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for a re s c h e d u l e d for start up M a y 1,1991. Permitting a n d l icensing of the 
plans has b e e n init iated with the Mines Depar tment a n d the appropr ia te 
Environmental agenc ies . Due to the tight t ime constraints your s p e e d y 
at tent ion to this lease app l i ca t ion wou ld b e a p p r e c i a t e d . To faci l i tate 
your circulat ion of this d o c u m e n t , two (2) cop ies h a v e b e e n enc losed . 

Any questions regard ing this app l i ca t ion should b e d i rec ted to the 
unders igned. 

Yours truly, 

C R O W S NEST RESOURCES LTD. 

R. Williams, P. Eng. 
M a n a g e r of Engineering 
Line Creek Mine 

attachments: Binder of Technical Data (2) 
Application Fee (cheque) 
Prescribed Rent (cheque) 
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1.0 B A C K G R O U N D INFORMATION 

7. / Corporate Structure 

Crows Nest Resources Limited (C.N.R.L) was incorpora ted in 

1978 to m a n a g e the deve lopmen t of the conso l ida ted c o a l 

holdings of Shell C a n a d a Resources Ltd. (SCRL) a n d Crows 

Nest Industries Limited (CNI) fol lowing the acquisi t ion of CNI 

by SCRL. The Line Creek property was part of the CNI 

acquisi t ion. CNRL is structured as a whol ly -owned subsidiary 

of SCRL but operates as a n independen t business unit of Shell 

C a n a d a . It carries out its funct ion with four main 

depar tments: Mining, Exploration, Market ing a n d Planning 

a n d Administration. 

1.2 Land Tenure 

Enclosure 1: Index M a p (1:50,000) 

The G r o u p #330 coat licenses have b e e n held in g o o d 

standing since 1975; initially by Crows Nest Industries Ltd. a n d 

subsequently by Shell C a n a d a Ltd. Exploration work has b e e n 

d o n e on various portions of G r o u p #330. Listed be low are the 

monies spent in e a c h year on e a c h project. 

lllllHll IliiKlI 1I11E1 1990 

Ml. MICHAEL $39,887 $243,429 $283,316 

EWIN PASS 390,653 $250,921 $503,514 $494,214 $1,339,302 

M.S.A.N. $51,644 $198,000 $249,644 

$1,872,262 
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7.3 Site Description 

Enclosure 1: Index M a p (1:50,000) 

The Mine Services A r e a North (M.S.A.N.) c o a l l i cences a re 

l o c a t e d 14 kilometres southeast of Elkford, British C o l u m b i a , in 

the front ranges of the Rocky Mountains in southeastern British 

C o l u m b i a . These l i cences consist of C L 291,288,289,287 a n d 

1300 are cen t red a t approximately: 

Lati tude 49° 59' North 

Longi tude 114° 45 'West 

The p roposed pit a n d d u m p areas lie partially within C o a l 

Lease #4. The b a l a n c e lies immediate ly a d j a c e n t to the 

north, within portions of the a b o v e n a m e d c o a l l icenses, 

wh ich be long to G r o u p 330 in the Cent ra l Block a r e a . The pit, 

d u m p s a n d roads assoc ia ted with this proposal a re o n C r o w n 

l a n d , a n d logg ing for deve lopmen t is c o v e r e d under L icense 

To C u t YN571, wh ich encompasses all of the Line C reek mine 

d e v e l o p m e n t activities. 

The M.S.A.N. a r e a upon wh ich the explorat ion has b e e n 

f o c u s e d , extends from the Line C reek val ley bo t tom up on to 

the east - fac ing s lope of Mount M i chae l . The e levat ion varies 

from 1580 metres - 2475 metres (ASL). Natural ou tc ropp ings of 

resistant sandstone units a re fairly a b u n d a n t a n d the Mist 

Mounta in Formation/Morrissey Formation c o n t a c t c a n b e 

t r a c e d over most of the property. C o a l s e a m exposures a re 

restricted to r o a d cuts a n d h a n d t renches. 
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The p roposed mining a r e a is a s teep (15° - 50°) hillside, mostly 

t imbered , that toes out on to a flat val ley bot tom. The Line 

Creek headwaters in this a r e a exper ience seasonal 

intermittent flows, a n d there is no deve lopmen t other than 

e v i d e n c e of past logg ing activity upstream of the p roposed 

mine site. Mining activity is within a t rap line a r e a o w n e d by a 

loca l t rapper , a n d within a n a r e a easily access ib le to 

recreat ional users seasonal ly. 

Because of the proximity, the p roposed lease a r e a 

exper iences essentially the s a m e wea the r a n d c l imate 

reg ime as the a d j a c e n t deve lopments within C o a l Lease #4. 

Steepness of the terrain prec ludes agricultural capabi l i ty 

within the a r e a . Genera l ly , terrain steepness a n d t imber 

qual i ty m a k e logg ing a n d m a n a g e m e n t of the site for t imber 

product ion u n e c o n o m i c a l . 

A t the present t ime, vehicu lar a c c e s s is v ia ; mine serv ice 

roads in the va l ley-bot tom north of the Mine Services Building, 

the 1989 explorat ion r o a d into the M.S.A.N. a r e a a n d the Ewin 

Pass R o a d . 

1.4 Coal Preparation Facilities 

The Line C reek opera t ion features i ndependen t c o a l 

processing facilities for thermal c o a l a n d metal lurgical c o a l . 

This process separat ion increases opera t ing flexibility, 
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maximizes p roduc t recovery a n d minimizes confl icts in 

shipping schedules. 

Raw c o a l b lend ing a n d storage is a c c o m p l i s h e d in the 

preparat ion process by the use of five 5,000 tonne c a p a c i t y 

enc losed c o n c r e t e silos. E a c h silo is a p rede te rmined , 

d e d i c a t e d storage for o n e part icular s e a m or comb ina t i on of 

seams. In add i t ion , three of the five silos a re reserved for 

metal lurgical c o a l , o n e is for thermal c o a l only, a n d the fifth 

m a y b e used for either c o a l type. 

Thermal a n d metal lurgical coa ls a re usually p rocessed in 

separa te plant facilities. With appropr ia te feeds , the plants 

a re c a p a b l e of p roduc ing up to 2.0 million tonnes per yea r of 

c l e a n thermal c o a l a n d 2.25 million tonnes per year of c l e a n 

metal lurgical c o a l . The metal lurgical c o a l preparat ion 

process design is typ ica l of the t ype required to process 

Western C a n a d i a n c o a l . It therefore emphasizes fine c o a l 

c lean ing . 

The metal lurgical p lant features a comb ina t ion of h e a v y 

med ium cyc lones , wa te r cyc lones a n d f lotat ion, fo l lowed by 

thermal drying to a c h i e v e spec i f ied moisture content . 

In the thermal p lant , raw c o a l is s c r e e n e d , then c l e a n e d in a 

h e a v y med ium ba th . Drying is not required. 
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Current run-of-mlne c o a l product ion has a r e d u c e d 

proport ion of thermal c o a l , a port ion of wh ich is t rea ted in the 

metal lurgical p lant , resulting in a n ef fect ive metal lurgical 

p lant c a p a c i t y of 2.0 million c l e a n tonnes per yea r over the 

ten year p lan . Under these condi t ions, the thermal p lant 

c a p a c i t y is significantly underuti l ized. 

Unit train load ing utilizes compu te r control with cars l o a d e d at 

a rate of 3,000 tonnes per hour. A nominal unit train consists 

of 110 cars, e a c h hold ing 94 tonnes of c l e a n c o a l . 

1.5 Manpower 

Currently, CNRL has a b o u t 470 emp loyees , of w h o m 457 a re 

a t Line Creek while the remainder a re b a s e d in Ca lga ry . 

Under the current proposal for the M.S.A.N. Pit a n d the mining 

activity schedu led on the Lease 4 Pits, no c h a n g e in 

m a n p o w e r is required. 

1.6 Union Representation 

The hourly emp loyees of Line Creek M ine (mine a n d plant 

operators, m a i n t e n a n c e a n d warehouse personnel) h a v e 

b e e n represented by the International Union of Opera t i ng 

Engineers, Loca l 115C s ince the c o m p a n y b e g a n opera t ing in 

1981. 
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Currently there is a three year co l lec t ive ag reemen t in ef fect 

wh ich expires M a y 31, 1992. 

1.7 Sales Contracts 

The fol lowing d a t a summarizes the current sales cont racts for 

all c o a l presently be ing p r o d u c e d from the Line Creek Mine. 

The p roposed M.S.A.N. Pit wou ld release c o a l that wou ld b e 

slotted into these contracts where appropr ia te . 

METALLURGICAL C O A L 

i ^ ^ ^ i f f i i l l s i l l i l l H H 
VOLUME 

l l l l l l l l l l l l l l l l l l l l l l l l : . . . . . . : 

1. Grouping of 10 
Japanese Steel Mills 

1.016+/- 10% 15 yrs. April. 1983 
to March 31. 1998 

2. Ssangyong Corp. 
for resale to 
Pohang Iron and 
Steel C o . (Korea) 

200+/- 10% 5 yrs.. April 1. 1988 
to March 31. 1993 

3. British Steel 165 + 55 option 
+/1 10% 

3 yrs.. April 1. 1990 
to March 31, 1993 extendable 

4. Massey Coal for 
resale to Inland Steel 

336 +/- 15% 3 yrs.. April 1. 1990 
to March 31, 1993 extendable 

5. Massey Coal for 
resale to USX 

220 +/- 10% l y r . J a n . 1, 1991 to 
Dec. 31. 1991 Purchase Order 
Term agreement under 
negotiations 

THERMAL C O A L 
Korea Electric 

1. Samchonpo Power Plant 

2. Poryong Power Plant 

3. Honam Power Rant 

350 +/- 10% 

400+/- 10% 

400+/-10% 

Evergreen, reviewable every 5 
years. Started fiscal 1982. 

Evergreen, reviewable every 10 
years. Started CY 1983. 

Evergreen, reviewable every 9 
years.. Started CY 1985 
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2.0 GEOLOGY 

2.7 Summary of Work Done 

Between 1975 a n d 1976 Crows Nest Industries Ltd. built the 

Ewin Pass a c c e s s r o a d , m a p p e d the Mt. M ichae l a n d Ewin 

Pass areas at a sca le of 1:12,000 a n d dril led nine reverse-

circulat ion rotary holes in the Ewin Pass a r e a . 

In 1978 Shell C a n a d a a g a i n m a p p e d the a r e a at sca les of 

1:24,000 a n d 1:12,000. Some c o a l seams were h a n d -

t renched . 

In 1979 addi t ional de ta i led sca le (1:2,000) m a p p i n g w a s d o n e 

a n d 150 metres of t renching a n d three adits were dr iven for 

bulk samples in the Ewin Pass a r e a to the north. 

Addi t iona l drilling, t renching a n d sampl ing was d o n e in Ewin 

Pass during 1980 a n d 1981. Six d i a m o n d holes a n d five rotary 

holes were dri l led, samp led a n d geophys ica l ly l o g g e d . S o m e 

of this d a t a will b e ex t rapo la ted into the M.S.A.N. a r e a as the 

geo log i ca l interpretation deve lops . 

The 1981 Mount M i c h a e l G e o l o g i c a l Report by A . Whi te 

c o v e r e d the north cent ra l a r e a of Mount M i c h a e l a n d s o m e 

of his findings were ex t rapo la ted into the Mine Services A r e a 

North Project a r e a . Physical work i nc luded extensive 

m a p p i n g a n d h a n d t renching. 
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The 1989 program o n M.S.A.N., as repor ted o n by Sharma , 

consisted of geo log i ca l m a p p i n g (1:2000), four rotary drill 

holes, b a c k h o e t renching a n d road upgrad ing in a small 

port ion of the M.S.A.N. a r e a 1.4 km north of the Mine Services 

Building. 

Work d o n e in 1990 on M.S.A.N. i nc luded 370 metres of r o a d 

construct ion, geo log i ca l m a p p i n g (1:2000 sca le) , 190 metres 

of b a c k h o e t renching, 4279 metres of CSR rotary drilling in 23 

holes a n d o n e bulk samp le site (Test Pit). 

2.2 Regional Stratigraphy and Structure 

Enclosure 2: Table of Formations 

Enclosure 3: Regional G e o l o g i c a l M a p (1:20,000) 

The Koo tenay G r o u p has b e e n subdiv ided into three 

formations; the lower Morrissey Formation, consisting of M o o s e 

Mounta in a n d Weary Ridge Members ; the Mist Mounta in 

Format ion, a n d the uppermost Elk Formation. 

The Mist Mounta in Formation of the Koo tenay G r o u p of Upper 

Jurassic-Lower C r e t a c e o u s a g e is the ma in coa l -bea r ing 

s e q u e n c e in southeastern British C o l u m b i a . It is a thick 

s e q u e n c e of c last ic sediments representing de l ta 

p rogradat ion over mar ine shales, siltstones a n d sandstones of 

the Jurassic Femie Formation. 

FS2FG2.8 
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The Moose Mountain Member \s a resistant, general ly cliff 

forming unit compr i sed of massive, med ium to coa rse 

g ra ined , med ium gray weather ing sandstone. There a re 

c o m m o n l y two c o a l horizons within this sandstone, but their 

small thickness (rarely over o n e metre) a n d the overlying 

massive sandstone m a k e them unattract ive for e c o n o m i c 

considerat ion. The distinctive nature a n d p rominence of this 

unit makes it a n easily t r a c e a b l e marker horizon throughout 

the Crows Nest C o a l Field of southeastern British C o l u m b i a . 

The Mist Mountain Formation is the main c o a l bear ing unit of 

the Koo tenay Group . It overlies con formab ly but abrupt ly the 

M o o s e Mounta in Member . 

It is compr ised of a general ly recessive, i n te rbedded 

s e q u e n c e of brownish t inted sandstones, gray to brown 

siltstones, gray a n d b lack shales, gray mudstones a n d c o a l 

seams. In the Elk C o a l Field this formation ranges in thickness 

b e t w e e n 400 metres a n d 660 metres. The c o a l seams at ta in a 

thickness of up to 10 metres a n d a lateral extent of several 

kilometres. 

The Elk Formation lies con fo rmab ly but abrupt ly over t he Mist 

Mounta in Formation. It consists of a n In terbedded s e q u e n c e 

of cliff forming sandstones, shales a n d siftstones a n d thin (less 

t han o n e metre) , sporad ic c o a l seams. 
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C o a l bear ing Mist Mounta in Formation occu r rences in the 

front ranges of southeast British C o l u m b i a are preserved in 

north/south t rending synclihes referred to as the Crowsnest 

C o a l Field. The structure within the synclines is c o m p l i c a t e d to 

vary ing degrees by thrust faults, a n d to a lesser extent, normal 

faults. 

The Crowsnest C o a l Field c a n b e subdiv ided into three c o a l 

bear ing areas. From south to north they a re the F la thead 

C o a l Field, the Fernie C o a l Field a n d the Upper Elk C o a l Field 

(where this project a r e a is l oca ted ) . 

Upper Elk Coal Field 

The Upper Elk C o a l Field is a n e longa te basin c o m p o s e d of 

two major synclines (Greenhills a n d A lexander C reek ) 

s e p a r a t e d by a n ant ic l ine a n d the northern extension of the 

Erickson Normal Fault. Line C reek is l o c a t e d a t the southern 

e n d of the northerly p lunging A lexander C reek syncline. The 

Ewin Thrust Fault causes a repea t of the east l imb of this 

syncl ine. The Mine Services A r e a North Project is l o c a t e d in 

the footwal l of this thrust fault. 

2.3 Mine Services Area North Stratigraphy and Structure 

Enclosure 4: Typical Stratigraphie Sect ions 

Enclosure 5: G e o l o g y + A c c e s s M a p (1:10,000) 

Enclosure 6: G e o l o g i c a l Cross-SeerHons (1:2,000) - 7 
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The Mine Services A r e a North (M.S.A.N.) project covers a n 

a r e a under the Line Creek val ley bo t tom a n d up on to the 

east - fac ing s lope of Mt. M ichae l . The west-d ipping M o o s e 

Mounta in M e m b e r outcrops a l o n g almost the entire length of 

the project, with b e d d i n g att i tudes ranging from 45° to 60° 

west. Up sect ion , the bulk of the interesting c o a l occurs in the 

lower 100 metres to 250 metres of the Mist Mounta in 

Formation. There are six zones conta in ing m ineab le seams, 

with individual seams ranging in thickness from 1.0 metres to 

11.0 metres. The c o a l s e a m nomenc la tu re has b e e n 

ext rapo la ted from the Line Creek Pit a n d Ewin Pass a reas into 

this project. Stratigraphic c h a n g e s are ev ident a long the 

strike from south to north. As well as s e a m c h a n g e s within 

zones, c o m p l e t e zones m o v e up a n d d o w n in the 

stratigraphic sect ion or a p p e a r to b e r e p l a c e d comp le te l y by 

major sandstone units. The geophys ica l log signature of the 

seams are consistent e n o u g h to a l low relatively easy 

correlat ion throughout the project a n d into the a d j a c e n t Ewin 

Pass d a t a to the north. 

Correlat ion of the drill ho le geophys ica l logs also shows a m p l e 

e v i d e n c e of a number of west -d ipp ing, low ang le thrust faults 

wh ich af fect bo th the Mist Mounta in Formation a n d the 

M o o s e Mounta in Member . S e a m repeats a re c o m m o n . 

At tempts h a v e b e e n m a d e to corre la te these faults f rom o n e 

cross-section to the next, but more m a p p i n g a n d drilling is 

n e e d e d to properly interpret these structures. D isp lacement 
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o n these faults ranges u p to 20 metres vertically a n d 100 

metres horizontally. 

2.4 Coal Quality 

Increment Qual i ty D a t a 

Compos i t e Qual i ty D a t a 

Loring Qual i ty D a t a 

Petrographic D a t a 

Test Pit Qual i ty D a t a 

Enclosure 7 

Enclosure 8 

Enclosure 9 

Enclosure 10: 

Enclosure 11: 

In 1990 c o a l samples for analyses were ob ta ined from reverse-

circulat ion rotary drill holes, the b a c k h o e t rench a n d the test 

pit. A variety of tests were d o n e o n these samples by the 

Crows Nest Resources Ltd.'s l a b , Loring Laboratories Ltd., a n d 

Dav id E. Pearson a n d Associates Ltd. All of the d a t a is 

i nc luded in the a b o v e enclosures, but as of yet n o summary 

of the d a t a o n a seam-by -seam basis is ava i lab le . The 

fol lowing comments a re preliminary but serve to g ive some 

i d e a of the bas ic quality: 

• Based o n CSR drill hole d a t a 

raw ash varies from 15% - 35% 

volatiles (at 1.6 S.G.) a re in the 21 - 22% range 

sulphur (at 1.6 s.g.) is low (0.3 - 0.5%) 

RoMax (at 1.6 S.G.) ranges from 1.21 -1 .29 

Calor i f ic values r a n g e from 6200 - 7800 K c a l / k g 

• There is e v i d e n c e of "Iciyering" within seams of "Met." 

a n d "Thermal" c o a l (based o n raw FSI values). The 

reason for this layering has not yet b e e n t ied to either 

FS2FG212 
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oxidat ion or petrography. S o m e of these seams m a y 

b e potent ia l c a n d i d a t e s for select ive mining in order to 

opt imize the reserves. 
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3.0 MINING PROGRAM 

Enclosure 12: M ine Plans (1:2,000) - 3 

Enclosure 13: M ine Cross Sect ions (1:2,000) - 3 

3.1 Description of Mine and Access 

The Mine Services A r e a North (M.S.A.N.) Pit is l o c a t e d 

approx imate ly 600 metres northeast of Line Creek M ine 

Services Building. The pit will b e d e v e l o p e d to mainta in the 

current c o a l f e e d to the existing plant. 

The M.S.A.N. Pit will b e d e v e l o p e d as a convent iona l truck 

shovel operat ion. The pit has b e e n des igned with a 47.5° 

overal l wal l ang le (Piteau Report PA-019). Total mater ia l 

r e m o v e d is 5.0 million tonnes of c o a l a n d 15.1 million BCM's of 

was te material . 

R o a d a c c e s s to the M.S.A.N. Pit a r e a is from beh ind the Mine 

Services Building. Initial upgrad ing of the road is to 13 metres 

a t 12% for the first 450 metres. The s e c o n d portion of the r o a d 

is built a t nine metres in width a n d g rades varying b e t w e e n 7 

a n d 11%. The 13 metre road width conforms to the Mines A c t 

for a two w a y road w h e n running a P-12 equiva lent (4.5 metre 

width), a n d the nine metre road with pull outs conforms to the 

Mines A c t for single lane traffic. 

3.2 Surface Development 

To d a t e sur face deve lopmen t has b e e n in upg rad ing the 

existing road a n d removing a bulk samp le . 

F52FG2.14 

revteod910226(TH/)b) 



15 

Projected d e v e l o p m e n t over the next five years is to u p g r a d e 

the existing r o a d for two lane traffic, a n d progress with the 

road up to the a p e x of the pit. Deve lopment in the first yea r is 

a small pit that will b e utilized to determine a n op t imum 

overal l wal l a n g l e (Enclosure 12: Mine Plans - Proposed Test 

Pit). Deve lopmen t of the r o a d will cont inue in the fol lowing 

year a l o n g with waste remova l from the north e n d of the pit. 

By year five the M.S.A.N. Pit will b e half f inished, with the 1950, 

1900,1850 a n d 1800 dumps c o m p l e t e d , a n d the 1770 d u m p 

half c o m p l e t e d (Enclosure 12: Mine Plans - Mid-Life Pit Plan). 

The final five years of mining will concen t ra te on deve lop ing 

the south e n d of the pit. The 1770,1740,1720 a n d 1690 

dumps are built into the Line C reek Val ley a n d a d u m p at 

1810 backfills the north e n d of the pit (Enclosure 12: M ine 

Plans - Ultimate Pit). 

3.3 Pit Slope Design for M.S.A.N. Pit 

The condit ions of s teep topog raphy a n d b e d d i n g d ipp ing 35° 

- 60° into the hillside h a v e s h a p e d a pit that dayl ights to the 

east a n d has a single highwall o n its west side running paral le l 

to t opog raphy a n d the strike of t he b e d d i n g . The endwal ls 

h a v e b e e n c r e a t e d naturally by s teep gullies cu t into the 

hillside. 
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The conf igurat ion of the highwall is very similar to the east 

hang ing wal l of the original North Line Creek pit. A s lope 

stability analysis of this latter wal l was c o m p l e t e d by Pi teau 

Assoc. in January 1986. Their recommendat ions h a v e b e e n 

fo l lowed for the preliminary design of the M.S.A.N. pit. Using 

12 metre b e n c h e s , a 10 metre berm is left every other b e n c h , 

for a n overal l s lope ang le of 47.5°. The failure modes 

cons ide red to control b e n c h stability a re s tepping w e d g e 

a n d s t e p p e d p lane failures. Backbreak is an t i c ipa ted to b e 

high a n d contro l led blasting should b e utilized. 

Trial slopes or s lope documen ta t i on will b e used to eva lua te 

a n d u p d a t e the s lope design o n a n ongo ing basis. 

3.4 Coal Reserves 

In the p roposed M.S.A.N. Pit, the c a l c u l a t e d waste a n d c o a l 

vo lumes a re as follows: 

Waste: 15,132,000 B C M 

C o a l : 4,859,700 R O M tonnes 

Strip Ratio: 3.11:1 

Fac to red into these numbers a re a 3% rehand le , 20% c o a l loss 

a n d a c o a l spec i f ic gravity of 1.5. For p lann ing purposes, 75% 

of these reserves a re cons ide red to b e metal lurgical c o a l a n d 

25% a re thermal c o a l . The thermal c o a l is c o m p o s e d of near-
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sur face oxidized metal lurgical c o a l a n d the "thermal" port ion 

of the layered seams as referred to in sect ion 2.4. 

3.5 Waste Disposal 

Waste disposal from the pit will compr ise eight dumps that 

w r a p a round to the north a n d o n e d u m p that backfills the 

north e n d of the p roposed pit. The w r a p a round dumps h a v e 

b e e n ana l yzed by Pi teau a n d Associates. Disposal of soils 

a n d overburden wou ld b e p l a c e d in the dumps , these wou ld 

not constitute large volumes b e c a u s e of the nature of the 

topography . 

3.6 Water Management 

A sur face water m a n a g e m e n t p lan has b e e n p r e p a r e d to 

a c h i e v e the fol lowing object ives: 

(1) Mainta in water quality in Line C reek to c o m p l y with 

Waste M a n a g e m e n t Branch permit object ives dur ing 

mine deve lopment . 

(2) Separa te all potential ly sed imen ted tributaries a n d 

surface water for a b a t e m e n t prior to d ischarge into 

Line Creek dur ing mine deve lopmen t . 
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(3) Design all hydraul ic contro l , c o n v e y a n c e a n d 

t reatment structures to hand le e x p e c t e d flows 

(minimum o n e in 10 year flow). 

Considerat ions for water m a n a g e m e n t a n d d ra i nage control 

re la ted to the M.S.A.N. deve lopmen t d e a l with the fol lowing 

areas: 

1. M ine A c c e s s R o a d Runoff 

2. Tributaries of Line Creek 

3. ' Line Creek 

4. Settling Pond /Sed imen t Traps 

3.6.1 Mine Access Road Runoff 

Runoff from the mine a c c e s s road will b e d i rec ted into 

a d i tch on the inside of the r o a d , a n d thus car r ied 

downhil l to the Mine Services A r e a a n d ultimately into 

Ponds 5 a n d 6. The d i tch will b e approx imate ly 1.5 

metres w i d e a n d 0.5 metres d e e p . 

3.6.2 Tributaries of Line Creek 

Three small creeks f low in s teep gullies l o c a t e d across 

the south, m idd le a n d north portions of the site. 

Whereas , the north gully flows year round into Line 

FS2FG2.18 
revised 910226(TH/jb) 



19 

Creek , the f low In the midd le a n d south gullies 

d isappears into the al luvium a n d coa rse col luvium of 

the Line Creek f lood p la in , indicat ing the minor nature 

of the flows in these creeks. 

The south a n d midd le gullies will b e in te rcepted by the 

pit. The north gully serves as the site for the initial was te 

d u m p . The e x p e c t e d f low rates in all the gullies is low, 

but in order to ensure that the waste d u m p will c o n v e y 

the surface flows, the d u m p will b e const ruc ted within 

the gullies using select , c o m p e t e n t , coarse-g ra ined 

waste rock. 

Sediment control will b e ma in ta ined by di rect ing the 

flow from these creeks into a d i tch lead ing to a settling 

p o n d , wh ich will b e const ruc ted immediate ly 

downst ream from the mining a r e a . It is an t i c i pa ted that 

m u c h of the flow will infiltrate to g round prior to 

reach ing the p o n d . 

3.6.3 Line Creek 

Sed imen ted runoff from the mining a r e a will b e kept 

a w a y from Line Creek by construct ion of a pro tec t ive 

berm (as out l ined in the report from Pi teau Engineer ing 

addressing the stability eva luat ion of the p r o p o s e d 

waste d u m p ) , a n d a n assoc ia ted d i tch o n the inside of 

the berm. 
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A short sect ion of Line C reek will h a v e to b e d iver ted 

but the stream gradient will not c h a n g e . 

3.6.4 Settling Ponds and Sediment Traps 

Baffle dykes m a y b e p l a c e d a t regular intervals across 

the d i tch in the val ley floor, in order to c r e a t e small 

sediment traps, a n d minimize the sediment enter ing the 

settling p o n d . This will a l low the max imum a r e a for 

infiltration within the p o n d a n d thus likely el iminate any 

direct d ischarge into Line Creek . 

Should the n e e d arise, there is a n opportunity for further 

t reatment of runoff from the mining a r e a . A longer 

sect ion of Line Creek c o u l d b e re loca ted to the east 

side of the val ley, thus c reat ing s p a c e for add i t iona l 

settling ponds. 

3.6.5 Groundwater 

This has also b e e n addressed in the report no ted a b o v e 

from Pi teau Engineering. 
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4.0 IMPACTS AND MANAGEMENT 

Enclosure 12: M ine Plans - Ultimate Pit 

Enclosure 13: M ine Cross Sect ions 

Enclosure 14: Wildlife Habi tat Units 

4.7 Wildlife 

Approx imate ly 80% of the nearly 100 h a . constituting the 

p roposed pi t /waste d u m p a r e a is Class 4 summer range for 

bighorn sheep , a n d Class 3 summer range for elk, m o o s e a n d 

mule deer . Habi tat capabi l i ty is restricted by s teep slopes 

a n d high snowfall. The a r e a conta ins several a v a l a n c h e 

tracks, wh ich contr ibute to high habi ta t diversity. 

Approx imate ly 15% of the a r e a of potent ia l d is turbance is 

Class 3 summer range for bighorn s h e e p , elk, moose a n d 

mule deer , l imited by s teep slopes, a v a l a n c h e tracks, a n d 

high snowfall. The remaining 5% of the a r e a is Class 4 summer 

range for moose , bighorn s h e e p a n d elk, a n d Class 3 summer 

range for mule deer . This a r e a is sub-alp ine m e a d o w with 

up land forest soils a n d receives high snowfal l . (Enclosure 14) 

A c c o r d i n g to Demarch i , et a l 1983 "Wildlife Capab i l i t y 

Classif icat ion for British C o l u m b i a : A n Eco log ica l (Biophysical) 

A p p r o a c h For Ungulates", winter r ange availabil i ty is usually 

the limiting fac tor for ungulate populat ions. There is a n a r e a 

of Class 3 moose winter range in the val ley bo t tom a d j a c e n t 

to t he p roposed deve lopmen t , but mining activity will not 

e n c r o a c h o n it. Class 3 m o o s e winter r ange has m o d e r a t e 

capabi l i ty , a n d c a n support 1.6-3.0 animals per square 
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kilometre per yea r under op t imum condi t ions, therefore every 

effort will b e m a d e to minimize enc roachmen t . 

Class 3 a n d 4 summer range h a v e mode ra te to low 

capabi l i t ies respect ively a n d c a n support 0.4 to 3.0 animals of 

a n y o n e spec ies listed per square kilometre per year . The 

p roposed pit a n d d u m p d e v e l o p m e n t encompasses 

approx imate ly o n e square ki lometre, all of wh ich is summer 

range , not general ly cons idered limiting. It is an t i c i pa ted that 

bighorn sheep utilizing the a r e a irregularly throughout the 

spring, summer a n d fall will cont inue to d o so as mining 

progresses, as has b e e n the exper ience with Line Ridge 

mining deve lopmen t to da te . Research indicates that m o o s e 

a re highly tolerant to loud noises a n d mining mach inery 

activity as long as they a re a b l e to wi thdraw from it a t will, 

a n d a re e x p e c t e d to cont inue to use the a d j a c e n t Class 3 

winter range w h e n not limited by e c o l o g i c a l factors like high 

snowfal l . Elk a n d d e e r a re e x p e c t e d to avo id the ac t i ve 

mining a r e a during deve lopmen t , but will benefi t from 

rec lamat ion efforts. Mining will d i sp lace approx imate ly 100 

h a . of summer range in the short term, wh ich will b e r e p l a c e d 

by rec lamat ion over the life of the mine. 

Rehabi l i tat ion of the site will involve establ ishment of 

vege ta t ion o n res loped was te dumps to r e p l a c e wildlife 

habi ta t capabi l i t ies temporari ly d i s p l a c e d by mine 

deve lopmen t . The pit a n d assoc ia ted waste dumps c o v e r 
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approx imate ly 100 h a . , of wh ich approx imate ly 58 h a . will b e 

re -vege ta ted to grasses, shrubs a n d conifers a t 

a b a n d o n m e n t . Planting highly product ive ag ronomic grasses 

a n d legumes has b e e n demonst ra ted in the Elk Val ley to 

significantly increase the carry ing c a p a c i t y of some hab i ta t 

types. Where summer range is be ing r e p l a c e d , successful 

rec lamat ion is e x p e c t e d to r e p l a c e e n o u g h range to support 

the number of animals as were previously suppor ted. 

Site restoration will b e ongo ing , c o m m e n c i n g with 

rec lamat ion of early construct ion disturbances a n d 

cont inuing until all was te d u m p areas h a v e b e e n successfully 

re -vegeta ted . Deta i led annua l rec lamat ion plans will b e 

forecast in the appropr ia te Rec lamat ion Permit reports 

submit ted annual ly to the H e a d of Rec lamat ion , Ministry of 

Energy, Mines a n d Petroleum Resources. The c o m p a n y will 

regularly monitor rec lamat ion success to ensure that e n d 

land-use object ives (re-establishment of wildlife habi tat) a re 

be ing met. 

4.2 Fisheries 

Line C reek in the lower vicinity of the p roposed d e v e l o p m e n t 

is desc r ibed by B.C. Research (Stage II Environmental Study of 

the Line Creek Project, 1977) as "narrow, shal low a n d straight 

with few pools". A v e r a g e gradient is 1.7%, a n d poo l va lue is 

ra ted as Class 2 (depth approx imate ly 2 feet a n d length 

greater than a v e r a g e c h a n n e l width). Swift, straight, thickly 
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v e g e t a t e d riffle areas a re c o m m o n . The p resence of 

cut throat trout a n d bull trout a re p robab le but unconf i rmed. 

In the upper stream reaches a d j a c e n t to the p l a n n e d pit, Line 

C reek flows a re intermittent, f lowing underground in p laces . 

N o fish populat ions are e x p e c t e d to persist in this a r e a . 

A t oe berm a n d col lector d i tch b e t w e e n the mine 

d e v e l o p m e n t a n d Line Creek will b e const ruc ted to mainta in 

wa te r quality a n d c h a n n e l integrity in the st ream, a n d pro tec t 

the riparian habi tat wh ich constitutes a portion of the Class 3 

winter range for moose . A fisheries mit igation p rogram to 

offset the loss of fish populat ions d i sp l aced by the rock drain 

in Line C reek upstream of the c o n f l u e n c e with South Line 

C reek has a l ready b e e n imp lemented . Addi t iona l work to 

finalize the project will b e under taken in 1991, a n d will involve 

riprap p l a c e m e n t on Line Creek a n d plant ing of wil low 

c lumps within the South Line C reek diversion c h a n n e l . A 

monitoring program is ongo ing to ascer ta in that the fisheries 

mit igation work is ef fect ive, a n d main tenance- f ree . 

4.3 Recreation/Trapping 

Veh i c l e a c c e s s to the upper Line C reek val ley is ava i l ab le to 

hunters a n d other recreationists v ia summer r o a d from the 

G r a v e Lake a r e a . Winter a c c e s s is a lso ava i lab le to 

snowmobi les over this s a m e route, wh ich skirts ac t i ve mining 

a reas to ensure publ ic a n d worker safety. Deve lopmen t 

assoc ia ted with the p roposed mine will e n c r o a c h o n a 
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port ion of the a c c e s s r o a d to the upper val ley, a n d the 

c o m p a n y will ensure that a c c e s s is ma in ta ined to those 

areas , possibly through construct ion of a short bypass road . A 

port ion of the waste d u m p deve lopmen t m a y imp inge o n a 

trapl ine a n d c a b i n o w n e d by a loca l t rapper. To el iminate 

possible safety hazards assoc ia ted with waste d u m p 

construct ion, the c o m p a n y will under take to d e v e l o p a n 

ac t ion p lan that will re-establish the t rapper '^ facilities in a n 

a r e a not subject to future mining d is turbance. 

4.4 Archaelogical/Historic Resources 

Prior to deve lopmen t of the Line Creek Mine , a Her i tage 

Resource Assessment was c o m p l e t e d in 1976, wh ich 

invest igated the Line Creek /Ewin Pass a r e a for e v i d e n c e of 

historic her i tage sites. A four m a n survey t e a m c o n d u c t e d 

a r c h a e o l o g i c a l reconna issance for a six w e e k per iod , a n d 

identif ied sites in the lower Line Creek c a n y o n a r e a , as wel l as 

e v i d e n c e of prehistoric cultural deposits at the summit of the 

west p a s s a g e of Ewin Pass. The report d o e s not d o c u m e n t 

the existence of cultural sites in the a r e a enc losed by this 

proposal . (Choque t te , 1976) 

4.5 Nitrogen Export 

Ferguson a n d Leask (1988) d e v e l o p e d a p rocedu re for 

forecast ing nitrogen export from C o a l Mines as a funct ion of 

t y p e a n d quanti ty of explosives used. 
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For mines using A N F O , annua l ni trogen export was 0.2% of the 

nitrogen c o n t a i n e d in the A N F O , 98% of wh ich s h o w e d up as 

a n increase in nitrate values in receiv ing waters. A N F O is 

cons idered to b e 33% N by weight . A t a p o w d e r fac tor of 

0.47 (kg A N F O per B C M of waste rock), it takes 705,000 kg of 

A N F O to p r o d u c e the 1,500,000 B C M of waste rock annual ly 

for this pit deve lopmen t , wh ich equa tes to a nitrogen con ten t 

of 232,650 kg. The annua l nitrogen release forecast by the 

Ferguson a n d Leask (1988) m e t h o d wou ld b e 465 kg . 

Nanuk (1988) used measured concentra t ions of nitrate, nitrite 

a n d total a m m o n i a from J a n . 1983 to D e c . 1988 o n Line 

C reek to ca l cu la te the distribution of load ing on a monthly 

basis as a p e r c e n t a g e of annua l l oad . Flows in Line C reek 

downs t ream of the p roposed deve lopmen t a re re la ted to 

measu red flows at the mouth using a ratio of d ra i nage areas 

of the two sites. The d ra inage areas are: 

(a) Line Creek at mouth 138 k m 2 

(b) Line Creek U/S p roposed pit 30.5 k m 2 

Using this ratio, flows in Line C reek upstream of the loca t ion of 

the p roposed deve lopmen t a re 22% of flows measu red a t the 

mouth. 

The tota l potent ia l annua l nitrogen export from the 

d e v e l o p m e n t is appor t i oned over t he yea r a c c o r d i n g to the 
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monthly pe rcen tages d e v e l o p e d in Nanuk Engineering 1989, 

p roduc ing the fol lowing total monthly increases: 

isisiiiijiiiji OF NITROGEN ADDITION 
•ROM 

PROPOSED DEVELOPMENT (KG) 

January 5.4 25.1 

February 3.8 17.7 

March 3.1 14.4 

April 12.5 58.1 

May 17.8 82.8 

June 19.1 88.8 

July 8.3 38.6 

August 7.4 34.4 

September 6.4 29.8 

October 8.0 37.2 

November 4.2 19.5 

December 4.0 18.6 

1SIB11111IIII j^^Hi l l i i iB lS l5 i l l i l lB 

Load ing is c a l c u l a t e d by app ly the monthly nitrogen 

ava i lab le for export to the a v e r a g e minimum daily f low on 

Line C reek at the p roposed deve lopmen t site. Flows from the 

d ra inage a r e a upstream of the site a re c a l c u l a t e d , a n d 

potent ia l increases in nitrogen load ing are as follows: 
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! ! i i ! B ! ! i l ! : ! l 
DAILY FLOW 

i i i i i i S i i i i i i i M 

CHANGE IN 
CONCENTRATION 

OF NITROGEN 
O'L) 

January .0869 .8097 0.108 

February .0867 .632 0.084 

March .0899 .4645 0.059 

April .1096 1.937 0.205 

May .4129 2.671 0.075 

June .964 2.96 0.036 

July .4066 1.245 0.035 

August .2673 1.11 0.048 

September .2112 .993 0.054 

October .1797 1.2 0.077 

November .1223 .65 0.061 

December .0968 .6 0.072 

Of these nitrogen c o m p o u n d increases d u e to export from 

blast ing, Nanuk (1989) suggests that the inorganic ni t rogen 

l o a d is 87% nitrate-N, 11% a m m o n i a - N a n d 2% nitrite-N. 

A d d i n g these values to a v e r a g e nitrogen concent ra t ions just 

downst ream of the proposed deve lopmen t at water 

sampl ing station 0200335 represents a n est imate of e x p e c t e d 

water quality as a result of A N F O use during mining. The 

reco rded values for nitrogen at station 0200335 represent 

nitrate plus nitrite plus a m m o n i a a v e r a g e d by month over a 
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five year sampl ing p rog ram, 1983 -1988 a n d presented in 

Nanuk(1989). 

i i i i i i i i i i i i i i 

CONCENTRATION AT 
EXPECTED N CONCENTRATION 

MENT 

January 0.188 0.296 

February 0.153 0.237 

March 0.305 0.364 

April 0.171 0.376 

May 0.043 0.118 

June 0.097 0.133 

July 0.047 0.082 

August 0.058 0.106 

September 0.064 0.118 

October 0.115 0.192 

November 0.107 0.168 

December 0.099 0.171 

Nanuk (1989) states that l each ing of explosive residue from 

the waste rock will result from surface runoff a n d vert ical 

perco la t ion of precipi tat ion, a n d that these mechan isms are 

assumed to export nitrogen over a longer t ime f rame than 

within the s a m e year the waste is p l a c e d in the d u m p . 
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4.6 Reclamation 

The ob jec t ive of project rec lamat ion will b e to re-establish 

wildlife habi ta t values similar to those that existed prior to 

mining. Rec lamat ion a t Line C reek involves the rehabil i tat ion 

of mining disturbances such that a diverse, ef fect ive a n d self-

sustaining mosa ic of nat ive a n d ag ronomic vege ta t ion 

spec ies a n d other ab io t ic t opog raphy features such as rock 

piles, snags, c racks , ledges , holes a n d sur face undulat ions are 

p rov ided in a comb ina t ion suitable as wildlife habi tat . The 

a im is to prov ide habi tat wh ich is c o m p a t i b l e with the needs 

of elk a n d Rocky Mounta in Bighorn S h e e p during spring, 

summer, a n d early fall, the per iod of potent ia l use by these 

spec ies on Line Ridge. These two spec ies are c o m m o n to the 

a r e a both prior to a n d during the mining opera t ion , a n d a re 

therefore the target spec ies for C .N .R .L rec lamat ion efforts 

(B.C. Research 1977,TAESCO 1982,TAESCO 1983). By 

improving the habi tat for a key wildlife spec ies , it is e x p e c t e d 

that other wildlife species will benef i t as wel l , s ince the 

c o m p l e x of wildlife spec ies within a g iven plant commun i ty 

general ly h a v e similar habi ta t requirements (Green & Y o n g e , 

1984). Waste d u m p s lope ang les will b e r e d u c e d as required 

to ensure stability for vege ta t ion re-establishment. 

Opera t iona l mine p lann ing will incorporate measures to 

sa l vage till/topsoll where feasible. The mater ia l will b e 

s tockpi led o n was te d u m p platforms, then sp read after 

resloping to a c c e l e r a t e vege ta t i on re-establishment. 

O n g o i n g research a t the Line C reek mine has identi f ied a n 

FS2FG2.30 
revised 91022«TH/Jb) 



31 

effect ive mix of grasses a n d legumes that readily prov ide 

vege ta t i ve c o v e r o n rec la imed was te d u m p slopes, as wel l as 

fo rage for ungulates using the a r e a . Rec lamat ion techn iques 

will b e incorpora ted to d e v e l o p topog raphy features 

c a p a b l e of providing habi tat diversity, a n d will fol low the 

guidel ines establ ished in the Rec lamat ion Plan for 

Rec lamat ion Permit C-129. It is the company ' s intention to 

k e e p rec lamat ion fol lowing closely beh ind mining to minimize 

the amount of a r e a that is under d is turbance a t any o n e 

t ime. The final mine conf igurat ion after rec lamat ion is 

illustrated in Enclosure 12: Mine Plan - Ult imate Pit a n d 

assoc ia ted cross sections. 

Backfil l ing will cove r in a port ion of the pit a r e a , a n d these 

dumps within the pit will also b e subject to rec lamat ion similar 

to the out-of-pit dumps. Where backfi l l ing is not feasib le, a 

depression will remain that will eventual ly partially fill with 

water to as yet unknown recovery levels. In-pit p o n d 

d e v e l o p m e n t will b e moni tored to determine the potent ia l for 

establ ishment of willow or other shoreline vege ta t ion as 

fo rage for moose in the a r e a . As wel l , the potent ia l for a 

p o n d fishery will b e invest igated. 

4.7 Logging 

M e r c h a n t a b l e t imber will b e r e m o v e d from the site prior to 

deve lopmen t . 
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ENCLOSURE 7 



LEGEND FOR MEDS COMPUTER DATABASE LISTING OF MSA NORTH DRILL HOLE DATA 

HOLE UTM UTM ELEVATION TOTAL 

NO. EASTING NORTHING (m) AZIMUTH PLUNGE 

R16 661342.60 5537058.30 1775.60 67.00 -67.00 

R16 DEVIATION} FROM 0.00 TO 10.00 INTERVAL 10.00 AZIMUTH 67.00 PLUNGE -67.00 

R16 DATA) (m) 10.00 (m) 126.00 116.00 • 78.00 69.40 

R16 

R16 GEOPHYSICAL 

R16 DEPTH On) HORIZON/ MEDS RAW RAW 

R16 TOP BASE INTERVAL SEAM CODE ASH FSI 

R16 11.40 12.20 0.80 8L3 -1. 31.4 0.5 

R16 12.60 14.80 2.20 8L4 -1. 31.4 0.5 

R16 16.00 18.40 2.40 8L5 -1. 24.5 0.5 

R16 20.40 22.80 2.40 8L6 -1. 42.1 4.0 

R16 28.40 35.60 7.10 9U -1. 29.3 2.5 

R16 36.00 37.00 1.00 9U -1. 29.3 2.5 

R16 37.00 37.10 0.10 H20 -1. -1.0 -1.0 

R16 38.60 40.90 2.30 9U -1. 29.3 2.5 

R16 60.00 63.60 3.60 9L -1. 32.1 1.0 

R16 66.00 75.80 9.80 10B -I.**' 32.1 1.0 

• IN DEGREES FROM TRUE NORTH 

0 DEGREES-HORIZONTAL 

-90 DEGREES-VERTICAL 
••• -1 INDICATES'NO DATA' 

0UQLAM.WK1 

t1M2S<IH/)b) 



R l 661405.09 5537031. 79 1753. 84 141 .00 -81 .00 95 
R l 0.00 5. 00 5. 00 141 .00 -81 .00 
Rl. 5.00 20. 00 15. 00 132 .00 -83 .30 
R: 20.00 95. 50 75. 50 110 .00 85 .90 
R l 
R l 7 . 00 18.30 11.30 10B -1 15 .3 1 .0 
R l 18. 80 20.20 1.40 10B -1 7 .7 1 .0 
R l 22 . 00 23.10 1.10 10B -1 46 .0 0 .5 
R l 29 . 60 30.20 0.60 10A -1 • 67 .0 1 .0 
R l 47 . 00 52.60 12.00 10B -1 21 .0 3 .5 
R l 53 . 30 59.00 0.10 10B -1 -1 .0 -1 .0 
R l 64. 50 65.50 1.00 10A -1 28 .0 5 .0 
R l 76. 00 95.50 19.50 MMST -1 • -1 .0 -1 .0 

R2 661418.40 5537000. 10 1739. 70 140 .00 82 .00 96 
R2 0.00 5. 00 5 . 00 140 .00 88 .50 
R2 5.00 40. 00 35. 00 140 .00 88 .00 
R2 40.00 96. 00 56. 00 140 .00 83 .50 
R2 40.00 96. 20 56. 20 108 .00 87 .90 
R2 
R2 19. 50 22.20 2.70 9L -1 « -1 .0 -1 .0 
R2 24. 60 42.20 17.60 10B -1 • 14 .3 2 .5 
R2 50 . 50 51.20 0.70 10A -1 • -1 .0 -1 .0 
R2 79 . 80 96.20 16.40 MMST -1 • -1 .0 -1 .0 

R3 661385.00 5536989. 80 1737. 60 0 .00 90 .00 115 
R3 0.00 115. 00 115. 00 0 .00 90 .00 
R3 
R? 26 . 20 31.30 5.10 9L -1 29 .1 1 .0 
R3 34. 40 45.50 11.10 10B -1 15 .8 3 .0 
R3 45. 50 47.60 2.10 10B -1 64 .4 0 .0 
R3 53 . 30 54.00 0.70 10A -1 -1 .0 -1 .0 
R3 74. 00 90.40 16.40 MMST -1 -1 .0 -1 .0 
R3 90. 40 91.10 0.70 10A -1 33 .9 3 .5 
R3 92. 40 95.70 3.30 10A -1 33 .9 1 .0 
R3 102. 00 115 . 00 13.00 MMST -1 • -1 .0 -1 .0 

R4 661356.70 5536972. 10 1733. 00 0 .00 90 .00 136 
R4 
R4 0. 00 7.80 7.80 1. -1.0 -1.0 -R4 7 . 80 10.00 2.20 8L6 -1 35 .0 4 .5 
R4 18. 80 31.70 12.90 9U -1 25 .3 3 .0 
R4 33 . 40 34.80 1.40 9U -1 34 .0 4 .0 
R4 67. 20 75.00 7.80 9L -1 17 .1 1 .5 
R4 80. 00 94.50 14.50 10B -1 17 .2 3 .5 
R4 102. 40 103.60 1.20 10A -1 -1 .0 -1 .0 
R4 114. 00 114.60 0.60 10A -1 -1 .0 -1 .0 
R4 126. 00 136.00 10.00 MMST -1 • -1 .0 -1 .0 

R5 661529.30 5536211. 70 1587. 00 0 .00 90 .00 181 
R5 0.00 40. 00 40. 00 55 .00 90 .00 
R5 40.00 50 . 00 10. 00 145 .00 88 .60 
R5 50.00 70. 00 20 . 00 257 .00 86 .80 
R5 
© i 

70.00 181. 00 111. 00 81 .00 84 .60 

R5 0. 00 33.50 33.50 GRVL -1 -1 .0 -1 .0 
R5 76. 80 86.00 9.20 9L -1 -1 .0 -1 .0 
R5 86. 80 88.40 1.60 9L -1 -1 .0 -1 .0 
R5 89. 80 98.50 8.70 10B -1 -1 .0 -1 .0 
R5 99. 70 100.90 1.20 10B -1 -1 .0 -1 .0 



R5 108.30 110.40 2.10 10A - 1 . -1 .0 -1 .0 
R5 118.00 120.20 2.20 10A - 1 . -1 .0 -1 .0 
R* 141.00 181.00 40.00 MMST - 1 . -1 .0 -1 .0 

R7 661510.60 5536685. 40 1696. 70 0 .00 90. 00 138 
R7 
R7 1.60 4.50 2.90 9L - 1 . 27 .4 0 .0 
R7 5.50 7.40 1.90 9L - 1 . 27 .4 0 .0 
R7 10.20 14.90 4.70 10B - 1 . 27 .9 1 .5 
R7 15.90 17.40 1.50 10B - 1 . 27 .9 1 .5 
R7 24.40 25.30 0.90 10A - 1 . 22 .2 1 .0 
R7 32.50 138.50 106.00 MMST - 1 . -1 .0 -1 .0 

R8 661244.90 5537232. 30 1899. 20 70 .00 61. 80 217 
R8 0.00 10. 00 10. 00 70 .00 61. 80 
R8 10.00 40. 00 30. 00 70 .00 59 . 30 
R8 40.00 90. 00 50. 00 70 .00 61. 90 
R8 90.00 217. 00 127. 00 70 .00 62. 80 
R8 
R8 1.80 6.60 4.80 CO - 1 . 27 .3 0 .0 
R8 14.20 15.60 1.40 CO - 1 . -1 .0 -1 .0 
R8 91.30 101.80 10.50 8U - 1 . 14 .9 3 .0 
R8 108.50 112.20 3.70 8L1 - 1 . 28 .9 4 .5 
R8 122.50 123.00 0.50 8L3 - 1 . -1 .0 -1 .0 
R8 124.00 124.40 0.40 8L3 - 1 . -1 .0 -1 .0 
R8 125.10 127.20 2.10 8L4 - 1 . -1 .0 -1 .0 
R8 132.40 133.80 1.40 8L6 - 1 . 44 .4 1 .0 
R8 151.50 159.20 7.70 9U - 1 . 32 .7 3 .0 
P 160.20 160.70 0.50 9U - 1 . -1 .0 -1 .0 
Rv. 162.10 163.80 1.70 9U - 1 . 26 .3 2 .0 
R8 182.60 187.70 5.10 9L - 1 . 21 .2 2 .0 
R8 190.20 198.40 8.20 10B - 1 . 22 .7 2 .5 
R8 202.30 203.00 0.70 10A - 1 . -1 .0 -1 .0 
R8 214.00 217.00 3.00 MMST - 1 . -1 .0 -1 .0 

R9 661389.80 5536921. 50 1726. 70 0 .00 90. 00 105 
R9 0.00 20 . 00 20. 00 0 .00 90. 00 
R9 20.00 30. 00 10. 00 80 .00 87. 40 
R9 30.00 105. 60 75 . 60 80 .00 86. 60 
R9 
R9 8.40 10.30 1.90 9U - 1 . 19 .8 -1 .0 
R9 12.00 12.10 0.10 H20 - 1 . -1 .0 -1 .0 
R9 26.30 26.80 0.50 CO - 1 . -1 .0 -1 .0 
R9 42.20 50.50 8.30 9L - 1 . 22 .6 2 .5 
R9 54.60 68.20 13.60 10B - 1 . 21 .2 2 .5 
R9 77.10 77.70 0.60 10A - 1 . -1 .0 -1 .0 
R9 86.00 105.60 19.40 MMST - 1 . -1 .0 -1 .0 

RIO 661342.60 5537058. 30 1775. 60 0 .00 90. 00 168 
RIO 0.00 90. 00 90. 00 172 .00 88. 40 
RIO 90.00 160. 00 70. 00 136 .00 86. 60 
RIO 
RIO 22.00 22.60 0.60 8L3 - 1 . 68 .0 1 .0 
R 1 " 23.60 24.70 1.10 8L3 - 1 . 68 .0 1 .0 
R 27.60 31.20 3.60 8L4 - 1 . 36 .4 2 .5 
RIO 32.50 33.50 1.00 CO - 1 . -1 .0 -1 .0 
RIO 36.00 38.40 2.40 8L6 - 1 . 40 .8 3 .5 
RIO 39.50 40.20 0.70 CO - 1 . -1 .0 -1 .0 
RIO 48.60 61.50 12.90 9U - 1 . 28 .0 1 .5 
RIO 63.20 64.40 1.20 9U - 1 . 27 .7 4 .0 



RIO 85. 00 86.00 1.00 CO - 1 . -1 .0 -1 .0 
RIO 89. 50 96.10 6.60 9L - 1 . 13 .2 1 .0 
R^° 100. 60 112.60 12.00 10B - 1 . 17 .0 2 .5 
R 119. 40 120.60 1.20 10A - 1 . -1 .0 -1 .0 
RIO 140. 00 155.70 15.70 MMST - 1 . -1 .0 -1 .0 
RIO 155. 70 159.00 3.30 CO - 1 . 23 .0 2 .5 

R l l 661394.40 5537088 .80 1776 .20 0. 00 90. 00 107.0 
R l l 0.00 10 .00 10 .00 166. 00 90. 00 
R l l 10.00 30 .00 20 .00 120. 00 86. 30 
R l l 30.00 60 .00 30 .00 133. 00 85. 00 
R l l 60.00 107 .00 47 .00 132. 00 85. 10 
R l l *»-

R l l 5 . 60 6.60 1.00 CO - 1 . 21 .2 1 .0 
R l l 7 . 30 12.50 5.20 9L - 1 . 21 .9 1 .0 
R l l 13. 00 16.40 3.40 9L - 1 . 21 .9 1 .0 
R l l 17. 90 18.50 0.60 CO - 1 . -1 .0 -1 .0 
R l l 20 . 40 33.50 13.10 10B - 1 . 17 .4 2 .0 
R l l 41 . 60 42.50 0.90 10A - 1 . -1 .0 -1 .0 
R l l 49 . 00 66.00 17.00 MMST - 1 . -1 .0 -1 .0 
R l l 66. 00 66.10 0.10 F - 1 . -1 .0 -1 .0 
R l l 70 . 00 81.20 11.20 10B - 1 . 17 .6 3 .5 
R l l 90. 00 91.20 1.20 10A - 1 . 40 .2 2 .5 
R l l 98. 00 107.00 9.00 MMST - 1 . -1 .0 -1 .0 

R12 
R12 
R12 
P 
Rx_ 
R12 

661307.40 
0.00 

10.00 
70.00 

130.00 

5537076.10 
10.00 
70.00 

130.00 
197.00 

1792.60 
10.00 
60.00 
60.00 
67.00 

65.00 
48.00 
69.00 
79.00 
74.00 

•80.00 
•80.00 
•79.00 
•77.50 
•77.30 

197.0 

R12 18.60 34.00 15.40 8U - 1 . 17.2 3.0 
R12 39.60 44.70 5.10 8L1 - 1 . 28.1 3 .5 
R12 63.80 64.40 0.60 8L3 - 1 . 48 .6 2 .0 
R12 66.40 68.80 2.40 8L4 - 1 . 39 .7 2.0 
R12 72.50 74.00 1.50 8L5 - 1 . 11.6 6.0 
R12 76.60 78.30 1.70 8L6 - 1 . 37.2 1.5 
R12 88.60 99.20 10.60 9U - 1 . 26 .6 4.0 
R12 100.20 100.60 0.40 9U - 1 . 50 .0 2 .5 
R12 119.80 122.60 2.80 9L - 1 . 21 .3 2 .0 
R12 126.00 136.00 10.00 10B - 1 . 16.0 4.0 
R12 140.50 141.00 0.50 10A - 1 . 38 .9 0.5 
R12 146.00 174.90 28.90 MMST - 1 . - 1 . 0 - 1 . 0 
R12 174.90 175.60 0.70 10A - 1 . 38 .6 3 .5 
R12 192.40 193.20 0.80 CO - 1 . - 1 . 0 - 1 . 0 

R13 
R13 
R13 
R13 
R13 

661349.10 
0.00 

55.00 
95.00 

5537105.80 
55.00 
95.00 

137.00 

1794.40 
10.00 
60.00 
67.00 

0.00 
65.00 

140.00 
116.00 

•90.00 
•90.00 
•87.90 
•86.40 

137.0 

R13 11.40 13.80 2.40 CO - 1 . 18.7 1.0 
R13 32.60 44.00 11.40 9U - 1 . 29.2 4.0 
R ^ 46.00 48.00 2.00 9U - 1 . 29.2 4.0 
R. 50.00 51.20 1.20 9U - 1 . 29 .2 4.0 
R13 52.90 55.00 2.10 9U - 1 . 29.2 4.0 
R13 85.60 87.00 1.40 9L - 1 . 33 .6 1.0 
R13 91.10 103.20 12.10 10B - 1 . 20.4 2 .5 
R13 107.50 108.20 0.70 10B - 1 . 47.2 2.0 
R13 109.20 110.40 1.20 10A - 1 . - 1 . 0 - 1 . 0 



R13 120.00 137.00 17.00 MMST - 1 . - 1 . 0 - 1 . 0 

661349.00 5537106. 00 1794. 40 60 .00 50 . 00 166 
I 0.00 125. 00 125. 00 65 .00 49. 00 
R15 125.00 166. 00 41 . 00 72 .00 52. 00 
R15 
R15 4.50 6.00 1.50 CO - 1 . 25 .9 0.0 
R15 15.10 21.40 6.30 9U - 1 . 28 .7 0.5 
R15 22.00 23.20 1.20 9U - 1 . 28 .7 0.5 
R15 24.30 25.10 0.80 9U - 1 . 28 .7 0.5 
R15 26.20 27.70 1.50 9U - 1 . 28 .7 0.5 
R15 48.20 53.70 5.50 9L - 1 . 20.8 2.0 
R15 55.50 63.00 7.50 10B - 1 . 23.1 2.0 
R15 68.30 69.10 0.80 10B - 1 . 49.2 1.0 
R15 76.00 76.10 0.10 F - 1 . - 1 . 0 - 1 . 0 
R15 77.10 86.70 9.60 10B - 1 . 20 .7 3.0 
R15 92.60 93.10 0.50 10A - 1 . 44 .5 2 .5 
R15 101.00 115.00 14.00 MMST - 1 . - 1 . 0 - 1 . 0 
R15 115.00 116.50 1.50 CO - 1 . - 1 . 0 - 1 . 0 

R16 661342.60 5537058. 30 1775. 60 67 .00 67. 00 126 
R16 0.00 10. 00 10. 00 67 .00 67. 00 
R16 10.00 126. 00 116. 00 78 .00 63. 40 
R16 
R16 11.40 12.20 0.80 8L3 - 1 . 31.4 0.5 
R16 12.60 14.80 2.20 8L4 - 1 . 31.4 0.5 
R16 16.00 18.40 2.40 8L5 - 1 . 24 .5 0.5 
R16 20.40 22.80 2.40 8L6 - I . 42.1 4.0 
F 28.40 35.50 7.10 9U - 1 . 29 .3 2 .5 
R^o 36.00 37.00 1.00 9U - 1 . 20 .3 2 .5 
R16 37.00 37.10 0.10 H20 - 1 . - 1 . 0 - 1 . 0 
R16 38.60 40.90 2.30 9U - 1 . 29 .3 2 .5 
R16 60.00 63.60 3.60 9L - 1 . 32.1 1.0 
R16 66.00 75.80 9.80 10B - 1 . 32.1 1.0 
R16 78.80 79.60 0.80 10A - 1 . - 1 . 0 - 1 . 0 
R16 85.00 107.00 22.00 MMST - 1 . - 1 . 0 - 1 . 0 
R16 107.00 110.00 3.00 10B - 1 . - 1 . 0 - 1 . 0 
R16 112.60 113.60 1.00 10A - 1 . - 1 . 0 - 1 . 0 
R16 114.70 116.30 1.60 10A - 1 . 47.2 1.5 

R17 661394.40 5537088. 80 1776. 20 77 .00 58 . 50 95 
R17 
R17 3.70 8.90 5.20 9L - 1 . 14.7 0.0 
R17 11.60 18.40 6.80 10B - 1 . 18.3 1.0 
R17 22.00 22.60 0.60 10A - 1 . - 1 . 0 - 1 . 0 
R17 30.80 32.90 2.10 9L - 1 . 12.1 2 .5 
R17 33.40 35.00 1.60 9L - 1 . 12.1 2 .5 
R17 37.30 45.60 8.30 10B - 1 . 19.7 2 .5 
R17 50.90 51.60 0.70 10A - 1 . - 1 . 0 - 1 . 0 
R17 57.50 76.60 19.10 MMST - 1 . - 1 . 0 - 1 . 0 
R17 76.60 78.20 1.60 CO - 1 . 26 .0 2 .0 

R18 661383.30 5536984. 80 1737. 00 70 .00 73 . 00 102 
P * n 0.00 10. 00 10. 00 70 .00 75 . 00 
L 10.00 90. 00 80. 00 70 .00 73. 80 
R18 
R18 20.00 20.10 0.10 H20 - 1 . - 1 . 0 - 1 . 0 
R18 20.40 26.40 6.00 9L - 1 . 23 .7 2 .0 
R18 29.30 37.70 8.40 10B - 1 . 21 .0 2 .5 
R18 38.40 38.90 0.50 10B - 1 . 21.0 2 .5 



R18 56.00 56.10 0.10 
R18 56.50 84.50 28.00 
R3° 84.50 85.00 0.50 
R. 87.00 102.00 15.00 

R20 661249.40 5537021. 
R20 0.00 80. 
R20 80.00 160. 
R20 160.00 215. 
R20 215.00 245. 
R20 245.00 268. 
R20 
R20 24.00 24.10 0.10 
R20 32.80 34.40 1.60 
R20 115.0 115.10 0.10 
R20 121.00 136.80 15.80 
R20 141.50 146.00 4.50 
R20 149.00 149.10 0.10 
R20 150.00 151.50 1.50 
R20 152.60 153.40 0.80 
R20 154.00 156.20 2.20 
R20 157.40 158.90 1.50 
R20 161.30 163.00 1.70 
R20 169.00 169.10 0.10 
R20 169.40 173.50 4.10 
R20 175.20 176.60 1.40 
R20 179.00 179.80 0.80 
R20 184.50 186.10 1.60 
R' 192.40 194.40 2.00 
Ric w 222.00 222.10 0.10 
R20 222.90 230.60 7.70 
R20 233.40 242.00 8.60 
R20 243.20 244.00 0.80 
R20 247.30 248.00 0.70 
R20 254.50 268.00 13.50 

R21 661255.70 5538505. 
R21 
R21 7.40 8.40 1.00 
R21 54.60 55.60 1.00 
R21 64.00 64.10 0.10 
R21 64.20 71.20 7.00 
R21 71.80 75.20 3.40 
R21 75.60 76.70 1.10 
R21 81.60 87.60 6.00 
R21 87.70 87.80 0.10 
R21 89.00 97.60 8.60 
R21 98.00 100.00 2.00 
R21 106.00 110.60 4.60 
R21 115.50 223.00 107.50 

R22 661255.70 5538505. 
R22 

45.00 45.10 0.10 
R. 63.10 63.50 0.40 
R22 65.00 66.00 1.00 
R22 68.40 69.80 1.40 
R22 72.00 72.10 0.10 
R22 83.80 98.90 15.10 
R22 100.50 101.90 1.40 

F? - 1 . - 1 . 0 - 1 . 0 
MMST - 1 . - 1 . 0 - 1 . 0 
CO - 1 . - 1 . 0 - 1 . 0 
MMST - 1 . - 1 . 0 - 1 . 0 

.00 1796.80 70.00 -80 .00 268.0 

.00 80.00 70.00 -80 .00 

.00 80.00 70.00 -82 .00 

.00 55.00 70.00 -80 .00 

.00 30.00 70.00 -77 .50 

.00 28.00 70.00 -74 .50 

H20 - 1 . - 1 . 0 - 1 . 0 
CO - 1 . 37.8 6.5 
H20 - 1 . - 1 . 0 - 1 . 0 
8U - 1 . 20.1 3 .5 
8L1 - 1 . 20.1 3.5 
F - 1 . - 1 . 0 - 1 . 0 
8L3 - 1 . - 1 . 0 - 1 . 0 
CO - 1 . 35.7 4.0 
8L4 - 1 . 36 .5 2 .0 
8L5 - 1 . 36 .5 2 .0 
8L6 - 1 . - 1 . 0 - 1 . 0 
F - 1 . - 1 . 0 - 1 . 0 
9U - 1 . 32.4 3.0 
9U - 1 . 32.4 3.0 
9U - 1 . 32.4 3.0 
9U - 1 . 32.4 3.0 
CO - 1 . - 1 . 0 - 1 . 0 
F - 1 . - 1 . 0 - 1 . 0 
9L - 1 . 16.6 2.0 
10B - 1 . 15.2 2 .5 
10B - 1 . - 1 . 0 - 1 . 0 
10A - 1 . - 1 . 0 - 1 . 0 
MMST - 1 . - 1 . 0 - 1 . 0 

i 2000.30 80.00 -59 .00 223.0 

CO - 1 . 0.0 0.0 
CO - 1 . 0.0 0.0 
F - 1 . 0.0 0.0 
9U - 1 . 0.0 0.0 
9L - 1 . 0.0 0.0 
9L - 1 . 0.0 0.0 
10B - 1 . 0.0 0.0 
F - 1 . 0.0 0.0 
10B - 1 . 0.0 0.0 
10B - 1 . 0.0 0.0 
10A - 1 . 0.0 0.0 
MMST - 1 . 0.0 0.0 

i 2000.30 0.00 -90 .00 168.0 

H20 - 1 . 0.0 0.0 
CO - 1 . 0.0 0.0 
CO - 1 . 0.0 0.0 
CO - 1 . 0.0 0.0 
H20 - 1 . 0.0 0.0 
9U - 1 . 0.0 0.0 
9L - 1 . 0.0 0.0 



R22 102. 00 102.10 
R22 103. 90 105.10 
R^° 105. 20 105.30 
R 105. 30 110.10 
R22 110. 70 112.90 
R22 115. 90 116.60 
R22 119. 20 131.90 
R22 132. 20 132.80 
R22 134. 20 135.30 
R22 135. 80 136.30 
R22 144. 40 144.80 
R22 146. 50 148.50 
R22 149. 40 151.60 
R22 158. 00 168.00 

R23 661228.70 
R23 0.00 
R23 175.00 
R23 
R23 15. 00 17.40 
R23 88. 00 98.20 
R23 98. 40 98.50 
R23 102. 20 113.40 
R23 114. 00 119.00 
R23 122. 20 122.90 
R23 124. 00 137.00 
R23 140. 00 140.90 
R23 142. 60 147.70 
F 153. 00 272.00 

R24 661228.70 
R24 0.00 
R24 45.00 
R24 100.00 
R24 130.00 
R24 175.00 
R24 
R24 17. 60 18.40 
R24 20 . 00 23.90 
R24 109. 40 110.20 
R24 111. 40 121.40 
R24 124. 00 124.10 
R24 132. 70 133.40 
R24 134. 10 143.50 
R24 143. 50 143.60 
R24 143. 60 155.40 
R24 157. 60 159.60 
R24 160. 00 160.10 
R24 160. 30 165.40 
R24 165. 90 168.30 
R24 175. 40 188.00 
R24 188. 80 190.40 
R24 193. 70 194.50 
P~< 196. 00 196.10 
I 199. 60 201.00 
R24 202. 70 204.00 
R24 204. 50 208.90 
R24 214. 99 215.00 

R25 661237.00 

0.10 F 
1.20 9L 
0.10 F 
4.80 9L 
2.20 9L 
0.70 CO 

12.70 10B 
0.60 10B 
1.10 10B 
0.50 10B 
0.40 10A 
2.00 10A 
2.20 10A 

10.00 MMST 

5538202.00 1970.10 
175.00 175.00 
272.00 97.00 

2.40 CO 
10.20 9U 

0.10 F 
11.20 9U 

5.00 9L 
0.70 CO 

13.00 10B 
0.90 10A 
5.10 10A 

119.00 MMST 

5538202.00 1970.10 
45.00 45.00 

100.00 55.00 
130.00 30.00 
175.00 45.00 
215.00 40.00 

0.80 CO 
3.90 CO 
0.80 9U 

10.00 9U 
0.10 F 
0.70 9U 
9.40 9U 
0.10 F 

11.80 9U 
2.00 9L 
0.10 F 
5.10 9L 
2.40 9L 

12.60 10B 
1.60 10B 
0.80 10A 
0.10 F 
1.40 10A 
1.30 10A 
4.40 10A 
0.01 MMST 

5537809.50 1945.80 

- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 

80.00 - 60 .00 272.0 
80.00 -58 .50 
80.00 -61 .50 

- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 
- 1 . 0.0 0.0 

287.00 - 88 .10 215.0 
287.00 -88 .50 

50.00 - 89 .50 
65.00 - 88 .80 
80.00 - 88 .00 
80.00 -86 .60 

- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 
- 1 . - 1 . 0 - 1 . 0 

80.00 -60 .00 207.6 



R25 0.00 60. 00 60. 00 80 .00 -60 . 30 
R25 60.00 115. 00 55. 00 80 .00 -62 . 10 
R2* 115.00 200. 00 15. 00 80 .00 -64 . 00 

R 
R25 27.10 37.60 10.50 8U - 1 . -1 .0 -1 .0 
R25 42.80 44.40 1.60 8L1 - 1 . -1 .0 -1 .0 
R25 54.00 54.40 0.40 8L2 - 1 . -1 .0 -1 .0 
R25 55.20 57.00 1.80 8L2 - 1 . -1 .0 -1 .0 
R25 115.00 125.20 10.20 9U - 1 . -1 .0 -1 .0 
R25 131.20 132.40 1.20 9L - 1 . -1 .0 -1 .0 
R25 133.00 138.50 5.50 9L - 1 . -1 .0 -1 .0 
R25 140.50 140.60 0.10 F - 1 . -1 .0 -1 .0 . 
R25 140.60 146.40 5.80 9U - 1 . -1 .0 -1 .0 
R25 148.00 149.00 1.00 9L - 1 . -1 .0 -1 .0 
R25 149.60 154.60 5.00 9L - 1 . -1 .0 -1 .0 
R25 157.20 165.80 8.60 10B - 1 . -1 .0 -1 .0 
R25 166.40 167.00 0.60 10B - 1 . -1 .0 -1 .0 
R25 169.80 170.60 0.80 10B - 1 . -1 .0 -1 .0 
R25 171.60 172.00 0.40 10B - 1 . -1 .0 -1 .0 
R25 180.00 180.10 0.10 F - 1 . -1 .0 -1 .0 
R25 194.00 197.90 3.90 10A - 1 . -1 .0 -1 .0 
R25 201.40 207.60 6.20 MMST - 1 . -1 .0 -1 .0 

R26 661237.00 5537809. 50 1945. 80 80 .00 - 9 0 . 00 267. 
R26 0.00 5 . 00 5 . 00 80 .00 - 8 9 . 00 
R26 5.00 50 . 00 45. 00 80 .00 - 8 8 . 50 
R26 50.00 85. 00 35. 00 80 .00 - 8 7 . 50 
R26 85.00 267. 00 182. 00 80 .00 - 8 2 . 00 
F 
R«.„ 39.30 53.40 14.10 8U - 1 . -1 .0 -1 .0 
R26 59.70 62.40 2.70 8L1 - 1 . -1 .0 -1 .0 
R26 67.40 68.00 0.60 CO - 1 . -1 .0 -1 .0 
R26 74.80 77.60 2.80 8L2 - 1 . -1 .0 -1 .0 
R26 149.40 162.40 13.00 9U - 1 . -1 .0 -1 .0 
R26 164.50 164.60 0.10 F - 1 . -1 .0 -1 .0 
R26 182.00 182.10 0.10 F - 1 . -1 .0 -1 .0 
R26 184.70 185.40 0.70 9L - 1 . -1 .0 -1 .0 
R26 186.20 193.30 7.10 9L - 1 . -1 .0 -1 .0 
R26 195.40 195.90 0.50 10B - 1 . -1 .0 -1 .0 
R26 196.30 206.40 10.10 10B - 1 . -1 .0 -1 .0 
R26 208.00 208.40 0.40 10B " 1 . -1 .0 -1 .0 
R26 209.60 210.40 0.80 10B - 1 . -1 .0 -1 .0 
R26 227.00 233.50 6.50 MMST - 1 . -1 .0 -1 .0 
R26 233.60 233.70 0.10 F - 1 . -1 .0 -1 .0 
R26 239.80 240.60 0.80 10A - 1 . -1 .0 -1 .0 
R26 244.20 246.00 1.80 10A " 1 . -1 .0 -1 .0 
R26 247.40 248.20 0.80 10A - 1 . -1 .0 -1 .0 
R26 248.20 249.00 0.80 CO - 1 . -1 .0 -1 .0 
R26 261.00 267.00 6.00 MMST - 1 . -1 .0 -1 .0 

R27 661231.70 5537516. 10 1925. 70 00 .00 - 9 0 . 00 278, 
R27 0.00 30. 00 30. 00 50 .00 - 8 8 . 00 
R27 30.00 80. 00 50 . 00 50 .00 - 8 5 . 10 
R~" 80.00 145. 00 65. 00 50 .00 - 8 2 . 20 
R 145.00 165. 00 20. 00 50 .00 - 7 9 . 00 
R27 165.00 175. 00 10. 00 50 .00 - 7 5 . 90 
R27 175.00 190. 00 15. 00 50 .00 - 7 3 . 00 
R27 190.00 205. 00 10. 00 50 .00 - 7 0 . 40 
R27 205.00 220. 00 15. 00 50 .00 - 6 6 . 80 
R27 220.00 240. 00 20 . 00 50 .00 - 6 3 . 30 



R27 240.00 266. 00 26. 00 50 . 00 -61 .00 
R27 
B^1 76. 70 93.00 16.30 8U - 1 . -1 .0 -1 .0 
I 93. 00 93.10 0.10 F - 1 . -1 .0 -1 .0 
R27 93. 10 105.00 11.90 8U - 1 . -1 .0 -1 .0 
R27 111. 20 115.30 4.10 8L1 - 1 . -1 .0 -1 .0 
R27 116. 00 117.40 1.40 8L1 - 1 . -1 .0 -1 .0 
R27 122. 60 123.10 0.50 CO - 1 . -1 .0 -1 .0 
R27 125. 50 128.80 3.30 8L2 - 1 . -1 .0 -1 .0 
R27 133. 20 134.00 0.80 CO - 1 . -1 .0 -1 .0 
R27 177. 40 184.00 6.60 9U - 1 . -1 .0 -1 .0 
R27 184. 60 185.60 1.00 9U - 1 . -1 .0 -1 .0 
R27 186. 40 189.40 3.00 9U - 1 . -1 .0 -1 .0 
R27 215. 10 215.40 0.30 9L - 1 . -1 .0 -1 .0 
R27 216. 50 223.30 6.80 9L - 1 . -1 .0 -1 .0 
R27 225. 40 235.20 9.80 10B - 1 . -1 .0 -1 .0 
R27 236. 50 237.10 0.60 10B - 1 . -1 .0 -1 .0 
R27 239. 30 240.40 1.10 10B - 1 . -1 .0 -1 .0 
R27 244. 00 244.00 0.00 MMST - 1 . -1 .0 -1 .0 
R27 257. 70 263.50 5.80 CO - 1 . -1 .0 -1 .0 

R28 661236.90 5538805. 80 2029. 70 80. 00 90 .00 
R28 0.00 45. 00 45. 00 80. 00 89 .50 
R28 45.00 80. 00 35. 00 80. 00 88 .50 
R28 80.00 110. 00 30. 00 80. 00 87 .50 
R28 110.00 125. 00 15. 00 80. 00 86 .50 
R28 125.00 145. 00 20 . 00 80. 00 85 .00 
R28 145.00 170. 00 25 . 00 80. 00 82 .50 
T 
t. t 

170.00 195. 00 25 . 00 80. 00 80 .00 

R28 14. 70 15.20 0.50 CO - 1 . -1 .0 -1 .0 
R28 67. 00 81.50 14.50 9U - 1 . -1 .0 -1 .0 
R28 84. 80 89.70 4.90 9L - 1 . -1 .0 -1 .0 
R28 91. 50 92.40 0.90 9L - 1 . -1 .0 -1 .0 
R28 103. 00 113.70 10.70 10B - 1 . -1 .0 -1 .0 
R28 114. 50 115.50 1.00 10B - 1 . -1 .0 -1 .0 
R28 123. 10 125.20 2.10 10A - 1 . -1 .0 -1 .0 
R28 127. 90 131.20 3.30 10A - 1 . -1 .0 -1 .0 
R28 141. 00 146.50 5.50 MMST - 1 . -1 .0 -1 .0 
R28 146. 50 146.60 0.10 F - 1 . -1 .0 -1 .0 
R28 147. 70 150.20 2.50 10B - 1 . -1 .0 -1 .0 
R28 156. 60 157.00 0.40 10A - 1 . -1 .0 -1 .0 
R28 157. 40 157.50 0.10 F - 1 . -1 .0 -1 .0 
R28 161. 50 161.60 0.10 F - 1 . -1 .0 -1 .0 
R28 161. 60 163.40 1.80 10B - 1 . -1 .0 -1 .0 
R28 169. 30 171.40 2.10 10A - 1 . -1 .0 -1 .0 
R28 176. 00 179.50 3.50 10A - 1 . -1 .0 -1 .0 
R28 189. 50 195.00 5.50 MMST - 1 . -1 .0 -1 .0 

R29 661231.00 5537516. 00 1925. 70 50 . 00 •60 .00 
R29 0.00 40 . 00 40. 00 46. 20 •51 .90 
R29 40.00 80. 00 40. 00 51 . 00 •59 .00 
R29 80.00 150. 00 70 . 00 54. 80 •58 .70 
p-o 110.00 224. 00 74. 00 57 . 00 62 .80 

R29 59 . 20 72.30 13.1 8U - 1 . -1 .0 -1 .0 
R29 78. 70 80.60 1.90 8L1 - 1 . -1 .0 -1 .0 
R29 83. 40 83.90 0.50 CO - 1 . -1 .0 -1 .0 
R29 90. 30 92.50 2.20 8L2 - 1 . -1 .0 -1 .0 
R29 141. 00 151.50 10.50 9U - 1 . -1 .0 -1 .0 



R29 166.70 172.80 
R29 174.30 182.10 
* 2 9 192.00 192.00 

19 204.70 207.60 

6.10 9L - 1 . 
7.80 10B - 1 . 
0.00 MMST - 1 . 
2.90 CO - 1 . 

1.0 - 1 . 0 
1.0 - 1 . 0 
1.0 - 1 . 0 
1.0 - 1 . 0 
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MSA NORTH CROSS SECTION C - C 
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5.0 COAL QUALITY 

Enclosure 9: Increment Quality Data 

Enclosure 10: Composite Quality Data 

Enclosure 1 1 : Loring Quality Data 

Enclosure 12: Petrographic Data 

Enclosure 13: Test Pit Quality Data 

In 1990 coal samples for analyses were obtained from reverse-circulation 

rotary drill holes, the backhoe trench and the test pit. A variety of tests 

the data is included i t no summary of 

ea of the basic quality: 

~ased on CSR drill hole data 

- raw ash varies from 15% - 35% 

- volatiles (at 1.6 S.G.) are in the 2 1 - 22% range 

- sulphur (at 1.6 s.g.1 is low (0.3 - 0.5%) 

- RoMax (at 1.6 S.G.) ranges from 1.21 - 1.29 

- Calorific values range from 7400 - 7800 Kcallkg 

There is evidence of 'layering' within seams of 'Met.' and 

Thermal' coal (based on raw FSI values), and therefore some 

of these seams may have potential for selective mining to 

optimize the reserves. 





































HOI .E# 1 I L.CiE?# Coal Tvpe %RM. '/:ASH %VOL. %FC. :-: : ; I 

HOLE# JNTERVAL LAB# Coal Tvpe ZRM. %ASH %VOL. XFC . FS7. 
***&**** *******-w ***%*%** ******** ******** *******I ******** ****.I.*** **%+*-.? 

Hot- E# INTERVGL LAB# C o a l  T y p e  XHM. XCSSH XVOL. %FC . FSI . 
******** ****-**** *.c****** ****"**** ******** ******** ******** *****-"** *.-"-".-....\-<.-.. 

HOLE# INTERVAL LAB# C o a l  Tvpe XRN. XCISH XVOL. %FC. FSl  . 
******.I.* CCCCCCC* .b*-C-"**< **C***.b* ******** ******I* ******** *******- ****--..,.Z 
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LC1F:ING L/'BORkTOf?I €5 L T D  - 
629 BEAVERDAM RD, ,  N . E . ,  

CALGGRY, ALBERTA. 
TEL : (403 1 274-2777 FAX : ( 403 1 275-(E4 1 

TO : CROWSNEST RESOURCES LTD. 
ATTN : TED HANNAH 
PROJECT : MSAN - RIDGE AREA 

FILE # : 33573 
DATE : AUGUST 16, 1990 
REPORT BY : AHNO HOOGVELD 

PAGE: 3 SCREEN ANALYSIS 

SAMPLE I D  S I Z E  % RECOVERY ........................................................................... ........................................................................... 
ZONE + 1 I~ 0 .46 
cEc l u x  1/4" 1 3 2  7 ~ 5  

1 /4"x28mesh 62.49 8~ 28x 100mesh 19-59  
100x 325mesh 3.75 2 3 * 6  
- 323mesh 0 .5 1 





SeP- 7 ' 9 8  1 4 : 4 1  8888 S A U I N  COURIER 2 
--.. 

LOF;i ING LABaRATORjCES L T O ,  
629 BEAVERDAM RD N -E rn 9 

CALGARY, fXBERTA. 
TEL : ( 4453 274-2777 FAX : ( 403 1 275-,054 1 

TO : CROWSNEST RESOURCES LTD. 
ATTN : TED HANNAH 
PROJECT : MShN - RIDGE AREA 

FILE #: 33573-1 
DATE: SEPTEMBER 7, 1990 
REPORT BY: ARNO HOOGVELD 

SAMPLE TYPE : Trench 7Reuw uDMl eF TZW pr~!) P .O .# Rob35 

PAGE : 1 

M -28mesh A.D. 5.80 25.28 

-28 mesh A .D 4.05 24.51 
D.E. ---- 25 -54 

d .  .. '3 -2B mesh A .D. 7-74 23.24 
D .R. ---- 27.36 

-28 mesh A -El. 8.23 26.96 
D . B .  ---- 29 -38 



i I LfhErClt3F,ATORI ES L T D  - 
629 E E A V E H D A M  HD., N.E., 

C A L G A R Y ,  ALBERTA. 
TEL : (403) 274-2777 F A X  : ( 463 1 275-C)54 1 

TO : CROW94EST RESOURCES LTD. FILE 1: 33573 
ATTN : TED M#lH DATE : AUGUST 21 , 1990 
PROJECT : M W  - RIDGE AREA P.0, 4 R0635 

(Trench samples) -mz.z- 

WPLE ID : ZWE 4 - R -  /v B ~ L T  ~ ~ - 7  PAGE : 5 

HEAD H20% ASK! U.H.2 F.C.% 
(AIR DRIED) 3.66 12.98 23.50 59.86 

SIZE FRACTION : + 114' 

----------- DRY MSjS ------------- 
SPEC1 F l  C FMCTIOCYIL CMUMTIUE ---------- AIR DRIED ----------- 
GWITY WL ASK! WA ASK! H20% U.MJ F.C.1 F.S.1. 

1.30 FLT 1.11 
1 .3Oxl.40 32.51 

cl .4fh; S; 47.72 
7.70 

I .60x1.70 2.58 

1.90x2.00 0.14 
2.00 SNK 7.14 

SIZE FMCTION : + 28 mesh 

----------- DRY BASIS ------------- 
SPEC1 F l  C FRACTIOIML CUlUMTlVE 
GWI M WA ASK! WL ASK! 

1.30 FLT 
1.30x1.40 
1.40~1 S O  
1 SOxl.60 
1 .60x1.70 

--------- AIR DRIED ---------- 
H20% U.M.X" F.C.2 F.S.1. 



L C I R I N G  L k B O R f A T O E I  ES LTn, 
629 BEAVERDAM R D . ,  N.E., 

k.. CALGARY, ALBERTA. 
T E L  : ( 403 1 274-2777 FAX : ( 403 ) 275-CWI 1 

TO : CROWSNEST RESOURCES LTD. F ILE W: 33573 
A n t i  : TED HcY.CY3H DATE : AUGUST 22, 1990 
PROJECT : H W i  - RIDGE AREA P.O. R R0635 

(Trench samples) C g x + . ~ e  m ~ r = k l  r30ert-l 
c r ~  -7 AT) 

W P L E  I D  : ZffdE/( /DB PAGE : 6 

HEflD H20% ASK! V.H.% FA.% 
(AIR DRIED) 2.62 26.53 21.17 49.68 

SIZE FRACTION : + 1/4' 

1.30 FLT 
1.30x1.40 
1 .40~1  S O  

q*;c 
l.7Oxl.8O 
1.80x1.90 
1.90x2.00 
2.00 SNK 

SIZE F M C T I a J  : + 28 mesh 

1.30 FLT 
1.30x1.40 
1 . 4 0 ~ 1  S O  
1 SOxl.60 

q5 1 .6Ox1.70 
1.7Oxl.80 
1.80x1.90 
1.90x2.00 
2.00 94K 

(,- 



3 I P -  LI%E:C~F%~TOE I ES L T D ,  
629 EEAVEC~DAM RD. ,  N . E . ,  

CALGARY, ALBERTA. 
T E L :  (403) 274-2777 F O X :  (403) 275-0541 

TO : CRWSNEST RESOURCES LTD. F I L E  1: 33573 
ATlN  : TED WWIH DATE : AUGUST 21, 1990 
PROJECT : HW - RIDGE AREA P.O. 1 R0635 

(Trench samples) (i3m~1.W --mt( dor2rc.l 
m res~ PIT) 

W L E I D  :k qL( PAGE : 7 

H M D  H20% ASK% U.t i .1  F .C .1  
(AIR DRIED) 6.98 22.86 23.40 46.76 

SIZE FRACTlU4 : t 1/4' 

1.30 FLT 
1.30x1.40 

1 .60x1.70 
1.7Oxl.8O 
1.80x1.90 
1.90x2.00 
2.00 SNK 

S I Z E  FPACTION : + 28 mesh 

1.30 FLT 
1.30x1.40 



L O R I N G  LARCIRATORI ES LTn, 
629 BEAVERDAM HD. ,  N.E. ,  

CdLGAKY, ALBERTQ. 
T E L  : (403 274-2777 FAX : ( 403 275-(X4 1 

TO : CROUSNESi RESOURCES LTD. FILE 1: 33573 
ATTN : TED WWH DATE : AUGUST 27, 1990 
PROJECT : N W i  - RIDGE AREA P.O. 1 R0635 

(Trench samples) I ~ ~ c c c w  TQ-%4 ~~~ 
QF TEST plr) 

W P L E  10  r & &L PAGE : 8 

WD H20X ASIC! V.N.2 
(AIR DRIED) 3.03 31.2 21.07 

SIZE FRACTIOC4 : + 114' 

1 .30 FLT 0.29 
' .30x1.40 6.22 ''C .40xl.50 25.28 
1 .5Oxl.60 13.58 
1.60x1.70 8.57 
1.70x1.80 7.00 
1.80x1.90 3.94 
1.90x2.00 3.95 
2.00 WK 31.16 

SIZE FRACTIU4 : + 28 mesh 

1 .30 FLT 3.24 1.25 3.24 1.25 
1.30x1.40 12.64 4.73 15.88 4.02 



L C  I L e e C l R e T c ~ f ?  I ES LTC) , 
629 BEAVERDAM RD. , N .E . , 

CALGARY, ALBERTA . 
TEL : (403) 274-2777 FAX : (403) 275-0541 

TO : CROUSNEST RESOURCES LTD. FILE #: 33573 
ATTI4 : TED W W H  MTE : AUGUST 29, 1990 
PROJECT : NSAN - RIDGE AREA P.O. t R0635 

(Trench samples) WKWE mzucd ~3mz.n-I 
"=I= 7ks7 ~ 7 )  

PAGE : 9 

HEAD H20% ASK4 V.H .% 
(AIR DRIED) 6.9 22.07 25.33 

SIZE FRACTION : + 114' 

1 .3O FLT 
1.30x1.40 

qOxl.50 
.jOxI .60 

1.60x1.70 
1.70x1.80 
1 .80x1.90 
1.90x2.00 
2.00 SNK 

SIZE FRACTIM : t 28 mesh 

1.30 FLT 
1 .3Oxl.4O 
1 AOx1 S O  
1.50x1.60 

"- l.6Oxl.70 
1.70x1.80 
1.80x1.90 
1.90x2.00 

,r' -.00 WK 
I 

L 



TO : CROWSYESI RESOURCES LTO, 
Am.: TED IWJJAH 
PROJECT : Ifst? NORTH 

* 

PA6E : 2 A 1.d %-&- wag. 

A.0. 1.25 7.56 22.65 69.14 0.30 7676 1.5 
DbO. ---- 7.66 22.33 70.02 0.30 7793 

0 . 1 1  7.71 x1.H 70.m 1.0 + 
A.D. 0.92 ?.I% 20.96 71b02 0.42 7913 3.0 
0.8. -- 7.17 21.15 71.68 0.42 7986 

o,15 7.2.1 2 I . b  71.01 1.0 9 

A.D. 0.65 7.02 22.01 70.32 0.30 '7964 5.0 
0.8, -- 7.07 22.15 70.78 8.30 8016 

0.42. 7.1% 22.& 70.20 L.0 * 
A.D. 0.96 8.84 20.94 69.26 0.33 7711 2.5 
0.0. --- 8.93 21.14 69.93 0.33 7786 

0.97 9.00 b.43 bq.lo 2.5 + 
A.0. 0.06 8.68 21.25 69.27 0,32 7769 4.0 
0.8. ---- 8.75 21.42 69.83 0.32 7832 

0.41 8 . k ~  2 . 1 %  LGSC 3.0 + 
0 0.92 13.41 21.91 63.76 0 . 3  7343 5.0 
D.B. -- 13.53 22.11 64.35 0.35 7411 

O , S ~  13.~4 21-53 d.35 SoC * 



LORING L & B O R k T O f i I  ES LTP , 
629 BEAVERDAM RD . , N .E . , 

C.,.. CALGARY, ALBERTA. 
TEL: (403) 274-2777 F A X :  (403) 275-C641 

T O  : CROWSNEST RESOURCES LTD. 
ATTN : TED HANNAH 
PROJECT : NSAN - RIDGE AREA 

FILE # 33629 
DATE : SEPT, 4 ,  1990 
SAMPLE TYPE : CLEAN COAL, 

1 -6 FLOAT 
CSQ- b h t ~ ~  I- 

~ ~ z '  
GIESELEH FLUIDITY TEST 

STARTING TEMP. MAXIMUM TEMP, Fl NAL TEMP. 
HOLE : SEFIM DDPM (PEG-C) DDPM (l3EG.C) nDPM (LEG . C )  RANGE 

DILATATION TEST 



TO : CROWSNEST RESOURCES LTD. 
ATTN.: TED HANNAH 
PROJECT' : MSA NORTH 

a 

PAGE 3 R  

FILE # : 33150 
DATE : MARCH 8 ,  1990 
SAMPLE TYFE : COAL 

CSR ~ R \ L L  ik 
Sl9flP~eS 



. .  . - 
LC~F: I r.jG L ~ E ~ O R A T U F :  I € 5  L T D  . 

629 HEAVERDOM HD 7 N n E  : 
CALGARY, ALBERTA - 

TEL : (403) 274-2777 F A X  : (403) 275-0541 

~d : CROWSNEST RESOURCES LTD. 
GTTN. ; TEU HANNAH 
PROJECT : MSR NORTH 

ST MClT 

H O L ~  SEAM ShMPLE LJPTH (l2EG.C) (l3EG.C) MC'I M i l %  
G 

10.5 - 48 398 -- 
53 Ec 18 Y @ 449 DEG .C 



L O R  I b J G  L&BCtF:ATTJR I ES L T C )  - 
i 629 EEAVERDAM RU. ,  N .E . , 
k r  CALGARY, ALBERTA. 

TEL : (403) 274-2777 F A X  : (403) 275-0541 
: 

TO : CROUSNEST RESOURCES LTD. FILE 1 33573 
Am4 : TED IWWH DATE : AUG 29, 1990 
PROJECT : MScw - RIDGE AREA REPORTED BY : AWO HOOWELD 

m e s a  S~MPLES I! l 3 X W - b ~  m-dt-l 

PAGE : 11 of TEST PIT) 

i SMPLE SIZE %Si02 YA1203 n i O 2  %Fez03 %CaO XMgO ma20 %K20 XP205 %SO3 %Undet. 

+ ] / d m  54.91 33.58 1.25 2.76 3.72 0.68 0.14 0.45 1.30 0.54 0.67 

mu. 
W E f i  1 +28 mesh 56.23 31.78 1.57 2.35 3.98 0.75 0.15 0.61 0.90 0.80 0.88 

i 

1 - +28 mesh 55.14 31.08 1.56 5.21 3.03 1.13 0.20 0.54 0.42 0.92 0.77 
I I 

1 qr +1/4 '  52.02 30.44 1.09 8.02 3.74 1.51 0.11 0.59 1.20 0.66 0.62 

6 
I - +28 mesh 54.37 30.47 1.52 4.17 4.63 1.89 0.07 0.40 0.62 1.16 0.68 
1 

8~ + i / r m  54-25 28.06 0.96 7.09 3.96 0.67 0.15 0.94 2.70 0.53 0.69 

i +28 mesh 56,12 26.52 1.44 5.66 4.41 1.43 0.13 1.15 1.06 1.73 0.35 

8~ +i/r 51.13 24.56 1.24 1.07 12.10 4.98 0.17 0.99 1.26 2.06 0.44 

+28 mesh 44.30 21.55 1.52 1.03 20.01 6.31 0.19 0.79 1.02 2.94 0.34 



LC1F:ING LCzl(BCtRATrSR1 ES LTD, 
629 BEAVERDOM RD., N.E . ,  

CflLGARY , ALBERTA. 
TEL : ( 403 274-2777 FAX : (403 Z'5-CIW 1 

O : CRO(d94EST RESOURCES LTO. 
TIN : TED MWH 
ROJECT : HWi - RIDGE AREA 

FILE # 33573-1 
DATE : SEPTEMBER 21, 1990 
REPORTED BY : AB40 HOOWELD 

YPLE SIZE XSiO2 '/A1203 XTi02 %Fez03 XCaO ZIgO 24a20 %K20 %P205 IS03  IUnde t .  - - 

b8 -28 mesh 

C 
q -28 mesh 52.09 26.29 1.63 -7.70 4.52 1.83 0.21 0.93 0.59 2.63 0.78 

&& -28 mesh 48.09 25.45 1.73 2.23 12.41 4.01 0.12 0.73 0.56 4.19 0.48 



L O R I N G  Lf+BQRATCSRIES LTD, 
62'3 PEfVJERDAM RD.,  N.E.,  

ChLGARY , ALBERTA. 
I TEL : (403) 274-2777 FAX : (403) 275-0541 

10 : CROUSNEST RESOURCES LTD, 
Am : TED W H  
PROJECT : W - RIDGE AREA 

FILE U 33629 
M E  : SEffBfBEft 7 ,  1990 
REPORTED BY : AM0 HMIWECD 

HOLE DEPTH SW %Si 02 YAI 203 %l iO2 XFt203 Y&O Mg0 m a 2 0  Y ! M  W205 %SO3 Unde t . 





629 BEAVERDAM HD N .E . , 
CALGARY, A L E E R ~ A .  

TEL : (403 274-2777 FAX : (403 275-OM 1 

TO : CROWSNEST RESOURCES LTD. F I L E  # 33573-1 
ATTN : TED HANNQH DATE : SEFT . 10, 1990 
PROJECT : MSAN - RIDGE AREA REPORTED BY : ARNO HOOGVELD 

7-rZEed Swk-> ( B & K . ~ c ( ~  mmxt-/ K2m2d 
PAGE : 2 oF m%r fir) 

------------ ULTIMATE ANALYSIS ------------- 

-28 mesh 5.80 68.29 4.02 0.94 9.77 0.43 10.75 

he -28 mesh 4.05 64.67 3.23 0.93 14.22 0.31 12.59 

. .,.' 

9s -28 mesh 7.74 59.54 3.32 0.58 15.81 0.31 12.70 

8~ -28 mesh 5.19 62.36 3.37 0.69 18.65 0.64 9.1C) 

9~ -28 mesh 8.23 60.83 2.97 0.77 13.32 0.30 13.58 

NOTE: Hydrogen and oxygen do no t  inc lude  H and 0 from sample mois ture .  

V a l  ue 'of oxygen by d i f f e r e n c e .  



L O R I  F--.IG L A S C 3 R A T O R  I E S  L T D  - 
629 BEAVERDAM RD., N.E. ,  

CALGARY, ALBERTA. 
f' TEL : (403) 274-2777 F A X  ; (403) 275-0541 
L 

TQ : CROWSNEST HESQUHCES LTD. 
ATTN : TED HANNAH 
PROJECT : MSAN - RIDGE fiREA 

FILE # 33629 
DATE : SEPTEMBER 7 ,  1990 
REPORTED BY : ARNO HOOGVELD 

1.6 FLT 
------4----- ULTIMATE ANALYSIS ------------- 

NOTE: Hydrogen and oxygen da not incl ude H and a f r o m  sampl e maisture. 

V a l  ue of oxygen  by difference . 



ENCLOSURE 12 



Petrographic Analysis 

for 

Crows Nest Resources Ltd. 

SAMPLE IDENTIFICATION S E W  108 
Laboratory number MI01 19 %I.Y bSEfl 
Sample AR +28 mesh Ti=-cl 
Ash 9.50% Sulohur 0.40% /RWL urn - m s s t k  , 

I - 

boat4 uF ssr Af 
PETROGRAPHIC INDICES 

Mean Maximum Reflectance .............. % 1.27 
Composition Balance Index ................. 2.73 
Calculated Strength Index .................... 4.70 
Calculated Stability Index ..................... 44 
Estimated Coke Strength Dl 3ons ........ 91.6 
Predicted Free Swelling Index ............. 5 

DISTRIBUTION OF VlTRlNlTE TYPES 
V-11 ........................................................ 0 14 
v - 12 ........................................................ % 49 
V - 13 ........................................................ o 36 
V-14 ........................................................ o 1 

REACTIVE COMPONENTS . . ..................................................... Vinmte % 32.9 
.................................................... Exinite .- % 0.1 

........................ Reactive Semifusinite '..% 22.2 
....................................... TotalReactives % 55.2 - 

INERT COMPONENTS 
Macrinite ................................................. % 

.................................. I Inert Semifusinite % 27.6 
.................................................... Fusiniie % 6.8 

Inettodetrinite ......................................... o 3.7 
Mineral Matter ........................................ % 5.2 

.............................................. Total Inelts % 44.8 



1 
Petrographic Analysis 

I PETROGRAPHIC INDICES 
I .............. Mean Maximum Reflectance % 1.27 

Composition Balance Index ................. 2.50 
Calculated Strenath Index .................... 4.73 

DISTRIBUTION OF VlTRlNlTE TYPES 
v-11 ....................................................... ? 10 
v - 1 2  .................................................... % 57 
V - 13 ....................................................... 0 33 I 
Exinite ...................................................... % 0.0 
Reactive Semifusinite ........................... % 20.8 
Total Reactives ....................................... % 57.3 

lnelt Semifusinite ................................. % 27.4 
Fusi".de ................................................... 70 5.9 . . Inertodetnn~te ......................................... % 1.8 
Mineral Matier .................................. % 5.2 
Total Inerts .............................................. % 42.7 

Analysis Completed : septcmbcr 13. I ~ W  759 PM 



Petrographic Analysis 

f o r  

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

Laboratory number M9579 &dm /DB 
MSA North Hole 2- ~ C T  REFETW 
Ash 9.0% Sulphur 0.40% C ~ c  kr 

SWpLc' 
PETROGRAPHIC INDICES 

.............. Mean Maximum Reflectance % 1.29 
................. Composition Balance Index 3.56 

.................... Calculated Strength Index 4.71 
..................... Calculated Stability Index 35 

........ Estimated W e  Strength Dl 3 ~ 5  88.2 
............. Predicted Free Swelling Index c4 

DISTRIBUTION OF VITRINITE TYPES 
........................................................ v-11 % 10 

v - 1 2  ....................................................... % 39 
V - 13 ........................................................ % 47 

........................................................ V-14 % 4 

REACTIVE COMPONENTS 
..................................................... Vinite o 28.1 

EximiIe ......................................................% 0.0 
........................... Readiwe Semifusinite % 21.6 

....................................... Total Reactives % 49.7 

INERT COMPONENTS 
................................................. Macriniie % 0.8 

.................................. Inert Semifusinite % 42.8 
Fusinite ................................................... % 1.7 

......................................... Inertodetiinite o 0.0 
........................................ Mineral Matter % 5.0 

.............................................. Total Inerts % 50.3 

Analysis Completed : hkch U. 1990 1230 PM 

- 



SAMPLE IDENTIFICATION 
Laboratory number M9580 

%-fw. /os 
MSA North Hole 2- -6L- 

Ash 9.00% Sulphur 0.40% S m  PLG 

PETROGRAPHIC INDICES 
Mean Maximum Reflectance .............. % 1.29 

................. Composition Balance Index 2.25 
.................... Calculated Strength Index 5.02 
..................... Calculated Stability Index 52 

Estimated Coke Strength Dl 3ons ........ 93.4 
Predicted Free Swelling Index ............. 6 

DISTRIBUTION OF VlTRlNlTE TYPES 
v-11 ........................................................ % 7 

....................................................... V - 1 2  7' 46 
V - 13 ........................................................ % 45 

- ........................................................ V 14 0 2 

REACTIVE COMPONENTS 
Virinite .................................................... 70 39.1 

..................................................... Exiniie ? 0.0 
Readiie Semifusinite ........................... % 21.7 

....................................... Total Reactives % 60.8 

INERT COMPONENTS 
................................................. Macriniie % 0.3 

.................................. Inert Semlusinite % 30.4 
................................................... Fusinile 2.8 . . ......................................... Inertodetnnie % 0.7 

........................................ Mineral Matter % 5.0 
.............................................. Totallnerts % 39.2 

Analysis Completed : ~ . r c h  14. 1990 2:21 PM 



SAMPLE lDENTlFlCATlON 
Laboratory number M9578 

ce3Y-t 10s 
MSA North Hole 1 CSR DR~LL C)QLE 
Ash 9.00% Sulphur 0.40% SI)HP&E 

PETROGRAPHIC INDICES 
.............. Mean Maximum Reflectance % 1.29 
................. Composition Balance Index 2.57 

.................... Calculated Strength Index 4.88 
..................... Calculated Stability Index 47 

........ Estimated Coke Strength Dl m s  92.4 
. ............. Predicted Free Swelling Index 5.5 6 

DISTRIBUTION OF VlTRlNlTE TYPES 
........................................................ V-11 % 8 

v - 1 2  ....................................................... % 47 
V-13 ..................................................... % 44 
V-14 .................................................. Yo 1 

REACTIVE COMPONENTS . . ..................................................... Vinmte o 37.6 
Exinite ..................................................... % 0.1 

........................... Readiie Semifusinite % 19.7 
Total Readies ....................................... % 57.4 

INERT COMPONENTS 
................................................. Mauinite ' 1.0 

.................................. Inert Semifusinite % 32.7 
.................................................... Fusiniie % 3.2 

......................................... Inertodetrinite % 0.7 
........................................ Mineral Matter % 5.0 

.............................................. Total Inerts % 42.6 

Analysis Completed : m ~ h  13. 1990 7:06 PM 



.... 

MSA ~ o k h  Hole 3-35-45m C- DRILL CkXi 
Ash 9.00% Sulphur 0.40% S-RE 

PETROGRAPHIC INDICES 
Mean Maximum Reflectance .............. % 1.28 
Composition Balance Index ................. 2.87 
Calculated Strength Index .................... 4.77 

..................... Calculated Stability Index 43 
Estimated Coke Strength Dl a 5  ........ 91.3 
Predicted Free Swelling Index ............. 5 

DISTRIBUTION OF VlTRlNlTE TYPES 
V-11 ........................................................ % 8 

....................................................... v - 1 2  A 49 
V-13 ..................................................... % 42 
V-14 ........................................................ 0 1 

REACTIVE COMPONENTS 
Virinite ..................................................... % 33.8 
Exiiite ...................................................... % 0.1 
Readiie Semifusinite ........................... % 20.7 
Total Reactives ...................................... % 54.6 

INERT COMPONENTS 
Macrinite ............................................ % 2.1 

.................................. lnett Semlusinite % 35.3 
Fusiniie ................................................... 70 2.7 
Inertodetrinite .................................... % 0.3 
M i l  Matter ........................................ % 5.0 

.............................................. Total 1nett.s % 45.4 

Analysis Completed : m 14 . 1990 5:m PM 



' P O  8 9 / 8 4  :3:89 

Petrographic Analysis 

for 

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

Laboratory number MI0131 'Ztm T L. 
Hole # 6  7277-7284 CSCT b & ~  4- 
Ash 9.00% Sulphur 0.40% SMP~E 

PETROQRAPHIC INDICES 
Mean Madmum Reflectance .............. % 1.28 

................. Compxilion Balance Index 4.93 
.................... Calculated Strength Index 4.64 

Calculated Stabtlity Index. ....-.............. 19 
Estimated Coke SVength Dl WAS.. ...... 78.3 

............. Prdlctd Free Swelling Index <<4 

DISTRIBUTION. OF VITRINITE TYPES 
............................... v-11 ....................... " % 7 

v - 1 2  ....................................................... % 47 
............................................... V - 13. ........ % 45 

V - 14 ......... ......, ................................... % 1 

- .  REACTIVE COMPONENTS ~ ~ ~ . ~ ~' 

VltrlnHe - ................................................ % 20.5 
Exlnlle ........ .. .... ,.; ................................ ? 0.4 ........................... Readhre SBrnifMnite % 20.5 . 
Total Reactives ....................................... % 41.4 

Analysis Completed : ~ L W  4,1990 IMI PM 



for 

I Crows Nest Resources Ltd. 

SAMPLE IDENTIFICATION 
Laboratoly number M9581 
MSA North Hole 3 273ZR- 
Ash 9.00% Sulphur 0.40% 

~ e ' t r o ~ r a ~ h i c  Analysis 

PETROGRAPHIC INDICES 
Mean Maximum Reflectance .............. % 1.26 

................. Composition Balance Index 2.80 
.................... Calculated Strength Index 4.56 
..................... Calculated Stability Index 41 

........ Estimated Coke Strength Dl 3ons 90.6 
............. Predicted Free Swelling Index 4.5 

DISTRIBUTION OF VlTRlNlTE TYPES 
v-11 .................................................... % 5 
V-12 % 70 

........................................................ V - 13 % 25 

REACTIVE COMPONENTS 
..................................................... Virinite % 31.6 
...................................................... Exinite % 0.2 

........................... Reactive Semifusinite % 22.6 
....................................... Total Read'ies % 54.4 

INERT COMPONENTS 
................................................. Macrinite % 2.3 

.................................. lnelt Semifusinite % 35.1 
.................................................... Fusiniie % 2.4 

......................................... Ineltodetrinite % 0.8 
........................................ Mineral Matter % 5.0 

Total Inetts ............................................. % 45.6 

Analysis Completed : ~ . rch  14. 1990 3d8 PM 



Petrographic Analysis 

for 

Crows Nest Resources I,td- 

SAMPLE IDENTIFICATION 7~ 
Laboratory number Mi01 21 ""P' -1w 
Sample B +28 mesh ~~~ S&IP~E 
Ash 9.50% Sulphur 0.40% (8,,,,- - 

GeRTI) 0 6  - 7 S s  PIT 
PETROGRAPHIC INDICES - - -  

Mean Maximum Reflectance .............. % 1 .19 * 
Composition Balance Index ................. 2.84 
Calculated Strength Index .................... 4.09 

..................... Calculated Stability Index 33 
Estimated Coke Strength Dl 3ans ........ 87.2 
Predicted Free Swelling Index ............. <4 

DISTRIBUTION OF VlTRlNlTE TYPES 
........................................................ v- lo % 4 

v -11  ........................................................ % 43 - 
........................................................ v - 12 % 47 

V-  13 ........................................................ 70 6 1 
REACTIVE COMPONENTS 

Vinite ..................................................... % 31.5 
Exinite ...................................................... 70 0.1 

........................... Reactive Semifusinite % 19.4 
Total Reactives ....................................... % 51 .o - 

INERT COMPONENTS 
Maa i i e  ................................................. 7 3.2 
Inert Semifusinite .................................. % 26.7 
Fusiniie .................................................... % 1 1.4 
Inertodetrinite .................................. .% 2.5 
Mineral Matter ........................................ oh 5.2 
Total Inelts ........................................ % 49.0 - 

Analysis Completed : sepcmbs 13. 1990 2:08 PM 



Petrographic Analysis 

for 

Crows Nest Resources T, t&  

SAMPLE IDENTIFICATION 0 . n .  A a .. 
Laboratory number M9583 >r m r  1 m 

MSA North Hole 4 
Ash 9.00°/0 Sulphur 0.40% ~WIPLE 

PETROGRAPHIC INDICES 
Mean Maximum Reflectance ............ o/, I 73 .... - .................... -- 
Composilion Balance Index ................. 1 .63 
Calculated Strength Index .................... 4.70 
Calculated Stability Index ..................... 55 

........ Estimated Coke Strength Dl ms 93.7 
............. Predicted Free Swelling Index 7 

DISTRIBUTION OF VlTRlNlTE TYPES 
v - 10 ........................................................ O L  1 
v-  11 ...................................................... 

I REACTIVE COMPONENTS 
Virinite ..................................................... YO 47.6 
M d e  .................................................. % 0.3 

........................... Readiwe Semifusinite % 17.9 
....................................... Total Readives % 65.8 

INERT COMPONENTS 
Macrinite ................................................. % 3.9 
Inert Semifusinite .................................. % 22.6 . . Fusnie .................................................... YO 2.0 
Inertodetrinite ........................................ % 0.7 
Mineral Matter ........................................ % 5.0 
Total Inerts ......................................... . % 34.2 

Analysis Completed : 14. 1990 7 3 9  PM 



Hole #l3 7322-7341 c%R b n t c ~  I+o-& i 
Ash 9.00% Sulphur 0.40% S ~ P L E  

PETROGRAPHIC INDICES .............. Mean Maxlrnum Reflectance % 1.21 
................. Composltlon Balance Index 1.56 

.................... Calculated Strength Index 4.62 

.................... Calculated Stabllii Index. 55 
........ Estimated Coke Strength Dl m 6  93.7 

Predlded Free swell in^ Index. ........... 7 

DISTRIBUTION OF VKRINITE TYPES 
V.11 ........... ......................................... % 36 
v . 12 ..................................................... % 57 
V-13 .................. ., ................................... Ye 7 

REACTIVE COMPONENTS 
Wdnlte ............. .................................... % 49.5. .. 

.................. ExWLe ................................ ". % 1.3 
........................... Readlve Sernlfuslnlte % 15.3 

....................................... Total Readhres % 66.1 , 

INERT COMPONENTS ................... ............................ MaaWte : % 1.9 
................. ............... lnetl SernlfuslnRe ; % 21.6 

~uwufe ................................................... % 4.6 
...................................... Inertodetrinite % 0.8 
........................................ Mheral Matter % 5.0 

........................................... Total Inelts % 33.9 

Analysis Completed : sep~abor 4 . lm IIW PM 



Petrographic Analysis 

f o r  

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

Laboratory number MI0125 
Sew %L 

Sample C +28 mesh 7-1az~xcl sr4+ltx& 
Ash 9.50% Sulphur 0.40% C W U E  mczc1.4 

Mm 7-7 nr) . ~. 

PETROGRAPHIC INDICES 
Mean Maximum Reflectance .............. % 1.22 - 
Composition Balance Index ................. 1.37 
Calculated Strength Index .................... 4.62 
Calculated Stability Index ..................... 58 
Estimated Coke Strength Dl m s  ........ 93.9 
Prediied Free Swelling Index ............. 8 

DISTRIBUTION OF VlTRlNlTE TYPES 
v - 10 .................................................... Yo 1 
V - 11 ........................................................ % 28 
V - 1 2  .................................................. 0 69 
V - 13 ........................................................ 0 2 

REACTIVE COMPONENTS 
Vitrinite .................................................. YO 56.0 
Exinie ...................................................... % 0.0 
Reactive Semifusinite ........................... % 13.0 
Total ReaUives ....................................... % 69.0 ~ t -  

INERT COMPONENTS 
Macrinite ................................................. % 1.5 . . .  Inert Semdwnie .................................. % 19.0 
Fusiniie .................................................... % 4.6 
Inertodetrinite ........................................ % 0.7 
Mineral Matter ........................................ % 5.2 
Total Inerts ............................................. .% 31 .O 

Analysis Completed : scplcmba 14. 1 9 ~  w 4  AM 



Petrographic Analysis 

for 

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

Laboratory number MI0130 sa i ls  &L 
Hole #12 7505-7520 7- 

Ash 9.00% Sulphur 0.4W CSl2 DRILL C)& 
S ~ P L E  

PETROGRAPHIC INDICES 
Mean Marimurn Reffectance .............. % 1.26 
Compasnlon Balance Index ................. 2.49 
Calculated Strength Index .................... 4.61 

.................... Calculated Stabfllty Index 45 
E S t ~ t e d  Coke Streqh Dl sM6 ........ 91.9 
Prediied Free Swelling Index ............. 5 

DISTRIBUTION OF VITRINR'E TYPES 
v-11. ................................... " .................. % 8 
V- 12.. ................................... A 70 
V - 13. ............... i.... . ............................. % 21 
V-14 ......".....- ....................... 4 1 

REACTIVE COMPONENTS ~~ ~ ~ - ~~. 
. VitriMe., ..................................... ............ % -39.0 ' 

.... .... ..... Exinb... .. ...; ............. ,..,....,. % 0.4 . Readbe Semlfushlte. ......................... % 17.6 ................................ Total ~eadkes 3 57.0 

INERT COMPONENTS 
Macrlnlte ................................................ % 2.0 
lnen SernHusinlle .................................. % 30.4 
Fwinlte ................................................... % 3.6 
Inerlodetrin91e ........................................ % 2 0  
Mlneral Manar ........................................ Y 5.0 

.............................................. Total Inem % 43.0 

Analysls Completed : & p w h  + I ~ P O  613 PM 



Petrographic Analysis 

for 

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

hhoratory number MI0129 ScW SL .- - 
Hole Y20 7749-7749 (o. iw 
Ash 9.00% Sulphur 0.40% CSR. o n t u  d'nE 

Sfw PLE 

PETROGRAPHIC INDICES 
Mean Maximum Reflectance .............. % 1.23 

................. Composltlon Balance Index 1.98 
Calculated Strength Index .................... 4.50 
CalcuMad Stability Index ..................... 49 
Estimated Coke Strength Dl ~ M S  ........ 92.9 

............. Predicted Free Swelllng Index 6 

DlSTRlBUTlON OF VITRINRE TYPES 
............. v- 10 ; .......................................... % 1 

V-11 ....................................................... % 24 
V-12  .................................................. % 69. 

....................................... ............... V-13 - Yo 6 

REACTIVE COMPONENTS 
~ -~ 

VIMdie .................................................... % 43.3 
ErWLe- .................................................. % 0.1 

........................... Reactive Sernlfuslnlte % 17.5 , 
....................................... Total Reauk % 60.9 

. . 

Mauinle ................................................. % 2.2 
Inert SernHuslnfte ............................. % 27.0 
Fu~Inlte. ............................................... % 3.8 

.. Ine~lodeMnite ............................... % 1 .I 
........................................ M i l  Matter % 5.0 

Told Inerls ........................................... % 39.1 

Analysls Completed : 4, I- ns9 PM 



Petrographic Analysis 

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

Laboratory number M1 01 27 
SEW bu 

Sample D +28 mesh ?lzszd s-h- 
Ash 9.50% Sulphur 0.4% [ m a z e  rid14 

~ 7 0 f Z f l U F  -7 m) 
PETROGRAPHIC INDICES 

Mean Maximum Reflectance .............. % 1.1 9 + 
Composition Baknce Index ................. 1.87 

.................... Calculated Strength Index 4.38 
..................... Calculated Stability Index 49 

........ Estimated Coke Strength Dl w s  92.9 
Predicted Free Swelling Index ............. 5.5 . 6 

DISTRIBUTION OF VITRINITE TYPES 
v-10 ...................................................... % 10 

........................................................ v - 11 % 39 

........................................................ v - 12 % 45 
V - 13 ........................................................ % 6 

REACTIVE COMPONENTS 
Virinite .................................................... % 43.2 . . Exmte .................................................... 70 0.0 
Reactive Semifusinite ........................... % 17.8 
Total Reactives ...................................... .% 61.0 

INERT COMPONENTS 
................................................. Macrinite % 1.0 

.................................. Inert Semifusinite % 23.9 
.................................................... Fusinite % 8.3 

......................................... Inertodetriniie % 0.6 
........................................ Mineral Matter % 5.2 

.............................................. Total Inelts % 39.0 

Analysis Completed : sep~c~ba 14. I ~ W  11:38 AM 



Hole # l 2  7464-7600 
Ash 9.00% Sulphur 0.40% s&IPLP 

PETROGRAPHIC INDICES 
.............. Mean Maximum Reflectance % 1.21 
................. Composltlon Balanoe Index 1.67 .................... Calculated Strength Index 4.49 

.................... Calculated Stabllky Index. 53 
Estimated Coke Strength Dl m a  ....... 93.5 

............. Predicted Free SwelUng Index 8.5 

DISTRIBUTION OF VITRINITE TYPES 
v - 10 ............................................... . * %  3 
v-11 ................................................. % 35 .......... V - 12 .................................. % 60 
V - 13 ...................................................... % 2 

REACTIVE COMPONEWS 
. ......... . ........... - Vinite &... ....,, ,,..,.......... % 46.9 

. Exlnlte ................................................... '3'0 1.1 
........................... Readlve Semlfuslnlte % 16.2 

...................................... Total Readhres ? 64.2 

INERT COMPONENTS 
Macrlnlte ................................................ % 1.5 
lnen Semlfusinb ................................ % 25.7 

.................................................... Fushite % 2.6 
........................................ IneRodddnite ? 1.0 
........................................ Mimeral Matter % 5.0 

............................................ Total Inem % 35.8 

Analysls Completed : sop~~ba 4 IPPO I M ~  PM 



Petrographic Analysis 

for 

Crows Nest Resources Ltd. 
SAMPLE IDENTIFICATION 

Laboratory number MI0128 
5k3W-f S k  

Hole #20 7721-7741 
Ash 9.00% Sulphur 0.40% SWPLE 

PETROGRAPHIC INDICES 
Mean Maxlmum Reflectance .............. % 1.22 
ComposHion Balance Index ................. 2.44 
Calculated Strenpth Index .................... 4.34 
Calculated Qabfflty Index ..................... 42 
Estimated Coke Strength Dl ma ....... 91.0 
Predicted Free Swelling Index ............. 4.5 - 5 

DISTRIBUTION OF VlTRlNlTE TYPES 
V- 11 .............................. . ..................... . 28 
V - 12 .................. . .......... . ................. % 65 
V-13 .............................................. . %  6 

REACTIVE COMPONENTS 
Vltrlnlte .............. ; ................................... % 40.7 - 
Exlnlle ...................................................... % 0.9 
Readhre SemHusinlle .......................... .% 14.1 
~otal'ReaU!ves ................................... . 55.2 , 

INERT COMPONENTS 
Macrinlte ..................... : ...................... % 3.2 
Inen SemlfusWte .................................. X 30.6 . . Fu$mae .................................................... % 4.2 
Inertodelrinile ........................................ % 1.3 
Mineral Matter ........................................ % 5.0 
Total Inetls ................................ ... ....... % 44.3 

Analy6k Completed : s e p ~ ~ ~ ~ k r  4 rm %34 PM 



ENCLOSURE 13: TEST PIT QUALIN DATA 

The M.S.A.N. test pit was intended to be an attempt to obtain bulk 

samples of individual seams that would be large enough to run through 

either the thermal or the metallurgical plant to obtain some idea of their 

individual cleaning characteristics. It was hoped that this data would 

then be used to determine how these coals could be blended with other 

Line Creek seams and still match the sales contract quality specifications. 

Samples were collected from the following seams: 

8U. 8L1.9U. 9L and 10B. 

Unfortunately, due to inadequate coordination at the Plant, the 8U and 

8L1 sample was mixed with other coals and not processed by itself. 

Therefore there is no data available for these seams. 

Samples were processed for seams 9U. 9L and 10B with data being 

obtained for 9U through the metallurgical plant, 9L through the 

metallurgical and thermal plants and 10B through the thermal plant. 

All available data is attached: 



9U SEAM - Bulk sample processed through Line Creek 

Metallurgical Plant 

Feed Ash - 35.6% 
Raw FSI - 1 .O 

Size Distribution , ,*"'i-, 
114" x 28 
28 x 48 
48 x 100 
loo  x 200 

I + 28 mesh 1 39.9% 1 76.8Y0 1 14.6% 1 58.7% 1 75.8% ( 

I - 28 mesh 1 18.4% 1 23.2% 1 13.8% 1 60.9% 1 28.2% 1 

REJECT 
ASH 

Coarse clean coal - 
Bird product - 
Coarse reject - 
Belt press - 

RAW 
ASH 

Total clean coal - 
- 
- 
- 

WEIGHT 
CLEAN 

ASH 

Coarse circuit recovery - 
Fine circuit recovery - 
Overall - 

YIELD 

14.6% ash 
13.8% ash 
75.8% ash 
28.2% ash 

13.6% ash 
0.57% Res. Moist. 
21.16% volatiles 
6467.07 callgm 



9LSEAM - Bulk sample processed through Line Creek 

Metallurgical Plant 

Feed Ash - 26.2% 
Raw FSI - 0.5 

Coarse clean coal - 14.096 ash 
Bird product - 12.2% ash 
Coarse reject - 78.3% ash 
Belt press - 27.3% ash 

I I I I I 

Total clean coal - 13.92% ash 
- 0.71% Res. Moist. 
- 21.77% volatiles 
- 7301.19 callgm 

Coarse circuit recovery - 61.7% 
Fine circuit recovely - 69.5% 
Overall - 62.0% 

69.5% 1 27.3% 12.2% - 28 mesh 1 16.8% 4.4% 



91 SEAM - Bulk sample processed through tine Creek Thermal 

Plant 

Feed ash - 22.24/0 
Raw FSI - 0.0 
Raw Moist. - 1 1.92% 

+ 4.75 508.5 tonnes (59.82%) 
- 4.75 341.5 tonnes (40.18%) 

850.0 tonnes 

Prewet screen - 18.9% ash 0.5 FSI 
Coarse clean coal - 10.9"0 ash 0.5 FSI 
Coarse reject - 74.1% ash 0.0 FSI 
Raw coal undersize - 17.2% ash 0.0 FSI 

Clean coal - 1.15% Resid. Moist. 
- 21.03% volatiles 
- 15.l%Ash 
- 0.5 FSI 
- 6718.26 callgm 
- 1 1.5% Moist. 



10B SEAM - Bulk samples processed through Line Creek Thermal 

Plant - Samples numbered (1). (2) and (3) 

SAMPLE NO. I 1 2 3 J 
Feed Ash % 

Raw FSI 

Raw Moist. % 

SAMPLE NO. I 1 2 3 

SAMPLE 
NO. 

I Prewet Screen 1 25.1%ash 1 20.5%ash 1 21.7%ash I 

21.2 

0.5 

11.59 

I Coarse Clean Coal 1 14.1%ash 1 12.7%ash 1 9.8%ash I 
I Coarse Reject 1 71.6% ash 1 75.1% ash ( 74.8% ash I 

22.3 

0.5 

9.57 

I 

3 1 

I Raw Coal Undersize 1 16.5%ash 1 16.0°/~ash 1 14.9%ash I 

21.0 

- 

- 

2 

CLEAN COAL 
SAMPLE NO. 

Resid. Moist. 

Volatiles 

Ash 

FSI 

callgm 

Moisture 

1 I 2 I 3 I 
0.38 

20.62 

15.1 

0.5 

6549.79 

11.5 

0.69 

21.70 

15.9 

0.5 

6922.84 

15.1 

- 

- 

15.1 

- 

- 

- 




























































