.5 

i2.8 
)3.8 

.- 24.50 - 24.75 
- 23.01 

-- 24.77 

20 20.30 
95 20.56 

- 
9 
a 
6.48 
9.81 

4.7 
7.9 
7.4 

1.1 

7.0 
5.0  

- 
50 - 

.9' . 1. 

.8  

.1: 
8.81 

-11 

1.8 
1.8 

- 
3.L 
6 4  
6 4  

9 
9 4  
8 

LO 

74 
7 



BLK RIVER COAL PROJECT 

SAMPLE SUEPURY - LOCATION AND PROXIMATE ANALYSIS 

ied Basis 

-BT11m. 

yr -- 

10,190 6 

1 2 , l W  64  

11.160 5% 

10,940 5% 

14,310 64 

12,700 6 
9,790 & 

12,490 2 

E 
i 

' r  

c 

,' \ 
P 
C 

. 

1 at 

?.C. 

f3.25 

f0.36 

10.60 

10.82 

11.70 

11.37 

58.84 
55.10 

iamplt 

1316 

?a75 

)521 

1054 

I325 

1342 

I067 

3066 

0083 

1.50 

s. 

0.69 

0.63 

0.74 

0.70 

0.65 

0.65 

0.71 
0.91 

;ocation 

170-15C 

(70-25C 

+70-10C 

+70-22C 

UC-17C 

Y7C-21C 

370-23C 

H70-13C 

M70-26C 

Raw 

H20 

0.30 

0.23 

0.34 

0.38 

0.38 

0.36 

0.31 
0.35 

0.22 

T o t a l  Coal 
i n  Vertical 

Coal 

V . L  

19.05 

17.78 

20.16 

17.65 

18.22 

22.44 

21.82 
19.58 

19.31 

252.0 253.5 1.5 
Ilm7-m 

164.0 
$76.5 
$91.0 
506.5 

475.0 11.0 
480.0 3.5 
493.0 2 .0  
509.0 2.5 

19.0145.0 

43.0 
74.0 
80.0 

337.0 
347.0 
368.5 

420.0 432 5 1 2  5 I . I  

57.0 14.0 
75.0 1.0 
82.0 2.0 m 

346.0 9.0 
353.0 6.0 
371.5 3.0 

18;0134.5 

393.0 
419.0 
426.5 

403.0 10.0 
423.0 4.0 
428.0 1.5 m 

February, 1971 SEAM NO. 13  (Continued) 

62.0 
68.0 
74.0 

102.0 

Tpe 

m.5 

67.C 

47.c 

39.c 

51.c 

17.C 

98.C 
23.c 

lot I 

a6 . l  

66.0 b o o  
72.5 h.5 
81.5 7.5 

122.0 20.0 
ls.olrs.s 

ral 
-Te 

!47.0 

i82.0 

60.5 

154.0 

!66.0 

127.0 

106.5 
127.0 

nplad 

122.0 59.83 

Recovered 
nd Sampled 
Lennth 

14.5116.5 

12.0115.0 

13.0/13.5 

6.5/15.0 

15.0115.0 

7.5l10.0 

7.018.5 
4.014.0 

7.0116.0 0.46 

- * 
prh 

5.91 

2.26 

1.82 

1.53 

5.67 

7.39 

7.07 
5.34 

7.81 

- 
~ - 

LFY 

.74 

.73 

.68 

.44 

.7? 

.81 

.76 
-71 

.6( 

- 
E. 

s 

.. 

. l  

. l  

.t 

.. 

._ 

., 

.[ 

./ 

- 
- 
p?ok 

85.6 

53.5 

66.5 

60.9 

68.4 

90.9 

75.6 
46.3 

67.0 

- 
sht - 
- H2( 

1 .1  

0.:  

0 . :  

0 . f  

0.1 

1.( 

1.: 
O.! 

O.! 

- 
Coal 

ILL 
- 

20.02 

23.08 

23.08 

21.54 

22.94 

23.46 

22.37 
25.80 

20.36 

- 
alyl 

Ash 

5.56 

6.0t 

5.94 

6.75 

4.8C 

4. l f  

7.4( 
8.5 i  

8.81 

1. Gr - 
E L  

-4.65 

.4,69 

.4,64 

.4,48 

.4,80 

.4,91 

-4.38 
. 4 ,25  

14,14 

- 
SL 

7 

7% 

7 

7% 

8% 
.1 

74  

7 
7 

2 



ekg RIVER COAL PROJECT 

SAMPLE S W R Y  - LOCATION AND F'ROXIMATE ANALYSIS 

I 
- 
LLGS 
87.6 

93.9 

52.1 

52.1 

92.8 

71.0 

67.6 

6 3 . 4  
43.8 

:ample 
Yvmber 

C 2 

c 3  

0304 

0315 

0069 

0052 

0053 

0323 

0324 

Location 

(NA) C 

N-12 

H70-14C 

M70-15C 

mo-zsc 

H70-22C 

H70-17C 

g5fzz in Vertical 

70. 
83. 
106. 
125. 

87. 
91. 
110. 

97. 
112. 
122. 
141. 

388. 
403. 

215. 
244. 
248. 
260. 
265. 

103. 
118. 
124. 
133. 
142- 

77.0 
93.0 
113.0 
132.0 

7.0 
10.0 
7.0 
7.0 
31.0162.0 

88.5 
95.0 
118.0 

100.0 
120.0 
126.0 
147.5 

397.5 

225.5) 10.5 

1.5 
4.0 
8.0 
13.5/31.0 

3.0 
8.0 
4 .0  
6.5 
21.5150.5 

9.5 

22.0151.5 

February, 1971 

k@R 

!35.l 

!77.l 

110.1 

110.1 

191.1 

!16.1 

L43. 

104. I 
120 * ~ 

L 
L 
44.0 

83.0 

.19.0 

.19.0 

199.0 

126.0 

54.0 

.12.5 
2 6 . 0  

Recovered 
nd Sampled 
Lennrb 
9.0 

6.0 

no B~COI 

5.019.0 

5.019.0 

5.518.0 

6. O f  10.0 

6.0110.5 

6.¶18.5 
5 .515.5  

SEAM NO. 14 

R - 
'2" 
_- 
-- 

kVE 

0.5 

0.5 

0.2 

0.i 

0.1 

0.4 
O.! 

C0.31 

L L  

22.41 

25.2; 

- 

eble 

17.4: 

17.4: 

26.1; 

20.7s 

19.71 

19.51 
14 * O! 

- * 
3.05 

9.70 

A n Y  

3.81 

3.81 

6.97 

6.38 

0.50 

5.84 
3.61 

I - Air Dried B 
- 
8 - 
&L 

64 

8 

54 

54 

6 

54 

6 

64 
3 

- * 
'2" 
-- 
_- 

1.7 

1.7 

3.6 

3.8 

1.5 

1.5 
3 . 4  

- 
g 
L L  
l3.76 

23.16 

22.04 

22.04 

26.01 

23.5C 

22.91 

22.85 
23.2f 

- 
rlr 
t!& 
6.0 

5 . 5  

9.8 

9.f 

4.4 

5 . 1  

8.4 

8 . t  
6.1  

8Tu- 
__ 
__ 

3,931 

3.931 

4,971 

4,221 

4,331 

4,121 
4.571 

64 

8 

8 

74 

8 

8 

74 
8h 





Sample 
Number 

0313 
0314 

0063 

0064 
0068 

DO51 

0322 

0341 

0059 

0060 

0088 

0089 

in V e r t i c a l  
Location 

M70-15C 

M70-25C 

H70-22C 

M70-17C 

M70-21C 

M70-23C 

H70-24C 

- 
Floa 

61.0 
54.1 

68.6 
73.4 
82.8 

60.6 

51.1 

77.5 

73.2 
42.1 

:60.01261.0~ 1.0 

Raw 

"2O 

1.36 
1.20 

1.16 
1.18 
1.32 

1.12 

1.47 

3.39 

1.28 
1.26 

1.17 
3.33 

Coal 

V.M. 

15.04 
18.06 

22.OE 
21.28 
21.66 

20.81 

19.85 

23.9€ 

23.03 
20.51 

21.94 
21.21 

r 

S. 

.47 

.65 

.34 

.41 

.67 

.29 

.34 

.53 

.55 

.60 

.53 

.91 

Dried Basis 

BTU PSI 

-- 4 
-- & 

11,250 6% 
12,160 64 
13,270 7 

10,430 54 

8,370 5 

12,82C 8 

12,420 7 
9,000 44 

11,090 74 
10,190 5 

ELK RIVER COAL PROJECT 

SAMPLE S W R Y  - LOCATION AND PROXIHATE ANALYSIS 

i a t  

;c. 
9.26 
0.46 

7.03 
9.97 
0.30 

8.12 

9.47 

7.99 

9.44 
5.56 

1.29 
6.41 

February, 1971 

1.50 

s. 

0.67 
0.91 

0.45 
0.5C 
0.6f 

0.47 

0.45 

0.51 

0.62 
1.05 

0.71 
0.8:  

km 
45. 
61. 

73. 
87. 
117. 

75. 

57. 

67. 

37. 
59. 

189. 
198. 

42.0 
58.0 

L 
-Te 

53.0 
65.0 

81.0 
96.0 
25.0 

00.0 

75.0 

81.0 

50.5 
70.0 

95.5 
03.0 

49.5 7.5 
62.0 4.0 

11.5120.0 

Recovered 
nd Sampled 

Leneth 

4.017.5 
4.014.0 

8.OlS.O 
7.019.5 
6.518.0 

16.5124.5 

16.5118.0 

9.0114.0 

12.0113.5 
11.0111.0 

6.516.5 
4.515.0 

7% 
84 
8 

7 

84 

9 

8 
7% 

84 
aq 

SFAM NO. 1 5  

170.5 
181.5 
113.5 

.75.0 

.84.5 

.88.0 

52.5 
64.5 
72.0 
77.5 

278.0 7.5 
293.5 1 2 . 0  
323.5 10.0 

30.5163.5 

184.0 9.0 
186.0 1.5 
201.5 13.5 

24.0126.5 

61.0 8.5 
71.0 6 . 5  
74.0 2.0 
81.5 4.0 

21.0129.0 

* 
5.37 
0.44 

5.81 
0.76 
4.49 

0.51 

3.89 

5.36 

9.02 
0.82 

2.41 
2.06 

.74.0 
32.0 
!24.0 
!46.0 

- - 
& 

.2! 

.3c 

.9: 

.72 

.5: 

.5f 

.75 

. 2; 

.61 

.41 

.4t 

.4c 

180.0 6.0 
188.0 6.0 
226.0 2 . 0  
249.0 3 .0  

17.0175.0 

.33.5 
56.0 
63.5 

184.5 
194.0 
'01.1 

146.5 13.0 
162.0 6.0 
170.0 6.5 

25.5/36.5 
690.5 6.0 
699.0 5 .0  
702.5 

: O d  

iLLKL 
!3.86 
!2.55 

- 

17.04 
15.13 
13.96 

!5.18 

!3.86 

13.96 

!5.28 
!5.32 

15.69 
15.81 

* 
i.4 
5.4 

1.8 
3.5 
5.0 

5.8 

5 .1  

6.9 

$.4 
3.7 

5.2 
1.7 

'. GI 

Bw 
4.75 
4,33 

- 

4.78 
5.07 
4.87 

4.58 

4.51 

4.34 

4,85 
4.07 

4.56 
4.32 



iamplt 
gg& 

1156 

1062 

)093 

Raw 

5' 

1.45 

1.27 

1.21 

;amp 

Ocation 

70-30C 

-71-17 

-70-16 

70-25C 

70-24c 

Con1 

V.M. 

Not 

23.54 

20.47 

20.62 

.e not  

Probe 
m 

.72  

.73 

r om - 
24.c 
30.0 
38.a 

70.C 

See 

See 

43.5  
78.5 

56.0 
61.5 
75.0 
83.C 
90.0 

14.39( 

14,50( 

EL 
22 

29.1 
30.1 
40.1 

77.1 

lib. 

nib: 

54.1 
80.1 

61.1 
62.1 
80.1 
86.1 
91.! 

'otal Coal 
n Vertical 
'ene tre tion 

5.0 
0.5- 

S i G i  
7.0 

No. 27-21) 

No. 27-21) 

0.5 
1.5 

5.0 
1.0 
5.5 
3.0 

ELK RIVER COAL PROJECT 

SAPlPLE SUMMA RY - LOCATION AND PROXIMATE ANALYSIS 

February, 1971 

m 
rom 

73.c 

47.a 

60.5 

82.0 

L 
2.L 

79.0 

56.5 

68.0 

90.5 

Recovered 
nd Sampled 
Length 

6.0 

5.019.5 

2.517.5 

0.518.5 

SEAM NO. 16 

- 
%& 

WL 

W l '  

t.40 

i.85 

1.61 

bpre 

- 
!2 

and 

1.61 

:.41 

1.56 

itat 

- 

& 

16.24 

14.92 

:6.18 

- 

;-Fy- 

7.36 

6.37 

7.61. 



jamplt 
y g &  

3154 

3157 

1155 

1061 

3087 

Raw 

5' 

1.40 
1.23 
1.40 

1.28 

).18 

170-30C 

'-71-17 

'-70-16 

VO-25C 

170-24C 

Coa 

v.n, 

27.31 
25.7 
24.9 

23.2 

26.6 

Probe l e d  

BTI1m 

14,450 
12,810 
12,600 

12,610 

13,860 

rn 

,56. 
,68. 
888. 
47. 
14. 

See 

S e e  

66. 

50. 

Basis 

8 
74 
8 

7 

7 

a1 
2 2  
- 

58. 
69.8 
94. 
52.1 
2 0 .  

hib 

hib 

76.1 

74.1 

'om1 Coal 
n Vertical 
'enetration 

2.0 
0.5' 
6.5 
4.5 
6.5 
10.0164.5 

No. 27-22) 

No. 27-22) 

.o . 0 
!4.0 

ELK RIVER COAL PROJECT 

SAMPLE SUMMARY - LOCATION AND PROXIMATE ANALYSIS 

February, 1971 

lkm 
i V . E  

190.1 
.16. ( 
.50. ( 

69.5 

,54.( 

L 
-Te 

97.0 
23.0 
54.5 

77.5 

78.0 

Recovered 
nd S a m p l e d  
Lenarh 

6.516.5 
5 . 5 1 7 . 0  
4.014.5 

4.018.0 

7.0124.0 

SEAM NO. 17 
- 
@ 

fs!l 

6.0; 
6.7, 
7.9: 

7.21 

9.51 

- 
5 -  - 
LL 

5.2: 
1.3( 
i.75 

b.24 

1.59 

- 
r - 
6 

.7 

.7 

.7 

.8 

.6 

- - 
Elpp 

87.0 
73.8 
74.1 

78.5 

85.9 

- * 
!!d 

1.7 
) . 5  
).9 

) . 5  

1.0 

- 

u 

27.77 
17.99 
17.19 

!6.02 

16.89 

- * 
Bpb 

2.61 
6.11 
5.21 

5.0: 

4.21 

- 
5 

vn 

8.8: 
'5.32 
6.6: 

0.4: 

7.8C 

- 
50 - 
L 

.7( 

.7l 
.7: 

.9i 

.61 

L Gr 

BTU- 

5.111 
4.241 
4.721 

4.731 

4,77( 



- 
Sample 
Number 

0153 

0081 

0082 

0159 

0160 

interval 
cow I 

38.0 
53.5 
56.6 
71.5 
75.5 

See 

See 

60.5 
65.0 
79.0 
88.0 

74.0 
79.5 
05.0 

- 
,caeion 

70-30C 

-71-17 

-71-18 

70-241: 

70-29C 

To 

252.C 
254.1 
'260.( 
272.1 
276.( 

ixhib: 

Ixhib: 

264.c 
278.1 
284.1 
293.: 

576.: 
600.1 
608.1 

oral  Coal 
n V e r t i c a l  
enetration 

4.0 
1.0' 
3.5 
1.0 
0.5 
0.0138.0 

No. 27-23) 

No. 27-23) 

3.5 
3.0 
5.0 
5.5 
7.0133.5 

2.5 
0.5 
3.0 
Ki5mX 

ELK R I V E R  COAL P R O J E C T  

SAMPLE sLmanY - LOCATION AND PROXIMATE ANALYSIS 

February, 1971 SEAM NO. 18 

Core 
w 

41.0 

65.C 

91.5 

78.5 
05.C 

L 
L 

56.5 

89.0 

98.0 

03.0 
08.0 

lecovered 
i d  Sampled 
Lenarh 

9.5115.5 

8.0124 .O 

6.516.5 

3.0124.5 
3.013.0 

R. - 
120 - 
1.4 

1.3 

1.3 

1.4 
1.2 

Coal 

L 

- 
14.7: 

!4.31 

!2.41 

t2.1: 
!6.8: 

4ah 

4.71 

:5.8i 

11.5: 

10.71 
.l. 6: 

- 
X L  

1.16 

1.50 

i.68 

i.71 
1.31 

r; 
t 

-5 .  

.41 

.7 

.3 

.8 

.ed B - 
BTll 

.1,36 

.1.11 

.0.24 

10.30 
13.55 

1 - 
32a 

5 . 5  

51 .1  

55.3 

59.1 
82.5 

ihe - 
'2O - 
..2 

1.9 

1.4 

1.4 
1.5 

- 
: C d  - 

18.71 

!8.21 

!7.9 

t6.7. 
L9.1, 

- 9 
ML 

i.7f 

5.51 

5.1: 

4.2: 
4.2: 

- 
a t  - 

;Fu. 

4.27 

5.3; 

5.47 

7.61 
6.0s 

- 
50 

SL 

.6: 

- 

.4: 

.7! 

.4( 

.8L 

. Gr 
BTIL 

4.43 

- 

4,581 

4,561 

5,101 
4,811 
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C O M M E R C I A L  TESTING Ibp ENGINEERING CO. 
GENERAL OFFICES: 118 NORTH LA BALLE STREET. CHICAGO. ILLINOIS (I0001 . AREA CODE 812 118-11484 

.WC* ,SO" M A I L  ADDI... . 0 "0. .*. Dcccmber 111 , 1968 CHARLISTON ( 1 I s i v i i r i ~ 1 1 1 ~ 1 2 ~  
L O S L I I O "  

'2, ."O*O S l " l l l  

."ONZ so4 142 2,s. 

North American C o a l  Corp. 
1 7 8 0 0  S h a k e r  I l lvd.  
C l c v c l a n d ,  Ohio Raw Coal Sample No, 2 

SAXPLED & IDENTIFIED ny: 
N o .  Am. Coa l  Corp, 

Composite 2 "  Rd x 200 tresh T o t a l  
1.40 F l o a t ,  200 Mesh x 0 R a w  

Lab No, C-337315 Assay No, 5329 
- - -- 

FUSION TE!.IL"I:RATUKE O F  ASI! 
I 

PROXII.lATC A N A L Y S I S  -. - 
Reciucj.nrr --- 

DRY - 
I n i t i a l  D e f o r n a t i o n  21120+er' 

% Ash 7.01 S o f t e n i n g  (II='i I )  2 112 o+ 0 r 
P; i70lati le 20.35 S o f t e n i n g  ( l != l /Z t? )  2820t"T' 

2820+'I" 't F i x c d  Carbon 72.64 F l u i d  --- 1ou,oo 
Et.u 

% S u l f u r  
14543 
0.59 

H i s  cone Ilciglit 
1\1 i s  cone N i d t h  

liaxriqrovc G r i n d a b i l i t y  I n d e x  = 121.0 F r e e  S w e l l i n g  Index = #5-1/2 

* l;xP;~.NsIo?! / CO??JTI~cl ' IO:I  = -1, 5 -_ --- 
( C ?  52 l b s . / c u .  f t .  Bulk D e n s i t y  and  2 . 0 0 %  H20) 

T h i s  t es t  was r u n  u n d c r  t h e  f o l l o w i n g  c o n d i t i o n s :  

Fncc T e ~ : ~ p c r a t u r e ,  O F  1950 
I.:oir;ture I % 1.6 

* I n t e r m e d i a t e  Expans ion  __ --I 

B u l k  U a n s i t y ,  l b s . / c u .  f t .  55.39 + 0 . 1  
P a r t i c l e  Size, 9 minus  1/8" 93.3 

COPXI, l'LhS1' i C T 5 T  ( G i c? s e 1. c r I' 1 as tome t e r ) --..-.. ~.____ -___ 

**  D i a l  D i v i s i o n s  P e r  l.:j.r.utc 
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THE NORTH ANERICAN COAL CORPORATION 
Cleveland, Ohio 

Raw Coal Sample NO. 2 

October 1968 - -  15 "c. C-337315 SCREEN ANALYSIS 
. 

1 . * 9 I 1 I 6 7 10 11 1% 13 1. IS I. 3 

C U M U U n n  InULn 

t.I.l".d ." I a n  I" C.h,." I P i .  Im. h W u  1 SIZE D"" BAS11 

I., o n  % wt % Ash X SwI % V.1 X K  X wt X A h  X Jul X Val * K  x m  X r u  X L I  X V d  X I  -__ 
I.",". 

L" %? 12.5 
3/4" Rd 7.1 
1/2" 2d 10.7 
:/a" ?,;1 7.3 
1/4- Rd 9.6 
1/6" Rd 15.9 
2 8 2.1 19.2 
G O  :4 9.3 
130 :~; 3.8 
2 0 0 1.; 2.6 

2.0 

19.86 
25.03 
15.15 
18.62 
1Z.23 
i6.56 
14.48 
11.09 
9.59 
9.56 

11.80 

0.52 18.12 
0.52 17.33 
0.52 18-09 
0.51 17.E7 
0.52 17.86 
0.53 13.47 
0.64 19.17 
0.68 20.21 
0.73 20.54 
0.98 21.44 
1.53 20.30 

62.02 
62.17 
62.76 
63.51 
63.81 
64.97 
66.35 
68.70 

69.00 
67.90 

~9.a7 

3 

12.5 
19.6 
30.3' 
37.6 
47.2 
63.1 
82.3 
51.6 
95.4 
98.0 

100.0 

19.86' 
19.51 
19.64 
19.46 
19.22 
1e.55 
17.60 
16.94 
16.65 
16.45 
16.36 

0.52 18.12 
0.52 15-01 ~~~. ~ 

0.52 18.04 
0.52 18.01 
0.52 17.98 
0.52 18-10 
0.55 18.35 
0.56 13.54 
0.57 18.62 
0.58 19.69 
0.60 18.73 

62.02 
62.08 
62.32 
62.55 
62.80 
63.35 
64.05 
64.52 
64.73 
64.86 
64.91 

100.0 
87.5 
80.4 
69.7 
62.4 
52.8 
36.9 
17.7 
8.4 
4.6 
2.0 

16.36 0.60 18.73 
15.86 0.61 18.82 
15.50 0.62 18.SO 
1 4 . 9 4  0.63 19.G3 
14.51 0.65 19.16 
13.E: C.67 19.40 
12.63 0.73 19.79 
10.62 0.63 2 0 . 4 7  
10.11 1.00 20.76 
10.53 1.22 20.44 
11.30 1.53 20.30 

64  
65 
65 
6 E  
5 5  
€ 6  
67 
62 
65 
62 
67 
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Exhibit No. 20-3 
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THE XORTB AXERICAN COAL CORPORATION 
Cleveland, Chi0 

Raw Coal Sample No. 2 

,a3 KO. C-337315 SCREEN ANALYSIS October 1968 
~ - . 

~~ - .... ~~ ~ 

1 2 . I I * . 1 6 10 1 ,  11 I¶ 14 15 16 17 
_~ -~ 

CUMUUIIVE l l S Y L l l  

,.'.I". I".." i. COlUn" 1 
DII BABI  X SULFUR 

",,.i".d 0" I".." i" cot"",. I 

c o  

1" R d  
3/4" Rd 
1/2" xi 
3/6" 4d 
1/2" 42 
1/73'' Rd 
22 :I 
G 0 I4 

10 c ?.! 
2 0 0 :.: 

12.5 
7.1 

10.7 
7.3 
9.6 

15.9 
19.2 

9.3 
3.Q 
2.G 
2.0 

T*.1 
~ - .- 

0.52 
G.52 
0.52 
0.51 
0.52 
0.53 
0.64 
0.68 
0.73 
0.93 
1.53 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.07 
0.10 
3.13 
0.35 
0.64 

0.00 0.47 12.5 0.52 0.05 
0.00 0.47 19.6 0.52 0.05 
0.00 0.47 30.3. 0.52 0.05 
0.00 0.46 37.6 0.52 0.05 
0.00 - 0.47 47.2 0.52 0.05 
0.00 0.48 63.1 0.52 O.G5 
0.00 0.57 8 2 . 3  0.55 0.0; 
0.00 0.56 91.6 0.56 0.06 
0.01 0.54 95.4 0.57 C.06 
0.01 0.62 9S.O 3.59 0.07 
0.03 0.36 100.0 0.60 0.0s 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
C.OC 
0.00 
0.00 
0.00 

0.47 
0.47 
0.97 
0.47 
0.47 
0.47 
0.50 
0.50 
0.51 
0.51 
0.52 

100.0 
37.5 
80.4 
69.7 
62.4 
52.u 
36.9 
17.: 

s . 1. 
4.6 
2 . 0  

0.60 
0.61 
0.62 
0.63 
0.65 
0.67 
3.73 
O.ti3 
1 . C 3  
1.22 
1.53 

0.cs 
0.09 
0.09 
0.10 
0.10 
0.11 
0.14 
0.21  
C . 3 i  
O.4E 
0.64 

0.00 
0;UO 
c.00 
0.00 
L.00 
0.00 
0.00 
0.01 
c . c 1  
c.02 
C.03 

0.52 
5.52 
0 . 5 2  
G. '53 
0.55 
0.56 
0.59 
0.61 
2 . 2 5  
6 . 7 2  
0.3; 

36 



1 Lab h'o. C-337315 

THE NORTH AME!?ICAX COAL CORPOFATIOS 
Cleveiand, Ohio 

Raw Coal szmgle NO. 2 

October 1968 FLOAT b SINK ANALYSIS 

N 
0 

I 
u1 

Composite 2 "  Rd  s 2 0 0  Hesh - 9 8 . 0 %  of Haw Coel Sample Cr!:;hed to 2 "  ~6 

16.c 1.99 0.69 22.20  7 5 . e 1  1 6 . 0  1.?9 0.69 2 2 . 2 0  75.81 
2 7 . 1  6.':: 0.G1 20.30  73.29 1 3 . 1  -!.77 0.6.1 2 1 . 0 1  7 4 . 2 2  
2 2 . 1  10 .51  0 . 5 5  13.96 7 0 . 2 3  65 .2  6 .22  0 . 6 1  2 0 . 3 1  7 2 . 8 7  
1 3 . 9  1 5 . 7 5  0 .53  18 .05  6 6 . 2 0  7 9 . 1  8 . 3 9  3.60 1 9 . 9 1  7 1 . 7 0  

6 .6  2 0 . 7 5  0 .50 ' 17.56 61.59 85.7 9.34 0.59 1 9 . 7 4  7 0 . 9 2  

i.5 2 0 . 3 2  0 . 5 3  1 5 . 7 9  5 3 . 8 9  89.E 1 0 . 1 3  0.58 1 9 . 6 3  j O . 2 3  
l i . 2  72..:5 0.55 i o . 5 1  1 7 . 0 4  iOO.0 1G.45 0.53  16 .69  64.86 

2 .6  2 4 . 9 2  0 . 5 0  1 7 . 5 1  57.57 6 8 . 3  9.ao 0.59 1 9 . 6 8  70.52 

C o n m s i t e  2 "  3.6 x 1/4" Re = 47.2% of  R i w  C o a l  Snroie C r u s h e d  to 2 "  Rd 

7 . 5  3 . 2 1  0.55 2 1 . 9 1  7 4 . 8 8  
2 l . 5  L . 6 3  0 . 6 3  2 0 . 2 7  72.0.1 
A , . ?  i1.1; 2.5: 18 .66  7 0 . 2 1  

. - >  0 .5 :  17.65 65 .92  --.: I G  '~ 

~. 
. -  
. _  - .a  2 6 . i l  0.17 16.61 5 G . 9 S  
0.9 30.s5  3 . 4 7  16.36 52.iIS 

1 2 . 6  7 7 . 6 3  5 . 2 6  9.51 12.86 

7 . 9  
3 9 . 3  
6 5 . 2  
79 .7  
8'1.9 
26 .5  
8 7 . 6  

1 0 0 . 0  

3 . 2 1  
G . 2 0  
2.2.; 
g . 5 5  

10.30 
1 3 . 6 0  
1 0 . 7 5  
1 9 . 2 2  

0.65 
0 . 6 1  
0.58 
3 .57  
0 .56  
O.5G 
0.56 
0.52 

2 1 . 9 1  
.-! n . G 0 
1 3 . E 3  
1 s . 4 3  
1 9 . 2 9  
1 9 . 2 4  
1 9 . 1 7  
1 7 . 9 2  

7 4 . 8 8  
7 3 . 4 0  
7 2 . 1 3  
7 1 . 6 1  
70.1.1 
70 .16  
70 .05  
6 2 . 8 0  

100.0 1 6 . 4 5  
8 4 . 0  1 9 . 2 4  
56 .0  2 5 . 3 5  
3 4 . 3  3 4 . 5 9  
20.9 4 7 . 1 2  
i4.3 59.26 
1 i , 7  6 6 . 9 2  
1 C . 2  7 2 . 4 5  

1co .o  1 9 . 2 2  
3 2 . 2  20.53 .~~ 
i3.i 2 7 . 7 9  
3 4 . 9  - ; 0 . 2 0  
2 3 . 3  5i.17 
i S . l  6 9 . 4 2  
13.5 7 4 . 5 2  
1 2 . 6  7 7 . 6 3  

0 . 5 8  
0 .56  
0.5:  
0.53  
0.53 
0.54 
0.55 
0.55 

0.52 
0 . 5 1  
0.1.6 
0 . 4 1  
0 . 3 4  
0 .29  
0 . 2 7  
0 .26  

l E . 6 0  
13.53 
16.?5 
15.67 
1 4 . 0 9  
1 2 . 6 4  
il.22 
1c.s: 

1 7 . 9 9  
17.65 

1.:.5.: 
12.32 
1 0 . 6 5  
9.95 
9.51 

.~ _ -  
10.3. 
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21 
? 
N 
0 
I m 

TEE NORTH AXERICAX COAL CORPORATION 
Cleveland, Ohio 

Raw Coal Sample No. 2 

1.30 
1.35 
1.43 
1.45 
1.50 
L.55 
1.60 

1.30 
1.35 
l..iO 
1.15 
1.53 
1.55 
l.60 

1.30 
1.35 
L.40 
1.45 
1.50 
1.55 
i.60 

1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 

Connosi te  2" Rd x 200 INesh = 98.0% of Raw Coal Sample Crushed to 2. Rd 

16.0 0.69 0.02 0.00 0.67 16.0 0.69 0.02 0.00 0.67 
27.1 0.61 0.03 0.00 0.58 43.1 0.64 0.03 0.00 0.61 
22.1 0.55 0.04 0.00 0.51 65.2 0.61 0.03 0.00 0.59 
13.9 0.53 0.05 0.00 0.48 79.1 0.60 0.03 0.00 0.57 . 
6.6 0.50 0.06 0.00 0.44 85.7 0.59 0.04 0.00 0.55 
2.6 0.50 0.09 0.00 0.41 88.3 0.59 0.04 0.00 0.55 
1.5 0.53 0.13 0.00 0.40 89.8 0.58 0.04 0.00 0.54 
10.2 0.55 0.37 0.00 0.18 100.0 0.58 0.07 0.00 0.51 

100.0 
84.3 
56.9 

20.9 
14.3 
11.7 
10.2 

34.8 

Coapositf 2" R d  x 1/4" R d  = 47.2% of Xaw Coal Sample Crushed to 2" Rd 

7.8 0.65 0.03 0.00 0.62 7.8 0.65 0.03 0.00 0.62 100.0 
31.5 0.60 0.03 0.00 0.57 39.3 0.61 0.03 0.00 0.58 92.2 
25.9 0.54 0.04 0.00 0.50 65.2 0.58 0.03 0.00 0.55 60.7 
14.5 0.50 0.04 0.00 0.46 79.7 0.57 0.04 0.00 0.53 34.8 .~~ . .-. 
5.2 0.48 0.05 0.00 0.43 84.9 0 . 5 6  0.04 0.00 0 . 5 7  7 n . 2  .... ._._ - -_ -  .~~ ~ . ~ .  
1.6 . 0 . 4 7  0.06 0.00 0.41 86.5 0.56 0.04 0 . C O  0.52 15.1 
0.9 0.47 0.09 0.00 0.35 Si.6 0.56 0.04 0.00 0.52 13.5 

12.6 0.26 0.13 0.00 0.13 100.0 0.52 0.05 0.00 0.47 12.6 

4c 

0.56 
0.56 
0.54 
0.53 
0.53 
0.54 
c.55 
0.55 

0.52 
0.51 
0.46 
0.41 
0.34 
0.29 
0.27 
0.26 

0.07 
0.08 
0.11 
0.15 
0.22 
0.29 
0.34 
0.37 

0.05 
0.05 
0.06 
0.08 
0.10 
0.12 
0.13 
0.13 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.51 
0.48 
0.43 
0.38 
0.31 
0.25 
0.21 
0.18 

0.47 
0.46 
0.40 
5.33 
0.24 
0.17 
c.14 
0.13 



I 
iLaS NO. C-337315 

TEE NORTH AmRICAN COAL CORPORXTION 
Cleveland, Ohio 

Raw Coal Sample NO. 2 

October 1 9 6 8  FLOAT & SINK ANALYSIS 

1.30 
1.35 
1.40 
1.45 
i.50 
i.55 
1.60 

Composite 1/4" Hd x 200 Kesh = 50.8% of Raw Coal Sample Crushed to 2" R d  

23.7 1.62 0.70 22.28 76.10 23.7 1.62 0.70 22.28 76.10 
23.1 6.07 0.63 20.35 73.55 46.8 3.62 0.67 21.33 74.85 
15.6 10.39 0.57 19.35 70.26 65.4 5.69 0.64 20.77 73.54 
13.3 15.05 0.55 19.46 66.49 78.7 7.27 0.62 20.38 72.35 
7.a 20.21 0 . 5 1  17.97 61.82 86.5 8.42 0.61 20.16 71.40 
3.5 24.31 0.51 i7.E8 57.81 90.0 9.C5 0.61 20.07 70.88 
2.1 2a.69 0.55 17.07 52.24 92.1 9.50 0.61 20.00 70.50 
7.9 64.82 0.9s 11.97 23.21 100.0 12.87 0.64 19.37 66.76 

100.0 13.87 
76.3 17.68 
53.2 22.72 
3<.6 29.34 
21.3 38.27 
13.5 48.70 
10.0 57.23 
7.9 64.82 

0.64 
0.62 
0.61 
0.64 
0.69 
0.79 
0.89 
0.98 

19.37 66.7 

17.64 59.6 
18.46 6 3 . e  

16.72 53.9 
15.64 46.0 ~ 

14.30 37;6 
13.04 29.7 
11.97 23.2 

5 
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THE NORTH AXERICAV COAL COWORATION 
C l e v e l a n d ,  Ohio 

Raw Coal Sample  Xo. 2 -- 

Composite 1 / 4 "  Rd x 200 Mesh = 50.8% of Raw C o a l  Sample C m s h e d  t o  2 "  Rd 

1 .30  23.7 0.70 0.02 0.00 0.68 23.7 0.70 0.02 0.00 0.60 100.0 0.64 0.09 0.00 0 .55  
1 .30  1 . 3 5  23 .1  0.63 0.03 0.00 0 .60  66.8 0.67 0.02 0.00 0.65 76.3 0.62 0.12 0.00 0.50 
1 . 3 5  1.43 18.G 0.57 0 .04  0.00 0.53 65.4 0.64 0.03 0.00 0.61 53.2 0 .61  0.15 0 .00  0.46 
1 . 4 0  i . 4 5  1 3 . 3  0 .55  0.05 0.00 0.50 78.7 0.62 0.03 0.00 0.59 34.6 0.64 0.22 0.00 0.42 
1 . 3 5  1.50 7 . a  0.51 0.07 0 .00  0.44 86 .5  0.61 0.04 0.00 0.57 21 .3  0.69 0.32 0.00 0.37 
i . 5 3  1 . 5 5  3.5 0.51 0.10 0.00 0.41 90.0 0.61 0.04 0.00 0.57 13.5 0.79 0.46 0 .01  0.32 
1.55 1 . 6 3  2 . 1  0.55 0.15 0.00 0 .40  9 2 . 1  0.61 0.04 0.00 0.57 10 .0  0.89 0.59 0 . 0 1  0.29 
l.GO 7.9 0.98 0 .71  0 .01  0.26 100 .0  0.64 0.09 0.00 0.55 7.9 0.98 0.71 0 .01  0.26 

5B 



TEE PIOilTX hlVER1CAV COP& COR?ORi\TION 
Clevelzlr .d,  Ohio 

Raw C o a l  Sample  No. 2 

1 
,La5 XO. C-337315 

FLOAT & SINK ANALYSIS October 1968  
-----__- __._ ._ -~ -~ 

I 8  1 2 3 I I 6 7 I , 10 11 12 IS I4 13 1' I7 ,I 

L . O C  0 

C I A V I T I  

'lo., 
~ __- 

1 . 3 0  
1.35 
1 .40  
1 . 4 5  
1.53 
1.55 
1 .60  

1.31 
1.35 
1 . i G  
T . 4 5  
1.50 
1.55 
i.60 

x wt .~ ~ 

6.5 
41.6 
22.3 
i 1 . 8  

2 . 4  
i.6 
0.L 

14.0 

7.2 
25.7 
24.2 
i 4 . 2  

3 .2  

0 .6  
13.8 

1 ,  -.a 

2"  ild x 1" Rd = 12 .5% of Raw C o a l  Sample  C r a s h e d  to 2" Rd  

3.22 0 .66  21.58 75.20 9 6.5 3.22 0.66 21.58 75.20 1 0 0 . 0  
7.07 0.60 20 .21  72.72 8-1/2 48.3 5.55 0.61 20.39 73.06 93.5 

11.77 0.53 19.07 69.16 6 70.6 8.20 0.58 19.38  71.82 51.7 
16.70  0.50 17.58 65.72 2 82.4 9.42 0.57 19.63 - . .  
22.20 0.56 17 .00  6 1 . 0 0  2 84.6 9.77 0 . 5 7  1 0 . 5 ~  

~ .~ . - . . . . - . _ _ _ _ _  
27.02 0.45 15 .96  57.02 2 . 85.6 9 .93  0.57 19.52 
31.44 G.B5 1 6 . 1 1  52.40 2 56.0 1 0 . 0 3  0.57 19 .51  
EO.i9 C.24 9.5'3 10 .22  * 100.0 1 9 . 8 6  0.52 18.12 

1" Kd x 3 / 4 "  R d  = 7.1: of R a w  C o a l  SamDlc C r u s h e d  t o  2 "  Rd 

3.63 0.65 21.90 74.42 9 7 .2  3 - 6 3  L K F ,  >i.qn 

70.95 29.4 
70.67 17.6 
70 .55  15 .2  
70.46 1 4 . 4  
62.02 1 4 . 0  

._._ ._._ __.-- 7 4 . 4 2  1oo.c 
6 . 0 5  0.59 19.C5 73.40 8-1/2 42.9 6.40 0.60 20.03 73.57 9?.u 

1 i . 6 0  6 .53  1E.69 69 .51  5-24'2 67.1 3 .28  0.55 19.62  72.10 57.1 
1 6 . ? i  0.50  17 .73  6 5 . 4 C  2 8 1 . 3  9.78 0.56 19-29 
22.07 3 . 4 8  17.12 60.21 2 e4.5 10.24 0.56 19 .21  

72.70 0.26 9 .61  11.66 * 100.0  20.00 0.52 17 .c3  

25.59 0 . 4 3  16.60 56.5: 2 35.6 10.45 0.56 19 .17  
31.07 0 . i 8  15 .54  52.79 2 CG.2 10.GO 0.56  19.15 

70 .93  3 2 . 6  .~ ~ ~ . .  
70.55 lE.7 
70.38 15.5 
70.25 14.4 
62.17 13.a 

19.86 
21 .01  
32.29 
47.65 
68.73 
i 6 . 1 1  
76.84 
80.19 

20 .00  
21.26 
30 .21  
43.91 
6 4 . 4 4  
73.18 
,0.74 
73.70 
7 ,  

0.52 
0.51 
0.44 
0.39 
0.30 
0.26 
0.25 
0.24 

0.52 
0.51 
0.45 
0 .40  
0.32 
0.26 
0.2: 
C . 2 6  

19.12 
17 .88  
16.00 
13 .66  
1 1 . 0 4  
10.13 

9.26 
9.59 

17 .53  
17 .52  
-=.IS *... 20 
11 .52  
1 0 . 3 6  

9 . 2 9  
9.64 

3 -  

> ,  

62.0 
61.1 
5J.7 
36.4 
20.2 
13.7 
11.0 
10 .2  

62 .1  
61.2.  
53.61 
k 1 . 3 :  
24.0. 
16.4: 
13.5- 
11 .6 (  

6 
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Job T!iZ KO. .\?I. COAL CORP. 
L ~ . N ~ .  C-337315 

Cizc- 

3.w Coa! A &  * 0 % 
Raw Cod 5“:. 

c:cD--;1=epc:ca ~ e s t f i x ~  zh$@eQFimg c0. 
CONSULTING FUEL ENGINEERS 

AND CHEXISTS % :.:inc- 1-22-~ 5-3 7 4  -3s 
- .~ ~ CHICAGO, ILL. 

Terro Xauto, Ind. Charleston, W. Va. 

Raw Coal Sample No. 2 

WASHABILITY CURVES 

CURVE LEGEND 

I Cumulative Coal-Ash 
2 Coal Charac:eristic 
3 Cumulative Rcfuse-Ash 
4 Yield-Specific Gravity 

5 Separation Effected 

M -  x r -  
P. - 
cr 
P. 
rt 



1 

; 
I 

2 
L 
;I 
n 
2 

c 

z 
5 
P 

z 
z 

n 

2 

? 
n 
n 

z 
J 
1 
3 

Lab XO. C-337315 

TiiE NORTIi M'XRICAN COAL CORPORATION 
Cleveland, Ohio 

Raw Coal Sample So. 2 

FLOAT & SINK ANALYSIS October 1968 

1.30 
i.35 
1.40 
1.45 
1.50 
1.55 
1.60 

1.30 
1.35 
1.42 
1.i5 
1.50 
1.55 
1.GC 

1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 

1.30 
1.35 
1.40 
1.45 
1.50 
l.55 
1.60 

6.5 
41.9 
22.3 
11.8 
2.4 
0.8 
0.4 

14.0 

7.2 
35.7 
24.2 
14.2 
3.2 
1.1 
0.6 

13.3 

0.66 0.02 0.00 0.64 6.5 0.66 0.02 0.00 0 . 6 4  .... 
0.60 0.03 0.00 0.57 48.3 0;61 0103 0;OO 0.58 
0.53 0.04 0.00 0.49 70.6 0.58 0.03 0.00 0.55 
0.50 0.03 0.00 0.47 82.4 0.57 0.03 0.00 0.54 
0.54 0.09 0.00 0:45 84.8 0.57 0.04 0.00 0.53 
0.45 0.07 0.00 0.38 85.6 0.57 0.04 0.00 0.53 
0.45 0.08 0.00 0.37 86.0 0.57 0.04 0.00 0.53 
0.24 0.14 0.00 0.10 100.0 0.52 0.05 0.00 0.47 

1" Rc? x 3/4" Rd = 7.1% of Raw Coal Sample Crushed to 2" Rd 

0.66 0.04 0.00 0.62 7.2 0.66 0.04 0.00 0.62 
0.59 0.04 0.00 0.55 42.9 0.60 0.04 0.00 0.56 
0.53 0.04 0.00 0.43 67.1 0.58 0.04 0 ; O O  0;54 
0.50 0.03 0.03 0.47 81.3 0.56 0.04 0.00 0.52 
0.48 0.05 0 .00  0.43 64.5 0.5G 0.04 0.00 0.52 
0.48 0.09 0.00 0.39 85.6 0.56 0.04 0.00 0.52 
0.46 0.10 0.00 0.38 86.2 0.56 0.04 0.00 0.52 
O.?G 0.14 0.00 0.12 100.0 0.52 0.05 0.00 0.47 

6C 

100.0 
93.5 
51.7 
29.4 
17.6 
15.2 
14.4 
14.0 

100.0 
92.8 
57.1 
32.9 
18.7 
15.5 
14.4 
13.8 

0.52 
0.51 
0.44 
0.38 
0.30 
0.26 
0.25 
3.24 

0.52 
0.51 
0.45 
0.40 
0.32 
0.28 
0.27 
0.26 

0.05 
0.05 
0.07 
0.09 
0.13 
0.13 
0.14 
0.14 

0.05 
0.05 
0.06 
0.05 
0.12 
0.13 
0.14 
0.14 

0.00 
0.00. 
0.00 
0 .00  
0 .00  
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
c.00 
0.00 
0.00 
0.00 
0.00 

0.47 
0.46 
0.37 
0.29. 
0.17 
0.13 
0.11 
0.1c 

0.47 
0.56 
0.39 
c.3i 
0.20 

0.13 
0.12 

0.15 



/ /  i ' / L a 5  S O .  C-337315 

THE XORTH AIMZRICAV COAL CORPORATION 
C l e v e l a n d ,  O h i o  

Raw C o a l  Sample NO. 2 

October 1 9 6 8  FLOAT 8 SINK ANALYSIS 

SI IE l r l I  

sink ~~~- __ 

1 . 3 0  
1 . 3 5  
1.69 
1 . 4 5  
1 . 5 0  
i .55  
1.63 

1 . 3 0  
1 .35  
1.40 
1 . 4 5  
1.50 
1.55 
1 .60  

GRAVln 

11s.1 
~~ ___ 

1 . 3 0  
1 . 3 5  
1 . 4 0  
1 . 4 5  
1 . 5 0  
1.55 
1 .60  

1 . 3 0  
1.35 
1 . 4 0  
1 . 4 5  
1 . 5 0  
1.55 
L.63 

3/4" Rd x 1 / 2 "  Rd = 1 0 . 7 %  of Raw C o a l  Sample C r u s h e d  t o  2" Rd 

7 . 9  
5 2 . 3  
26.0 
'3.8 

5 . 6  
1.5 
5.7 

1 2 . 2  

9.7 
2 3 . 0  
2 9 . 5  
1 5 . 8  

7 . 1  
2 .2  
1.1 

1 1 . 6  

3 . 4 7  
6 . 6 0  

1 1 . 5 2  
1 6 . 7 7  
2 1 . 8 0  
2 6 . 7 6  
3 1 . 2 3  
7 8 . 1 1  

0 .66  
0 .60  
0.54 
0 .49  
0 . 4 7  
0.47 
0 .45  
0 .26  

2 2 . 4 1  
20.25 
1 8 . 7 1  
1 7 . 4 4  
1 7 . 2 5  
1 7 . 0 0  
1 6 . 0 2  

9 . 6 1  

7 4 . 1 2  
72 .95  
69.?? 
6 5 . 7 9  
6 0 . 9 5  
5 6 . 2 4  
5 2 . 7 5  
1 2 . 2 8  

9 
8 
4-1/2 
2 
2 
2 
2 * 

7 . 9  
4 0 . 2  
6 6 . 2  
80 .0  
8 5 . 6  
5 7 . 1  
8 7 . 8  

1 0 0 . 0  

3 .47  
6 . 1 5  
6 . 2 6  
9 . 7 2  

1 0 . 5 1  
1 0 . 7 9  
1 0 . 9 6  
1 9 . 1 5  

0.66 
0 . 6 1  
0.58 
0.57 
0.56 
0.56 
0.56 
0 . 5 2  

2 2 . 4 1  
2 0 . 6 7  
1 9 . 9 0  
1 9 . 4 6  
1 9 . 3 3  
1 9 . 2 9  
1 9 . 2 7  
1 8 . 0 9  

l / 2 "  ~d x 3 / a "  Xd = 7 . 3 %  of Raw C o a l  Sample Crushed to 2 "  Rd 

2.72 0 .62  
5 .57  0 . 5 6  ~.~~ 

1 0 . 6 8  0 . 5 5  
1 6 . 3 1  0 . 5 1  
2 1 . 5 1  0 .48  
26 .30  0 . 4 7  
3 0 . 7 4  0 . 4 5  
7 5 . 9 1  0.24 

2 1 . 8 8  

18 .18  
20.77  

1 7 . 6 4  
1 7 . 4 7  
1 6 . 3 9  

9 .00  
1 5 . 7 a  

7 5 . 4 0  9 
7 3 . 2 6  8-1/2 
7 1 . 1 4  4 
6 6 . 0 5  1-1 /2  
61.02 1-1)2 
5 7 . 3 1  1-1 /2  
5 3 . 4 6  1-1/2 
1 5 . 0 6  * 

7 

74 .12  
7 3 . 1 8  
71.84 
7 0 . 8 0  
7 0 . 1 6  
6 9 . 9 2  
6 9 . 7 7  
62.76 

9 . 7  2 . 7 2  0 .62  21.88 75 .40  
3 2 . 7  5 .01  0.59 2 1 . 1 0  73.p.9 ~ . - ~  
6 2 . 2  7 . 7 0  0 .57  1 9 . 7 1  7 2 . 5 9  
7 3 . 0  9 .44  0 . 5 6  1 9 . 2 9  71 .27  
65.1 1 0 . 4 5  0.55 1 9 . 1 4  7C.41  
87 .3  1 0 . 9 5  0 . 5 5  1 9 . 0 7  7 0 . 0 5  
S8.4 11 .10  0 . 5 5  1 9 . 0 3  6 9 . 8 7  

1 0 0 . 0  1 8 . 6 2  0 . 5 1  1 7 . 8 7  6 3 . 5 1  

1 0 0 . 0  1 9 . 1 5  
9 2 . 1  2O;SO 
59.8 27 .89  
33.8 4 0 . 4 9  
20-0 56.85 
1 4 . 4  7 0 . 4 8  
1 2 . 9  7 5 i 5 7  
1 2 . 2  7 8 . 1 1  

1 0 0 . 0  1 8 . 6 2  
9 0 . 3  2 0 . 3 3  
67 .3  2 5 . 2 3  
37 .5  3 6 . 5 9  
22.0 51.15 
1 4 . 9  6 2 . 2 7  
1 2 . 7  7 2 . 0 3  
1 1 . 6  7 5 . 9 4  

0 .52  1 8 . 0 9  
0 . 5 1  1 7 . 7 2  
0.46 1 6 . 3 5  
0.40 1 4 . 5 3  
0.34 1 2 . 5 3  
0.29 i o i 6 9  
0.27 9 . 9 6  
0 .26  9 . 6 1  

0 . 5 1  1 7 . 8 7  
0 . 5 0 .  1 7 . 4 4  
0 . 4 8  1 6 . 3 0  
0 . 4 2  1 4 . E 3  
0 . 3 5  12.E'  
0 . 2 9  1 0 . 5 9  
0 .26  9.55 
0 .24  9 .00  

6 2 . i  
61. ;  

4 4 . 9  
30,E 
1 8 . 5  
14.4 
1 2 . 2  

55.; 

6 3 . 5  
62 .2  
5P.4 
4R.5 
36.C 
2 7 . 1  
l J . 2  
1 5 . 0  



CURVE LECEh'D 
m-,-  ;& L1.L so. AX. COAL C0.W. 

~ ~ A ~ ~ C ? C ~ C ~  T'cs?zKC &k xZg2nQerPXd CQ. 
CONSULTING FUEL E N C I N E E S  I Cumulative Coal-Ash 

Lj, iyo, C-337315 

AND CHEMISTS 2 Coal Characteristic 
CHICAGO, ILL. 

% !4inc 

3 Cumulative Rcfusc-Ash 
4 YieldSpcsific Gravity 

5 Separation Effected 

s;zc- 2 / 4 "  22 x 1/2" Rd 
h w C o n ! A n h  1 9 6 1 5 %  

Charleston. W. Va. Torrs Haute, Ind. .?a" Coal SUl. 

. R a w  Coal San?le No. 2 

WASHABILITY CURVES 



j0j T i Z  SO. A X .  COAL C O W .  (%-7-,Z2Q?@i22 reS$2Zg & Eq7lne@rfmg @Q. 
CONSULTING FUEL ENGINEERS 

CHICAGO. ILL. 

L&.xo. c-337315 
. .Mine AKD CHEMISTS 

size 1/2 I' 26 x 3 / 8 "  Rd 
XCW Cod A3h i8 62% 
Raw Coai SU!, 

Charleston, W. Va. Torrs Haute, Ind. 

Raw Coal Sample No. 2 
WASHABILITY CURVES 

CURVE LEGEND 

I Cumulative Gal-Ash 
2 Coal Charactcrirtis 
3 Cumulative Rcfusc-Ash 
4 Yield-Specific Gravity 
5 Separation Effected 

2 
0 



Zl'O 
.'t 0 
61'0 
5E:O 
9E'O 
E>'O 
55'0 
9t.O 

. .- . 

CT.0 
VT'O 
LT'O 
VZ'O 

ZE'O 
05'0 
9V'O 
LV'O 

00'0 
00'0 
00'0 
00'0 
00'0 
00'0 
00'0 
00'0 

00'0 
00'0 
00'0 
00'0 
00'0 
00'0 
00'0 
00'0 

ZT'O 
Zi.0 
TT'O 
60'0 
90'0 
SO'J 
SO'O 
50'0 

ET'O 
ET'O 
21 '0 
OT'O 
60'0 
90'0 
SO'O 
SO'O 

PZ'C 
CJZ'C 
6Z.C. 
5E.C 
Zb'C 
SP'G 
05'0 
TS'C 

92.6 
LZ'C 
62'C 
VE'C 
OP'C 
9P.0 
TS'O 
ZS'C 

9*lT 
L'Zl 
G'PT 
0'22 
O'LE 
t'L9 
E'0h 
O'OOT 

Z'ZT 
6'21 
V'VT 
0'02 
8'EE 

7'26 
O'OOT 

a-6s 

3L 

9b.O 00'0 50'0 75.0 O'OOT ZT'O CO'O ZT'O PZ'O 
15.0 00'0 LO'O SS'O b'8S GE'O 00'0 GO'C 3t.O 
15'0 00'0 PO'O 55'0 E'L8 Tf'O CC'O OC'O LP'O 
TS'O 00'0 bO'O SS'O T'SS E2.0 00'0 SO'O Sb'O 
25'0 00'0 PO'O 95'0 0.81 SP'O 00'0 EO'O 15'0 
tS.0 00'0 VO'O LS'O Z'Z9 TS'O 00'0 VO'C 55.0 
95'0 00'0 EO'O 65'0 L'ZE SS'O 00'0 EO'O 85'0 
SS'O 00'0 PO'O 29'0 L'G 85'0 00'0 b0.0 29'0 

pti ..z o? paqsnxa aTdues Teog MW 30 %E'L = PX .8/~ x PX "z/T 

LP'O 00'0 50'0 ZS'O 0'001 ET'O 00'0 ET'O 91'0 
ZS'O 00'0 PO'O 95'0 E'L8 9E'O 00'0 GC'O SV'O 
25.0 00'0 tO'O 9S'O T'L8 OV'O 00'0 LC'O L>'C 
25'0 00'0 PO'O 95'0 9-58 ZV'O 00'0 50'0 Lb'O 
bS'0 00'0 EO'O LS'O 0'0s 57.0 00'0 bO'O 67'0 
SS'O 00'0 EO'O 05'0 2'99 05'0 00'0 b0'0 bS'O 
85.0 00'0 EO'O 19'0 Z'OV LS'O 00'0 EO'O 09'0 

97K 
T'T 
i'Z 
T'L 
8.51 
5'62 
O'EZ 
L'6 

2'21 
L'O 
5'1 
9'5 
S'El 
0'92 
E'ZE 
6'L 

00.: 
55'1 
OS'T 
St'? 
Ob'T 
SE'T 
GE-T 

09'1 
S5'T 
OS'T 
S5'T 
05'T 
5E.T 
CE'T 



TSE XORTH AXERICAN COAL CORPORATION 
Cleveland, Ohio 

Raw Coal Sample No. 2 

1.30 
1 . 3 5  
1 .40  
1.45 
1 .50  
1.55 
1 . 6 0  

1 . 2 0  
1.55 
1.40 
1 .45  
1.50 
1 .55  
1 . 6 0  

x we. __ 

8.3  
20.5 
29.2 
1 8 . 1  

8.7 
2.5 
1.7 
11.0 

13 .5  
23.3 
25.8 
L 3 . 3  

3 . J  
1 .6  
9.3 

.- 
e.2 

3 / J "  Rd x 1 / 4 "  Rd  = 9.6% of Raw Coal Sample Crushet to 2" Rd 

3.05 
5 .78  

LO. 1 8  
15 .75  
21.26 
25 .95  
30.57 
73.16 

0.64 
0.61 
0.53 
0.51 
0.48 
0.47 
0.48 
0.29 

21.77 
20 .61  

17.58 
17.00 
16 .76  
16.33 

9.54 

18.44 

75.18 
73 .41  
71.38 
66.67 
61.74 
57.29 
53.10 
17.30 

9 
9 
5 
2 
1-1/2 
1-1/2 
1-1/2 

8.3 
28.8 
58.0 
76 .1  
84.8 
87 .3  
89.1 

100.0 

3.05 
4.99 
7.60 
9.54 

10.74 
11 .18  
11.54 
18 .33  

0.64 
0.62 
0.57 
0.56 
0.55 
0.55 
0.55 
0.52 

21.77 
21.09 
19.75 
19.24 
19.01 
18.94 
18 .87  
17 .86  

1 /4"  Ed x 1/8" Rd = 15.9% of Raw Coal Sample Crushed to 2" Rd 

2.75 
6.i8 

10.68 
1 6 . 2 6  
21.37 

30.55 
69.72 

25.96 

C.63 
c .53  
0.54 
0,.51 
c.47 
0.47  

0 .33  
0.46 

22.38 
19.79 
1 8 . 9 1  
18 .06  
17.20 
17 .35  
16.24 
10 .79  

74.87 
74.03 
70.41 
65.66 
61.43 
56.69 
53 .21  
19 .49  

9 
8-1/2 
5 
2 
1 -1 /2  
1-1/2 
1 " 

13.5  
36.8 
62.6 
77.9 
86 .1  
89 .1  
90.7 

100.0 

2.75 
4.92 
7.29 
3.06 

10.23 
10 .76  
11.11 
16.56  

0.63 
0 .60  
0.57 
0.56 
0.55 
0.55 
0.55 
0.53 

22.38 
20.74 
19 .99  
19 .61  
19 .38  
19 .31  
19 .26  
18.47 

75.18 
73.92 
72.65 
71.22 
70.25 
69.88 
69.59 
63 .81  

74.87 
74.34 
72.72 
71.33 
70.39 
69.93 
69.63 
64.97 

100.0 18.33 
91.7 19.71 

0.52 17.86 
0.51 17 .51  

71.2 23;72 0 .48  16 .56  
42.0 33.13 0.44 1 5 . 2 5  
23.9 46.30 0.39 13.49 
15 .2  60.63 
12 .7  67.46 
11.0 73.16 

100 .0  16 .56  
86.5 18 .72  
63.2 23.33 
37.4 3 2 . 0 6  
2 2 . 1  43.00 
1 3 . 3  55.77 
1O.Y 63.97 

9 .3  69.72 

0.34 11.49 
0.32 10.45 
0.29 9.54 

0.53 18 .47  
0.51. 17.86 
0.49 1 7 . 1 5  
0.45 15.94 
0 .41  14.45 
0.38 12 .53  
0.35 11 .59  
0.33 10.79 

63.C 
62.: 
59.7 
51.6 
40.2 

22.0 
17.3 

27.e 

64.9 
63.4 
50.5 
52.0 
42.5 
31.4 
24.1 
1 9 . 4  

N 

I 
N 
0 

0 I* : :on-Aggloae ta t ing  8 
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THE NORTH ANERICAN COAL CORPORATION 
C l e v e l e n d ,  Ohio 

3/3" Rd x 1 / 4 "  R d  = 9.63 of Raw Coal Sample  C r u s h e d  t o  2. Rd 

1.30 ~~ ~ 

!.30 1 . 3 5  
..35 i.40 
i . 4 0  1 . 4 5  
L.45 1 .50  
L.50 1 .55  
1.55 1 .60  
L.60 

1 .30  
L.30 1 . 3 5  ~~ ~~ 

L.25 1.4'3 
1 .40  1 . 4 5  
!.<5 1.50  
L.50 1 . 5 5  
!.55 1.60 
i.60 

9.3  
20.5 
2 9 . 2  
1 9 . 1  

8.7 
2.5 
1 .7  

11.0 

13.5 
23 .3  
25.6 
15 .3  

9.2 
3.0 
1 .6  
9 .3  

0 .64  0.02 0 .00  0.62 8.3 0.64 0.02 0.00 0.62 
0 .61  0 .02  0.00 0.59 28.8 0.62 0.02 0.00 0.60 

0 .51  0.06 0 .00  0 .45  76.1 0.5G 0.03 0.00 0.53 
0 .53  0 . 0 3  0.00 0.50 58.0 . 0 . 5 7  0.03 0.00 0.54 

0.48 0.04 0.00 0.44 84 .8  0.55 0.03 0.00 0.52 
0.47 0.05 0 .00  0.42 87.3 0 .55  0.03 0;OO 0;52 
0.48 0.10 0.00 0.38 89.1 0.55 0.04 0.00 0 .51  
0.29 0.14 0 .00  0 .15  100.0 0.52 0.05 0.00 0.47 

1 / 4 "  R d  x 1 / S "  Rd = 15.99; of R a w  Coal Sample  C r u s h e d  to 2" Rd 

c .63  0.01 0.00 0.62 13.5 0.63 0 .01  0.00 0.62 
0.59 0.03 0 .00  0.55 36.8 0 .60  0.02 0.00 0.58 .~ ~. .~ ~.~ 
0 .54  0.04 0.00 0;;9 62.6 0.57 0.03 0100 0;54 
0 . 5 1  0 . 0 :  0.00  0.47 77.9 0 .56  0.03 0.00 0.53 
0.47 0.06 0 . 0 0  0.41 86 .1 .  0 .55  0 .03  0.00 0.52 
0.47 0 .04  0.00 0.38 99.1 0.55 0.04 0.00 0 .51  
0.46 0 . 1 1  0 .00  0 .35  90.7 0 .55  0 .04  0 .00  0.51 
0.33 0.19 0 .00  0 . 1 4  100.0 0.53 0.05 0;OO 0.48 

ac 

100.0 
91.7 
71.2 
42.0 
23 .9  
1 5 . 2  
12.7 
11.0 

100 .0  
86 .5  
63.2 
37.4 
22 .1  
13 .9  
10.9 

9 .3  

0.52 
0 .51  
0.48 
0.44 
0.39 
0.34 
0.32 
0.29 

0.53 
0 .51  
.0.49 
0 .45  
0 .41  
0.38 
0 .35  
0 .33  

0.C5 
0 .05  
0.06 
0.08 
0.09 
0.12 
0.13 
0.14 

0.05 
0 .06  
0.07 
0.09 
0.12 
0.16 
0.18 
0.19 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.47 
0.46 
0.42 
0.36 
0.30 
0.22 
0.19 
0 . i 5  

0.48 
0.45 
s.42 
0 .36  
0 .23  
5.22 
0.11 
0.:< 
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THE NORTH I\rX!ZtIW COAL CORPORhTION 
C l e v e l a n d ,  Ohio 

1/8" Rd x 2 8  Mesh = 1 9 . 2 %  of Raw C o a l  Sample C r u s h e d  to 2" R d  

1.30 
l.35 
1.43 
1.45 
1.50 
1.55 
1.60 

1.30 
1.35 
1.40 

1.50 
1.55 
i.60 

. I C  
i. .'d 

1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 

1.30 
1.35 
1.40 
1.45 
i.50 
1.55 
1.6C 

20.6 
23.5 
17.8 
13.7 
8.9 
4.1 
2.1 
3.3 

35.1 
21.5 
i3.3 
11.1 
6.7 
3.6 
2.5 
6.2 

0.75 0 .02  0 .00  0.73 20.6 0.75 0.02 0.00 0.73 .. ~ .. . 
0.68 0.02 0.00 0.66 45.1 0.71 0.02 0.00 0.69 
0.60 0.03 0.00 0.57 62.9 0.63 0.02 0.00 0 . 6 6  
0.58 0.06 0.00 0.52 76.6 0.66 0.03 0.00 O.G3 
0.53 0.07 0.00 0.46 85.5 0.65 0.03 0.00 0.62 
0.50 0.09 0.01 0.40 89.6 0.64 0.04 0.00 0.60 
0.55 0.13 0.00 0.42 91.7 0.64 0.04 0.00 0.60 
0.66 0.43 0.01 0.22 100.0 0.64 0.07 0.00 0.57 

28  Kesh x G O  Mesh = 9 . 3 %  of Raw C o a l  S a m p l e  C r u s h e d  to 2" Rd 

0.73 0.01 0.01 0.71 35.1 0.73 0.01 0.01 0.71 
0.60 0.03 0.00 0.57 56.6 0.63 0.02 0.01 0.65 
0.57 0.04 0.00 0.53 69.9 0.66 0.02 0.01 0.63 
0.55 O.OG 0.00 0.49 81.0 0.64 0.03 0.00 0.61 
0.53 0.03 0.01 0.44 37.7. 0.64 0.03 0.00 0.61 

'0.53 0.11 0.01 0.41 91.3 0.630.03 0.000.60 
0.5g 0.i7 0.01 0.41 93.8 0.63 0.04 0.01 0.53 
1.44 1.05 0.00 0.39 100.0 0.68 0.10 0.00 0.58 

9c 

100.0 
79.4 
54.9 
37.1 
23.4 
14.5 
10.4 
8.3 

100.0 
64.9 
43.4 
30.1 
19.0 
12.3 
3.7 
6.2 

0.64 
0.61 
0.58 
0.53 
0.57 
0.60 
0.64 
0.66 

0.68 
0.65 
0.63 
0.73 
0.83 
1.00 
1.20 
1.44 

0.07 
0.08 
0.11 
0.15 
0.21 
0.29 
0.37 
0.43 

0.10 
0.15 
0.21 
0.28 
0.41 
O.GO 
0.80 
1.05 

0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 

0.00 
0.00 
0.0j 
0.00 
0.01 
0.00 
0.00 
0.00 

0.57 
0.53 
0.17 
0.43 
0.45 
0.31 
0.26 
9.22 

0.58 
0.50 
0.47 
0.45 
0.42 
0.40 
0.40 
0.39 



THE NOZTH AIYXRICAN C O U  CO?2ORATION 
C l e v e l a n d ,  O h i o  

R a w  C o a l  Sample No. 2 

CUYUUllW R U K T  
l S l N 9  i SPECIFIC C U Y m  

Float 
-- 

l . 3 0  
1 .35  
1.49 
1 .45  
1 .50  
1 .55  
1 .60  

1 .30  
i . 3 5  
1 . 4 0  
1*<5 
1 . 5 0  
1 .55  
1.60 

% K  - 

69. 
64. 
60. 
56.. 
50. 
43. 
37. 
29. 

69. 
6 4 .  
59 ,  
55. 
49 * 
43. 
35. 
31. 

60  Eiesh x 1 0 0  Mesh = 3.8% of Raw Coal  Sample C r u s h e d  to 2. Rd 

100 .0  9.59 
58.2 15.70 
37.6 21.28 
25.8 25.95 
16.6 33.60 

0.73 
0.79 
0.88 
1.01 
1.28 
1 . 6 3  
2 .03  
2 .65  

0.98 
1 .22  
1.56 
1 .97  
2 . 7 3  
3.58 
4.52 
6 .05  

20.54 
19.40 
14.21 
17.62  
16 .14  
15 .72  
14.58 
14.09 

21.44 
1 9 . 5 1  

17.E4 
1 5 . 7 3  
15 .80  
1 4 . 4 2  
1 3 . 0 1  

i e . 6 ~  

41.8 
20.5 
1 0 . 8  
10 .2  

5 .3  
3.1 
2.5 
5.7 

41.8 
20.7 
11.1 

9.4 
1 . 9  
3.0 
2.6 
6.5 

1 . 0 8  0.65 22.13 76.79 9 41.8 1 .03  0.65 22.13 76.79 
5.52 0.63 21.59 72.09 8-1/2 52.4 2.55 0.64 21.95 75.50 
9-70 0 . 5 6  19.67 70.63 6-1/2 73.2 3.60 0.63 21.62 74.78 -....... ~. 

13.49 0.57 20.01 66.50 5 83.4 4 .81  0.62 21.42 73.77 
18.56 0 .55  17 .05  64.39 3 88.7 5.63 0.62 21.16 73.21 
22.56 0.56 18.73 58.69 2 91.8 6.20 0.62 21.08 72.72 
27.10 0 . 6 1  15.70 57.20 1 94.3  6.76 0.62 20.93 72 .31  
56.43 2.65 14.09 29.48 * 100.0  9.59 0.73 20.54 69.67 

/' 

1 1 , 3  40.65 

5.7' 56.43 
8.2 49.45 

100 Kesh s 200 Nesh = 2.6% of Raw C o a l  Sample Crushed  t o  2" Rd 

1.19 
4.52 
9.14 

17 .61  
22.04 
26.58 
55.38 

1 2 . a ~  

0.65 
0.60 
0.5Y 
0.59  
0 .62  
0.76 
0.6s 
G.05 

24.13 
21.13 
20.44 
19.E5 
19.03  
19 .98  
17 .96  
1 3 . 0 1  

74.68 
73.95 
70.42 
67.29 
63.36 
57.98 
55.36 
31.61 

9 

7 
5-1/2 
4 
2 

8-1/2 

1-1/2 
f 

41.8 
62.5 
73.6 
83.0 
87.9 
90.9 
93.5 

100,5'  , 

1.19  0.65 24.13 74.68 100 .0  9.56 
58 .2  15 .57  

~. 
2.43 0.63 23.14 74.43 
3 . 4 4  0.63- 22.73  73 .83  
4.51 0 . 6 2  22.40 73.09 

22.22 72.54 

37.5 2 1 . 4 4  
25.4 25 .61  
17 .0  35.22 5.24 0.62 ~. 

5.79 0.63 
6.37 0.63 
9.56 0.98 

22.14 72.07 1 2 . 1  40.95 

6 . 5  55.38 
9 . 1  47.18 

11.50 
,1.55 
'1.60 

~. 
22.03 71.60 
21.44 65.00 

~* Son-i igslozerating 

i , 
/' 



Rzw Coal Saxple N o .  2 

CURVE LECEND 

I Cumulative Coal-Ash 
2 Coal Characteristic 
3 Cumulative Refuse-Aoh 
4 Yield-Specific Cravity 
5 Separation Effected 

WASHABILITY CURVES 
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TEE NORTH AKZRICM COAL CORPORATION 
Cleveland, Ohio 

Raw Coal Sample No. 2 

Lab NO. C-337315 FLOAT b SINK ANALYSIS October 1968 --- .-__ - - _._~ 
1 1 I 6 . 2 3 7 a 10 I1  12 I¶ 1. I S  1) I? 

6C iiesh x 100 Mesh = 3.86 of Raw C o a l  Sample Crushed t o  2" Rd 

1.3C 
1 .35  
1.40 
1.L5 
1.50 
1.55 
1.60 

1.30  
1 .35  
1..:0 
1.45 
1 . 5 0  
i.55 
1.20 

1 .33  
1.35 
1 . 4 0  
1.45 
1.50 
1.55 
1.69 

1 .30  
1 . 3 5  
1 . 4 0  
i . 4 5  
1.50 
1.55 
1.60  

41.8 
20.6 
10.8 
10.2  

5.3 
3.1 
2 .5  
5.7 

41.8 
20 .7  
11.1 

9.4 
4.9 
3.0 
2.G 
6.5 

0.65 0.02 0 .02  0 .61  41.8 0.65 0.02 0.02 0.61 
0 .63  0.03 0 .00  0.60 62.4  0.64 0.02 0.01 0.61 
0.56 0 . 0 5  0 .00  0.51 73.2 0.63 0.03 0 .01  0.59 
0.57 0.07 0 . 0 1  0.49 83.4 0.62 0.03 0.01 0.58 
0.55 0.10 0 . 0 1  0 .44  88.7 0.62 0 . 0 4  0 . 0 1  0.57 
0.56  0.13 0 . 0 1  0.42 91.8 0.62 0.04 0 .01  0.57 
0 . 6 1  0 .21  0 . 0 1  0.39 94 .3  0.62 0.04 0 . 0 1  0.57 
2.65 2.38 0.02 0.25 100.0 0.73 0.18 0 .01  0.54 

100 Xesh x 200 Mesh = 2.63  of R 2 W  C o a l  Sample Crushed t o  2 "  Rd 

3.65 0.02 0 .00  0.63 41.8 0.65 0.02 0.00 0.63 
0.60 0.04 0.00 0 .56  62 .5  0.63 0.03 0.00 0.60 
0 .58  0.05 0 . 0 1  0.52 73.6 0.63 0.03 0.00 0.60 
0.59 0.07  0 . 0 1  0.51 83.0 0 . 6 2 0 . 0 3  0 . 0 0 0 . 5 9  

0.76 0.15 0 .01  0 .60  90.9 0.63 0.04 0 .00  0.59 
0.68 0.24 0.02 0.42 93.5 O.G3 0 .05  0.00 0.58 
6 . 0 5  4.69 0.07 1.29 100 .0  0.98 0.35 0 .01  0.62 

0.62 0.10 0 . 0 1  0 .61  87 .9  0.62 0.04 0.00 0.58 

1oc 

100.0 
58.2  
37.6 
26.8 
16.6 
11.3 

8 . 2  
5.7 

100.0 
58.2 
37.5 
26.4 
1 7 . 0  
1 2 . 1  

9 . 1  
6 . 5  

0.73 
0 . 7 9  
0.88 
1.01 
1 .28  
1 . 6 3  
2.03 
2.55 

0.98 
1 .22  
1.56 
1.97 
2.73 
3.55 
4.52 
6.05 

0.18 
0.29 
0.43 
0.59 
G.91 
1.28 
1.72 
2 .38  

0 .35  
0.59 
0.89 
1.24 
1 .89  
2 . 6 1  
3.42 
4 . 6 9  

0.01 
0.01 
0 .01  
0.01 
0 .01  
0.02 
0.02 
0.G2 

0 .01  
0 .01  
0.02 
0.03 
0.03 
0 .04  
0.06 
0.07 

0 .54  
0.49 
0.44 
0.41 
0.36 
0.33 
0.29 
0.25  

0 .62  
0.62 
0 . 6 5  
0.70 
0 .81  
0.93 
1 .04  
1 .29  



THE NORTII AI.IERICAN COAJ; CORPORATION 
C l e v e l a n d ,  Ohio 

Raw Coal Sample No. 2 

Lab N o .  C-337315 October 1968 - 

HEAD SAMPLE - 
% A i r  Dry M o i s t u r e  2 .44  

% Tota l  M o i s t u r e  3 .16  

PROXIMATE ANALYSIS 

DRY 
_I 

AS REC'D. 

% Moisture 3.16 x x x x x  

% Ash 15.86  1 6 . 3 8  

% Volatile 18.25  1 8 . 8 5  

% Fixed Carbon 62.73 64.77 

% Sulfur 0.58 0 .60  

FREE SWELLING I N D E X  = 7 

C O M M E R C I A L  TESTING & E N G I N E E R I N G  CO. 
--___ ~. .-. ~ ____ 

. .. :: ... > Exhibit No. 20-32 .. .. 



FA B.L E 1,. S W  $2, 

SCURRY mmw OIL LTD. 
Classification by Rank. 

8ulphur % B.T.U./ lb.  

0.64 13,030 

0.58 12,820 
0.57 12,400 

0.57 12,750 

0.60 12.950 

0.62 13.360 

0.65 13,740 

0.59 12,860 

Ash: 14.46% 

Volatile Matter: 17.85% 

Residual Uoiature: 0.44% 

Fixed Carbon: 67.25% 

Sulphur: 0.59% 

B.T.U./lb. 12,860 

Rank: Lou volatile bituminoun 

R.H. % 

0.44 

0.43 
0.44 

0.41 

0.47 

0 .48  

0.45 

0.44 

- 

T A B L E  2. S W O 7 .  

Siee Analysis - Sulphur, B.T.U. and Ronidual Moisture. 

S i z e  

2" x 1" 

1" x 1 /2" 

1f2" x 114" 

l f 4 ! !  x 8 m. 

8 x 20 m. 

20 x 100 m. 

- 100 m. 
Total . 

Weight % 

16.41 

22.74 
19.44 

17.75 

9.76 

11.24 

2.66 

100.00 

Exhibit No. 21-1 



T A B L E 3. S W  #7. 

SCURRY RAIm OIL LTD. 

Weight and Ash Distribution vs .  Size and Specific Gravity. 
(Figures i n  Bracket8 show the Ash content of individual fractions) 

Total 
Sp.Gr. 

.- 
1.35 1.40 1.50 1.60 1.80 a I--- I 1.30 

7- -- -. 

2" x 1" 7.24 3.52 1.31 2.32 1 1.37 I 0.36 0.29 I ! 

(4.76) (8.24) (12.90) (21.35) (30.84) (38.69) (72.51) 
I 

1 x 112" 9.28 4.09 2.36 3.61 1.89 0.70 0.81 
(5 .05)  (8.47) (12.42) (21.41) (32.95) ((39.90) (76.36 

- 100 m. This f ract ions form 2.66% of the to t a l  sample and has an amh content of 
10.46%, thus  giving a to t a l  sample ast: value of 14.46%. - 

N 
I- 
I 
N 



T A B L E  4. SKAll#7. 

SCURRY RAINBOW OIL LTD. 

Weight % and Volatile Hatter I VII. Size and Specific Gravity. 

(Figures in brackets give Volatile Hatter) 

- 100 m. 

1.30 1.35 1.40 1.50 1.60 1 

2" x 1" 7.24 3.52 1.31 2.32 1.37 0.36 
(18.01) (16.71) (16.91) (16.69) (16.59) (15.47) 

1" x 112'' 9.28 4.09 2.36 3.61 1.89 0.70 
(18.20) (16.70) (17.30) (17.00) (16.42) (15.66) 

112" x 114" 6.51 3.66 2.44 3.66 1.54 0.94 
(18.92) (16.70) (17.22) (16.70) (16.04) (15.38) 

This fraction forms 2.66% of the total  s q l e  and has a volat i le  mstter 
content of 18.393, thus g i v i q  a total seaplr volat i le  u t t e r  content 
of 17.85%. 

0.29 
(14.71) 

0.81 
(14.46) 

0.69 
(14 .Ol)  

I I I I 

I I I I I I I 

8 x m m .  5.09 0.74 1.33 0.91 0.66 0.54 0.49 
(20.50) (19.44) (17.93) (17.44) (17.38) (16.84) (13.28) 

I I I I I I 

20 x 100 m. I 6.35 I 1.24 I 0.83 I 0.91 I 0.90 I 0.59 I 0.42 I (20.88) (19.08) (18.16) (18.04) (17.36) (17.42) (14.80) 

Total 42.14 1.502 1 i . m  13.68 7.79 3.98 3.54 
(19.18) (17.25) (17.41) (16.96) (16.60) (16.11) (14.00) 

Total 

16.41 
(17.22) 

22.74 
(17.28) 

(17.29) 

I 17.75 
(18.05) 



T A B L B 5. 8 W  #7. 

SCURRY RAINBOW OIL LTD. 
Washability Data - 2" x 20 acl#h. 

Cumula t ive  
Float. I Sink8 

Fractional 

Fraction 
U t e %  Aah % W t .  % Ash X 

41.56 4.61 100.00 14.81 

I.S.I. 

5.6 I - 1.30 11 41.56 I 4.61 

57.57 I 5.72 I 58.44 I 22.06 1.5 8.61 
I 

69.61 27.13 

32.76 

1.7 

1.3 

1.35-1.40 12.04 12.93 

1.40 - 1.50 1 14.81 21.24 

11.90 15.56 43.73 

96.38 12.61 56.44 

100.00 14.81 73.25 

1.1 

1.1 

1.50 - 1.60 31.73 

1.60 - 1.80 40.99 

+ 1.80 73.25 0.1 

Total 100 * 00 14.81 

T A B L E  6. SXAM*7. 

Washability Data - 20 x 100 mesh. 

Cum l a  ti ve 
Floats  I sinks 

w t .  X I hrh % I W t .  % I Ash % F . S . I .  

Fractional Specif fc 
Gravity 
Fraction 

- 1.30 
Wt. x 1 A;;3; 

56.49 56.49 I 3.30 I 1 0 0 , O O  I 12.87 1 9 . 4  

I 1.30 - 1.35 11.03 I 9.63 67.52 4.33 43.51 25.29 4.9 

74.90 5.27 32.48 30.61 2.2 I 1.35 - 1.40 7.38 I 13.85 

I 1.40 - 1.50 8.10 I 19.97 83.00 I 6.71 I 25.10 I 35.54 1 1 . 5  

1.50 - 1.60 

1.60 - 1.80 
-k 1.80 

Total 

8.01 30.56 

5.25 38.35 

3.74 75.98 

100.00 12.87 

Exhibit No. 21-4 
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BOREHOLE S.U4PLES: REPORT 01: ANALYSES ON FLOAT-SINK SAMfLES 

i 

i 

'/ c l i e n t :  Scurry  Rainbov O i l  Li;ritcd Date Received: 

Pro j c c  t: C.E.S. Project No.: Sl-58 

Clienc Sample No.: 5177 C.E .S .  Sample N o . :  87 I 
5/?-/!7 7%* 7 co€L- : . ,>  / . b c O  - 1 7 2 . 0  G ! 7 8  -7.8 

SCREEN ANALYSES OF 114'' x 0 C R U S E D  SAMPLE. 

Fraction Weight % 

114" x 20 mesh 74.14 

20 x 100 mesh 20.59 

- 100 mesh 5.27 

Total  100 .oo 

FLOb.T-SINK Ah'A1,YSES. Wefght % 

Float s  @ 1 . 5  i n  1/4" x 20 mesh - 49.G7 

Sinlcs @ 1 . 5  i n  1/4" x 20 mesh - 24.47 

Float s  (3 1 . 5  in 20 x 100 mesh - 16.47 

4.12 Sinks @ 1 . 5  i n  20 x 100 mesh - 
ANALYSES. 

- 
C.E.S. Form 15 

Date: October 30 ,  1969 
CYCLOm ENGINLERING SALES LTQ. 

p2&A,J. Per: 
R .  Schgal ,  Haad oE Laboratory 

Exhibit N o .  22-1 
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noRmoLE SAWLES: REPORT OF AXALYSES ON RAW PIATERIAL 

Client: Scurry Rcinbow O i l  L i n i t c d  Date R e c e i v e d :  

Pro jec t: C . E . S .  P r o j e c t  No.: 51-58 

C l i e n t  Sample No.: 5177 C . E . S .  Sample  No.: 87 

5 R  -j5 7 q o  7 s4+.y $./.:.- , L  .</&fl... ,? /GC:-G, - / 72 , D 

r,olSTURE CONTEhT: 

Weight loss  o n  a i r  d r y i n g  i n  w e i g h t  p e r c e n t :  1 . 1 2  
( o n  a s  r e c e i v e d  b a s i s )  

Res idua l  m o i s t u r e  i n  w e i g h t  p e r c e n t :  0.57 
( o n  a i r  dry  b a s i s )  

C!IEEIICAL __ ANALYSIS: (On a i r  dry  basis) 

Ash: 2 0 . 7 2  

V . M . :  18.81 

F.S.I.: 

R.T.U./lb.: 11,750 

3, 3 ,  3 

Sulphur: 0.49 

F.C.: 59.90 

Rank: mvb 

YEMARKS: 

:.E.S. Form 14 
CYCLONE E N C I K E E R I N G  SALES LTD. 

n 

Date: Octaber 30,  1967 Per: &;&, ,J 
R. S .  S e h g a l /  
Head of Laboratory  

Exhib i t  No. 22-2 



Gravity 

Re: , B l c n d i n g  of K g h  a d  LCXJ F . S . I .  C o a l s ,  
Repcrt N o .  RI-70.03. 

P l e a &  f i a d  d n c l o s e d  two c o p i e s  of t h e  above n o t e d  r e p o r t  
011 ILhc r c s u l r s  of the b l e n d i n g  tes ts  which became a v n i l a b l c .  F o r  a11 
p r a c t i c a l  purposed i t  a p p e a r s  t h a t  i n  b l e n d i n g  t h e  F.S.I.'s of the 
coal. c a n  be  p r o  r a t e d  a c c o r d i n g  t h e  w e i g h t  p e r c e n t a g e s  of the conipoiientr,. 

The c n g i n e e r i n g  r e p o r t  which w a s  promised d u r i n g  Lhe m?eti.ng 
i s ~ a 1 . z ~  a b o u t  r e a d y  and I e x p e c t  t h a t  t h i s  can be  fo rwarded  i n  about  
t h r e e  d a y s .  

We trust t h i s  w i l l  b e  s a t i s f a c t o r y .  

Very t r u l y  y o u r s ,  

CYCI,UK E N G I N E E R I N G  S A L E S  LTD. . 

\ - 
GcMlcJ,__ 

Per :. - 
Y.11.J. Vinlccnborg, P. Eng.  
G e n e r a l  Manager 

l'DJ\J: sv 

E n c l .  

Exbib i t  No. 23-1 



SCURRY RAINBOW O I L  LTD. 

REPORT ON 

BLENDING OF H I G H  AND LOW F . S . I .  COALS 

S u b m i t t e d  by 

CYCLONE ENGINEERING SALES LTD. 

EDMONTON - ALBERTA - CANADA 

Repor t  N o . :  91-70.03 

Job  N o . :  S 1  - 58 

D a t e d :  February 2 3 ,  1970 

E x h i b i t  No. 23-2 



The i n f l u e n c e  of  b l e n d i n g  c o a l s  w i t l i  d i f f e r e n t  f r ee  svcl.I.ing 

i.ndp,:cs on tlic rcsu1tj.ng F . S . I .  was s t u d i e d  [roin two a s p e c t s  d e s c r i l ~ c d  

. .  . . ‘ I  . 
. .  . .  . .  

. .  

. .  

. .  
. .  . 

. .  r0iio1ds: 

1. JJlcndini) of a l1i.gli F.S.1. c o a l  w i t h  a High1y 0xidi .zcd 
Coal,. 

I3lending of 3 High F .S . I .  Coal w i t h  a Low.F.S.1. Coa l .  

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

2 .  
’. . .  . . .  . .  .~ 

. .  .. ... . . .  
. -  ., . .  . . .:: 

. .  . . . ~  . .  . . .  . 

1 .  -- Blendin:, of a -. Iligli F.S.I .  Co?.l. wiLh a H A h l y  Ox id izcd  Coal :  
. .. . . .  . .  

, I t  was found  t h a t  even low p e r c e n t a g e s  o f  h i g h l y  o x i d i z e d  

~0.31,. i . e .  1.0 - 20%, have an i n o r d i n a t e l y  h i g h  d e p r e s s i v e  e f f e c t  v!hen 

1~l.r~ncIing w i t h  h i g h  F.S.I. c o a l s .  

one of the S c u r r y  Rainbow c o a l s  w i t h  h i g h  F.S.1. of 9 was b lended  with  

a low F.S.X. c o a l  (1/2) f rom anotl1c.r p r o p e r c y .  ’ Even a low c o n t e n t  of 

10 - 20% of t h i s  oxidi~zt7.d coa l  d e p r e s s e d  the F.S.I .  of the m i x i u r e  t o  a 

. .  . .  .~ . , .  .; . 

. .. . .  . .  . .  

I n  t h e  a c t u a l  cxpe r i ioen t s  c a r r i e d  o u t  
7 

. .  

.. . .  ~. . .  

. . . .  . . -  I , .  . . .  . .  
. .  

I .. . .  . ~~ . .  . .  . .  . . .  . .  . 

v a l u e  of ‘4. 
. .  ... . . 

. .  . .  . . .  . . 

2 .  B I . e i d i ~  i of a Hi~rlr Y . S . 1  ~ ?-_- C o a l  wf.th a J,-oK F.S.I.  coal^: 

I n  m i x t u r e s  of t h i s  n a t u r e  t h e  r c s n l t i n g  F.S.I. Seemed t o  

T h i s  t).pe Of 

. .  

inovo Lowards t h e  predoininant  f r a c t - i o n  by a s l i g h t  aiiiount. 

L l e n d i n g  W R S  di.scussed a t  some l . eng th  a t  the meet.ing between Cyclone 

. L n ~ . i i i c e r i  ng S a l e $  L t d .  and Scui-ry Rai.nbow Oil L t d .  i n  Edinonton. 

Exhibit  No. 23-3 



A n  e x t e n s i v e  t e s t j ~ n g  program 'was u n d e r t a k e n  t o  v c r i E y  this 

infor i ; ra t ion.  Evcn  though a sruall  d e g r e e  of b e n e f i c i a l  e f f e c t  was a p p a r e n t  

there a r c  two governing f a c t o r s :  
. .  

i) P.s.1.'~ of two components must be w i d e l y  s e p a r a t e d .  

ii) The component w i t h  h i g h  F.S.I .  i i ius t  be p r c s c n t  i n  a 
l a r g e  p r o p o r t i o n ,  i . e .  70%. 

B lcnd ing  tes ts  on t h e  f l o a t s  a t  1 . 5  s p e c i f i c  g r a v i t y  of  Seams 

#4 - 7 - 8 - 9 w r e  done 'and i t  was found t h a t  r e s u l t i n g  F.S.1.s i n  

p r a c t i . c a l l y  a l l .  c a s e s  s t a y e d  v e r y  c l o s e  t o  a mzthernat ical  a v e r a g e .  

f a i r l y  d e t a i l e d  a n a l y s i s  was u n d e r t a k e n  and t h c  results are  shown i n  

. 

. . .  
. -  . .  . .  

A -  
. .  

. .  
. . .  . . .  . .  . . .  . . . .  . '  

.~ . .  . .  . .  
Table' 1. 

R e s p e c ' t f u l l y  s u b m i t t e d ,  

CYCLONE ENGIIELRLE\'G SAJAS LTD , 
. .  

. .  . .  . . . : . .  . ' 

. ' ;  '.:, 
+L, \ 

P e r :  
' ,  P.D.J.  Vin<eertborg, P. Eng.  

. .  G e n e r a l  E.ianager 
. .. 

Exhihit No. 23-4 
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. .  . ,. 

Seam # X Compositi.on F . S . I .  
.-. 

4 . .'. 100 . .  6 ,  6 ,  6 
7 100 5, 5, 5 
8 100 44, 44,. 4'. 

100 4 ," 4 ,  4 : 9 

4 - 7  80 - 20 5%, 6 ,  6 , ' .  

4 - 7  

. 8 - 9  

' .  8 - 9  

. : .. 7 ' -  8 

. .  . .  

, 4 - 7  50 - 50 5, 5 ,  5% 
20 - 80 5, 5,-5 

. . 20 - 80. :: 4 ,  4 ,  4% 
50 - 50 4 ,  l b ,  4% 

. .  . .  . .  
. .  

8 - 9 .  ' 
45, 44, 4 . 

' 4 % ,  4 4 ,  5 ' , .  

. _  
;80 - 20 

7 - 8 .  . ,  ' 50 - 50 4?i, 5, 5 
7 - 8  . ., 80 - 20 &4, 5, 45 

7 - 8 - 9  30 - 30 - 40 4 % ; '  114, 43 
7 - 8 - 9  20 - 20 - 60 4 ,  4, .  4% 
7 - 8 - 9  10 - 10 - 80 4 ,  44, 4 

4 - 7 - 8 - 9  10-10-10-70 4 ,  4 ,  4 . 
4 - 7 - 8 - 9  10-10-70-10 ' 4 4 ,  44, 5 
4 - 7 - 8 - 9  10-70-10-10 44, 5, 5 

' 4 -  7 - 8 -  9 70-10-10-10 44, 5, 54. 

4 - 7 - 8 - 9  25-25-25-25 4%, 5, 5 

. . 9 - 4  80 - 20 4 ,  4%, 45 
3 - 4  . 50 - 50 43, 5 ,  54 

. '  3 - 4 . , 20 - 80 5, 5, 5% 

4 - 7 - 8  40 - 30 .- 30 5, 5, 54 
4 - 7 - 8  60 - 20 - 20 5, 5, 5% 
4 - 7 - 8  80 - 10 - 10- 54, 55, 55 
4 - 7 - 9  ' - 3 0  - 40 - 30 43, 44, (1% 

4 . -  7 - 9 20 - 60 - 20 44, 4%, 5 
4 - 7 - 9  10 - 80 - 10 4?5, 5, 5 

4 - 8 - 9  30 - 40 -30 4!5, 44 ,  5 
. 4 - 8 - 9  20 - 60 - 20 ' 4?5,  4%, 5 
4 - 8 - 9  10 - 60 - 10 4%,  4 ,  4 4  

.. , .  . . .  . .  

20 - 80 . .  . .  

. ,  . .  

,. . 

. .  . . .  . .  . .:. 

. .  

. .  

I - 
. 
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PEPORT ON 

CLEANING COKING COAL 

f o r  the 

'IOQRISON-KNUDSEN COllPANY, I N C  . 
EYUY - SCURRY - ELK R I V E Q ,  B . C .  

Submitted by 

CYCLONE ENGINEERING SALES LTD. 

EDYONTON - ALBERTA - CANADA 

Yenort No,: PZ-70:lh - J 

Job No. : s1 - 87 

nate: ":ovenher 16, 1970 
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REPORT ON 

CLEANING COKING COAL 

for the 

MOPaISON-KNUDSEN COMPANY, INC. 

EMKAY - SCURRY - ELK RIVER, B.C. 

SUMMARY 

A comprehensive study sponsored by the Morrison-Knudsen 

Company, Inc. was carried out by Cyclone Engineering Sales Ltd. in close 

cooperation with the Department of Energy, Mines & Resources in Edmonton, 

during the summer and fall of 1970. 

A program of investigation was organized for the analysis and 

beneficiation of coking coal from the Elk River Prospect of Emkay Inc., 

with a view to assessing its coking properties and to collect information 

regarding the processing of the raw product on a commercial scale. 

Representative coal samples were collected by Emkay personnel 

from 9 seams under Federal Government supervision, shipped to Edmonton for 

cleaning and dispatched to Japan and Ottawa for coking tests. 

In this report the information obtained from float-sink and 

ash analyses is presented. F.S.I. determinations were done on float 

fractions of individual seams. Results of flotation tests by Dr. G. 

Norton are included. 

In order to duplicate as nearly as possible a commercial 

operation, the raw coal samples were cleaned in water, 

erected pilot plant facilities of the Western Regional Laboratory of 

using newly 

the Department of Energy, Mines & Resources. The coarse coal was air- 

Exhibit No. 24-2 



dried and the fines were dewatered using the facilities of Shelpac 

Research and Development Ltd. being developed for use in dewatering pipe- 

lined coal. A small amount of oil is used in this dewatering process. 

Exhibit No. 24-3  
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I. INTRODUCTION 

The i n v e s t i g a t i o n  repor ted  h e r e  r e f e r s  t o  t h e  a n a l y s i s  and 

testi .ng of a s e r i e s  of a d i t  samples c o l l e c t e d  i n  1970. 

an e a r l i e r  survey t h a t  was c a r r i e d  o u t  dur ing  1969, the  r e s u l t s  having 

been submitted by Cyc’lone Engineering Sa le s  Ltd.  i n  a s e r i e s  of r e p o r t s .  

Some of t h i s  information about the Elk River  Prospect  provided guidance 

t h a t  con t r ibu ted  t o  t h e  f i n a l  p lan  f o r  t h e  p re sen t  i n v e s t i g a t i o n .  

Th i s  s tudy fo l lows  

W A S H A B I L I T Y  A N D  F . S . I .  D E T E R M I N A T I O N S .  

I t  was recognized t h a t  t h e  F.S.I. va lue  of two o r  more combined 

c o a l  f r a c t i o n s  does n o t  n e c e s s a r i l y  equal  t h e  average F.S.I. va lue  of t h e  

ind iv idua l  f r a c t i o n s .  It was decided,  t h e r e f o r e ,  t o  determine the  F.S.I. 

va lues  of t h e  + 28 mesh po r t ion  o f  t h e  sample f o r  f l o a t  f r a c t i o n s  obta ined  

from a s p e c i f i c  g r a v i t y  s e p a r a t i o n  a t  1.30 on one s p l i t  sample; a second 

sepa ra t ion  a t  1.35 on a second s p l i t  sample; one a t  1.40 on a t h i r d  s p l i t ,  

e t c . ,  us ing  per lux  and v a r s o l  up t o  1.60 s p e c i f i c  g r a v i t y  and e thylene  

bromide f o r  t h e  c u t  a t  1.80. The minus 28 mesh p o r t i o n  of these  tests was 

cleaned by use of a l abora to ry  s i z e  f r o t h  f l o t a t i o n  u n i t  under t h e  d i r e c t  

supe rv i s ion  of D r .  G. Norton, consu l t an t  f o r  Morrison-Knudsen Company, I n c .  

R A W  C O A L  C L E A N I N ’ G  F O R  C O K I N G  T E S T S .  

The compound water  cyclone p i l o t  p l a n t  f a c i l i t i e s  o f  t h e  Depart- 

ment of Energy, Mines & Resources was used f o r  washing t h e  coa l .  The raw 

c o a l  was crushed t o  1/2” maximum s ize  as feed  t o  t h i s  p l a n t .  

The Shelpac dewatering p i l o t  p l a n t  w a s  used t o  dewater t h e  f i n e  

coa l  by t h e  use of approximately 2% of o i l  based on the  28 m. x 0 dry 

s o l i d s .  
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11. SATPLING AT E W Y  - SCURRY PnOSPECT. 

A d i t  sampling w a s  s u p e r v i s e d  a t  t h e  above p r o s p e c t  i n  t h e  E l k  

S i v e r  a r e a ,  B . C .  from J u l y  24 ,  1970 u n t i l  September 1 0 ,  1970,  by a rep-  

r e s e n t a t i v e  of t h e  Department of Energy, Mines and Resources  of Edmonton, 

A l b e r t a .  

The samples  were t a k e n  a t  t h e  f a c e  of a c r o s s - c u t  o v e r  t h e  f u l l  

w id th  from hanging w a l l  t o  f o o t w a l l  t o  a h e i g h t  of 6 f t .  The c o a l  mined 

was s u f f i c i e n t  t o  f i l l  25 drums w i t h  an a v e r a g e  weight  of 3.50 - 400 l b .  each .  

T h e  drums were l i n e d  w i t h  l a r g e  p l a s t i c  b a g s ,  a p i e c e  of d r y  i c e  pu t  i n  and 

sh ipped  t o  t h e  Clover  B a r  l a b o r a t o r y  of Cyclone Eng inee r ing  S a l e s  L td .  i n  

Edmonton. 

T a b l e  1 g i v e s  t h e  d a t e s  of  sampling of  t h e  d i f f e r e n t  a d i t s  and 

t h e  drums sh ipped .  

T A B L E  1. - Sampling Data .  

Date 

J u l y  24/70  

Aug. 6 / 7 0  
Aug. 10170 
Aug. 13/7(! 
Aug. 1 7 / 7 9  
Aug. 20179 
Aug. 29/70  
S e p t .  1 / 7 0  

S e p t .  8 / 7 0  

A U ~ .  3 / 7 0  

S C D t .  3 /70  

S e p t .  9 / 7 0  

P + i t  

2 s  
3 
9 
8 
7 
'i 
1 0  
6A 
7 
4 
1 2  

2N 

L o t  

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1. 

3 

Drums 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 

59 

Remarks 

b y  F . J .  Horvath 
by C .  R~ozenhart  
by C .  Rozenhart  
by C .  Rozenhart  
by C .  Rozenhart  
by C .  Xozenhart  
by C .  Rozenhart  

by C .  ?.ozenhart 
bv C .  Xozenhart  
by  C .  Rozenhart  About 25 drums 

by C .  q o z e n h a r t  F i r s t  25 drums 
w i t h  d r y  i c e  

wi thou t  d r y  ice 

E x h i b i t  No. 24-6 



-3- 

Ske tches  of t b e  a d i t s  showing d e t a i l s  of t h e  c r o s s - s e c t i o n s ,  

seam t h i c k n e s s ,  d i p  of  f o o t w a l l  and hanging w a l l ,  e t c .  a r e  shown on 

F i g u r e s  1, 2 and 3 .  
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111. SAMPLE PREPARATION, PROCESSING AND SHIPMENT. 

In preparing the coal for processing the following procedure 

was applied for each sample lot. 

1. Each lot was dried as-received on a clean section of the 

pilot plant floor (approx. 500 sq. ft) at room temperature for a period 

of 3 to 4 days, in order to remove surface moisture. 

2 .  The air-dried coal was crushed in a Sturtevant coal crusher 

to pass a 112 in. sq. screen. A head sample was collected for analysis. 

The crushed coal was cleaned in bulk in a water-only cyclone 3 .  

wash plant of 5 tph capacity. The clean coal was passed over a dewatering 

screen (8 sq. mesh) and the 112" x 8 m. coal fraction was then dried on 

the floor. 

plant is shown on Figure 4 .  

A general flow diagram of the compound water cyclone wash 

4 .  The 8 m. x 0 fraction was conditioned with a small amount of 

oil (in the order of 2% by weight of dry coal (28 m. x 0) dewatered in a 

centrifuge and added to the 1/2" x 8 m. fraction. All the fine material 

circulating in the washing circuit was treated in this manner. A general 

flow diagram of the dewatering plant is presented on Figure 5. 

All the 28 m. x 0 coal was blended with the 1/2" x 8 m. fraction 

on the floor. A sub-sample of the clean coal was collected for ash con- 

tents and F.S.I. determinations. Dry ice was added to expel air and 

reduce oxidation in transit to Ottawa. 

under water. 

Samples for Japan were shipped 

The data on coal samples shipped to'the Department of Energy, 

Mines and Resources, Ottawa and to Japan are shown on Table 2 .  
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T A B L E  2 .  SHIPPING DATA. 

~ 

Sample No. of bb l .  Date of 
No. t o  EMR, Shipment 

OTTAWA 

2s 1 Aug. 31/70 

H 5 Oct. 5/70 
4 Nov. 5/70 

I 3 9 I Aug. 9/70 
3 Aug. 31/70 

4 8 Sept .  4/70 

, /  O c t .  13/70 I 6A 

7 7 I Sept .  9/70 I 
I Aug. 31/70 

I I 9 9 Aug. 20170 
1 Sept.15/70 

8 I 

10 9 Sept .15/70 

12 9 Oct. 9/70 I 

No. of bbl .  Date of F .S . I .  Ash Remarks 
t o  Japan Shipment Contents ,  

41 

9 15.3 t o  EMR 
only  

2 I Oct. 9/70 I 6-112 I 10.6  
2 I Nov. 5/70 II 5 I 14.8 I 

3 I O c t .  9/70 11 6-112 I 8.1 I 
I II 6-112 8.1 

4 8.6 t o  EMR 
3 I Nov. 5/70 11 4 I 8.9 1 t o  Japan 

I I1 I I 

2 Oct. 9/70 1-112 9 .1  

5 9.0 t o  EMR 
3 I Nov. 5/70 11 5 I 8.8 I t o  Japan 

I Oct. 9/70 1 4 I 7.3 I 3 

3 I O c t .  9/70 11 2 7.6 
I H 1 I 11.5 I 
I n I I 

I Oct. 9/70 11 4 I 6.8 I 3 

2 I Oct. 9/70 I 9 +  8.4 
1 1 Nov. 5/70 1 9 +  I 8.4 I 
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IV. ANALYSIS OF RAW COAL - FLOTATION TESTS. 

F loa t - s ink  ana lyses  were conducted on t h e  1/2" x 28 m. f r a c t i o n  

of each head sample (see Sec t ion  111, par .  2) i n  t h e  fol lowing manner. 

From each head sample f r a c t i o n  (1/2" x 28 m.) e i g h t  s p l i t  

samples were c o l l e c t e d ;  and these  were f l o a t e d  i n d i v i d u a l l y ,  each a t  one 

s p e c i f i c  g r a v i t y  only ,  i n  order  t o  o b t a i n  cumulative F.S.I. va lues  t h a t  

can be d i r e c t l y  compared w i t h  those from a commercial separa t ion .  

For t h e  f i r s t  s p l i t  sample the  c u t  w a s  made a t  1.30 s p e c i f i c  

g r a v i t y  and ash  conten t  and P.S.I. value  of the  f l o a t s  determined. For 

the  second s p l i t  sample the  c u t  w a s  made a t  1.35 s p e c i f i c  g r a v i t y  and the  

same a n a l y s i s  done as f o r  the  f l o a t s  a t  1.30 s p e c i f i c  g r a v i t y .  And so on 

f o r  a l l  t h e  s p l i t  samples. The resul ts  are presented  on Tables  3 t o  11 

for the  n ine  seams. 

F L O T A T I O N  T E S T S .  

On t h e  same t a b l e s  the  s i z e  d i s t r i b u t i o n s  are shown, w i t h  ash 

and F.S.I. values t h a t  r e s u l t e d  from t h e  f l o t a t i o n  tests performed under 

t h e  supe rv i s ion  of  D r .  G. Norton. These f l o t a t i o n  t e s t s  were conducted i n  

a model D2-Denver Sub A f l o t a t i o n  c e l l .  Ash con ten t s  and F.S.I. va lues  

were determined f o r  t h e  t h r e e  ind iv idua l ,  "timed" samples of c l e a n  c o a l ,  

as w e l l  as f o r  the cumulative ash  con ten t s  and F.S.I. va lues ,  a f t e r  the 

t h r e e  f r a c t i o n s  had been combined. 

I n  a d d i t i o n ,  the c l e a n  c o a l  of the f r o t h  f l o t a t i o n  tests (three 

f r a c t i o n s  combined) were blended w i t h  i n d i v i d u a l  f l o a t  f r a c t i o n s  of t h e  

1/2" x 28 m. r a w  coa l  a t  1.30, 1.35, etc. i n  propor t ion  t o  t h e i r  r e l a t i v e  

abundance i n  a commercial p l a n t .  No allowance was made i n  these  ca l cu la -  

t i o n s  for  t h e  y i e l d  loss of t h e  1/2" x 28 m. c o a l  i n  a commercial p l a n t ,  

as these  are p r e s e n t l y  not  known. A s  a r e s u l t  of t h i s ' t h e  in f luence  of  

the  coa r se  f r a c t i o n  on the  o v e r a l l  F.S.1. va lue  i s  s l i g h t l y  b iased  and 
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presents a conservative estimate of the expected actual  operation of 

a washery using f l o t a t i o n  for the 28 m .  x 0 fract ion.  

are presented on Tables 12 ,  13 and 14, 

Test r e s u l t s  

Respectfully Submitted, 

CYCLONE ENGINEERING SALES LTD. 

Per: 
P.D.J. Vinkenborg, P .  En'g. 
General Manager 
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S ize  F r a c t i o n  
- 

y' x 28 mesh 

T A B L E  3. SEAM No. 2N 

1. Ash Content and F .S . I .  f o r  S ize  F rac t ions .  

W t .  70 Ash % F.S . I .  

I 
77.50 I 28.21 2 

To ta l  

I 28 mesh x 0 11 22.50 1 17.64 I 7% I 
100.00 25.83 

S p e c i f i c  
Gravi ty  

- 1.30 

2 .  Cumulative F loa t -S ink  Data - t" x 28  mesh. 

W t .  %, Ash % i n  W t .  %, Ash % i n  Ash % of F .S . I .  of 
F l o a t s  F l o a t s  Sinks Sinks F l .  + Sk. F l o a t s  

9 .20 1.92 90.80 30.53 27.89 10 

- 1.35 

- 1.40 

- 1.45 

- 1.50 

27.44 4.80 72.56 37.86 28.70 8 

48.11 7.76 51.89 48.50 28.89 6% 

57.46 9.37 42.54 55.03 28.79 5h 

64.22 10.85 35.78 61.78 29.07 4% 

- 1.55 t- - 1.60 

I - 1.65 11 73.22 I 12.82 I 26.78 I 70.43 I 28.25 I 35 I 

68.91 11.61 31.09 67.43 28.96 4 

71.46 12.42 28.54 68.58 28.45 4 

3. F l o t a t i o n  R e s u l t s  of 28 mesh x 0 Frac t ion .  

Stage F l o t . t i m  W t .  %, 

36.38 

Frac.  
1 

8.18 56.34 8.18 9 9 

22.71 92.72 13.88 4 

I 3 11 1.5 I 5.39 69.71 I 98.11 I 16.91 I 5 1 7 %  1 
I T a i l i n g s  11 I 1.89 83.07 I 100.00\ 18.16 1 N.A. 1 1 

~~ ~~~ 
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%" x 28 mesh 

28 mesh x 0 

T A B L E 4. SEAM No. 3 

1. Ash Content and F .S . I .  for S ize  F rac t ions .  

75.00 9.42 5% 

25.00 10.61 7 

F .S . I .  I Size  F rac t ion  (1 W t .  % 1 Ash % 

T o t a l  100.00 9.72 

S p e c i f i c  
Gravi ty  

- 1.30 

- 1.35 

2 .  Cumulative Float-Sink Data - %I' x 28 mesh. 

W t .  %, Ash % i n  W t .  %, Ash % i n  
F l o a t s  F l o a t s  S inks  Sinks 

32.57 2.00 67.43 13.27 

58.17 3.94 41.83 17.18 

- 1.45  

- 1.50 

Ash % of F.S.I .  o *I 
87.68 6.36 12.32 30.38 9.32 8 

91.19 6.70 8.81 38.70 9.52 7 %  

1 - 1.40 1) 80.08 I 5.11 I 19.92 1 29.05 1 9.88 1 8% 1 

- 1.60 
- 1.65 

93.97 7.36 6.03 47.52 9.78 6% 

95.30 7.67 4.70 48.21 9.58 6% 

1 - 1.55  11 93.60 1 6.98 I 6 .40 1 46.20 1 9.49 I 7 1 

Stage 
No. 

1o t . t im  W t .  %, Ash % i n  Cum. Cum. F . S . I .  
F rac .  1 Cum. i n  min. F l o a t s  F l o a t s  W t .  % Ash % 

~~~~~ 

3. F l o t a t i o n  R e s u l t s  of 28 mesh x 0 Frac t ion .  

1 

2 

3 

- 
1 39.40 7.30 39.40 7.30 8% 8% 

1 40.60 11.80 80.00 9.58 5% 

2 19.20 12.70 99.20 10.19 5 7% 

T a i l i n g s  N 0.80 76.43 100.00 10.72 N.A. 
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S ize  F rac t ion  

y' x 28 mesh 

T A B L E  5. SEAM No. 4 

1. Ash Content and F .S . I .  fo r  S i ze  F rac t ions .  

W t .  % Ash % F.S . I .  

83.17 30.13 1% 

Tota l  

I 28 mesh x 0 11 16.83 I 18.34 I 7 I 
100.00 28.14 I 

S p e c i f i c  
Gravi ty  

- 1.30 

2.  Cumulative Float-Sink Data - y' x 28 mesh. 

W t .  %, Ash % i n  W t .  %, Ash i n  Ash % of F.S.I. of 
F l o a t s  F l o a t s  Sinks Sinks F1. + Sk. F l o a t s  

13.74 1.35 86.26 34.08 29.58 9+ 

- 1.35 36.18 3.71 63.82 44.12 29.50 7% 

- 1.40 52.10 5.60 47.90 55.11 29.32 45 

- 1.45 60.92 6.07 39.08 66.48 29.67 4 

r 

- 1.50 

- 1.55 

64.77 7.75 35.23 70.58 29.88 4 

67.55 8.80 32.45 73.80 29.89 3 

- 1.60  

- 1.65 

3.  F l o t a t i o n  R e s u l t s  of 28 mesh x 0 F rac t ion .  

68.73 9.10 31.27 75.66 29.91 2% 

72.50 10.25 27.50 78.76 29.10 2% 

I T a i l i n g s  11 I 3.18 186.85 I 100.00 I 18.13 I N.A. I I 
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S i z e  F r a c t i o n  w t .  % Ash % F.S . I .  
- 

.f;” x 28 mesh 87.10 1 9 . 6 5  1% 

28 mesh x 0 12.90 12.12 5 

- T A B L E  6 .  SEAM No. 6A 

1. Ash C o n t e n t  and F . S . X .  for  S i z e  F r a c t i o n s .  

W t .  %, 
F l o a t s  

10.21 

Ash % i n  Wt. %, Ash 9. i n  Ash % of F.S.I. of 
F l o a t s  S i n k s  S i n k s  F1. + Sk. F l o a t s  

1 . 6 3  89 .79  21.66 1 9 . 6 1  9 

I T o t a l  I( 100.00 I 18.68  I I 

37.93  

61 .85  

73.07 

2 .  Cumula t ive  F l o a t - S i n k  Data - y’ x 28 mesh. 

4.02  62.07 28.11 19.27 5 

6.84 38.15 40.05 19 .51  2% 

7 .94  26 .93  50.52 1 9 . 4 1  2 

S p e c i f i c  

- 1 . 3 0  

- 1 . 3 5  

- 1 . 4 0  

- 1.45 

76 .31  

80 .82  

I - 1 . 5 0  8 .83  23.69 52.77 19 .24  2 

9 .73  19 .18  59.96 19 .36  1% I+- 02.24  

84 .13  L - 1 . 6 5  

10.32 17 .76  61.62 19 .43  1% 

11.11 15.87  64.30 1 9 . 5 5  1% 

T a i l i n g s  1.36 84.97 100.00 11.88 N.A. 

3. F l o t a t i o n  R e s u l t s  of 28 mesh x 0 F r a c t i o n s  

F. S .  I. S t a g e  1ot . t ime W t .  %, Ash % i n  Cum. Cum. 
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r 
S ize  F r a c t i o n  W t .  % 

5" x 28 mesh 84.09 

.- 

Ash % F.S.I. 

23.61 1 

T A B L E 7.  SEAM No. 7 

1. Ash Content and F.S,I. f o r  S i ze  F rac t ions .  

- 

28 mesh x 0 

To ta l  

15.91 13.49 7% 

100.00 22.00 

S p e c i f i c  
Gravi ty  

- 1.30 

W t .  %, Ash % In W t .  %, Ash % i n  Ash % of F.S.I. o f  
F l o a t s  F l o a t s  Sinks Sinks F1. + Sk F l o a t s  

15.00 2.39 85.00 27.25 23.52 9+ 

- 1.35 

-1.40 

I - 1.45 11 61.75 I 7.39 I 38.25 I 46.08 I 22.19 1 3% 1 

35.60 4.42 64.40 32.89 22.75 7% 

54.00 6.49 46.00 41.66 22.66 4 

I - 1.50 11 68.95 I 8.82 I 31.05 I 51.03 I 21.92 I 2 I 
- 1.55 

- 1.60 

71.05 10.67 28.95 55.19 23.55 1 

80.25 11.75 19.75 63.54 21.98 1 

- 1.65 

3 .  F l o t a t i o n  R e s u l t s  of 28 mesh x 0 F rac t ion .  

83.20 12.99 16.80 68.58 22.33 1 

Stage 
No. 

1 

F.S.I. F1ot.ti.m W t .  %, Ash % i n  Cum. Cum. 
i n  min. F l o a t s  F l o a t s  W t .  % Ash % Frac.  Cum. 

1 59.11 8.59 59.11 8.59 7 7 

~~ ~~ 

Exhib i t  No. 24-16 
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3 

T a i l i n g s  

1 33.65 13.19 92.76 10.25 6 

2 6.36 40.36 99.12 12.18 1% 6% 

0.88 84.95 100.00 12.83 N.A. 
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- 
S i z e  F r a c t i o n  W t .  % Ash % F.S . I .  

%" x 28 mesh 79.49 26.54 2 

28 mesh x 0 20 .51  13 .23  7% 
~ 

T o t a l  100 .00  23.81 
I 

T A B L E 8. SEAM No. 8 

1. Ash C o n t e n t  and  P .S . I .  f o r  S i z e  F r a c t i o n s .  

- 1.55 

- 1.60  

- 1.65  

72.12 7.49 27.88 70.86 25.15 3% 

75 .35  8.67 24.65 73 .68  24.69 3% 

76.19 8.74 23 .81  75 .71  24.68 3% 

2. Cumula t ive  F l o a t - S i n k  Data - y' x 28 mesh. 

1 

1 - 1 . 5 0  I 7.04 1 31.18 I 63.77 I 24.73 1 4 1  

1 51.72  6 .12  51.72 6.12 8 .k 8% 

2 

3 

3. F l o t a t i o n  R e s u l t s  o f  28 mesh x 0 F r a c t i o n .  

78.64 6 .51  I I 7% 1 26.92 7 . 2 6  

1 15.85 21.77 94.49 9 . 0 6  4 5  . 7 

Cum. F. S .  I .  S t a g e  F l o t . t i m  W t .  %, Ash Yo i n  1 No. 1 i n  mi..! F l o a t s  1 F l o a t s  1 ::?'% 1 Ash X 1 Frat. I Cum. 

T a i l i n g s  5.51 76.27 100.00 12.77 N.A. 
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Size  F r a c t i o n  

k" x 28 mesh 

T A B L E 9. SEAM No. 9 

1. Ash Content and F.S.I .  f o r  S i ze  F rac t ions .  

W t .  % Ash % F . S . I .  

78.00 16.90 2 

28 mesh x 0 

Tota l  

22.00 9.50 6% 

100.00 15.27 

2.  Cumulative F loa t -S ink  Data - %" x 28 mesh. 

- 1.50 

- 1.55 

- 1.60 

- 1.65 

I - 1.45 11 74.64 I 6.26 I 25.36 I 50.09 I 17.37 I 4 I 
82.19 8.11 17.81 58.39 17.06 3 

82.99 8.20 17.01 61.74 17.30 2% 

84.64 9.46 15.36 63.15 16.86 2% 

86.16 10.40 13.84 64.77 1.7.92 2% 

3 .  F l o t a t i o n  R e s u l t s  of 28 mesh x 0 Frac t ion .  

Exhib i t  No. 24-18 



-15- 

S i z e  F r a c t i o n  

x 28 mesh 

28 mesh x 0 

T A B L E 10. SEAM No. 10 

1. Ash Content and F .S . I .  f o r  S i ze  F rac t ions .  

W t .  yo Ash 7- F.S.I .  

83.34 19.43 3 

16.66 11.61 7 

T o t a l  100.00 18.12 

2. Cumulative Float-Sink Data - 5'' x 28 mesh. 

S p e c i f i c  
Gravi ty  

- 1.30 

W t .  %, Ash % i n  W t .  %, A s h  % i n  Ash % of F.S.I .  of 
F l o a t s  F l o a t s  S inks  Sinks F1. + Sk. F l o a t s  

29.32 1.59 70.68 25.09 18.19 9 

1 - 1.35 I/ 54.40 I 3.38 I 45.60 1 37.24 I 18.82 1 6% 1 

- 1.45 

- 1.50 

- 1.55  

I - 1.40 11 71.85 I 4.92 1 28.15 1 50.27 I 17.68 1 4% I 
76.10 5.56 23.90 59.80 18.52 4% 

78.12 6.08 21.88 60.41 17.97 4 

79.42 6.43 20.58 64.38 18.35 4 

S tage  F lo t . t ime  W t .  %, 
No. i n  min. F l o a t s  

1 1 63.06 

2 1 17.75 

I - 1.60 I( 82.02 I 7.15 I 17.98 1 68.89 I 18.25 1 4 1  

Ash % i n  Cum. Cum. . F .  S .  I. 
F l o a t s  W t .  % Ash % F ~ ~ ~ .  Cum. 

5.83 8 8 5.83 63.06 

7.33 80.81 6.15 55 

I - 1.65 11 83.44 I 7.45 I 16.56 I 73.17 1 18.34 I 4 I 

3 

Tai  1 ing s 

3. F l o t a t i o n  R e s u l t s  of 28 mesh x 0 F r a c t i o n .  

1 15.51 23.88 96.32 9.01 1% 7 

3.67 67.06 100.00 11.14 N.A. 
_1 
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S i z e  F r a c t i o n  W t .  % Ash % F.S.I .  
1 

T A B L E 11. SEAM No. 1 2  

1. Ash Content and F.S.I .  f o r  S i z e  Frac t ions .  

%" x 28 mesh 74.04 29.45 7 4  

S p e c i f i c  
Gravi ty  

- 1.30 

- 1.35 

I 28 mesh x 0 11 25.96 I 16.48 1 9  I 

W t .  %, Ash % i n  W t .  %, Ash % i n  Ash % of F . S . I .  o 
F l o a t s  F l o a t s  S inks  Sinks F l .  + Sk. F l o a t s  

38.80 2.37 61.20 47.54 30.01 9 

48.64 3.87 51.36 54.85 30.04 9 

I Tota l  11 100.00 I 26.08 I I 

- 1.40 

2. Cumulative F loa t -S ink  Data - %" x 28 mesh. 

57.53 4.70 42.47 63.71 29.76 8% 

- l.ir5 61.80 5.71 38.20 68.15 29.56 

- 1.50 

- 1.55 

- 1.60 

- 1.65 

62.39 6.05 37.61 70.55 30.30 8% 

65.12 6.64 34.88 73.07 29.81 8% 

68.79 8.26 31.21 75.50 29.24 8 

69.87 8.32 30.13 79.01 29.62 8 

3 .  F l o t a t i o n  R e s u l t s  of 28 mesh x 0 F rac t ion .  

S t a g e  
No. 

1 

2 

3 

F lo t . t im:  W t .  %, Ash % i n  Cum. Cum. F .  S. I. 
i n  min. F l o a t s  F l o a t s  W t .  % Ash % F ~ ~ ~ .  Cum. 

1 42.60 5.08 42.60 5.08 9+ 9+ 

1 48.54 18.58 91.14 12.26 7 

1 6.96 63.20 98.10 15.87 1% 9+ 

T a i  1 ings  
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F.S.1. Determinations on Blends of Flotation Product 
of Fines with Floats of y' x 28 mesh Coal at Different 
Specific Gravities 

T A B L E  12. 

Specific 
Gravity 

%" x 28mI 28 rn x 01 F..",;'. 
Wt. % Floats, 

Wt. % Blend 

SEAM No. 2N SEAM No. 3 

- 1.30 24.40 75.60 I 8% 49.40 1 50.60 

- 1.35 49.10 50.90 I 7% 63.70 I 36.30 8 

- 1.40 
- 1.45 

62.80 

66.80 

37.20 

33.20 

- 1.50 69.30 

70.80 

30.70 

29.20 

7 

7 - 1.55 
- 1.60 71.50 28.50 1 5 73.90 1 26.10 7 

28.00 I 4 74.30 1 25.70 - 1.65 72.00 6% 

SEAM No. 4 

59.20 I 9 

SEAM No. 6A 

41.10 58.90 8 - 1.30 40.80 

- 1.35 64.50 35.50 

27.70 - 1.40 
~~ ~ 

72.30 

- 1.45 75.40 24.60 I 4% 83.30 I 16.70 I 3 

- 1.50 76.50 83.90 I 16.10 I 2% 23.50 I 4 

- 1.55 77.30 22.70 I 4 84.70 I 15.30 I 2% 

77.70 22.30 I 3% 84.90 I 15.10 I 2 - 1.60 
- 1.65 21.10 I 3 85.20 14.80 1% 78.90 
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T A B L E  13. 

y' x 28m, 
W t .  % 

S p e c i f i c  
Gravi ty  28 m x 0 F.S.I. s" x 28m, 28 m x 0 F.S.I. 

F l o a t s ,  of Wt. % 8?aks' Blend of W t .  % Blend 

1 - 1.30 

SEAM No. 7 

44-20  55.80 7 

I - 1.35 

SEAM No. 8 

8% 49.20 50.80 

1 - 1.40 74.00 

76.70 1 - 1.45 

26.00 3% 70.10 29.90 5 

23.30 3% 71.80 28.20 5 

I - 1.50 78.40 

79.00 

80.60 

I 

21.60 3s 74.40 25.60 4% 

21.00 3 75.20 24.80 4 

19.40 2.4 75.90 24.10 4 

1 - 1.40 

81.30 

I - 1.45 

18.70 2 76.20 23.80 3% 

I - 1.50 

SEAM No. 9 

I - 1.55 

SEAM No. 10 

I - 1.60 

57.11 

72.40 

73.10 

L - 1.65 

~ 

42.89 8 58.50 41.50 8 

27.60 7 64.10 35.90 6 

26.90 4% 78.60 21.40 5 
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73.70 

75.50 

F.S.I. Determinations on Blends of F l o t a t i o n  Product 
of F ines  w i t h  F l o a t s  of 4'' x 28 mesh Coal a t  D i f f e r e n t  
S p e c i f i c  G r a v i t i e s  

~ 

26.30 4% 79.60 20.40 5 

24.50 4 29.90 20.10 5 

76.40 

63.50 I 36.50 I 5% 1) 64.30 I 35.70 1 7  

_ _ _ ~  

23.60 3% 80.90 19.10 4 

75.80 I 24.20 I 3% /I 80.00 I 20.00 I 5 

76.20 I 23.80 I 3% 11 80.70 I 19.30 1 4% 
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Spec i f i c  
Gravity 

T A B L E 14. F.S.I. Determinations on Blends of Flotat ion Product 
of Fines with Floats  of 4'' x 28 mesh Coal a t  Different  
Spec i f i c Gr avi t i e s  

%'I x 28m, 28m x 0 F.S . I .  
W t .  %* Floats ,  of 

W t .  % Blend 

- 1.30 

SEAM No. 12 

53.90 46.10 11 

1 - 1.35 11 59.40 1 40.60 I 10- -1 
- 1.40  63.40 36.60 9 

- 1.45 65.10 34.90 

- 1.50  65.30 34.70 

- 1.55 66.20 33.80 

- 1.60 

- 1.65 

67.40 32.60 8% 

67.80 32.20 a% 
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FIG. 1 MORRISON- KNUOSEN COMPANY, INC. 
SEAMS N O .  2 5 ,  3, 4 AND 6 A  

16.0'- ldq" 

HANGING 
WALL FT. WALL 
93' 20' 320 

FT. WALL 

I- 21 ' 

- CROSS CUT - -fr $ 

SEAM ENTRY 

S E A M  NO.2S 

FACE 
N.T. 5. 

P L A N  
N.T.S. 

SEAM N0.3  

FT 

S E A M  N0.4 SEAM NO.6A 
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FIG. 2 MORRISON- KNUDSEN COMPANY, INC. 
SEAMS NO. 7, 8,9 AND 10 

11.5’ t----- 

S E A M  N 0 . 7  

\ -7 
HANGING \ WALL 

35- \ \ 3e0 

t I9 ‘ 

SEAM NO. 9 

t 
SEAM N 0 . 8  

UANGING 
WALL / ITLL 
420 

36.2’ 

OLD CROSSCUT 

. 
-L-- 

S E A M  NO. \O 
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FIG. 3 MORRISON - KNUDSEN COMPANY, INC. 
SEAMS NO. \2 AND NO. 2N 

SEAM NO. 12 

SEAM NO 2N 
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MORRISON-KNUDSEN COMPANY, INC. 

FLOWSHEET OF AUTOMATIC 2-STAGE COMPOUND WATER CYCLONE PLANT. 

(Capacity 5 tph) 

- - 

Dual Mix 

,Tad i, 

Divider 

Middlings - 28 m. 

( 

K,:ieve Bend 

Reject 
Pump 

@ - Sampling Station 

CYCLONE ENGINEERING SALES LTD. 
BIMONTON-ALBERTA-CANADA 
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FIG. 5 MORRISON-KNUDSEN COMPANY, INC. 
GENERAL FLOWSHEET - COAL DEWATERING PLANT SECTION. 

1 I 
I Aerator ---- J I 

L-,*, Clarifier p+-J 

CL 

LEGEND - Main Product. 
---4 Residual Product 

CYCLONE ENGINEERING SALES LTD. 
EDMOWON - ALBERTA - CANADA 
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January 8, 1971 

REPORT ON THE LABORATORY TEST WORK ON 
THE ELK RIVER COALS CARRIED OUT I N  THE U . K .  

By: D r .  G. Norton, B.Sc., Ph.D., M . I . M . M . ,  C.Eng. 

In t roduct ion  

The c lean  coa l  samples sen t  t o  O t t a w a  f o r  coking tests were checked f o r  
ash content  and swe l l ing  index, and i t  was found t h a t  t h e  r e s u l t s  i n  most 
cases  did not  agree with those of Cyclone Engineering Sa les  Ltd. I n  genera l ,  
t h e  r e s u l t s  obtained by t h e  Mines Branch i n  Ottawa were higher  i n  F.S.I .  and 
appeared more i n  l i n e  with t h e  a c t u a l  carboniza t ion  performance of t h e  coa ls .  
The s ink - f loa t  ana lyses  of t h e  raw coa l  samples were c a r r i e d  out  i n  Edmonton 
us ing  Perlux and Varsol followed by Ethylene Bromide and i t  was claimed by 
Cyclone Engineering Sa les  Ltd. t h a t  organic  l i q u i d s  a f f ec t ed  t h e  swel l ing  
c h a r a c t e r i s t i c s  of some coa l s .  Should t h i s  be t h e  case,  then t h e  F . S . I .  
r e s u l t s  on which many planning and design parameters were based would be i n  
e r r o r .  Clear ly ,  t hese  tests had t o  be repeated e s p e c i a l l y  i n  t h e  l i g h t  of 
u n r e a l i s t i c  F.S.I .  va lues .  

It  was decided t o  ca r ry  out  t h i s  work i n  t h e  United Kingdon by arrange-  
ment wi th  B i r t l e y  Engineering and t h e  U.K. branch of t h e  Coal Science and 
Mineral Tes t ing  Divis ion of Great West S t e e l  I n d u s t r i e s  Ltd. ,  Edmonton, Alberta .  
Seam samples t o t a l l i n g  145 l b s .  i n  weight were t ranspor ted  by a i r  t o  England 
i n  order  t h a t  a n a l y s i s  could proceed as soon as poss ib l e  a t  t h e  Univers i ty  of 
Nottingham. These samples were obtained from Cyclone Engineering Sa le s  Ltd. 
a s  i d e n t i c a l  t o  the  coa l s  used i n  t h e i r  ana lys i s .  The Mines Branch a t  Ottawa 
claimed t o  be so f a r  behind i n  t h e i r  assay and a n a l y t i c a l  work t h a t  i t  was 
decided t o  ca r ry  out  t h e  ash  a n a l y s i s  by t h e  same arrangement i n  t h e  U.K. 

Because of t h e  importance of the  exe rc i se ,  t h e  g r e a t e s t  poss ib l e  care  
was taken t o  ensure t h a t  p rescr ibed  s tandard condi t ions  were adhered t o .  
Furthermore, t h e  personnel  involved i n  car ry ing  out  t h i s  work w e r e  experienced 
i n  coa l  s c i ence  work and more h ighly  q u a l i f i e d  than would have been normally 
requi red .  

1. Summary and Conclusions 

1.1 The E f f e c t  of Organic Liquids on F .S . I .  

Although i n  our experience t h e r e  has been no i n d i c a t i o n  t h a t  
organic  l i q u i d s  a f f e c t  t h e  swe l l ing  p r o p e r t i e s  of coa l s ,  i t  was 
considered t h a t  perhaps t h e  Western Canadian coa l s  were d i f f e r e n t  
i n  t h i s  r e spec t .  Based on r e p o r t s  by Cyclone Engineering Sa les  Ltd.  
t h a t  such e f f e c t s  had been experienced, i t  w a s  decided t o  ca r ry  out  
s ink - f loa t  s epa ra t ions  i n  ba ry te s  suspensions.  Since t h e  above 
workers had quoted z i n c  ch lo r ide  a s  a l s o  having an occas iona l  
d e l e t e r i o u s  e f f e c t  on swel l ing  proper ty ,  t h e r e  was l i t t l e  op t ion  
but  t o  use ba ry te s .  Unfortunately,  t h e  ba ry te s  suspension could 
not  be maintained s t a b l e  enough f o r  accu ra t e  s ink- f loa t  s epa ra t ion  
without  excess ive ly  viscous condi t ions  and a f t e r  checking t h e  f l o a t e d  
increments i n  organic  l i q u i d s ,  i t  was necessary t o  abandon t h e  
technique. 
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The sink-float separations were then carried out using benzene- 
carbon tetrachloride mixtures in the sp. gr. range up to 1.55 and 
tetra-bromo-ethane/carbon tetrachloride for gravities in excess of 
1.55. There were many reasons for proceeding in this manner but 
primarily because accuracy of separation was important and there was 
no clear evidence of organic liquids affecting swelling property. 
This was checked by subjecting randomly chosen coals to contact with 
benzene, carbon tetrachloride and tetra-bromo-ethane and comparing 
their swelling indices with similar untreated coal samples. With 
reference to Cyclone Engineering Sales Report No. RI-70, 16-1 which 
constitutes Appendix 2 in the Mines Branch Report, the following 
observations are relevant: 

(1) For Seam 7, the first stage froth flotation product has a F.S.I. 
of 7 while the raw fines has a F.S.I. of 7%. Three flotation 
increments reduce this to 6%. Similarly, Seam 8, the total 
flotation product is lower in F.S.I. than the raw fines. Since 
this is not conceivable, some errors in determination must exist. 
NONE OF THESE FRACTIONS WERE TREATED WITH ORGANIC LIQUIDS. 
This indicates that anomalies occur whether organic liquids are 
used or not. There is no clear evidence, therefore, that 
organic liquids or zinc chloride solutions have the reported 
effects. 

(2) The washed coal products sent to Ottawa for coking tests were 
not subjected at any time to contact with liquids other than water 
yet the ash and F.S.I. values reported by Edmonton and Ottawa are 
significantly different in most cases as indicated below: 

8.4 9+ 9.0 9 
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1.2 Comparison of Results 

In comparing the results contained in this report with those 
made available in Appendix 2 of the EMR Coke Test Report, the major 
areas of disagreement relate to F.S.I. values. There is in general 
agreement with respect to yield/specific gravity and yield/ash re- 
lationships except in the case of Seam 6A where the yields in this 
report by U.K. analysis are significantly lower and in the case of 
Seam 8 appreciably higher. This could be attributed to the sampling 
errors involved in the method adopted by Cyclone Engineering Sales to 
produce cumulative float fractions. Eight samples were subjected to 
sink-float separation, each at a different specific gravity so that 
simulated fractions could be produced directly. Cyclone Engineering 
Sales did not have any coal remaining from Seam No. 3, s o  no washability 
testing was done on this seam. The technique employed by us was to 
float one large sample of each coal into incremented fractions at 
specific gravities from 1 . 3 5  to 1.65 at 0.05 intervals. The cumula- 
tive fractions were then obtained by integrated blending. The values 
of F.S.I. are consistantly higher than those of Cyclone Engineering 
Sales and tend not to change so severely with increase in ash content. 
This results in much smoother ash-F.S.I. curves. 

1.3 Analytical Technique 

Although both the B.S. and A.S.T.M. standards are specific and 
straight forward, there are difficulties experienced by new analysts 
in carrying out determinations of F.S.I. A necessary precaution is 
to ensure that the specification is rigidly adhered to. 
distribution of the coal sample is very important not simply to the 
extent of grinding all the material below 65 mesh but ensuring that 
approximately 35% lies between 65 and 115 mesh, 30% between 115 and 
250 mesh and 35% through 250 mesh. The standard crucible dimensions 
should be employed (height 26 mm, diam. at top 4 1  mm, at base 11 mm) 
covered with a lid. Coal samples should be tapped level in some 
standardized way since compaction affects the results. The temperature 
of the burner should ensure a temperature of 800°C inside the crucible. 
In the determination of F.S.I., three buttons are usually required for 
each test but at least 12 buttons were obtained in each case for the 
results in this report. 

The size 

1.4 Conclusions 

(1) Both the results of the Mines Branch, Ottawa and those accounted 
for in this report are consistently higher than the F.S.I. values 
reported by Cyclone Engineering Sales, Edmonton. The Mines Branch 
carried out F.S.I. determinations on samples of clean coal products 
out of contact with all liquids except water. Cyclone Engineering 
Sales conducted swelling tests on samples of clean coal products 
and also sink-float fractions using organic liquids. Perhaps the 
apparent depression in their results is due to the drying of samples 
saturated with varsol and perlux at +lOO°C and it could 
under such conditions the swelling properties of coals are affected. 

be that 

Exhibit No. 25-3 



REPORT ON THE LABORATORY TEST WORK ON 
THE ELK RIVER COALS CARRIED OUT IN THE U.K. 

January 8, 1971 
Page 4 

The higher ash increments of those froth flotation tests carried 
out by Cyclone Engineering Sales after I had left and not under 
my supervision, should not have been included in the final products. 
The proportions of these higher ash increments were relatively 
small but could in some cases have affected the value of F.S.I. 

The strict adherence to standard conditions and the large number 
of tests carried out in the U.K. leaves little doubt that the 
results contained in this report are most typical of the Elk 
River Coals and form the best basis for planning and design of 
plant and the negotiation of contracts. 

The flotation results for Seam No. 10 give a low tailing ash 
content which interpreted in the knowledge of this seams 
petrography indicated a fair amount of oxidation having taken 
place. It is expected that this seam will perform better in 
commercial practice although the present coke is still good. 

2 .  Sample Preparation 

The only readily available material for repeat test work was that 
already crushed to -k inch by Cyclone Engineering Sales in Edmonton. 
Approximately 15 lbs. of each seam sample was air-freighted to Ottawa 
with the exception of Seam 3 for which no sample could be obtained. These 
samples of Seams 2N, 4 ,  6A, 7 ,  8, 9 ,  10 and 1 2  totalling 145 lbs. were air 
transported to England in order that analysis could proceed as soon as 
possible. No further crushing of the samples was carried out, but they 
were air-dried in the first instance prior to screening. Each sample was 
screened at h (28  mesh Tyler) the k inch to k mm fraction, weighed and 
retained for sink-float analysis and the minus k mm for froth flotation 
tests. 

3.  Sink-Float Analysis 

The ?I inch to mm portion of each seam sample was subjected to sink- 
float separation in suspensions of barytes which at the higher specific 
gravities became very viscous. A check on the accuracy of separation with 
benzene-carbon tetrachloride mixtures revealed that the use of barytes 
suspensions was not satisfactory. The gravity fractions were, therefore, 
produced in organic liquids to ensure accurate separation. Separate tests 
were carried out on randomly chosen coal samples treated with organic 
liquids and compared with the swelling characteristics of untreated fractions; 
there was no indication that F.S.I. values were affected. 

Because of the limited amount of each sample available for sink-float 
analysis and in order to ensure accurate separation, the floats were 
removed incrementally which, after drying and weighing were blended together 
to produce cumulative fractions. These cumulative fractions were retained. 

4 .  Froth Flotation 

The minus 28 mesh fractions were treated in a Wemco-Fagagren laboratory, 
froth flotation cell. In each case, a coal slurry was produced with water 
at 10% solids by weight and processed with a cresylic acid frother equivalent 
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to 0.2 lbs. per ton and a fuel oil collector at 1% lbs. per ton. 
flotation time varied between 4 and 6 minutes depending on the individual 
coals tested. All the coals responded to flotation very well except Seam 10 
which appeared to be oxidized to some extent. This is evidenced by the 
relatively low tailings ash and the low values of F.S.I. for this seam in 
general. 

The total 

It should be noted that by excess mechanical agitation in the laboratory 
cell, carbonaceous reject material of very high ash can be made to float but 
this is not commensurate with commercial practice and should be avoided. 
Such high ash flotation products should be counted as tailings materials. 

5. Blending the Clean Coals Size Fractions 

Since a commercial clean coal product would be made up of coarse coal 
(+28 mesh) obtained by dense medium processing and fine coal (-28 mesh) 
produced by froth flotation, the two fractions should be blended together 
in fixed proportions relative to the specific gravity of separation. The 
froth flotation product is independent of separating gravity and, therefore, 
constitutes a fixed addition to the blend varying in actual proportion by 
weight. This proportion by weight is affected by separating gravity only 
in as much as a low value of specific gravity results in the coarse fraction 
being low in proportion and conversely with a high value of separating gravity. 

The final blends of the coarse floats fractions together with the fine froth 
flotation fractions were made up for each separating gravity from 1.35 t o  
1.65 at 0.05 intervals. 

6. Ash and F.S.I. Determinations 

The blended cumulative fractions numbering seven for each seam sample 
were ground to pass 72 B.S. mesh and retained for ash and F.S.I. determina- 
tions. The size distribution was reasonably controlled between the follow- 
ing specified size limits by use of a Sieb-Technik laboratory mill with 
means for retaining the finely elutriated particles. 

Cum. % Passing 

100 
65 
35 

Tyler Mesh Size 

65 
115 
250 

6.1  Ash Determinations 

One gram of coal sample was used, spread uniformly in a marked 
silica dish and placed in a muffle furnace. Gentle heat was applied 
at first, gradually pushing the crucible from the front of the furnace 
to the hottest part of the back. The dish and contents were raised 
to a temperature of 78OoC - 8OO0C until constant weight residue was 
obtained. 
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6 .2  F .S . I .  Determination 

One gram of coa l  was placed i n  a s p e c i a l  c ruc ib l e  of s tandard 
dimensions (height  26 mm, maximum diam. a t  top 4 1  mm, base diameter 
11 mm) and covered wi th  a l i d .  The covered c r u c i b l e  w a s  tapped gent ly  
t o  l e v e l  t h e  coa l  and heated out  of draughts ,  over a T e c h  burner  ( the  
b lue  core of the  flame below t h e  c r u c i b l e  g iv ing  a temperature of 8OO0C 
i n s i d e  the  c ruc ib l e .  This was allowed t o  proceed f o r  two minutes o r  
longer  i f  v o l a t i l e  matter i s  s t i l l  being evolved. Af te r  cool ing,  t h e  
but ton  formed was compared with s tandard p r o f i l e s .  A t  l e a s t  12 but tons  
were obtained f o r  each i n d i v i d u a l  determinat ion.  

7. Resul t s  (U.K. Test  Work) 

The r e s u l t s  a r e  expressed i n  a form which i s  meaningful i n  terms of a 
commercial ope ra t ion ,  except f o r  t h e  f a c t  t h a t  no allowance is made f o r  
y i e l d  l o s s e s  which would occur i n  p r a c t i c e .  The f r o t h  f l o t a t i o n  product 
has  been blended i n t o  t h e  c lean  coa l  product i n  propor t ion  t o  i t s  y i e l d  and 
t h e  raw c o a l  percentage of f i n e s .  From these  t abu la t ed  r e s u l t s ,  curves of 
y i e l d  a g a i n s t  ash and s p e c i f i c  g r a v i t y  of s epa ra t ion  a r e  p l o t t e d  a s  w e l l  a s  
t h e  F.S.1.-Ash r e l a t i o n s h i p s .  

SEAM NO.  2N 

Raw Coal  Analysis  
S ize  F rac t ion  Weight % Ash % 

+28 mesh 76.2 2 8 . 8  
-28 mesh 23 .8  1 7 . 0  

- 

Washabili ty Data 
Sink-Float Analysis (+28 mesh) Froth F l o t a t i o n  (-28 mesh) 

F rac t ion  

F l o a t s  @ 1.35  + f r o t h  f l o t a t i o n  product 
I ,  ,, 
I ,  1 ,  

11 

I ,  I, 

I ,  I ,  ,I 

I ,  1, ,, 

'I 1.40  
" 1.45 
'I 1 .50  

1 . 5 5  
" 1.60 
" 1 .65  

t ,  

1 1  

1 1  

1 1  

Froth  F l o t a t i o n  

Clean coa l  product 
Ta i l i ngs  ( r e j e c t s )  

Yield % Ash % 

43.5 10 .1  
57.2 1 0 . 2  
66 .4  10.5 
70.7 1 1 . 6  
73.8 1 2 . 3  
74 .9  1 2 . 4  
76.2 12 .6  

F . S . I .  

8 
7% 
7 
7 
6% 
6% 
6 

Yield % Ash % F.S.I. 

91 .4  12 .7  8 _ _ _  8 .6  62.2 

Exhibi t  No. 25-6 
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SEAM NO. 4 

Raw Coal Analysis 
Size Fraction Weight % Ash % 

+28 mesh 82.6 29.5 
-28 mesh 17.4  18.6 

Washability Data 
Sink-Float Analysis (+28 mesh) Froth Flotation (-28 mesh) 

Fraction Ash % F.S.I. Yield % - 
Floats I3 1.35  + froth flotation product 45.9  8 .3  7% 

59 .4  8.7 6% 
67.4  9.2 6 
70.2 9 .5  5 
72.9 1 0 . 4  5 
73.9 10.7 4% 
75.2 11.1 4% 

I ,  ,I 9 ,  

11 , I  I ,  

,I I ,  

I ,  1, 

,I 

" " 1 . 4 0  
" " 1 . 4 5  
" " 1 . 5 0  
" " 1 . 5 5  
" " 1 . 6 0  
" " 1 . 6 5  

( 1  ,I 

,I 

Froth Flotation 

Clean coal product 
Tailings (rejects) 

SEAM NO. 6A 

Yield % Ash % F.S.I. 

94 .8  14.9 7% -__ 5 .2  85 .3  

Raw Coal Analysis 
Size Fraction Weight % Ash % 

f 2 8  mesh 85.2 1 9 . 8  
-28 mesh 14 .8  12 .0  

Washability Data 
Sink-Float Analysis (+28 mesh) Froth Flotation (-28 mesh) 

Fraction Yield % Ash % F.S.I. 

Floats @ 1.35  + froth flotation product 34.9 5.6 6% 
54.1  6 .9  4% 

, I  61.3 8.1 4 
66.5 9.2 3 
70.2 9.7 3 
71.0 9.9 3 
73.9 11.1 2% 

9 ,  I, 9 ,  

,1 

1 1  I ,  

I ,  1 1  9 ,  

I, 

I ,  8 1  

" " 1.40  
" " 1. 45 
" " 1 . 5 0  
" " 1 . 5 5  
" " 1 . 6 0  
" " 1 . 6 5  

9 ,  

Froth Flotation 

Clean coal product 
Tailings (rejects) 

Yield % Ash % F.S.I. 

97.4 10 .3  6% _ _ _  2.6  75 .4  

Exhibit N O .  25-7 
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SEAM NO. 7 

Raw Coal Analysis 
Size Fraction Weight % - Ash % 

+28 mesh 82.4 22.5 
-28 mesh 17 .6  12 .5  

Washability Data 
Sink-Float Analysis (+28 mesh) Froth Flotation ( - 2 8  mesh) 

Fraction Yield % __ Ash % 

Floats @ 1 . 3 5  + froth flotation product 45 .4  6 . 1  
5 6 . 7  7.2 
6 5 . 2  8 .4  
7 1 . 1  10 .0  
75 .8  1 0 . 5  
79 .5  1 1 . 4  
83.4 1 2 . 4  

I ,  ,I ,I 

1 1  ( 1  9 ,  

9 1  11 

I, 1 1  11 

I ,  ,, !, 
, I  ,I 

" " 1 . 4 0  
I' " 1 . 4 5  
" " 1 . 5 0  
" " 1 . 5 5  
" " 1 . 6 0  
" " 1 . 6 5  

1 9 7 1  

F.S.I. 

7 
6 
4% 
4 
4 
3% 
3 

Froth Flotation 

Clean coal product 
Tailings (rejects) 

SEAM NO. 8 

Raw Coal Analysis 
Size Fraction Weight % __ Ash % 

24.0 
9 . 9  

+28 mesh 7 8 . 3  
-28 mesh 21.7 

Yield % Ash % F.S.I. 

95.2 9 . 4  7 
--- 4 . 8  74 .4  

Washability Data 
Sink-Float Analysis (+28 mesh) Froth Flotation ( - 2 8  mesh) 

Fraction Yield % ___ Ash % 

Floats @ 1 . 3 5  + froth flotation product 62.9 5.2 
6 9 . 6  5 .3  
73 .3  5.9 
7 6 . 5  6 .9  
78.7 7 .4  
8 0 . 2  7.7 
81.5 8.2 

I ,  ,I 

I, ,I ,I 

I ,  11 

I ,  !1 ,I 

11 

9 ,  I, 

" " 1.40 
" ' I  1 .45  
" " 1 . 5 0  
" " 1 . 5 5  
" " 1 . 6 0  
" " 1 . 6 5  

F.S.I. 

7 
6% 
6% 
6 
6 
6 
5% 

Froth Flotation 

Clean coal product 
Tailings (rejects) 

Yield % - Ash % F.S.I. 

9 6 . 1  7 . 2  8 _-_ 3.9 7 5 . 5  

Exhibit No. 25-8 
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SEAM NO. 9 

Raw Coal Analysis 
Size Frac t ion  Weight % Ash % 

1 7 . 3  
9 . 0  

+28 mesh 7 7 . 2  
-28 mesh 22.8 

Washabili ty Data 
Sink-Float Analysis (+28 mesh) Froth F l o t a t i o n  ( -28  mesh) 

Frac t ion  Yield % Ash % F.S . I .  

F loa t s  @ 1 . 3 5  + f r o t h  f l o t a t i o n  product 60 .9  4 . 9  6% 
70 .9  5.5 6 
7 7 . 3  5 . 8  5 
82.5 6.7 4% 
8 4 . 6  7.9 4 
8 5 . 8  8 . 2  4 
97 .O 8.5 4 

,I I ,  I ,  

I ,  ,I 

,( I ,  

I ,  I, I ,  

I ,  11 ,I 

I ,  I, 11 

" " 1 . 4 0  
" " 1 .45  
" " 1 . 5 0  
" " 1 . 5 5  
" " 1 . 6 0  
" " 1 . 6 5  

Froth F l o t a t i o n  Yield % Ash % 

Clean coa l  product 
T a i l i n g s  ( r e j e c t s )  

SEAM NO. 10 

98.0 7 . 8  
2.0 68.7 

Raw Coal Analysis  
S i z e  F rac t ion  Weight X Ash % - 

+28 mesh 82 .4  1 8 . 4  
-28 mesh 1 7 . 6  1 1 . 8  

Washabili ty Data 
Sink-Float Analysis (+28 mesh) Froth F l o t a t i o n  ( -28  mesh) 

Frac t ion  Yield % Ash % 

F l o a t s  @ 1 . 3 5  + f r o t h  f l o t a t i o n  product 6 4 . 9  5 . 2  
" " 1 . 4 0  73.6 5 . 8  

78 .3  6 .3  " " 1 . 4 5  
8 0 . 0  6.9 " " 1 . 5 0  
8 1 . 4  7 . 2  " " 1 . 5 5  
81.9 7 .3  " "1.60 
82 .7  7 . 9  " " 1 . 6 5  

,1 I, I ,  

I ,  I, 

I ,  ,, ,I 

! 1  I ,  I, 

I ,  9 ,  

Froth F l o t a t i o n  
Clean coa l  product 
Ta i l i ngs  ( r e j e c t s )  

F.S.I. 

6% -__ 

F.S.I .  

6% 
6 
6 
5% 
5% 
5% 
5 

Yield % Ash % F.S . I .  

87.5 7.5 7 
12 .5  41.9 -__ 

Exhib i t  No. 25-9 
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SEAM NO. 12 

Raw Coal Analysis 
Size Fraction Weight % Ash % 

+28 mesh 75.0 29.7 
-28 mesh 25.0 15.0 

Washability Data 
Sink-Float Analysis ( f 2 8  mesh) Froth Flotation (-28 mesh) 

Fraction Yield % Ash % F.S.I. 

Floats @ 1.35 + froth flotation product 64.5 7 . 1  9 
68.5 7.5 9 
71.0 7.9 9 

9 ,  73.2  9 . 1  9 
74.2 9 . 2  8% 
75.3 9.7 8% 

I, I ,  11 

, I  ,I ,I 

I, 1 ,  

9 ,  9 ,  ,I 

1 1  , I  

11 

" 1 . 4 0  
" " 1. 45 
" " 1 .50  
" " 1 . 5 5  
'I  " 1 . 6 0  
" " 1 . 6 5  11 I t  76.5 9.9 8 

Froth Flotation 

Clean coal product 
Tailings (rejects) 

Yield % Ash % F.S.I. 

95 .1  12 .4  9 --- 4.9 64.4 

Exhibit No. 25-10 
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8 .  A.sh Analysis 

A comparison of the ash analysis results determined by EMR (Ottawa) 
with those obtained from the U.K. agree reas,onably well in some cases, 
but are significantly at variance in others. 
maximum possible error of 7% in Si02 determination, 11% in-A1203 determi- 
nation but as high. as 50% in the case of Seam 3 iron and the agreement is 
poor in respect to, MgO ketermination. 

The table below shows a 

sio 2 . . . . . . . . %  

A120 

Fe20 3.......Z 

Ti0 2 . . . . . . . . Z  

P20 5 . . . . . . . . %  

cao ......... % 

Elf$. . . . . . . . . z 

so ]......... % 

(Se-K)20.. . .% 

S E A H  N O .  
2 3 4 6 7 8 9 10 1 2  

(a) (b) (a)  (b) (a) (b) (a)  (b) (a) (b) (a)  (b) (a) (b) (a) (b) (a) (b) 

66.5 65 .8  5 9 . 7  57.6 63 .8  6 1 . 2  5 4 . 6  5 4 . 4  59 .1  58.9 60.3 56.3 5 8 . 7  5 6 . 1  62.0 58 .1  62 .0  6 0 . 3  

2 7 . 1  27.6 28.0 25.7 26.6 27.9 3 4 . 5  1 2 . 7  2 9 . 8  33 .1  28.8 31.7 31.4 31.6 3 0 . 1  10 .2  26.2 28.4 

1 . 3  1 . 6  3.4 6 . 7  3.5 4.1 1 . 5  2.3 2 . 1  3.0 2 . 0  3.2 2.4 5 .2  2 . 3  3 . 7  2.4 2.7 

1.2 1 . 4  1 . 4  1 . 3  1.3 1 . 7  1 . 0  1.1 1 . 4  1.4 1 . 5  1.7 1 . 6  1.8 1.8 1.9 1 . 5  1 . 5  

0.1 0.3 2 . 8  2 . 6  1.1 1.1 4 . 1  4 . 0  1 . 2  1.1 2.2 1.8 1.2 1 .0  0.8 0.8  1 . 5  1 . 6  

0.8 1.1 3 . 9  3.4 1 . 3  1 . 5  3 . 5  3 . 9  1 . 2  1.0 2.2 2.2 1 . 0  1.4 1.5 1.1 1.1 1 . 3  

0 . 4  0 . 3  0.1 0.5.  0 . 6  0 .4  2.4 t 0 . 2  0 . 4 < 0 . 2  0 .6  0 .4  - ( 0 . 2  0 . 5  0.4 0 . 8  0 . b  

0 . 4  0 . 6  2 .4  1.1 1 . 2  0 . 8  0 .2  0 . 8  1 . 7  0 .7  0.1 0.7 0.8 1.0 0 . 3  0.9 2 .7  0.9 

0 . 1  1.1 0 . 7  0 .7  0 .7  0 .9  0 . 3  0.5 0.8 0 .7  1 . 6  0.7 0 .7  0 .8  1.0 1.0 1 . 3  1 . 6  

(a) EMR (Ottawa) 

(b) Dr. G. Norton 

d 
Dr. G. Norton, B.Sc., Ph.D., M.I.M.M., C.Eng. 
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APPENDIX 

QUALIFICATIONS OF PERSONNEL 

The work was carried out under the supervision of Dr. G. Norton, Professor 
in Coal Science, Mineral Processing and Fuel Science at the University of Notting- 
ham. Dr. Norton, who obtained his Bachelor of Science and Doctor of Philosophy 
degrees at the University of Durham, was a Coal Scientist and Coal Preparation 
Engineer with the National Coal Board before taking up the position of Senior 
Process Engineer with Head Wrightson Iron and Steel Co. Ltd. He took up his 
post at the University of Nottingham in September, 1967 and promptly became 
Coal Preparation Consultant to Birtley Engineering Led. and Mineral Processing 
Consultant to International Combustion Ltd. He supervised an important hamatite 
pilot beneficiation operation on behalf of Ashmore Benson Pease & Co. and the 
Bechtel Corporation. Dr. Norton is a member of the Institution of Mining and 
Metallurgy and figures prominently in the Coal Preparation Society. 

Coal Scientists: 

Donovan S. Symonds 

Mr. Symonds is a part-time member of the University Staff and is sub- 
mitting his thesis for a Ph.D. in Fuel Science. He graduated in 1966 from 
the University of Durham with a First Class-Honours Bachelor of Science 
degree and proceeded to the Research Department of the University of Notting- 
ham. His previous association with the Scientific Department of the National 
Coal Board is a measure of his suitability to carry out coal science work. 

Chan. Joashi 

Mr. Joashi is also a part-time member of the University Staff and a 
graduate of Nottingham University currently in charge of the coal handle- 
ability project sponsored by the National Coal Board. His entire working 
life has been devoted to coal science and his understanding of the subject 
and experience in the Coal Science departments makes him eminently suitable 
for this work. 

Technicians: 

The following technicians were involved in sample preparation screening and 
grinding etc. and hold the highest laboratory qualifications (technicians grade): 

1. Janek Palewicz - Chief Technician 

2 .  Paul Rosik - Technician 

3 .  John Mills - Technician 
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Coal Science and Minerals Testing 
Division of Great West Steel Industries Ltd. 
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March 1 2 ,  1971 

M r .  O'Dean Anderson, 
V i c e  P r e s i d e n t ,  
Morrison-Knudsen Company, Inc . ,  
319 Broadway, 
P .O.  Box 7808, 
Boise ,  Idaho 83707 

Dear M r .  Anderson, 

R e :  Washabi l i ty  Curves - Elk  River  P r o j e c t  

I have approved the curves  p l o t t e d  i n  t h e  s e v e r a l  
drawings you s e n t  me and c o n g r a t u l a t e  your s t a f f  on the 
e x c e l l e n t  p r e s e n t a t i o n  of the d a t a .  W i t h  r e s p e c t  t o  t h e  
e x t r a p o l a t i o n s  below 1.35 and 1 . 6 5  s p e c i f i c  g r a v i t y  p o i n t s  
the d i r e c t i o n  of t h e  curves  was determined by  the s t anda rd  
method of a s c r i b i n g  a s u i t a b l e  specific g r a v i t y  va lue  t o  
t h e  heavy f r a c t i o n  of t h e  c o a l .  

For the c o a l s  of t h e  Elk River  a r e a ,  a s u i t a b l e  l i m i t i n g  
v a l u e  of s p e c i f i c  g r a v i t y  was found t o  be 2.20. The q u a n t i t i e s  
of i n e r t  m a t e r i a l  e x i s t i n g  above t h i s  va lue  of s p e c i f i c  g r a v i t y  
a r e  n o t  s i g n i f i c a n t  i n  a f f e c t i n g  t h e  shape o r  d i r e c t i o n  of 
t h e  e x t r a p o l a t e d  curves.  E x t r a p o l a t i o n s  of t h e  y i e ld - spec i f  i c  
g r a v i t y  curves  w e r e  made on th i s  b a s i s  and r e s u l t e d  i n  t y p i c a l  
forms. The a s h - s p e c i f i c  g r a v i t y  r e l a t i o n s h i p s  were a l s o  based 
on tine raw c o a l  ash be ing  c o i n c i d e n t  w i t h  a cumulat ive f l o a t  
a t  2.20 s p e c i f i c  g r a v i t y .  i 

I n  t h e  U . K .  w e  u s u a l l y  s i n k - f l o a t  up t o  g r a v i t i e s  of 2.00 
b u t  t h e  Canadian and American p i a c t i c e  is t o  te rmina t?  a t  1-60. 
E x t r a p o l a t i o n  of t h e s e  curves  by  t h e  method o u t l i n e d  has 
?roved r e l i a b l e  i n  the p a s t  by  l a t e r  checking w i t h  h ighe r  
g r a v i t y  l i q u i d  m i x t u r e s .  

You should  t h e r e f 3 r e .  f i n d  Yfie e x t r a p o l a t e d  d a t a  r e l i a b l e  
and most impor tan t  i n  your p r e s e n t a t i o n  of r e s u l t . ; .  

Yours  'very t r ' l l y ,  

Encl .  

G:\l/ms 

COAL SCE3NCE & MINERALS TESTING D I V .  O F  
GREAT WZST S'EEL 15IDUSTilIES LTD. c, /,,L!u & 
G. Norton, 
D i v i s i s n  H a i i a g x .  Exhibit No. 26 





.
,

 

1 
., 

~
L

.
 I 

. 
. . 

.I- 
. 

~
.

,
 

.
.

,
.

 
I 

. 
.

.
,

.
 

.
.

 

,
.

 

.
 

, 

I 1 ~
-
 

I 
,

.
 

- 
i 

.
.

.
 

.
~

.
 1'. 

' 

.
,

 
. 

!
'

.
 

.
.

 
.

.
 



I 

,
.

 

I: 

1 , 

3
 .. 

.
.

.
 I

.
.

 . 

.
.

.
 

. 
,

/
 

-
+
-
 





w
 

N
 

s' k
 

E
 

I
 

X
 

W
 

N
 

lL 

-
 

0
 

P
 

I- W
 

W
 

v
) 
r
 



..,I. 
!

.
 

--I- 
t 

a 

b
 

I 
.

.
 
-
'
-
 

~
! 

I 

. I 
.

.
 

.
,

 

I 
I 





. 
., ... 



IB N 

z
 
0
 

k - I X
 

W
 

N
 

LL 
0
 

- m
 

+ W
 

W
 
I
 

v
) 



, t I ! I I , t I I ! , 




































































































































































