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APPENDIX 4 

ROTARY DRILLING SUMMARY SHEETS 

QHR84001 to QHR84030 
and 

QBR84007, 84008, 84010 to QHR84014 
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‘HERMANN NORTH 

Rotary Drill Hole 

Summary Sheets 
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DRILL HOLE SUMMARY SHEET PRO J EC T Herman North 
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MINING SECTION 



DRILL HOLE SUMMARY SHEET PROJECT Hermann North 

PAGE 1 OF - 

HOLE NUMBER I HOLE ANGLE 1 COLLAR BEARING 1 TOTAL DEPTH 1 CORE SIZE 1 MAP / SECTION NUMBER 
I I I 1 

QHR 84013 -90 I I 91.3 I 54" Rotary 
U. T. M. CC30RlYbINATFS I DATF I lrnm /to I I 

COLLAR Et EVATION NORTH EAST I DRILLED CORE LOGGED 

I I I 
1411.2 1 6096730.3 ,, I 618300.0 



DENISON MINES LIMITED ,CDAL D,“,,#0”, DRILL HOLE SUMMARY SHEET PROJECT Hermann North 

PAGE 1 OF 1 



DENISON MINES LIMITED (COIL 01YISIO", DRILL HOLE SUMMARY SHEET PROJECT- 

PAGE 1 OF 1 

HOLE NUMBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH CORE SIZE MAP / SECTION NUMBER 

QHR 84015 Vertical 60.8 5&" Rotary 
U. T. M. COORDINATES DATE (from /to) 

COLLAR ELEVATION NORTH EAST DRILLED CORE LOGGED 

I I I 

1317.4 6097143.4 618028.3 108-04-84 1 08-06-84 
GEOPHYSICAL DATA I OVERBURDEN \ 

SCALE DEN BRD LSD HRD GAM NEUT FBE FBS CAL DIR “2’ DEPTH COMPOSITION 

1:200 x X x x x 

MINING SECTION 

SEAM L;!Y*“oN DRILLED INTERVAL ;,jy~, TH~~~~ESS COAL/ROCK ~~C,VEPY ;“H::;z;“s”s OATE DATE s*MPLE CoMP. Dr!ILLED S*MPLED TAG NC.. LAB NO. COMMENTS 

I I I I I I I I I I 



DENISON MINES LIMITED ICOAL mYI,IO*, DRILL HOLE SUMMARY SHEET PROJECT-h 

PAGE 1 OF- 



ENISON MINES LIMITJTD lCc.A, 0,"1,,0", DRILL HOLE SUMMARY SHEET PRO,E,-T Hermann North 

PAGE 1 OF 1 

HOLE NUMBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH CORE SIZE MAP / SECTION NUMBER 

QHR 84025 ' Vertical 66.8 54" Rotary 
U. T. M. COORDINAT 

COLLAR Et EVATION NORTH EAST DRILLED 1 co 

ES DATE (from /to) 
RE LOGGED 

52 - 4.32 55 

FAULT ZONE ( 18 - 32 m ?? ) 

K3 135.51 - 37.00 
I I 
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HERHAHN GETHING 

Rotary Drill Hole 

Summary Sheets 
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DENISON MINES LIMITED DRILL HOLE SUMMARY SHEET 
p R oJ E c T HERMANN GETHING 

ICOll D0”,.,0”, 
PAGE’l OF- 

HOLE NUMBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH ,, CORE SIZE MAP / SECTION NUMBER 

QHR 84019 Vertical -90” 42.5 m Rotary 

U. T. M. COORDINATES DATE (from /to) 
COLLAR ELEVATION NORTH EAST DRILLED CORE LOGGED 

I I I 

1564.20 6,094,835, 



., 3;j 
DENISON MINES LIMITED ‘COIL oIYI.lO*l DRILL HOLE SUMMARY SHEET PR~,ECTHEP.XANN GETHING ,;I 

PAGE 1‘ OF 1 
(1 

1 :, 

HOLE NUMBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH CORE SIZE MAP / SECTION NUMBER $; 

QHR 84020 Vertical 36.6 
;<, 
i; r; 

Lt. T. M’. COORDINATES DATE (from /to) j’ 

COLLAR ELEVATION NORTH 
v: 

EAST DRILLED CORE LOGGED :i, 
.>, 

31.46-31.89 1 2 Coal 
I I I I I I 
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DENISON MINES LIMITED 1CD.L OIY1.1O”I DRILL HOLE SUMMARY SHEET p R o, E c T HERMANN GETHING 

PAGE 1 OF ’ 
I 

HOLE NUMBER I HOLE ANGLE 1 COLLAR BEARING 1 TOTAL DEPTH 1 CORE SIZE 1 MAP / SECTION NUMBER 

OHR 84021 Vertical I I 36.0 5&l’ Rotary I 

U. T. M. COORDINATE’S I DATE (from /to) 

COLLAR Et EVATION NORTH ! EAST DRILLED CORE LOGGED 

1587.32 6094758.28 619409.022 84/08/06 

GEOPHYSICAL DATA I OVERBURDEN 

SCALE l DEN l BRD 1 tsD l HRD IGAMINEUTI FEE I FBS l cAt I DIR IsW I I 1 DEPTH I COMPOSITION 

1:200 X X X 

1:20 X X x ’ 0 

I I I I I I I I I I I 
/ I 

FOkM 79-OkSO-101 



DENISON MINES LIMITED DRILL HOLE SUMhnARY SHEET 
p R oJ E c I HERMANN GEIXiNG 

lCDAL L)IYI.IO”I 
PAGE 1 OF 1 



QHR 84023 I 9o" I I 43.0 m 56" Rotary 
U. T. M. COORDINATES DATE (from /to) 

COLLAR Et EVATION NORTH EAST DRILLED CORE LOGGED 

1614.39 6094948.33 619365.605 I R‘,“H/“h t - . , - -, - - I 

GEOPHYSICAL DATA OVERBURDEN 

SCALE DEN BRD LSD HRD GAM NEUT FBE FBS SLANT CAL DIR d DEPTH COMPOSITION 

1:20 X x 1x X 

0 

DENISON MINES LIMITED ICOAL DI"I.lO"l DRILL HOLE SUMMARY SHEET PROJECT HERMANN GETHING 

PAGE 

HOLE NUMBER I HOLE ANGLE 1 COLLAR BEARING 1 TOTAL DEPTH 1 CORE SIZE 1 MAP / SECTION NUMBER 
I I I I 

MINING SECTION 
COMP. 

.I^ COMMENTS I 



DENISON MINES LIMITED ‘50.1 01"1,10", DRILL HOLE SUMMARY SHEET 
PROJECT HERMANN GETHING 

PAGE 1 OF 1 

I-. MINING SECTION I 
1 SEAM1 ‘::\;‘:‘p”I DRILLED INTERVAL 1 1 COAL/ ROCK~RKWEW~ MEWE*M 1 DATE D*TE lUl,-lllFI< I nDII*Cn <.“DICr, I COMMENTS I 
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HERMAHN SYNCLINE 

Rotary Drill Hole 

Summary Sheets 



HOLE NUMBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH CORE SIZE MAP / SECTION NUMBER 

QHR 84001 - 90" 50 M 54" Rotary 
U. T. M. COORDINATES DATE (from/to) 

COLLAR ELEVATION NORTH EAST DRILLED CORE LOGGED 

1563.89 6095192.69 

I MINING SECTION 

: 



. 2 : 

DRILL HOLE SUMMARY SHEET PROJECT HERMANN SYNCLINE 

PAGE 1 OF 1 

/ HoLE N”MBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH CORE SIZE MAP / SECTION NUMBER 

QHR 84002 30.0 
U. T. M. COORDINATES DATE (from /to) 

COLLAR Et EVATION NORTH EAST DRILLED CORE LOGGED 

1588.98 6094935.29 617941.776 S4/07/25 
GEOPHYSICAL DATA I OVERBURDEN 

I SCALE DEN BRD LSD HRD GAM NEUT FBE FBS CAL DIR “p’ 

1:200 X X X 

1:20 X X X 

DEPTH COMPOSITION 

II MINING SECTION 

K3 11583.01 t 5.97 - 7.07 1 I I I I I I I I 



I 
.’ DENISON MINES LIMITED ICOAL 01”I,IO”, DRILL HOLE SUMMARY SHEET 

PAGE 1 OF 1 

HOLE NUMBER I HOLE ANGLE 1 COLLAR BEARING 1 TOTAL DEPTH 1 CORE SIZE 1 MAP / SECTION NUMBER 
I I I I 

QHR 84003 I -90" I I 30.0 I 56” Rotary 
II z 
“. 1.n 'A. COORDINATES DATE (from /to’ 

COLLAR ELEVATION 1 

! 
NORTH I EAST 

I 
I DRILLED 1 CORE LOGGED 

1588.72 6094990.01 617969.582 84107125 

GEOPHYSICAL GEOPHYSICAL DATA DATA I OVERBURDEN OVERBURDEN 

SCALE SCALE DEN BRD DEN BRD LSD HRD GAM NEUT FBE FBS CAL DIR “2’ LSD HRD GAM NEUT FBE FBS CAL DIR “2’ DEPTH DEPTH COMPOSITION COMPOSITION 

I:200 I:200 1 
I 

I XI X X X Ix I X 

1:20 1:20 X X X X X X 

SEAM “[5;‘o^“;” DRILLED INTERVAL e 
K3 1580.84 7.88 - 9.12 



I 
DENISON MINES LIMITJZD (COAL 01YISIO”I 

HOLE NUMBER I HOLE ANGLE 1 COLLAR BEARING 1 TOTAL DEPTH 1 CORE SIZE i MAP / SECTION NUMBER I ..- ..- -.. 

QHR 84004 -90" I I 30.0 I 5 4" Rotarv 
DORDINATES I I DATE (from /to) 

NnDlU I I E AFT no, I I CR rADE I ,-,CCCF 
----.... --- . . . . ,-.. 

I 
c-“I 

t 
Y1.I L&L., L-n. L”““L” 

I I 

1 K3 I 1569.431 19.25-20.94 1 

I I I I I I 

II 
I I I I I I I I I I 

DRILL HOLE SUMMARY SHEET p R 0, E c T HERMANN SYNCLINE 

PAGE 1 OF 1 



,DENISON MINES LIMITED #COAL 01"1,10", DRILL HOLE SUMMARY SHEET PROJECT Hermann Svncline 

PAGE 1 OF 1 

I 

1 

I 



DENISON MINES LIkTED lC0.l l)l"I.IO"> DRILL HOLE SUMMARY SHEET 
PAGE 1 OF 1 

SCALE 1 DEN 1 BRD 1 LSD 1 HRD ( GAMlNEUTI FBE 1 FBS 1 CAL 1 DIR 1 sr~NTI DEPTH I COMPOSITION 



DENISON MINESLIMITED <co., o,YI,lo*, DRILL HOLE SUMMARY SHEET PR 0 J EC 7 Hermann Syncline 

PAGE 1 OF 1 

MINING SECTION 

Wa er Level 41.70 M 
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HERHANN SOUTH 

Rotaiy Drill Hole 

Summary Sheets 



/ 
DENISON MINES LIMITED DRILL HOLE SUMMARY SHEET PROJECT Hermann South 

ICOAL 0,"0,,0", 
PAGE 1 OF 1 

HOLE NUMBER I HOLE ANGLE 1 COLLAR BEARING 1 TOTAL DEPTH 1 CORE SIZE 1 MAP / SECTION NUMBER 

I I I I 
OHR 84017 I - ” I I 128.0 m 151" Rotarv 

U. T. M. COORDINATES DATE (from /to) 
COLLAR ELEVATION 1 NORTH I EAST DRILLED i CORE LOGGED 

877.047 6095367.55 624352.731 84-08-05 

GEOPHYSICAL DATA I OVERBURDEN 

scAtE I DEN I BRD I LSD I HRD I GAM INEUT I FEE I FBS I CAL I DIR I SW I I I DEPTH I COMPOSITION 

1:200 

1:20 

x x 

x x I 
4.5 Gravel 

I DRILLED INTERVAL ;:yi 

eat, 

44.72 - 45.16 40' 

45.16 - 45.41 40" 

45.41 - 50.02 40" 

71.99 - 74.52 43” 

74.52 - 75.14 43” 

75.14 - 76.68 43” 

98.49-104.27 44" 
1n4.77-lll5.48 440 

105.48-107.56 44" 

110.75-111.66 45" 



DENISON MINES LIMITED 
lC.all oDYI*IO*, DRILL HOLE SUMMARY SHEET PROJECT Hermann South 

PAGE 1 OF 2 

HOLE NUMBER HOLE ANGLE COLLAR BEARING TOTAL DEPTH CORE SIZE MAP / SECTION NUMBER 

QHR 84018 -go0 -- 238.3 5 I, R + H-r-h 
U. T. M. COORDINATES DATE (from /to) 

COLLAR Et EVATION NORTH EAST DRILLED CORE LOGGED 

857.664 6095285.33 - 623971.799 84-11-09 
GEOPHYSICAL DATA OVERBURDEN 

SCALE DEN BRD SLANT LSD HRD GAM NEUT FEE FBS CAL DIR 4 DEPTH COMPOSITION 

1:200 X x x x x x 5,80 Mud and Clay 
1:20 X X X 7Tnr.r rzn+ 

MINING SECTION 

J 
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WATERFALL CREEK 

Rotary Drill Hole 

Summary Sheets 
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APPENDIX 5 

CORE DRILLING SUMMARY SHEETS 

QHD84001 to QHD84004 

QBD7308 and 7309 
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APPENDIX 6 

CORE DRILLING DESCRIPTIVE LOGS 

QHD84001 to QHD84004 



DRILL HOLE 

QHD 84001 

Descriptive Log 
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DRILL HOLE 

QHD 84002 

Descriptive Log 

-. 
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DRILL HOLE 

QHD 84003 

Descriptive Log 
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DRILL HOLE 

QHD 84004 

Descriptive Log 
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APPENDIX 7.1 



COMMERCIAL TESTING & ENGINEERING CO. 

plVlSlON OF 
&E TESTING CORPORATION 

STEVE MORRlN 
GENERAL MANAGER 

Mr. D. Johnson 
Long Range Geologist 
Quintette Coal Limited 
General Delivery 
Tumbler Ridge, BC, Canada 

April 2, 1985 

Dear Mr. Johnson: 

The analytical procedures t'nat we use in our laboratory are in 
accordance with ASTM standards. The basic analytical parameters 
such as Ash, Sulphur, Volatile, Free Swelling Index, Calorific 
Value and Moisture are contained in the current volume of ASTM. 
The manual presently in use is the 1983 edition, Part 26 of 
ASTM. For your convenience I added a copy of our working booklet 
procedures for the above items with this letter. 

The standard procedures in the manual can be found under the 
following numbers: 

Parameter ASTM Standard Number 

Ash 
Volatile 
Sulphur 

FSI 
Calorific Value 

Moisture 

D 3174 
D 3175 
D 3177 
D 720 
D 2015 
D 3302 and D 3173 

The oxidation tests such as plasticity and dilatation can also be 
found in standard manuals. The Gieseler Plastometer test is an ASTM 
standard and can be found under D 2639. The dilatation is called an 
Audibert-Arnu dilatation and is an International Standards Organization 
(ISO) derived procedure. I have enclosed a copy of the dilatation 
procedure. The equipment that we use to perform these tests are 
manufactures according to the prescribed specifications by Fuel 
Research and Instrument Company. This company is an affiliate of 
Commercial Testing & Engineering Co. The machines are integrated 
with a Barber-Colman 570 Programmer Controller that provides 
computerized control with an automatic printout. 

cont'd 
OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS, 

TlDEWATER AND GREAT LAKES PORTS. AND RIVER LOADING FACILITIES 
,~~ ~._____.. -.- __ 
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COMMERCIAL TESTING %I ENGINEERING CO. 
,707 FFiANKLIN STREET, “ANcOu”ER, B.C. “5UP6 . TEL. ,504,255-2688, TELEX 04-508753 

TlNG CORPORATION 

The calorific 
with a master 

values are run on a Parr calorimeter Model 1241 
controller. The volatile furnace controller and FSI oven 

are manufactured by Fuel Research & Instrument Company. I have 
not been able to find the model number for the FSI furnace but 
I can make a request to Fuel Research for brochures if you require 
them. The volatile furnace is model number FA120, and is a product 
of Hoskins. The ashing of coal and burning of the Eschka for sulphur 
is done in a Lindberg muffle furnace Model 51441 and a Thermolyne 
automated muffle furnace Model number F-A1730. 

I trust this is the information that you requested. Should you 
require anything further please do not hesitate to let me know. 

f Since7 y yours, 

OVER 40 SRANCH LABORATORIES STRATEGlCALLY LOCATED IN PR,NC,PAL COAL MlNlNG AREAS, 
TlDEWATER AND GREAT LAKES PORTS. AND RlVER LOADING FACILITIES 



._~__ .-- _..--- 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

Fill crucible l/3 
Be sure to run one 

Weigh accurately ( 
into crucible. 

SULPHUR TEST 

full (approx. 1 Gram) with Eschka Mixture. 
blank with al.1 batches of samples. 

to four digits) l.OOOOg of sample and transfer 

Mix the sample and Eschka mixture thoroughly with a glassroi&-- 
Being careful not to spill any of the sample over the edge, 

Cover the mixture with a capping of Eschka mixture, so that 
there is no coal visible at all. ( use seive in Eschka mixture ) 

Place in muffle furnace #l, setting the timer for 4 hours and-" 
dial reading High ( 6.2 if using furnace #2). When temperature 
reaches (500°C) close oven door to 2/3 closed. 

You want the temperature to reach 800°C + 25" in 2 hours and 
keep that temperature for another 2 hours. 

Remove the sample from furnace, let cool for lo-15 Minutes. Then 
wash quantitively using hot Distilled water into 400ml beaker, 
use about 125ml to 150 ml of water. 

Place on hot plate and heat for 30 minutes just below boiling point. , 

Set the hot plate @ 300°C. (Being careful not to allow sample to bump 
or spit so the sample is not lost.) 

Filter the sample through a Whatman # 2 filter paper into a 400ml beaker 
Decant all the liquid and solid into filter , making sure beaker 
is thorourghly washed. Wash the Eschka mixture 5-7 times until filtrate 
is to level of about 250ml. Keep filtrate and discard filter paper. 

To the filtrate, add 2-3 drops of methyl orange indicator and about 
5-6 mls of the analytical pulp. then add 15 mls of 1:l HCl to the 
solution and put on the~hot plate for 30 minutes. 

Add 15 mls of 10% BaC12 Sol'n to the filtrate and let it cook for 
least 30 minutes. 

Filter through Whatman +40 ashless filter paper..‘~Wash the beaker 
carefully in order to get all the precipitate into the filter. Then 
wash the filter paper 5-7,times being careful not to overflow the 
filter paper. 

Take the filter paper out and fold it carefully, so not lose any 
precipitate and place in small crucible. Make sure level of paper 
is below the edge of the crucible. 

Place in muffle furnace #2 with the door open and turn the furnace 
on setting of 6.2, so that paper smokes but doesnot catch on fire. 
Or have the muffle furnace preheated to 400°C and set dial to 5. 
( Usually keep the temperature below 500°C while smoking.) 
If paper burst into flame, quickly put a lid over the crucible to 
affixiate it. After smoking, close the furnace to l/2" gap and turn 
dial to high setting. When the temperature reaches 85O"C, turn the 
furnace to about 5.2 setting and hold the temperature for l/2 hour. 



~~_ ____-.._._---.- 

Cont ’ d Sulphur Test 

15) After 1/2 hour turn off the furnace, take the sample out, cool 
for lo-15 minutes and weigh. 

Calculation 

Sulphur % Dry = A - B x 13.738 
l-Hf 

Where: 

A = grams of BaS04 precipitate 

B = grams of blank BaS04 

Hf = moisture in Analysis sample (60 mesh) 

Precision 

Coal containing less than 2% sulphur 
Coal containing 2% sulphur or more 

‘. ASH - 

1) Use high form crucible and weigh approx. 1 gram of sample 
and brush it into the crucible. 

2) Place in muffle furnace #2 and set dial at 6.2, set timer for 
4 Hours and bring the temperature to 750°C in 2 hours. (Furnace 
door is open until temp. reaches 600°C, then closed haif way) 

3) Hold the temperature of the oven between 700°C to 750°C for 
a further two hours. 

4) After 4 hours, remove from the furnace, cool for 10 - 15 minutes 
and weigh the crucible with ash. 
empty crucible. 

Then clean the crucible and weigh 

Note - Run all ash determinations in duplicate 

For l.OOOOg Sample 

2 Runs at same Lab 

0.05 % 
0.10 9; 



Cont'd Ash 

Calculation 

Ash % Dry = A - B / C x 100 
l-Hf 

Where: 

A = Weight of crucibl'e-$&-Ash 

B = Weight of empty crucible 

C = Weight of Sample 
-.. 

Hf = Moisture in analysis sample (60 mesh 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

,I 

BTU'S - CALORIFIC VALUE , 

Wash bomb thoroughly to get rid of any acid and also to make 
a seal. Place crucible with exact 1.0000 g sample into the 
holder. Make sure ignition wire is touching the sample. 

Pressurize the bomb (with sample inside) to 25 atm. Be careful 
not to bring up pressure too fast or else the coal in the 
crucible will be displaced. 

Place pressurized bomb into the bucket. The bucket should have 
been previousy checked for the right amount of volume and 
temperature of water. 

Place the bucket with bomb into the adiabatic calorimeter. 
Make sure the machine has previously purged. 

Run for 3 minutes, read the bucket temperature. Make sure 
calorimeter temperature is within l/lOO"C of the bucket 
temperature before ignition. Run for 8 minutes. 

Read final temperature and remove the bucket from calorimeter. 

Take out bomb and depressurize it.( least give 1 minute for 
depressurize) Wash the inside with diluted methyl orange 
solution thoroughly. The solution resulting should turn pink. 

Titrate the solution with the solution of Sodium Carbonate. 

If sample contains high ash (over 25%). Then use 1 g of Benzoic Acid 
tablet and record the weight on the Btu sheet. And use half gram 
of sample and run BTU as above. 



Cont'd BTU 

Calculation 

BTU/LB Dry(gross) = TxW -El-E:,-E3 
l-Hf 

Where: 
T = (tf f corr) - (ti f corr) 

tf = Final temperature reading of the bucket 

ti = Initial temperature of the bucket 
corr = Thermometer correction for error 

W = Water equivalent 

El = Correction for heat formination of HN03, 1 ml of Na2C03 = 10 Btu 

E2 = Correction for heat combustion of H2SO4, 23.7 x 9; S in sample 

E3 = Correction for heat combustion of firing wire used up: 
=(Length of wire(cm) - Wire not burned( x 4.1 

Hf = Moisture in Analysis sample 

1. 

2. 

3. 

4. 

5. 

HYDRATION FACTOR - MOISTURE IN THE ANALYSIS SAMPLE 

Blow clean with bulb the hydration factor bottle and lid. 

Weigh the bottle and lid, then add approx. 1 gram directly into 
bottle‘.being careful not to spill any sample. 

Place the bottles in hydration factor oven (lid off) for one 
hour. @ temperature of 104-110°C. 

Remove from oven, put lids on the bottles and place them in 
dessicator to cool for maximum of l/2 hour. 

When cool, weigh back. 

Calculation 

Moisture = (A- B)/A 

% Moisture = (A - B) / A x 100 

Hydration Factor = 1 - (A - B)/ A 

Where: A = grams of sample used 

B = grams of sample after drying 



VOLATILE 

1. Weigh platinum crucible and record weight (adding one gram). 

2. Weigh exactly 1.0000 g of sample into crucible. 

3. Place in Volatile furnace which is at 950 + 2O'C 

4. Cool, reweigh. 

IF YOU SEE SPARKS (SPARKING COAL) 

USE MODIFIED PROCEDURE 

1. As in 1 & 2 of above. 

2. Place the crucible in furnace as follows: 

I I 

First 3 Minutes 

I-- 
l 

* 

*I 

1 
I 

Second 3 Minutes 

Last 6 Minutes - Fully immersed - 

IF STILL SPARKS 

USE BLEND METHOD 

Use a blend of half gram of sample and half gram of 
coal and run as modified procedure. 

for 7 minutes. 

nonsparking 

Note - When running any volatile method, be sure that the volatile 
crucible is reshaped using the mold before weighing 



Calculations 

1. For Normal and Modified Procedures 

As run 

--- 

VOLATILE 

C=(A-B)/S 

Dried Volatile =(C- ~)/(l-D) 

Where A - Weight of Crucible plus sample ( l.OOOOg sample) 
B- Weight of Crucible plus sample after run. 
D - Moisture loss in analysis sample 
S - Weight of sample (l.OOOOg) 

2. Blend Method 

As run Blend C=(A-B)/S 

As run Vol. of Sample Cl= ( C - E/2 ) x 2 

Dried Volatile =(Cl-D)/(l-D) 

Where E - As run volatile of nonsparking coal used as blend 
( 0.5OOOg coal ) 

S - 0.5OOOg sample and 0.5OOOg nonsparking coal 

3. New Method 

Dried Volatile C=(A-B 1 /S 

Where S = l.OOOOg sample - Moisture loss ( D ). 

FREE SWELLING INDEX 

1. Weigh approximately l.OOOOg (+ 0.03OOg) of sample into silica crucible. 

2. Tap crucible on hard surface 12 times to pack the coal. 

3. Put in FSI furnace for 2-l/2 minutes with lid on. 

4. Take out, cool and compare to FSI chart. 

,, 



1. 

2. 

_..~___ _~___ll_._l_ -~ 
___-__-. 

SUPPLEMENT 

Shape platinum crucibles before putting them in furnace to clean. 

Avoid bending the platinum crucible once they are clean. Shaping 
the crucible suppose to make them close air tight, when you take the 
volatile out. Therefore moisture can't get in. 

3. Make sure you close the main value of the Oxygen tank used for BTU's 
after you have done the last run. This is done so that we don't lose 
any Oxygen. 

4. When you first come in, you should turn the FSI and Volatile furnaces 
on so that they will warm up to temperature. It usually takes about 
l-l/2 hours. 

5. If sulphur is heated too fast or not enough Eschka capping, sulphur 
will be lost as Sulphur Dioxide gas. There must be sufficient 
Eschka capping and time for it to absorb the sulphur in compound 
form. 



1. 

2. 

3. 

4. 

5. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Procedure For Total Moisture In Coal 

Weigh the gross sample after 5-6 hours of drying at 40°C, record wt. 

Put the sample back in the oven for another hour. 

Re-weigh sample after one hour. If the weight loss between the first 
and second weighings is O.l%/hr. or less , proceed to preparation 
stage(step 5). 

If the loss between first and second weighings is greater than 
O.l%/hr.,then put sample back in oven for another hour of drying. 
Repeat this procedure until weight loss is O.l%/hr. or less. 

Increment out a representative sample of the gross sample. This can 
be accomplished by taking equal scoops of coal from each part of the 
gross sample. 

Crush the entire collected sample to -8mesh size. 

Riffle the crushed sample into two equal portions using the 
3/4" divider. 

Transfer one side to another pan, record the weight of the pan 
and weight of the pan plus sample. Put the sample into the oven for 
the second air dry. Set the oven temperature at 4O'C. 

After two hours of drying remove the sample from the oven and weigh. 
If the loss in weight is O.l%/hr. or less, then the second air dry 
is completed. If weight loss is 0.1% or,more proceed to step 11. 

Dry the sample for additional one hour and weigh. Repeat this 
process until loss in weight is O.l%/hr. or less. 

To obtain the -8 mesh residual moisture, place the sample in the 
oven. Increase the temperature of the oven to 107°C. 

After l-1/2 hrs. remove the pan from the oven and let the sample cool 
for lo-15 minutes. 

Return the sample back to the oven for-a further 1/2hr. Weigh again. 
If the weight loss is O.O5%/hr or less for the 1/2hr period , the 
residual moisture is completed. If weight loss is more than O.O5%/hr 
then repeat drying and weighing procedure until loss is 0.05% or less. 

: 
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FOREWORD . 

IS0 [the lnternationsl Organization for Standardization) is a worldwide federation 
of national standards institutes (IS0 Member Bodiesl. The .work of developing 
International Standards is carried out through IS0 Technical Committees. Every 
Member Body interested in a subject for which a Technical Committee has been set 
up has the right to be represented on that Committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. ’ 

Draft International Standards adopted by the Technical Committees are circulated 
to the Member Bodies for approval before their acceptance as International 
Standards by the IS0 Council. 

Prior to 1972, the results of the work of the Technical Committees were published 
as IS0 Recommendations: these documents are now in the process of being 
transformed into International Standards. As part of this process, Technical 
Committee ISO/TC 27 has reviewed IS0 Recommendation R 349 and found it 

’ vechnically suitable for transformation. International Standard ISO 349 therefore 
replaces IS0 Recommendation R 349.1963 to which it is technically identical. 

._ 
0 Recommendation R 349 was approved by the Member Bodies of the following 

<ountrirs : 

: 

Austria India Romania 
Belgium Italy Turkey 
Canada Japan United Kingdom 
Czechoslovakia Mexico U.S.S.R. 
Denmark New Zealand Yugoslavia 

_. Germany Poland 
Greece Portugal 

The Member Body of the following country expr&sed disapproval of the 
Recommendation on technical grounds : ’ I 

Spain 

No Member Body disapproved the transformation of ISO/R 349 into an 
lnterria tional Standard. 

: . 

-b; lnternchxtal Organization for Standardization. 1075 l 
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.Hard coal - Audibert-Arnu dilatometer 

0 INTRODUCTION 

The Audibert-krnu test is one of the parameters adopted 
for the International Classification of Hard Coals by Type 
of the United Nations Economic Commission for Europe. 
The object of the test is to determine the coking properties 
of hard coal or hard coal blends on the laboratory scale. 

lo principle, the test is not design’ed. nor can it be used, to 
indicate the pressures exerted by hard coals on the walls of 
industrial carbonization ovens. 

1 SCOPE AND FIELD OF APPLICATION 

This international Standard specifies a method fo; 
determining the swelling properties of hard coal when 
heated under standard conditions in a dilatometer. 

2. PRINCIPLE AND TERMINOLOGY 

A pencil made of powered coal formed under pressure is 
inserted into a precisely calibrated narrow tube and topped 
by a calibrated steel rod [piston) which slides in the bare of 
the tube. 

TAe whole is heated at a constant and definite rate. 

By making regular readings of the displacement of the 
piston as a function of the temperature and expressing the 
displacements observed as percentages of the original length 
qf the pencil, a curve of the type ihown in figure 1 can be 
plotted. 

. . 
‘.. 

~-_ 
\ 

Displacement 

FIGURE 1 3.1.4 Press, of which figure 4 shows an example, 

test 

The follpwing items are characteristic (see note below1 : 

67~~3Q~q~~~a’h~e~~s~~~~‘~~~ 
&+mmlI : softening temperature. . 

w temperature at which the piston reaches ir+Jowesx 
p&f+ : temperature of maximum contraction. 

ki&_ temperature at which the piston reaches its&~ 
gsint+temperature of maximum dilatat&. 

a maximum contraction of length of pencil, per cent. 

b maximum dilatation of length of pencil, per cant. 

If, after contraction has taken place, the piston does not 
return to its original level, the dilaration, equql. in absolute 
value. to the difference between the final level of the piston 
and the original zero level. is reported as negative. 

NOTE - The principal factan &pabls of diswting the r~4u of 
this empirical lest are the following: 

3 

al Deterioration of the coal. consequent on ba3 swags or 
faulty dlying: 

b) Owiarion from the tolerances of 

11 the internal dimensions of the dilatornew tube. 

21 the clearance between tube and piston, 

3) the mass of the piston, 

4) Ihe dimensions of the mould: 
I 

. 

cl Deviarion from the specified mean rate and regulariw of 
heating: 

dl Deviation from the specification for tbe preparadcn of tbs 
sample in respecl of maximum panicle size. or foor tin pencil in 
relpect 01 iu length after tamping 

APPARATUS 

. 3.1 Apparatus for preparing ihe coal pencil 

3.7.1 ‘Mould, polished internally, with accessories; sac 
figures 2 arid 2A. 

3.1.2 

3.1.3 

Gauge, sea figure 2. 

Ram, of which figure 3 shows an example. 

1) Or one division. if the rcak ir cali@& in percentegs or Jhe stsndwd length of penciL 

1 
-- -_.___~.___.~.______._-___-_.__~______._._ 



‘3:2 Dil’atometar and accessories 

32.1 Dilatometer tubas and pistons, see figure 5. . 

.3 other apparatus 
, 

3.3.7 Electric furnace, of which figure 6 shows an 
example, consisting of a block of metal resistant to 
oxidation and of sufficiently high melting point. A 
suggested material is aluminium bronze. The metal block is 

pierced by at least two holes of 15mm diameter by 
350 mm deep to take the dilatometer tubes and one hole 
320 mm deep to take a temperature-measuring device. The 
block is heated by a metallic winding, suitably insulated. 
Control gear permits the use of any selected rate of heating 

up to 5 ‘C per minute over a temperature range of 300 to 
550 ec. 

The furnace shall be constructed so that the temperature 
conditions are uniform in the dilatometer tubes placed in 
their normal position in each hole. 

To verify this, heat the furnace at a rate of 5 “C per minute. 

When the temperature reaches about 450°C, make an 
exploration of the lower 180mm of a dilatometer tube 
placed in the furnace, by comparing the readings on the 

normal temperature-measuring device and a thermometric 
probe placed in the tube. The difference between the probe 

temperatures and the mean temperature shown by the 
normal temperature-measuring device shall be less than 

~; .z. 

f 2 ‘C in the lower 120 mm, 

*5°Cfrom120t0180mm 

This verification is not to be confused with the later 
calibration of the temperature-measuring device; it is 

intended to measure only tha temperature variation along 
the tube. 

The furnace shall be equipped with an adjustable scale for 
each .hole. The scale shall be preferably.engraved on a 
mirror in front of which :he indicator pointer of the piston 
moves. It shall be at least 180 mm in length and calibrated 
in millimetres or in percentages of the standard length of 
the pencil (60 f 0.25 mm, see 5.1). 

If delired, the apparatus can be equipped with an automatic. 

heating regulator and a device for the automatic registration 
of the curve. 

3.3.2 Temperature-measuring device, consisting of a 
mercury thermometer, a thermocouple or a resistance 

thermometer, accurate to within i,O% of the 
temperature in degrees Celsius and capable of being read, if 

necessary by estimation. to 1 ‘C. 

7.3.3 Cleaning implements, consisting of the following : 

3.3.3.1 Auger, diameter approximately 7,8 mm; 

3.3.3.2 Reamer, consisting of a steel bar of semi-circular 

section of diameter 7.95 mm; 

. 

3.3.3.3 Brass wire brush,’ the diameter of which shall 
slightly exceed 8 mm. 

The total length of each of the cleanh~g implements shall be 

400 mm. 

3.4 Calibration of apparatus 

Calibrate the apparatus by comparing the temperature in a 
dilatometer tube in each hole with the. temperature . 
indicated by the temperature-measuring device in its normal 

position, Carry out the calibration at the desired rate of 
heating by, using a thermocouple with wires of diameter 

approximately 0.6 mm, the thermojunction touching the 
wall of the tube 30 mm above the bottom. Correct the 
temperatures read during the test by the differences found 
during this-calibration. 

3.5 Inspection 
: 

3.51 Dilatometer 

In order to inspect the wear of the tube and piston after a 
hundred determinations have been carried out in one tube, 
compare the results of the next four determinations using 

that tube with those obtained in a new tube. This 
’ comparison will thus be made successiveiy on four coals. 

Divide the difference in percentage dilatation between the 
two tubes by the “relative length” of the dilated pencil 
obtained with the new tube; the.“relative length” is here 

expressed as the ratio of the length of the dilated pencil to 
its original length. 

Average the figures so obtained from the four coals. lf’the 

average is greater than 3.5, irrespective of sign, discard the 
old tube (see annex). If the tube is still satisfactory, repeat 
this comparison after every subsequent 25 tests. 

3.6.2 Mould 

Check the wear of the mould periodically with the gauge, 
which can also be used to check new moulds. 

If, when the gauge is inserted in the larger orifice of the 

mo.uld, 

1) two lines can be seen on the gauge, the mould is too 
small and shall be reamed out; 

21 one line can be seen, the mould is satisfactory; 

’ 3) no line can be seen, the mould is worn and shall be 
replaced. 

4 PREPARATION OF SAMPLE 

As certain types of hard coal are very susceptible to 
oxidation.‘it is necessary to minimize the contact with air 
after reducing the gross sample. 

As a special precaution, therefore, store the test sample 
after reduction in an oxygen-free’nitrogen atmosphere or in 
freshly boiled water. In the latter case, make a paste of the 
coal with water and put the paste into a flask which is then 

filled to the topwith freshly boiled water. 
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* 

9’ 

Care shall be taken to ensure that the test sample taken is 
truly representative. 

A suitable relationship between the mass of the ;est sample 

and the maximum particle size is shown in the following 
table : 

. 

Then adjust the length of the pencil to 60 i 0.25 mm by 
cutting away as much as necessary of the thick. end with a 
fine blade. 

NOTE - Particularly when dealing wilh c&r which are difiisulr 10 
remwe from zhe mould. iJ is recommended mat rhhs eiecrw pirron 
be remwed from time to tims and cleaned, the innsrwrfa of Iha 
mould bzing cleaned at the sams time. 

I 
Maximum parti& ius Minimum mm of test sample 

mm 9 

. . 
5 1000 

4 500 

3 250 
2 loo . 

1.5. SD 

5.2 Determination of dilatation 

Heat the coal at a rate of 3 “C per minute. 

Carefujly insert the pencil, thick end first, into the 
dilatometer tube and push it very gently into position with 
the piston. 

Place the tube and contents in one of the holes of the metal 
blqck, when the temperature of the furnace is 330 ‘C. Place 
in any hole in the block which is not being used an empty 
tube complete with its piston. Where, in ex?eptionel cases, 
7r is less than 35O’C. charging of the furnace shall take 
place when the temperature is 20 *C below T,. 

If the coal has been stored under water, filter on a suction 
filter. Expose the coal on the filter paper at a temperature 

not exceeding 40°C until the coal appears to be dry, but in 
any case for not more than 2 h. 

Reduce the maximum particle size to 1.5 mm. Mix and take 

a part sample of 50 to 100 g. Crush to pass a 0.16 mm mesh. 
sieve. Both crushing operations shall be controlled so as to 
produce the minimum of fines (see note). Mix again and 

carry out the determination on en average sample of about 
1C.g. Moisten this sample with 1 ml of water and mix 
rapidly. Too intensive.t$x/ng is liable to cause difficulty 
when the pencil is removed from the mould. For the same 
reason, it is essential that the preparation of the pencil shall 

be carried out without interruption. 

NOTE - Too fine g&ding 'of the coal afleclr the result of the 
determination The sample shall be crushed to obtain the following 
size analysis : 

through 0.2 mm 100 % 
through 0.1 mm a5ro709b 

through 0.06 mm 70fO55% 

5 PROCEDURE 

5.1 Preparation of the coal pencil 
9. 
Place the mould on its support with the larger orifice 
upwards and set the funnel on the mould. Place the coal in 
the funnel and lightly tamp into the mould without moving 
the funnel, by means of a tamping pin. Place the mould 

assembly under the ram in order to tamp the sample by 
dropping the plunger three or four times until the ma% of 
coal ceases to yield. Repeat this three or four times until 
the mould is filled. 

In order to remove the coal pencil from the mould. remove 
the support and the iunnel. Place the ejector guide at the 

end of the mould corresponding to the smaller diameter of 
the pencil. Place the guide tube at the other end of the 
mould and the receptacle in the guide tube. Then insert the 
ejector,piston in the guide and push the coal pencil onto 
the receptacie by means of the press (see note). 

After the charged dilatometer tube has been inserted in the 
furnace, wait for the indicator pointer of the piston to 
reach a position of equilibrium before adjusting the zero of 
the scale. This position should. be reached ‘after about 
5 min. 

Immediately the dilatometer is placed in the furnace. the 
temperature begins to drop, and heating shall be regulated 
so as to regain the temperature of 330 ‘Cat the end of 7 to’ 
1Omin. 

After 340 ‘C has been reached, the rise in temperature shall 
be very steady, minute by minute, and equal to the rate 
stated. with a tolerance of i3 % of the .sprcified 
temperature rise in a 5 min period (see note]. 

During each 5 min period, the operator shall adjust the 
heating rate to correct any deviation observed in the 
preceding period, in order to avoid the accumulation of . 
errors. 

If the curve is not automatically recorded, note tha time. 
the position of the piston and the temperature at intervals 
of not greater than 5’C. In the region of the critical points, 
sufficient points shall be plotted to determine the exact 
shape of the curye. 

Continue heating for’5 min after the maximum dilatationis 
attained. Then stop heating and immediately remove the 
piston, in order to prevent its getting jammed. 

Carry out the duplicate determination in a separate run. 

5.3 Cleaning of the tube and piston 

It is essential that the test be carried out with the piston 
and the dilatometer tube scrupulously clean. The following 
method of cleaning is recommended : 

. 
~---- 
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53.1 Tube 
. 

i&h the semicoke and remove as much of it es possible 
with the auger. Then fill the tube with crude benzene or 
other appropriate solvent and allow to soak for several 

L.--hours. Complete the cleaning with the reamer, ensuring that 
10 solid remainsat the bottom or on the wall. Immediately 

before the test. clean finally with the brass wire brush. 

53.2 Piston 

Clean the piston, including the base, with very fine emery 
paper, taking care not to round the edges, and check that 
the piston slides freely in the tube. 

6 EXPRESSION OF RESULTS 

Calculate the observed changes in length as percentages of 
the initial length of the pencil. .’ 

7 PRECISION OF DETERMINATION 

I where b ir the maximum 
dilatation per&t 

1 

. . 

7.1 Repeatability . : , _ 

The results of duplicate determinations, carried put at 
different times in the same laborator by the same operator 
with the Same apparatus on the same analysis sample, 
should not differ by more’than the above value. 

7.2 Reproducibilih/ 

No value for reproducibility can be quoted far 
determinations carried out in different laboratories since 
insufficient evidence is available on which to base such a 
value. 

8 TEST REPORT 

The test report shall include the following particulars : 
. 

a) whether the sample submitted to the test fulfils the 
conditions specified in clause 5; : 

b) therateof heating employed; 
. _. 

1 

c) a curve of the percentage changes in length as a 
function of temperature on a standard relative scale in.. 
which 10 OC on the horizontal scale is equal to 5 ?+ on 
the vertical scale; -_ 

* : _: 

d) the corrected temperatures T,, T,, and T,,I rounded 
off to the nearest 5 OC; 

4 the percentage contraction la) ‘rounded to the 
nearest whole number; : 

f) the percentage dilatation (b) rounded : . . 

to the nearest whole number for negative dilatation; 

to the nearest 5 % for positiveidilatation up to 100 %: 

to the nearest 10 % for positive dilatation over 100 %. 

. 

“L 

: 

. 

. . 
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APPENDIX 7.2. 

COAL ANALYSIS - ANALYTICAL REPORTS 
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Petrography Of 

Coal Sample, 
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Quintette Coal Limited 
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Dnvid E. Penrsmz &Associates L$‘$?~ 
Consulting Coal Geologists& Petrographers 

80-I Leota Place, Victoria, B.C.VSYlH2(60~)658-5963 

March 30, 1985. 

Mr. David Johnson, 
Quintette Coal Limiked, 
F.O. Box 1500, 
Tumbler Ridge, 
British Columbia, 
voc 2wo. 

Dear Dave: 

We are pleased to provide you zith our report on the 
petrography of the above-described sample , 
completion of our studies. 

following 
YZe trust that you xi11 find this 

information to be most useful. 

Once again, we thank yau fcr the opportunity to be of 
assistance to you. 

Yours truly, 
PEARSON & &CSOCIATC? L?'g., 

. . .’ 

;_ . _.:- ‘.” . . 

. _. . . . . : -. -6 ,. 
I 

..-1 ..L. .z=.... : 
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Onesamples of coal'was 
,,~, ::y 2:. 

'.-~arch 15, 
received at the Coal Laboratory 

1985. The ~s%m$l.es were identified as.follows:- 
-:.. :;.;,r 

,.,‘;:-;-. :..; 

< 
., .;.;’ ..y7<..: 

t.---_._~~~ -i_____ 
1 ,_,, .: 5:‘i-’ 

-_.- 
QHD-84004-3-Jl 1.5 float 

.., ar,‘-g;. _ 
-,_j.$;@$ ~. 

.i . *. :v.: 

SAMPLE PREPARATION 
~_“~~,_<“ 

.-” >.-.+;, 
‘.._ t : 

. ,,, 

. ._ 

on 

The coal sample,- _was ,coned and quartered and reduced to 
provide sufficient magrial for two pellets. This coal was 
then placed in 25 mm plastic moulds and mixed with cold-set 
epoxy resin, to which had been added a portion of hardener. 
The coal-mixture was gently pressure-compacted to 
concentrate coal grains and allowed to set. This is the 
preferred method of sample preparation for all ranks of 
coal, as it does not affect the reflectance of vitrinites 
nor the fluorescence of exinites. The pellet FTas_~-_ 
subsequently ground and polished on Beuhler equipment. 

The polished sample. was then immersed in a bath 
containing a solution of organic dye and potassium 
hydroxide. Oxidized coal becomes stained an olive-green, 
whereas unoxidized coal does not. 

. . 

PETROGRAPHIC_EXAMINATION - _. 

The poli'shed sample 
-. 

was examined using a Leiti Orthoplan 
Compact-model microscope-photometer. The control panel of 
the microscope and a Swift Automated Point Counter are 
interfaced to a Hewlett-Packard 85 microcomputer, which 
both captures and processes the data. An Epson MX-80 
printer, a Hewlett-Packard 72258 plotter and a 
Hewlett-Packard 9816 microcomputer are used for electronic 
computation, tabulation and draughtiny of results. 

One hundred i_ndividual vitrinite 'A' grains were measured 
on [ . &he : pellets for reflectance in the rank 
analysis. Standardization of photometer-readout was 
performed before and after the analysis. Maximum 
reflectance values were retained by the computer. 

~.___.~_ _ ~._~~ ,. 
Five hundred grains were counted on r ._ the __ pellets 
for the maceral analysis, at a traverse interval of O-5 mm. 

In this report, the following approach was used to identify 

__ 

. .-. . : . . . ,. ~ . . : _. I _ -_. _._. 
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For each coal, there are 11 sides of data which include the 
foiiowingz- 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Reflectance values 
Reflectance statistics 
vitrinite-type histogram 
1000 Maceral counts 
Maceral statistics 
Maceral-distribution diagram 
lOOO-point Reflectogram 
Calculated Strength & Balance 
Calculated Stability Index 
Predicted coke strength 
Predicted free swelling index 
Percentage oxidized coal 

DISCUSSION 

'The coal ~~J?as appreciable amounts of Inertinite macerals, 
and vitrinite reflectances of about 1.5%. These two facts 
alone suggest that the coal' would have relatively low 
swelling values, and coke strengths.. 

._- -. __ ?_i _. -. 
a_ 

.: _-__ __..~_____ - --_..- 
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