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Crows Nest Resources

Eau Claire Place. 525 - Jrdf Avenue S W.. Calgary. Alberta (403) 2324355 | IMITED
P.L. Bax 2698, Siation M, Calgary. Atberta T2P 2M7 Telex G3-822505

February 28, 1983

Ministry of Energy, Mines & Petroleum Resources
British Columbia

Enclosed please find our report on the Telkwa Project.

This report has been prepared by Mr. D. Handy and Mr. S. Cameron, both
of whom are employed by Crows Nest Resources Limited as geologists.

Mr. D. Handy, Honours B.Sc., graduated in Geology from the University
of Waterloo in 1977. Prior to his graduation, Mr. Handy worked as

an assistant for two geotechnical companies and after graduation as

a geologist for a major company in Saskatchewan. Mr. Handy has been
egg;oyed by Crows Nest Resources Limited as a Project Geslogist since
1979,

Mr. 5. Cameron, B.Sc., in Geology graduated from the University of
Calgary in 1981. Prior to graduation Mr. Cameron worked as an assist-
ant for a major exploration company in the North West Territories. He
also worked for Crows Nest Resources Limited as a geological assistant
in 1980. Mr. Cameron has been employed by Crows Nest Resources Limited
as a Geologist since May 1981.

In my opinion, all of these personnel are fully qualified, by training
and experience to prepare this report and this account of work done
under their direct supervision.

Yours very trul

a5 //J

H.G. Rushton
¥ice President - Development

Enclosure

HGR/sc
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1.0

SUMMARY

The Telkwa Project 15 contained within 25 B.C. Coal Licences which
cover 6,346 hectaras. In addition, Shell/CNRL hold 13 licences

covering 4,663 hectares under option agreements., The licences are
held by Shell Canada Resources Limited and operated by its wholly

owned subsidiary, Crows Nest Resources Limited.

The Telkwa licences Tie in proximity to the Canadian National
Railway and are 360 km east of the port of Prince Rupert.
Existing infrastructure, the proximity of a coal handling port and

the good quality of the coal make this project attractive.

Early Cretaceous sedimentary rocks of the Skeena Group contain
significant thicknesses {single seams up to 7.6 metres, aggregate
seam thicknesses of up to 30 metres) of low ash, high grade,
medium to high volatile bituminous coal amenable for thermal use.
Lack of outcrop exposure, complex stratigraphy and geological

structure hinder exploration in the Telkwa area.

The winter drilling program was initiated to explore areas with
ground conditions that are too soft for summer work, namely the
Cabinet Creek area and the area north of the Telkwa River which

will be referred to as Telkwa North. The summer drilling program

1/FNc.5



was designed to explore for significant low ratio coal reserves
believed to exist in the Goathorn Creek area based on preliminary

data obtained during the 1981 field season,

The 1982 exploration program included the construction of 12.6 km
of new road. Sixty five diamond drill holes and 7 rotary drill
holes were completed. Four backhoe trenches were excavated.
Geophysical surveys conducted included seismic refraction, EM 37
and proton magnetometer. These were run over specific problem

areas of the property.

Geotechnical studies were initiated in the Goathorn Creek area.
Piezometers were installed in 5 drill holes and permeability tests
conducted. Loose overburden was sampled and tested from 5 drill

holes,

The 1982 exploration program indicated large reserves of low-ratio
coal exist in the Goathorn {reek area, Smaller reserve potential
of low-ratio coal exists in the Telkwa North and Cabinet Creek

areas of the Telkwa Project.

The total field expenditure for 1982 was $1,576,999. Of this
total $1,403,308 is being applied to the Ticences covered by this
report. The remainder was spent on Freehold land either owned by

Shell Canada Resources Limited or under option agreement.

1/FNc. 6
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2.1

2.2
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Location and Access

Enclosure 1-1: Index Map

Enclosure 1-2: Access Map

The Telkwa Project is located 15 km south of the town of
Smithers in West Central British Columbia; Coast Land
District 5, NTS Map Sheet 93L/11. The coal licences lie
north of the Telkwa River and east of Pine Creek and south
of the Telkwa River along Goathorn Creek and Cabinet Creek.
The centre of the licence block 1ies at N. Lat 54°35°/N.
Long 127°8'. Smithers is 360 km from the port of Prince
Rupert along the CNR line and Highway 16. The Telkwa
Project is 10 km from this rail line and mostly accessible

by good gravel road.

Tenure

The Telkwa Project licences are subdivided into three
groups: Telkwa North, Telkwa South and Bulkley Valley Coal

Limited Option.

Such a subdivision is necessary for land tenure purposes.
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GROUP NUMBER LICENCE NUMBERS
327 4271, 4272, 4274-4281,
4283, 5305-5307, 6040
325 4260-4262, 4264, 4265,
4267, 4269, 4270, 4282,
5839

Butkley Valley Coal
Limited Option 3709, 3710, 3875-3885

A1l licences are operated by Crows Nest Resources Limited.
All licences are held by Shell Canada Resources Limited with
the exception of those optioned from Bulkley Yalley Coal

Limited.

In addition, Shell Canada Resources Limited owns 3 freehold

lots and options 2 freehold lots (Whalen Option) which are

also included as part of the Telkwa Project.

Appendix 1 of this report contains a "Coal Land Disposition
Map".
Appendix 2 contains a tabulation of "B.C. Coal Land Tenure

Standing" for each group of licences being renewed.

1/FNc.8
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3.0

REGIONAL GEOLOGY

The rocks of the Telkwa sedimentary basin consist of interbedded
marine and non-marine sedimentary and volcanic strata of the
Skeena Group. This group is of early Cretaceous to late

Cretaceous age.

The sedimentary rocks include mudstone, siltstone, sandstone,
shale, conglomerate and coal. VYolcanics are grey to green
basaltic to rhyolitic breccias, tuffs and flows. In addition,
these sediments have been intruded by porphyritic rocks of

Tertiary age.

The rocks of the Skeena Group appear similar to those of the older
Bowser Lake Group but with subtle Tithological and paleontological

differences.

“In the late Jurassic to early Cretaceous, prior to deposition of
the Skeena Group sediments, the Hazelton Group underwent a period
of uplift, deformation and erosion. The Telkwa successor basin
was deposited on this erosion surface. During the mid Early
Cretaceous, the sea readvanced from the west, in the area of the
Skeena Valley, inundating the non-marine, late Lower Cretaceous
coal basins such as Telkwa and Lake Kathlyn. The sediments of the

Skeena Group were derived from an uplifted Pinchi belt - Columbian

1/FNc.9
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Orogen. They were deposited in a southwesterly direction, across
the Skeena Arch, which apparently had Tittle influence on the

shape of the basin receiving the Skeena clastics".l

In the Telkwa Basin recent erosion has removed the soft coal-
bearing sediments from the higher ridges leaving all or part of
the sedimentary sequence preserved in the topographic lows.
Qutcrops are found only in certain stream valleys which have cut
through the glacial drift cover. Few exposures gccur away from
the creeks until the higher ridges are reached and invariably
these are volcanics of the Hazelton Group. The volcanic
sedimentary contact over most of the basin is drift covered and
heavily timbered making accurate delineation of the areal extent

of the basin very difficult.

The thickness of the Skeena Group section in the Telkwa area is
quite variabie but probably does not exceed 500 metres. The
presence of thin bentonitic beds within the lower part of the
section indicates volcanism and sedimentation occurred

contemporaneously in the Lower Cretaceogus.

Tipper H.W. & Richards T.A., Jurassic Stratigraphy and History of
North Central British Columbia, 1976, pg. 7

1/FHc. 10



The geological structure of the sedimentary rocks in the Telkwa
area is complex. MNorth-south trending reverse faults and normal
faults are predominant and have created large structural blocks of
strata. These faults can displace strata up to 50 metres
vertically. Fault zones can have splays as evidenced by repeated
strata in some drill holes. Small scale faults with displacements
of a few metres are widespread over the area. Every underground
working in the Telkwa Basin encountered structural offsets which

hindered and in some cases terminated their drivage.

1/FNc.11



4.0  TELKWA STRATIGRAPHY

4.1
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General j

Figure 1: Telkwa Type Section

In the Telkwa coal field the basement rocks consist of lower
to middle Jurassic voicanics of the Hazelton Group. These
rocks are usually weathered to a reddish-purple at the
contact with the overlying sediments. Skeena sediments
unconformably overlie the volcanics. The sediments consist
of coal, conglomerate, sandstone, siltstone, mudstone, minar
tuff and lava beds., Tertiary intrusive rocks in the form of
dykes and sills have been found over the property. A large
intrusive plug forms the contact with the Skeena sediments

narth of the Telkwa River,

The stratigraphic section varies in thickness over the

Telkwa area from 0 to approximately 500 metres.

Laterally, individual beds can pinch out rapidly including
coal beds as evidenced by drill hole TW 238. The majority
of the stratigraphic section is composed of fine grained

sediments, namely siltstone and mudstone. Several marine

tongues occur throughout the continental sequence. Brown §



20

4q

60

2

—
h—

8

0

3

o

[

WEST GOATHORN EAST GOATHORN
AV, THK. {m) SEAM No. AV, THK. {m) —1 om
1.0 10 0.5
1.0 N
0.6 9 20
— 8 — — 2
2.0
A 1.0
=T —{ 40
0.4 -
6 —_— _
4.0 - 24
5 - — &0
6.0 1.4
4 15 i
W0 e T 1.5 .
x| 2 T 14,0 AGG. ]
2.0 e == i
oo e = I
180 AGG, =4 ——:_ —1_00
— e
e —4 240
35
—t 260
1
Y —— D =
= B 280
COAL 1 =S
—1300
SHALE
SILTSTONE | SKEENA GROUP
MUDSTONE / CLAYSTONE | LOWER CRETACEOUS
SANDSTOME (fine grain)
[ﬁnw- Nast RBesources Limiisd
CONGLOMERATE _ 8
}HAZELTON GROUP TELEWAAEH
{GNEQUS LOWER /MIDDLE e
JURASSIC PARTIAL STRATIGRAPHIC
SECTION
NTS 93L UTMm ZONE ¢
atwas O HANDY  Jsceu T TO00 TWERT jTorsws ar PF§ 1]
G E BN L mem A A0 06




e

4.2

1/FNc.14

- 10 -

colored siderite nodules are common in the siltstone and

mudstone,

At Teast two bentonite layers have heen observed in the
lower part of the section and serve as useful marker
horizons. One or two zones of bi-valve fossils have been
found in the drill core but using them as a correlation tool
has proved unsuccessful thus far. The sediments exhibit
numerous soft sediment deformation structures including rip
up clasts, micro stump faults and load casts. Bioturbated

Zones are common.

Coal Stratigraphy

At least 14 coal seams exist in the Telkwa Basin.

Within the Goathorn Creek area 10 major correlatable seams
have been found. These are numbered from 1 to 10 going
stratigraphically up section., Average aggregate thickness
of the upper 9 seams varies from 14 metres in the east to 18
metres in the west. East of Goathorn Creek the upper 9
seams range individually from 0.5 to 2.5 metres in
thickness., West of Goatharn Creek individual coal

intersections of up to 7.6 metres have been encountered.
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A distinct marker horizon occurs beneath Seam 2 on the gamma
ray logs. This has been used as a datum line for drill hole

correlation over the entire property.

Seam 1 is situated some 300 metres below the gamma marker

and averages 3.5 m in thickness.

In the Telkwa North - Avelling Hill area seams 1 to 10 have
been intersected by 3 drill holes. The upper 9 seams have
an aggregate thickness of up to 18 metres. At Pine Creek,
some of the upper seams are present as well as Seam l.
These seams are thin {all are <2.0 m) and their lateral

continuity is unknown.

Drilling at Cabinet Creek indicates the presence of Seam 1
with an average thickness of 5 metres. Upper seams were
encountered in one drill hole but the seams are thin and

their correlation with the Telkwa type section is uncertain.
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TELKWA STRUCTURE

In the Goathorn Creek area, large north-south trending normal and
reverse faults have divided the property into several stuctural
fault blocks. The majority of these faults have been interpreted
from drilling data and air photo interpreted lineaments. These
faults occur as zones with imbricates and splays as evidenced by
coal seam repeats in some drill holes. More than one period of
structural deformation has occurred with younger faults
transecting other older faults. It appears some of the faults
originate in basement volcanics but probably not all of the fault

occurrences do s50.

Over the Goathorn East (east of Goathorn Creek) area, the beds
maintain a strike of 350° and dip to the east within 2 10° to 35°

range,

The Goathorn West area shows both north-south and east-west
trending normal faults cutting the stratigraphic sequence,

Drilling indicates a synclinal fold in the western most block.
Generally the west strata maintain a roughly east-west strike with

dips to the south in the 10° to 30° range.

1/FNc.16
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In the Telkwa North area, drilling data is limited, One fault

block of low ratio coal has been identified on licence #4278 with

a N-5 strike and dips east at 10° - 15°,

In the Pine Creek area, drilling indicates a monocline with a

strike of 290° and a dip of 5-10°.

At Cabinet Creek ,the strata strike at 330° and dip at 13° N-E.

Brilling data is Timited here also.

1/FNc.17
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6.0  SUMMARY OF PREVIOUS WORK

1979

1:10,000 scale geological mapping
- bulldozar trenching

- road upgrading

- rotary drilling (4 holes)

- coal sampled and analyzed

- drill site reclamation

1950 no exploration

1981 1:10,000 scale geological mapping
- 1:5,000 scale geological mapping
- road upgrading

- bulldozer trenching

- rotary drilling (7 holes)

- diamond drilling (1 hole)

- coal sampled and analyzed

- drill site reclamation

- geodetic location survey

- geophysical survey - EM37

- 1:5,000 scale topographical maps constructed

1/FNc.18
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7.0 WORK DONE IN 1982

1:5,000 scale geological mapping

- backhoe trenching
- road construction and upgrading
- rotary drilling
- diamond drilling
- coal sampled and analyzed
- geophysical surveys - EM37
- seismic
- proton magnetometer
- geotechnical studies - piezometer installation
- soil sampling
- core logging
- 1:5,000 scale topographical maps constructed
- 1:10,000 scale topographical maps constructed
- 1:2,000 scale topographical maps constructed

- road and drill site reclamation

Field mapping was conducted in the Bulkley Valley Collieries open

pit excavation and in the vicinity of Goathorn Creek.

Four backhoe trenches were excavated at coal exposures or coal

bloom showings.

A total of 12.5 km of new road was constructed, 4.54 km on

Freehold land, 7.96 km on licences covered by this report.

1T fr*ul - 1O
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A total of 7.7 km of existing road was upgraded - 5.6 km on

Freehold land, 2.1 km on licences covered by this report.

A total of 72 drill holes were completed on the Telkwa property
during 1982,

During the winter program seven rotary drill holes were completed

using a truck mounted Cyclone THBO drill for a total of 1,435
metres., Eleven diamond drill holes were collared using a Longyear

38 wireline drill for a total of 2,532 metres.

During the summer program 54 diamond drill holes were completed
using two Longyear 38 wireline drills for a total of 11,137
metres. All of the rotary drilling and 39 of the diamond drill
holes are situated on licences covered by this report. The

remaining holes are located on Freehold lots.

Coal samples were sent to CNRL's Fernie lab and Loring

Laboratories for analyses.

A1l pertinent drill holes and roads were surveyed. Ground control
was established for photogrammetric mapping at scales of 1:10,000,
1:5,000 and 1:2,000. A new set of 1:15,000 scale air photos was

taken as well as ahset of false color infra-red photographs at a

scale of 1:15,000,

1/FNc.20
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Computer generated topographic maps were produced at 1:5,000

scale,

Three types of geophysical surveys were utilized on the licences
covered by this report. These included five EM37 transient
electromagnetic soundings, 3.9 km of refraction seismic, and a
0.4 km proton magnetometer survey, Additional surveys were

conducted on Freehold lots.

Four of a total of five piezometers were installed in holes on
licences covered by this report. The piezometers were monitored
and packer permeability tests performed. Soil and other loose
overburden was sampled in five holes and sent for lab testing.

Three of these holes are situated on licences covered herein.

All disturbances including new and upgraded roads, drill sites and

trenching sites were recontoured and seeded,

The total cost of the 1982 exploration work was $1,576,999. Of

this fiqure, $1,403,308 is being applied to the licences reported
herein. Appendix 3 contains a copy of the Application to Extend
Term of Licence which gives a detailed account of tha amount and

nature of expenditures applied to the three Ticence groups.

1/FNc. 21
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MINEABILITY AND RESERVES

Goathorn Creek Area

The Goathorn Creek area of the Telkwa Project is the most
attractive location for low-ratio open pit mineable coal. The
upper 9 coal seams generally maintain thicknesses of 0.5 metres or
greater and total 14 to 18 metres of aggregate coal thickness in
85 to 100 metres of stratigraphic section. A small amount of Seam
1 should be mineable in the area of hole TW-260 in Goathorn East
and in the area of hole TW-239 in Goathorn West. Goathorn East
contains probably 90% of the mineable reserves in the Goathorn
Creek area. Glacial fluvial erosion has removed much of the

reserves in the Goathorn West area.

Using an aggregate coal thickness of seams greater than 0.3 metres
per hole x an area of influence of half the distance to each
adjacent hole results in an insitu reserve of 50 million tonnes
for the Goathorn Creek area. Assigning a specific gravity of

1.5 gfcc to the coal results in an overburden ratic of less than
10:1 bank cubic metres waste per tonne coal. These reserves

should be classified as proven.

1/FNc.22
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Telkwa North - Avelling Hill

Preliminary drilling indicates a significant amount of low-ratio

coal exists in the area of Licence #4278.

Using two drill holes with an average aggregate coal thickness of
10.75 m and an area of 0.85 sq. km. results in an insitu reserve

of 13 million tonnes at an overburden ratio less than

10:1 m3/tonne. These reserves should be classified as possible.

Pine Creek

Drilling in the Pine Creek area indicates Seam 1 is situated at
shallow depth. Seam 1 occurs as a zone 15.85 metres thick with a

total of 4.34 m of coal. Possible reserves are 9.5 million tonnes

at a ratio of less than 10:1 m3/tonne.

Cabinet Creek

Based on three drill holes which intersected Seam 1, a possible
reserve of 3.3 million tonnes at an overburden ratio of less than

10:1 m3/tonne has been calculated.

An average aggregate coal thickness of 10.75 m was used over a
projected area of 0.85 sq. km., This area was determined by
projecting the coal measures down dip to a cut-off level of

10:1 metres rock/metres coal.

- Ikl fa Bal
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9.0 COAL QUALITY

Coal samples were obtained from 7 rotary drill holes and 62
diamond core holes. At the time of writing of this report,
analyses are still pending on 9 of the core holes. Incremental
results for each hole can be found in Appendix 8. Seam by seam
weighted averages for each of the exploration drilling areas

follow in Tables 1 teo 10.

Overall average quality has been determined for each area with
exception of Cabinet Creek, the results of which are not
representative of the area. All samples from this area were
obtained from rotary hole cuttings and appear to be heavily
contaminated. The tables labelled "Telkwa North" refer to all the

drilling north of the Telkwa River.

Telkwa coal is ranked as High VYolatile “A" Bituminous by ASTM
standards. Preliminary results indicate it has poor rheological
properties but its high calorific value, good volatility and
average clean coal sulphur content of approximately one per cent

render it an excellent thermal coal.

1/FNc.24



TABLE 1

BAS!IS - AIR DRIED

RAW COAL
NO. OF
SEAM RECORDS
1 17
2 27
3 20
4 21
5 22
6 20
7 16
8 10
9 6
10 6

VOLATILE

26.29
24.86
24,18
26.85
25.28
25.31
26.48
2751
3111

27.16

ASH

20.24
27.19
28.51
19.50
22.41
22.10
20.19
13.42
12.40

22.85

ST

SRR AL L

COAL QUALITY

PROJECT AREA - GOATHORN EAST

RESIDUAL

MOISTURE
0.81
0.87
0.90
0.91
0.29
0.92
1.00
1.04
0.98

1.12

FIXED
CARBON
57.66
47.09
46.41
52.75
51.30
51.67
52.32
58.03
55.52

48.87

DATE FEBRUARY 12, 1983

RESULTS BASED ON 293 INCREMENTAL RECORDS

CALORIFIC
VALUE
6443
5680
5630
6462
6167
6208
6415
7008
7191

G184

YIELD

FSI

SULPHUR

1.47
1.1
1.84
1.86
1.17
1.33
2.36
1.62
3.0

3.04

AVERAGE
THICKNESS
5,13
2.39
2.18
1.25
2.56
2.51
1.45
2.18
1.52

0.66

L



TABLE 3

BASIS - AIR DRIED

RAW COAL
NO. OF

SEAM RECORDS

1 6

2 2

3 2

4 3

5 2

6 3

7 2

8 2

9 2
10 2

VOLATILE

24.64
23.20
22.25
23.05
25,73
27.24
23.57
2227
24,22

23.9¢

ASH

25.91
15.47
26.64
18.42
16.04
12.75
23.27
17.16
23.65

15.47

COAL QUALITY

PROJECT AREA - GOATHORN WEST

RESIDUAL

MOISTURE
0.83
1,13
0.89
0.88
1.15
1.08
1.02
1.04
1.06

1.13

FIXED
CARBON
48,71
60.19
50.22
57.65
58.09
68.94
52.14
59.53
51.06

60.19

DATE FEBRUARY 12, 1983
RESULTS BASED ON 48

CALORIFIC
VALUE
5889
6794
5802
6590
6833
7080
6088
6651
5983

6794

YIELD

FSI

INCREMENTAL RECORDS

SULPHUR

1.94
0.54
2.36
1.44
1.29
1.41
4.27
1.29
4.72

3.87

AVERAGE

THICKNESS
5.84
1.39
213
1.60

6.02

0.48
2.81

0.80
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TABLE S5

BASIS - AIR DRIED

RAW COAL

SEAM

NQ. OF
RECORDS

VOLATILE

23.97
2444
26.74
27.56
27.42
28.51
27.92
21.20

30.52

ASH

13.23
23.88
14.23
10.13
10.79
18.91
10.61
35.09

12.02

COAL QUALITY

PROJECT AREA - TELKWA NORTH

RESIDUAL
MOISTURE
0.66
0.69
0.68
0.80
0.95
0.78
1.04
0.67

0.80

FIXED
CARBON
62.14
51.00
58.35
61.50
60.84
53.79
60.43
43.04

56.66

DATE FEBRUARY 12, 1983

RESULTS BASED ON 26 INCREMENTAL RECORDS

CALORIFIC
VALUE
7283
6052
7013
7362
7276
6576
7359
5122

7354

YIELD

FSi

SULPHUR

AVERAGE
THICKNESS
455
2.64
1.39
1.82
1.62
2.97
1.14
2.48

1.03

7
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TABLE 2

BASIS - AIR DRIED
WASHED 5.G. 1.6

SEAM

10

NO. OF
RECORDS
17
28
21
22
23
22
17

13

VOLATILE

27.75
27.39
27.42
28.48
28.33
27.60
29.16
28.96
33.24

31.20

ASH

10.30
11.24
11.22
8.71
8.34
9.66
8.70
1.27
7.13

10.20

COAL QUALITY

PROJECT AREA - GOATHORN EAST

RESIDUAL

MOISTURE
0.90
1.16
1.18
1.20
1.33
1.30
1.15
1.22
0.85

0.91

FIXED
CARBON
€0.95
€0.20
€0.07
61.49
61.90
61.33
60.89
62.45
58.59

57.59

DATE FEBRUARY 12, 1983

!(.—\f._i ' |

RESULTS BASED ON 312 INCREMENTAL RECORDS

CALORIFIC

VALUE
7416
7243
7270
7428
7450
73.56
7469
7554
7648

7416

YIELD

73.49
64,56
65.26
72,18
73.61
67.92
76.48
82.14
83.356

71.30

Fsi

4.5
1.5
1.5
2.0
1.5
1.5
2.5
1.5
4.0

2.0

SULPHUR

1.00
0.79
1.16
1.12
0.96
0.96
1.44
1.09
1.69

2,22

AVERAGE
THICKNESS

5.09
2.62
2.22
1.36
2.55
2.63
1.42
2.15
1.21

0.73

2z
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TABLE 4

BASIS - AIR DRIED
WASHED 8.G. 1.6

SEAM

10

NO. OF
RECORDS

VOLATILE

27.38
24.23
24.48
23.61
26.75
28.79
25.02
23.26
25,32

26.28

ASH

11.44
9.42
10.45
9.94
6.34
6.15
8.93
10.56
10.09

8.77

COAL QUALITY

PROJECT AREA - GOATHORN WEST

DATE FEBRUARY 12, 1983
RESULTS BASED ON 52

RESIDUAL FIXED CALORIFIC

MOISTURE CARBON VALUE

0.88 60.30 7314
151 64.85 7366
1.11 63.80 7331
1.17 66.93 7328
1.48 65.20 7506
1.71 63.57 7624
1.48 64.82 7402
1.23 64.50 7184
1.68 63.37 7299
1.21 62.66 7307

YIELD

62.30
83.99
68.99
76.46
82.14
86.40
68.21
81.00
63.80

63.00

FSI

4.0
1.5
2.0
1.5
1.5
4.0
2,0
1.0
2.0

2.0

SULPHUR

1.27
0.59
1.44
1.09
0.66
1.02

275

2.43

2.63

INCREMENTAL RECORDS

AVERAGE
THICKNESS

6.33
1.39
2.13
1.60
6.45
4.12
0.48
2.81

0.80

ve
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TABLE 6
COAL QUALITY
PROJECT AREA - TELKWA NORTH
BASIS - AIR DRIED DATE FEBRUARY 12, 1983
WASHED S.G. 1.6 RESULTS BASED ON 25 INCREMENTAL RECORDS

NO. OF RESIDUAL FIXED CALCRIFIC AVERAGE
SEAM RECORDS VOLATILE ASH MOISTURE CARBON VALUE YIELD FSt SULPHUR THICKNESS

1 1 23.86 10.03 0.94 65.17 7625 84.00 3.5 4,55
2 2 26.77 10.03 1.04 63.16 7395 67.83 2.0 2.98
3 2 2758 9.76 0.71 61.94 7455 78.64 3.0 2.39
4 2 27.75 8.34 0.90 62.99 7526 91.00 2.0 1.82
5 2 28.44 6.33 1.01 64.22 7620 87.74 3.0 1.63
6 3 29.03 7.35 0.93 62.69 7697 72.68 4.0 2,97
7 1 20.03 6.50 1.056 63.42 7715 90.00 2.0 1.14
8 1 26.58 9.79 0.66 62.97 7493 57.00 3.0 2.48
9 1 31.35 7.48 0.99 60.18 7770 87.00 4.0 1.03

9z
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TABLE ¢

BASIS - AIR DRIED
WASHED 5.G. 1.6

NO. OF
SEAM  RECORDS

BASIS - AIR DRIED
RAW COAL

NO. OF
SEAM RECORDS

VOLATILE

15.71

VOLATILE

13.82

ASH

18.29

ASH

53.90

COAL QUALITY

PROJECT AREA - CABINET CREEK

RESIDUAL
MOISTURE

0.61

RESIDUAL
MOISTURE

0.67

FIXED
CARBON

65.39

FIXED
CARBON

31.61

DATE FEBRUARY 12, 1983

)

RESULTS BASED ON 6 INCREMENTAL RECORDS

CALORIFIC
VALUE

6932

CALORIFIC
VALUE

3327

YIELD

19.59

YIELD

FSI

1.5

FSI

AVERAGE
SULPHUR  THICKNESS

422

AVERAGE
SULPHUR  THICKNESS

4,22

NOTE: ALL SAMPLES FOR CABINET CREEK WERE DERIVED FROM ROTARY HOLE CUTTINGS. THE POOR QUALITY IS MOST
LIKLEY THE RESULT OF LOST COAL PLUS CONTAMINATION FROM SURROUNDING ROCK.

iZ
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TABLE 8

Fehruary 12, 1983

TELKWA “OVERALL"” COAL QUALITY

SPECIFIC AREA: GOATHORN EAST

AIR DRY BASIS 313 INCREMENTAL RECORDS
1.6 FLOAT sD RAW SD
Volatiles 28.10 2.50 25.70 3.20
Ash 9.60 3.36 22.20 10.70
Moisture 1.15 0.29 0.91 0.23
Fixed Carbon 60.90 2.98 50.90 8.45
Calorific Value 7390 288 6190 1112
Yield 71.30 14.18 - -
F5l 2.5 1.5
Sulphur 0.96 0.68 1.41 1.22
Thickness 2.20 1.40 2,20 1.40
{Average)

SD — Standard Deviation



TABLE 9
February 12, 1983
TELKWA “"OVERALL"” COAL QUALITY
SPECIFIC AREA: GOATHORN WEST
AIR DRY BASIS 52 INCREMENTAL RECORDS
1.6 FLOAT SD RAW sD
Volatiles 26.70 2.03 24.70 1.82
Ash 9.40 2.20 20.70 6.51
Moisture 1.23 .35 0.95 0.21
Fixed Carbon 62.60 2.67 53.560 5.94
Calorific Value 7380 164 6330 598
Yield 72,10 11.44 - -
FSI 3.0 1.5 -
Sulphur 1.06 0.83 : 1.6 1.65
Thickness 2.73 0.98 2,73 0.98
(Average)

SD — Standard Deviation

28
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TABLE 10 30

Fehruary 12, 1983
TELKWA “"OVERALL"” COAL QUALITY

SPECIFIC AREA: TELKWA NORTH

AlIR DRY BASIS 20 INCREMENTAL RECORDS

1.6 FLOAT Sbh RAW SD

Volatiles 27.60 221 259 217

Ash 8.70 2.52 18.7 7.56

Moisture .92 21 .78 .16

Fixed Carbon 62.60 1.72 54.40 6.01

Calorific Value 7540 210 6570 712

Yield 74.40 17.08 - -

FSI 3.10 1.5

Sulphur

Thickness 2.47 1.01 247 1.01

{Average)

SD — Standard Deviation
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CONSULTING ENGINEERS

OUR FILE: PA 1692.01 December &, 1982

Crows Nest Resources Ltd.
Eau Claire Place

525 ~ 3 Avenue SW
Calgary, Alberta

T2P 2M7

Mr. M. Goldrick, F. Eng.

Telkwa Coal Project
Preliminary Hydrogeological and Geatechnical Investigation

Dear Mr. Goldrick:

We are pleased to submit three copies of our preliminary
hydrogeological and geotechnical report for the Telkwa Project.

The report describes data collection in the areas of hydrogeology,
including permeapility tests and piezometer installations; sampiing
and testing of overburden till materials; and material workability
with a wview to excavating by means of a ripper and scraper
ocperation.

Our preliminary conclusions based on this data are as follows:

i. Piezometric pressures on the site are high with the piezometric
surface at or above the ground surface.

ii. The permeability of the coal is relatively low.

iii. The till overburden is a dense clay till 1in which permanent
slopes of 2H:1V may be cut. Temporary slopes may be cut at
1.5H:1V aor steeper, depending on slope height.

iv. The majority of materials on the site could be excavated by
means of & ripper/scraper operation. The stronger rocks
including the ironstones and strongly sideriie cemented
sandstones, will reguire blasting to loosen especially if
beoding spacing is found to be greater than about 0.1 m.

Klohn Leono!! Lid.. #15, 6320 - 11th Stree. 5.E., Calgary Afberta TZH ZL7 » Telephane: (403) 258-4114 » Telex: 03-524621
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we trust that this report is satisfactory, but should there be any

gueries please do not hesitate to contact us.

Yours very truly,

KLOHN LEONCFF LTD.

A pielted

HARI K. MITTAL, Ph.D., P.Eng.
Project Manager

JAL/ jmh
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INTRODUCTION

Crows Nest Resources Ltd. proposes to develop a coazl mine near Telkwa
in the Bulkley Valley area of B.C. Two adjacent leases are currently
being evaluated, the East and west Goathorn properties and as part of
the resource evaluation approximately 40 drillholes were drilled
during the summer of 1962,

Klohn Leonoff Ltd. was retained to colliect preliminmary groundwater
data, to sample and perform laboratory tests wpon till overburden
materials and to evaluate the rock materials with regard to the
possibility of excavating an open pit mine by means of ripping and
scraping. Geotechnical logging of rock cores was carried out by
Crows Nest Respurces staff. This report presents the data collected
and provides preliminary discussion of the results.

The scope of work for our investigations was described in our letters

- of July 8, 1982 and July 15, 1982, copies of which are given in

Appendix I.

FIELD INVESTIGATION

The geotechnical and hydrogeclogical investigations were carried out
towards the end of Crows Nest Resources' field program. Klohn
Leonoff mobilized an engineer to Telkwa September 6, 1982 at which
time 9 drillholes remained to be drilled. The locations of the
drillholes designated DH255 to DH26l inclusive, DH264 and DH265 are
shown on the site plan Drawing No. Dig$2-01.1.

The work carried out on site was as follows:

1. 1Installation of five piezometers in various coal horizons.

2. Preliminary monitoring of the piezometers.

3. Carrying out seven packer permeability tests at various horizons
in the drillholes.

KLOHN LEDNDFF
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4. Logging and sampling of the till overburden in five drillholes.
5. Estimation of uncenfined wuniaxial compressive strengih of
typical rock types based on the Point Load Index test.

HYDROGEOLOGY

Installation of Piezometers

Four piezometers were installed in DH255, DH256, DH257, and DH258 Dy
our engineer. A fifth instrument was instailed in DH265 by Crows
Nest staff following our engineer's departure from the site.

The piezometers comprise a 50 mm i.d. P.V.C. pipe with screw type
couplers. The lower end of the pipe was fitted with a cap to prevent
sediment entering the pipe and the lower 300 mm of the pipe was
slotted using a fine hacksaw to permit groundwater to enter the
pipe. The top of the piezometer protrudes above ground level and
water ingress into the piezometer is prevented by a P.V.C. cap.

- Slots were cut into the piezometer pipe just below the cap 1o prevent

a8 vacuum developing within the piezometer which would invalidate
readings. The purpose of a piezometer is to measure groundwater
pressures over a selected part of the formation and this is achieved
by sealing the borehole above and below the piezometer tip with
bentonite seals.

On completion of each gdrillhole fresh water was pumped down the
drillstem to flush out all remaining traces of drilling muc which
woulg affect bedrock permeshility. Wnen no further traces of
drilling mud were returned to the surface installation of the
piezometer commenced. Installation details for each piezometer are
given in Orawings No. Alé92-01.2 to .6. Following the installaticon
of the piezometer, a-falling head test was carried out to establish
the permeability of the rock. Results of the falling head tests are
given in Table 1.

KLDHN LEONOFF
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Monitoring of Plezometers

Groundwater levels were monitored several times using an electric
tape by our engineer prior to his departure from the site. All 5
piezometers were read by Crows Nest staff on completion of the field
program on September 30, 1982.

The readings obtained to date are presented on Table 2.

Discussion

Piezometers require a period of time to stabilize following
installation ang this period varies with the permeability of the
material in which the instrument is installed.

Piezometers DH 255, DH 256 and DH 257 showed an increase in water
levels following installation. At the time of the last readings
(September 30, 1982} DH 255 had risen 1.60 m with the piezometric
surface 1.0 m above grounc surface. Rises of 5.84 and 1.29 m were
recorded in DH 256 and DH 257 respectively. The monitoring results
suggest that piezometric pressures are high and that artesian
conditions may exist.

Further monitoring of the water levels will oe required before any
reliable conclusion can be drawn from the piezometer readings. It
may be necessary to install pressure gauges to measure high artesian
pressures should they be founa.

Water sampling was not carried cut during this investigation because
water was added to the piezometers during the falling head tests. Wwe
recommend that water samples be taken and water quality tests be

carried out as part of the 1983 investigations. We also recommend

that a program for regular monitoring of groundwater levels during
1983 be established.

KLOHN LEONDFF
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Packer Tests

Seven packer permeability tests were carried out in DH 255 and
DH 258, in order to oetermine coefficients of permesbility (k) for
the rock mass at selected locations. It was anticipatea that the
coal horizons are the most permeable units and therefore testing was
confined to the coal seams.

When a packer test was to be carried out, drilling was Iinterrupted
when the coal seam was partially penetrated. The core barrel was
then partially withdrawn from the drillhole to approximately the top
of the coal seam. The inner barrel was completely withdrawn from the
wire line tool and the packer equipment substituted. The packer
equipment was sealed against the bit with a small packer contained
within the core barrel and a larger packer extending below the
barrel. The packers were then inflated using nitrogen, expanding to
seal off the orillhole and the core barrel. With this completed the
test was carried out. The effective test section was located between
the bottom of the lower packer and the bottom of the drillhole. The
test section for the tests carried out varied from 2.24 to 6.1 m 1In
length. A "slug" type test was then carried out, a known volume of
water being injected into the test section via the drill stem as
quickly as possible and the dissipation of head with time as the
water seeped into the rock was noted.

Mass permeabilities for the test sections were determined using
standard calculation  methods. Calculation sheets for the
permeability tests are presented in Appendix V. The coefficient of
permeability values (k) obtained are given in Table l.

Discussion

The results of the permeability tests indicate that the coal seams
have only moderate permeabilities suggesting that problems may be
encountered in dewatering the pit should this be required.

KLDOHA LEONOFF
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Approximate values for storativity (s) were obtainmed while checking
the calculations. The storativity values are unusually high anc this
is an indication that a high dissclved gas content may be present in
the water.

OVERBURDEN MATERIALS
Sanpling

Samples of overburden materials were taken from Orillholes 255, 256,
257, 259 and 261. The locations of the arillheles is shown on

Drawing No. D1692-D1.1 and logs are presented in Appendix 11.

Drillholes were progressea through the overburden material by means
of a tricone drilling bit. Disturbed samples of overburden were
taken by driving a section of driil rod into the material by means of
a 500 lb. "donut" drop hammer. The overburden proved tce be dense to
very dense and considerable difficulty was experienced in obtaining

samples.

Sampling intervals were nominally 3.05m (10') out locally the
material was too coarse to be sampled. The bag samples were sesaled
to preserve the moisture content and transported to our Vancouver
laboratory for inspection and testing.

Laboratory Testing

The laboratory testing program comprised the following:
- Detailed description of all samples

- Determination of water contents of all samples

- Determination of Atterberg limits for selected samples
- Grain size eanalysis by means of seiving and hyarometer for
selected samples.

Details of the oescriptions, water contents and Atterperg limits are

presented on the drillhole logs presented in Appendgix II. The grain
size curves are presented in Appendix 1II.

KLOMN LEQNOFF
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Discussion

Tne overburgen comprises a variable thickness of dense to very dense
glacial clay till. The clay till is veriable in composition from
silts with some clay through to well graded sand, gravel, silt and
clay mixtures. The finer materials predominate, however, although
the silt and clay samples contained & small proportion of sand and
well rounded fine gravels.

Atterberg 1imit oeterminations were carried out on samples from
Drillholes 255 and 261. The silts and clays are of medium to low
plasticity and are at water contents close to or below the plastic
limit in the ground. Excessively wet material was found in two
samples, but this may have been caused by contamination during
sampling.

The relatively low plasticity and high density of the tills suggests
that the tills have high in situ strength. We therefore anticipate
that permanent slopes may pe cut in the till at 2H to 1Vv. Temporary
slopes may be cut at 1.5H to 1V or steeper than this depenoing on
slope height. Slope angles should be reviewed in the detailed design
stage. Precautions should be taken however to ensure that water
bearing sand and gravel norizons are drained to prevent instability.

ROCK STRENGTH

Introduction

The Point Load Index Test has been used to determine the uniaxial
compressive strength of the various rock types encountered in
drillholes. The test results nave been used as an index to determine

the rippability of the material.

Tne Point Load Index was selecteo as a rapid, cheap fieldg test which
could be wused to odetermine approximate uniaxial compressive
strength. The test eguipment comprises a simple lpading frame

KLOHN LEONOFF
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activatea by a hand operated hydraulic jack. Load is transmitted to
the specimens by means of a pair of srpherically truncateo conical
platens. The test is versatile in that specimens of core may be
tested axially or diametrally in addition to random lumps of rock.
No sample preparation is generally reguired but considerable scatter
in results can be expected. The test equipment and procedure is more
fully described in the paper by Broch and Franklin.#*

Test Program

The test program comprised 212 samples of the major rock types
encountered during the drilling program, 1i.e., coal, sandstone,
siltstone, silty mudstone, ironstone and a porphyry which forms an
igneous sill. Diametral point load tests were carried out on a
number of specimens from each rock type. The load required to bresk
the specimen and the nature of the fracture was noted.

- Uniaxial compressive strength was cetermined from the point load test

results using the following relationship.
I, = 24 P/D?

Is

point load strength ingex

where load at fallure

p
D

diameter of core

Test results were grouped according to rock type, oOetalled
lithological characteristics and type of fallures. Mean compressive
strength values for each group are presented in Table 3. Where very
large scatter of results for the same rock types and same type of
failure occurs as found with bedding plane failures in sandstone, the
results have been further grouped according to approximate strength.

The field logging sheets showing individual point load index test
results are given in Appencix IV.

Broch, E. and Franklin, J.A., 1%72. The Point Lpad Strength Test.
Int. J. Rock Mech., Min. Sci. %, pp. 663 - 697.

KLOHN LEONOFF
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Discussion

The point load index tests results indicate that the majority of the
rock types encountered on the site fall in the range of moderstely
weak to moderately strong rocks. The sandstones, mudstones and
siltstones are very weak to moderately weak in the unaltered
condition. These three rock types have, however, undergone a varying
amount of modification due to the development of secondary siderite
cementation which has increased the strength of the rock by up to
four times the strength of the unaltered material. Samples of rock
in which secondary cementation is well odeveloped have wuniaxial
compressive strengths in the range of 50 to 100 MPa. Some of the
siltstones have also been affected by growth of calcite along micro
fractures. The occurrence of volcanic tuff in some of the mudstores
tested increased the unconfined compressive strength of the rock.

Excavation Procedures

Two methods are currently in use for estimating workability of rock;
one based on the seismic velocity of the rock mass, and the other
based on uniaxial compressive strength and discontinuity spacing.

The former method is wused by excavation equipment manufacturers and
the latter method is widely used in Europe and South Africa. In this
present study, the latter method has been used to evaluate the need
for ripping and blasting. A diagram showing the workability as a
function of uniaxial strength and discontinuity spacing is given in
Drawing No. 1692-01.7.

The envelope for material strength for the rock types encountered at
Telkwa is shown. The gectechnical logging sheets completed by Crows
Nest Resources geologists indicate that fracture spacing ranges from
3.0 mn to in excess of 1,000 mm. On the basis of the test results
available at the present time, 40% of materials have wuniaxial
strengths greater than 25 MPa. Biasting to loosen this material will

KLOHN LEDNOFF
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be required when bedding 1is thicker than about 0.10m.. The
geotechnical logging sheets, however, indicate that the stronger
materials are generally thinly becdded. It would therefore seem
likely that the majority of the materials could be excavatec by
ripping.

This conclusion is based on a relatively small number of tests and on
the assumption that the distribution of tests accurately represents
the proportion of rock types occurring on the site. In order to
establish with more accuracy the quantities of the stronger rocks
reguiring blasting, we supggest that a larger number of point load
tests be carried out on rock samples from each drill hole. In view
of the empirical nature of both methods of evaluating workability, we
also suggest that the seismic velocity methoo be used to confirm the
present conclusions.

Respectiully submitted,

THE ASSOCIATION OF
PROFESSIONAL ENGINEERS
| GF ALBIRTA

| PERMIT NUMBER
i P 4323
fOKLTUI LTONGRE
TS LIMITED

N . - I et St

H
i
[
]
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TABLE 1
PERMEABILITY TEST RESJLTS

COEFFICIENT OF

PERMEABILITY
DRILL HOLE | TEST SECTION TEST TYPE | MATERIAL | (k) cm/sec
255 91.7 - 93.9 Packer Coal” 5 x 102
255 167.9 - 110.3 Packer Coal é x 10-3
255 114.8 - 121.0 Packer Coal 2 x 1076
255 128.4 - 139.9 | Piezometer Coal 3 x 1076
256 157.9 - 159.4 | Piezometer Siltstone 7 x 10-7
257 28.8 - 31.1 | Piezometer Coal 3 x 1076
258 44.5 ~ 46.3 | Piezometer Coal 5 x 10-7
258 | 45.7 - 48.0 Packer ~ Coal 6 x 106
258 . 50.6 - 52.9 Packer Coal 7 x 10~7
258 64.3 - 69.2 Packer Coal 2 x 1076
258 114.9 - 121.0 Packer Coal 2 x 10-6




TABLE 2
PIEZOMETER READINGS

DRILLHOLE NUMBER 255 256 257 258 ZE5
GROUND ELEVATION 802.30 823.30 728,60 744.10 737.30
(m)
TIP ELEVATION 662.90- | 732.40- 1 £99.80- 699,60~ | 674.30-
{m} £62.40 731.20 £97.50 698,10 673.70
DATE OF Sept. 11 [Sept. 14 'Sept. 15 | Sept. 16 |Sept. 23
INSTALLATION
GROUNDWATER
ELEVATIONS
{m)
September 12, 1982 | 801.70
September 14, 1982 | 801.80
September %5, 1982 801,22 B75,41
September 16, 1982 | 727.00
September 19, 1982 802.33 875.70 727.15
September 20, 1982 | 802.40 876.48 | 727.12 743.93
September 30, 1982 | 803.30 881.25 728.2%9 743.53 720.85




TABLE 3
SUMMARY OF POINT LOAD TEST RESULTS

MEAN UNIAXIAL
COMPRESSIVE STRENGTH

BASED ON
ROCK TYPE POINT LODAD TEST DESCRIPTION N
(MPa)
COAL 14 Massive 2
5 Jointed rock, cross beoding
failure 2
1 Jointed rock, bedding .10
failures
IRONSTONE 87 Massive 6
IGNEQUS INSTRUSION 91 Massive 1
SILTSTONE &8 Siderite cementation 7
17 Calcite deposition on joints | 3
45 Sandy siltstone 5
10 Cross bedding failures 29
4 ' Bedding failures 31
SILTY MUDSTONE 52 Siderite cementation 1
11 Massive 8
2 Bedding failures 15
TUFFACEQUS MUDSTONE 35 Massive 3
12 Bedding failures 4
Bedging failures 5
CUALY MUDSTONE 7 Massive 3
Bedding failures P2
SANDSTONE 59 Sigerite cementation 4
45 Massive, some sigerite '
cementation 7
33 Bedding failures i
15 Bedding failures 7 i
6 Bedding failures 13

N - Number of Tests
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OUR FILE: AL 4703 July 15, 1982

Crowsnest Resources Ltd.
Eau Claire Place

525 - 3 Avenue SW
Calgary, Alberta

T2F 2M7

Mr. M, Goldrick, P. Eng.

Telkwa Project, Soil Sampling

Dear Sir:

Following the meeting with Frank Martonhegyi held in our office, we
are please to confirm our ciscussion and make the following proposal
for collection of preliminary soils data for the Telkwa Project.

We suggest that the till overburden should be sampled from four
drillholes, two in areas where the till is thick {(say 60 m thick) and
two where the till is thinner (say 15 m thick). We propose that
undisturbed samples be taken at 3 metre intervals through the tilil
overburden in the four selected drillholes.

Undisturbed samples could be taken either by coring or with a split
spoon sampler and we have discussed the sampling technigues with
J.T. Thomas of Smithers who considers that coring should be possible
in the till materials on the site.

Sampling of the till materials will be supervised by our Mr. Larssen
at no additional costs to yourselves over and above those costs
described in our letter of July 8, 1982. Mr., Larssen will be
responsible for sealing the samples in wax to preserve their natural
moisture contents, for labeling the samples and for preliminary
logging of the materials. 1If any samples are to be taken whilst Mr,
tarssen is absent from the site, he will demonstrate the correct

procedures to your geclogists.

Klohn Leanotf Ltd., #35. 6320 - 11th Street, S.E., Calgary. Alberta TZH 2L7 » Telephane (403 259-4114 & Teles: (3-524621



AL 4703 -2 - July 15, 1982

All soil samples will be shipped to our Calgary laboratory where they
will be examined, logged and the water contents determined. Samples
will be selected for further laboratory testing. We propose that
liquid and plastic limits be carried out on approximately 25 samples
of soil. If granular materials are encountered, a grain size
analysis will be carried out instead of liquid ano plastic limits.

We propose to prepare a brief report presenting logs of the
overburden portion of the orillholes sampled, results of the
laboratory tests and an engineering assessment of the soil shear
strength parameters and likely stable slope angles on the basis of
the laboratory tests performed.

Our estimated costs for performing the work described above are as
follows:

Manpower Costs
Sample Collection _ No Charge

Description of Samples
in laboratory and two
water contents per sample 50 samples 8 $25/sample $1,250

Suite of liguid and plastic
limits tests or grain size
analysis as appropriate 25 samples @ $30/sample 750

Preparation of report
(assumed to be our addendum
to the report describing

hydrogeclogical investigation)

Senior Engineer 6 man hours 402

Word Processing 3 man hours 114

Drafting 3 man hours 114

TOTAL ESTIMATED MANPOWER COSTS . 2,630
Disbursements

Sample Transportation $ 370

TOTAL ESTIMATED COSTS 33,000

KLOMN LEONOFF
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We trust that our proposal and cost estimstes will be acceptable to
you and look forward to carrying out this work for you.

Yours very truly,

KLOHN LEONOFF LTO.

J. ANDREW LEACH, PNh.D.
Senior Division Engineer
Mining Services Division

JAL/ jmh

ce:  F. martonhegyi

KLOWN LEGNQOFF
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OUR FILE: AL 4703 July 8, 1982

Crowsnest Resources Ltd.
Eau Claire Place

525 ~ 3rd Avenue SW
Calgary, Alberta

TZP 2M7

Mr. M. Goldrick, P. Eng.

Telkwa Project, Hydrogeology Studies

Dear Sir:

Further to our meeting of July 28, 1982 we have reviewed your
proposed field work program for the Telkwa Project and are pleased to
present our proposals for instrumentation and collection of
preliminary hydrogeological data for the site.

We understand that you propose to sink forty drillholes on the East
and West Goathorn Properties for the purpose of eveluating possible
coal reserves. Orilling is to commence on or around July 15, 1982
and is expected to be of 8 weeks duration. We understand that two
drills are to be used on a 24-hour/day basis. We understand that the
field operation including the staff we assign to the project will be
under the direction of your Mr. Handy.

Proposed Scope of Work
We propose to mobilize an experienced geotechnical engineer to the

site to carry out the following tasks:

1. Install, test and monitor approximately six piezometers in
selected drillholes. X

2. Carry out packer tests in two drillholes to determine hydraulic
conductivity of selected strata.

3. Collect groundwater samples for preliminary chemical analysis.

Kichn Leonaff Ltd., #15, 6320 - 11th Street, 5.E., Caigary, Alberta T2H 2L7 « Telephone: (403; 259-4114 « Telex: 03-824621
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We propose that our engineer makes two visits to the site, one
approximately two weeks after drilling has commenced and the second
visit shortly before the completion of the drilling program. we
estimate that approximately 100 man hours will be required for each
site visit. The tasks to be carried out ouring easch visit are
indicated below:

Site visit #1
(1) Install two piezometers in boreholes on the West Goathorn

Property. We propose to install one instrument in one of the
coal seams and the second instrument in the basal shales
underlying the lower of the twoc coal seams.

(ii) Install two piezometers in the East Goathorn Properties.

(iii) Fiush all piezometers and if practicable, collect water samples
(Sampling is cvependant on rate of response of the piezometers).

(iv) Carry out packer tests in selected drillhole on West Goathorn
Property. Packer tests will be carried out in the two major
coal seams and in other horizons.

(v} Establish procedures for monitoring groundwater levels in
piezometers.

Site visit #2
(i) Install further two or more plezometers in East Goathorn

Property. It is our intention to locate piezometers in major
coal seams and in other horizons which appear to be making
water. One piezometer will be lopcated at the till-pecrock
contact.

(ii) Flush piezometers (including if necessary, plezometers
installed on first site visit) and sample groundwater if
possible.

KLDHN LEONOFF
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(1ii) Carry out packer tests in selectes drillhole on East Goathorn
Property. We propose to carry out a test in each of the coeal
horizons over 1.75 m in thickness and in a number of shale,
siltstone and sandstone horizons.

Packer Tests
Packer tests may be carried out using double or single packer

configurations. 1In the single packer test, the packer is passed
through the outer core barrel of a wire line tool, the innner barrel
having been extracted. The packer is inflated and the test carried

out, the test section being between the packer and the bottom of the
| drillhole. When the test is completed the packer equipment is
withdrawn and drilling recommenced. When the drilling has progressed -
to the next test location, the process is repeated. Good results are
obtained from the single packer test, but it can cause major delays
to the drilling programs, especially when deep drillholes are being
used. In the case of the Telkws project, there may be insufficient
budget to pay for drilling delays. When 24-hour drilling is in
progress, personnel for each shift would be required for carrying out
the tests.

In the double packer tests configuration all the packer tests are
carried out on completion of the drillhole, the test section of the
drillhole being confined between the two packers. Considerable time
savings are made, thus feducing drill stand-by costs. It will still
be necessary to use the drilling rig for lifting the packer eguipment
and some delays are inevitable, although these will be kept to a
minimum.

If, however, difficulties are experienced due to collapse of the
drillholes, it may ©be necessary to wuse the single packer
configuration and reduce the number of tests to meet budget

constraints.

KLOHN LEONDFF
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In order to collect reliable test data from toth piezometers and
packer tests, it will be necessary to ioentify certain driliholes
prior to drilling and to ensure that only water flush drilling is
used on these drillholes. We propose that our engineer will liazise
with Mr. Handy on this matter.

Reporting

We propose to prepare a brief report outlining the work carried out
on this project and presenting the readings obtained from the
piezometers up to the time that our engineer leaves the site. The
results of the packer tests will be analyzed and hydraulic
conductivity values for each test section will be presented.

Recommendations for further study of the groundwater will be provided.

Cost Estimates
The charges to your project will be based on the actual hours spent

on the project by Kiohn Leonoff staff. Detesils and conditions are
given on the "Schedule of Services, Charges and Conditions of
Agreement" dated January, 1982. In view of the reduced costs of
proposal preparation on this project, our hourly rates will be based
on payroll costs plus 125% which will provice & substantial savings

to Crowsnest Resources Ltd.

A summary of estimated costs is given below:

HLOHN LEDNOFF
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ESTIMATED COSTS

Manpower
Field Services

Engineer to install and test

piezometers, carry out packer

tests and sample groundwater 200 man hours
Office Services

Geotechnical Engineer 20 man hours
Senlor Engineer 20 man hours
Review 44 man hours
Drafiing Services 15 man hours
Word Processing 15 man hours
TOTAL 274 man hours
Disbursements
Air Travel

Vancouver - Fort St. John return - 2 trips
Local Transport _
Accomodations & Meals, 20 nights @ $75.00
Equipment Hire
Packer Test Equipment
HAire and Shipping
Consummables - gas, O rings, etc.
Piezometer Tubing, 800 m @33.5/m
Grout, Cement, Etc.
Chemical Analysis of Groundwater
Samples @ $220/sample
Delays to Drill, 20 hours @ $100/hour
TOTAL ESTIMATED DISBURSEMENTS
TOTAL ESTIMATED COSTS

KLOHN LEONOFF

July 8, 1982

$ 9,200.00

920.00
1,340.00
340.00
770.00
770.00
$13,340.00

$ 500.00
500.00
1,500.00

600,00

100.00
2,800.00
400.00

1,320.00

2,000.00
$ 9,720.00

$23,060.00
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Staff

The project will be carried out under the supervision of Dr. J.A.
Leach of our talgary office. We propose to mobilize ™r. David
Larssen, P. Eng. to carry out the field testing., Mr. Larssen is a
geotechnical engineer with several years experience in hydrogeology,

including instrumentation and aguifer testing. keview services for
the project will be provided by Dr. Myles Parsons, P. Eng., our
Senior Hydrogeologist. Resumes for the above staff eare appendea.

we trust that our proposal and cost estimates will be satisfactory
and look forward to working with you on this project.

Yours very truly,

KLOHN LEONOFF LTD.

J. ANDREW LEACH, Ph.D.
Senior Division Engineer
Mining Services Division

JAL/ jmh

KLOMN LEOMNOFF
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TEST HOLE LOG

SAMPLE DATA ELEY COLLAR LnionFinEL ComERECSIGN KEa
Ti8o zhe T Zog
WEISHT WAMMER 3.5 K5| 4 | ELEY GROUND g02.3 m & FIELE VARE A LAE ANE BUwCONF
MEIGKT DROP 0 T6 o i LOCATION PLASTIC ater
B 32 {50 o DESCRIPTION OF MATERIAL SN I O T
(] D
B 1
1.0 S.1
SILT
-~ some clay :
* - little sand O 25 N I 1
2.0 B - trace gravel : ﬁ |
5.2 - gravels rounded to subrounded i
- weathered '
-~ light brown
3.0 ~ dense
-~ trace of organic material
. - TILL Ti%_______%
B
5.3
4.0
5.0
6.0
i
7.0 |
CLAYSTORE
- westhered
- soft
= brown
8.0 - bedrock
NQ Coring with Longyear 38
9.0
10.0
JOB No. PA 1692.01.01
ST PROJECT CROWSNEST RESOURCES LTD.
g/“/\‘}’ﬁ\f‘—'% KLDHN LEONOFF LOCATION TELKWA, B.C.
Z47= CONSULTING ENGINEERS JOLE No. DH 258
== DATE HOVEMBER 1/82 pLATE

L.L.C.-NETRIC,

F.4




TEST HOLE LOG

SLMPLE DATA

ELEY COLLA&R

wEIGKT HiMMER &3 5 Ky

ELEY GROUND B90.3 m

USTTNEIMED MFiE ron kFa

T r
100 “3 ST
® FIELD vAnE _.ua vaAmE FUNCONF

HEIWGHT DROP

0.76 n

SYMBOL

CO-0ORD LOCATION

EPTH] & D

BLOwe
Fev | TE {SYer] NO

DESCRIPTION OF MATERIAL

FLASTIC waAY e
LT CONT NT |

1020 30 40

1.0

2.0

3.0

S.1

m ®

5.2

m

5.3

WELL GRADED MIXTURE CF GRAVEL,
SAND, SILT AND CLAY

- gravels rounded to subrounded
- light brown

- dense

- TILL

SAND AND GRAVEL

- Tittle silt

- trace clay

- gravels rounded to subrounded
- light brown

- very dense

-~ TILL

SAND AND GRAVEL

- little silt

little clay

- gravels rounded to subrounded
1ight brown .

1

- very dense
TILL

™
'
1

.

g-J-—"

Undifferentiated bedrock

NQ Coring with Longyear 38

==

M
ey

JO8 No. PA 1692.01.01

PROJECT CROWSNEST RESOURCES LTD.

Z£22 KLOHN LEONOFF e e

CONSULTING ENGINEERS HOLE No.  DH 256

DATE NOVEMBER 1/82 PLATE 2

Aoh.C.- SITHIC.




TEST HOLE LOCG

SAMPLE DATa ELEY COLLAR, ] LrOvELED COmMBRES: Gn kPa
Taby zhet Tor 2ag
WEIGHT HAMHER ¢1.5 Kg 'c,' ELEY GROUND ?28'6 m @ FICLD VarE  ALAR VANE FUNlONF
HEIGHT DROP 0.76 m E CO~CRD LDCATION PLLA::T»C c'E.;Tr ", tnz.lr
v H !
Fo| T NO DESCRIPTION OF WMATERIAL I I
SAND
Py - some silt 3
1.0 B - little clay Cﬁ
5.1 - dense
- TILL \
® D
SAND v
2.0 B X !
v - some silt
' - little clay 1
- trace gravel /
® - dense _4
3.0 - TILL ‘II
B B
5.3 WELL GRADED MIXTURE OF GRAVEL, i
SAND, SILT AND CLAY !
- very dense '
L.o - TILL i
!
SAND :
5-0 - some silt '
- littlte gravel ;
. - little clay b,
B ~ wvery dense =~
6.0 5.4
Undifferentiated Bedrock
NQ Coring with Longyear 38
JOS No PA 1692.01.01
= PROJECT  CROSWNEST RESOURCES LTO.
% KLOHN LEONOFF LOCATION TELKWA, B.C.
Zo5= CTONSULTING ENGINEERS HOLE No. D 257
= DATE NOVEMBER 1/82 P_ATE 3
K.L £ -METRIC, F.34




TEST HOLE LCG

SAMPLE DATL ELEV COLLAR UWIOWFonED  cowmfakzi own kPa
T o _;- "‘.1 :I"'n'":T "‘.l"-r
WEIGHT HAMMER 63.5 K¢ 3 ELEv cRowwo 747 1 m eruzdsavi-.zihha vawE IU{E;nr
;:;:T oo:onuoi.}?& m E CO-ORD LOCATION Pi‘“s"FTIC o e
EEV | TT |T15R MO DESCRIPTION OF MATERIAL *“To 70 %36 " e "
SILT
~ some sand ~
1.0 ; - some clay k.—"
. < - little gravel f
' - dense
- TILL
2.0 SILT AND CLAY |
* . - little gravel —
R - trace sand P
5.2 - dense l‘
- TILL ‘
3.0 :
. SAND AND GRAVEL ]
B - little silt
5.3 - little clay :
4.0 - dense \
: - TILL |
7
- SAND !
- some gravel ! _
5.0 - some silt
- . - some clay :
B - dense ""
S & - TILL [
6.0 '
i
7.0
8.0 i
9.0
i
10.0 J;
JOB No. PA 1692.01.01
= PROJECT CROWSNEST RESQURCES LTEL.
£72 KLOHN LEONGFE  [Looar Tes s
2 or— CONSULTING ENGINEERS HOLE No. DH 259
DATE NOVEMBER 1782 PL_ATE &4

K.L.C.~METRIC.




TEST KOLE LOG

SAMPLE DATA | ELEY COLLAR ! UHCOWF L ED CowFaErs Cw KP3
- 'f“‘ﬂ T :1“__.5 _AI'A..‘T* )r"t
WEIGHT WAWMER 3.5 Kg| o | ELEV GROUND 747.1 m O FILLEVARE * 5448 vONE Bueour
MEIGKT DROP () 74 i CO-OND LOCATION PLASTIC Siren oy
w
Sl 2 (22 wo. DESCRIPTION OF MATERIAL TR T R T
11.0 . GRAVEL
- little silt
B
S5 - trace sand
' - very dense
- TILL
12.0 |
13.0 i
i
H
‘ |
JOB No FA 16S2.01.01
R PROJECT CROWSHEST RESOURCES LTD.
% KLOHN LEDNOFF LOCATION TELKWA, B.C.
=t
gwg: CONSULTING ENGINEERS HOLE No. OH 259
CATE NOVEMBER 1/82 p_LATE S
K.L.C.~ METRIC. -




TEST HOLE LOG

SAMPLE DATA ELEY COLLAR UniONEiED CowiRESE o kP
T T 1 L) S
WEIGHT HAMMER 3.5 Kg| _ ELEV GROUND 100 zhat omea Ao
S. & FILLD VRnE A LAE vawE FunCOnr.
HEIGHMT DROP 0_76 m f_ CO-0RD LODCATION PLA“SHTT!C c?,lTI'E. taou
n [N WTEMWY Wt
Sel T8 |52 weo DESCRIPTION OF MATERIAL SR I [ T
i
|
1.9 |
i
12.40 :
JI.‘
NO SAMPLES RECOVERED
132.4
14. 0
15.0
16,0
i
17.0
18. f |
| ‘
|
CLAY AMD SILT ;
19.q ~ some gravel |
- trace sand ;
- medium plastic I
= dark brown |
E - dense W = X
20. ¢ SC - TILL T EERE

P
e

=22 KLOHN LEONOFF
% CONSULTING ENGINEERS

JO8 No. PA 1692.01.01

PROJECT CROWSNEST RESDURCES LTD.

LOCATION TELKWA, B.C.

HOLE No. DH 261

DATE NOVEMBER 1/82 PLATE 7

K L.C. -

METRIC,

F.34




TEST HOLE LOG

SAMPLE DATA ELEV COLLAR o nEr CoMFTEITCN KPR
LS, M S g
WEIGHT KAMMER 3.3 Kg| ELEV GROUND .FICLC}VILNE Loil VANE luﬁét?ur
WEIGHT DROP &?5 o § LD-ORD LDCATION PLASTIC SaTen o
rexd o sl Bk DESCRIPTION OF MATERIAL CTIETIE T3 T
1
21.4 }
. SILT AND CLAY -4 —ax
B some sand :
g b - trace gravel \
: - medium to low plastic i
22.0 - dark brown |
- dense |
- TILL \
|
23.0
111
'\
24.0 i
SILT AND CLAY |
.E - some sand
é 5 - trace gravel
25 0) ’ - medium to low plastic
- : - dark brown 1
- dense
- TILL
26.0 |
ﬁ i
! Ii
! ’ |\
27.0 0
SILT AMD CLAY
. - some sand N
B - trace fine gravel
- low plastic \
23.0 5.6 : - dark reddish brown I
- dense 1
- TILL l
l
29.0
30.0 .

JOE No PA 1692.81.¢1

PROJECT CROWSNEST RESOURCES LTD.

% KLOHN LEONOFF LOCATION TELKWA, B.C.

A= CONGULTING ENGINEERS NOLE Mo DH 261

N
2 DATE HOVERBER 1782 pLATE ©

. L.L.-®ETRIC, F.34




TEST HOLE LOG

SAMPLE DATA ELEY COLLAR CHIONFUGED CoMERESSION kPa
- Tabo 2t o Zog
WEIGHT HAWMER 63.5 Kg| 4 ELEY GROUND @ FIELE VAnE & LAB vANE EUMEONF
HEIGHT DROP 0.76 m § CO-0RD. LOCATION ) PnIA“sHT_Igc C'C-:EE:T l{_‘ﬂ'f?
e 0.2 1L o DESCRIPTION OF MATERIAL “"1¢ 90 °33 "o
¢ SILT AND CLAY x X Sg
B - trace fine sand |
31.0 5.7 ~ trace gravel
- low plastic f
- dark reddish brown {
- dense f
32.0 - TILL f
!
!
/
33.0 /
ff
° CLAY AND SILT S S
B - some sand
34.0 5.8 - some fine gravel
- meditum plastic
- very dark reddish brown
- dense
35.0 - TILL
36.0 i
. COARSE SAND AND FINE GRAVEL
B - trace silt
37.00 5.9 ~ dark reddish brown
- dense
- TILL
28.0
|
CLAY AND SILT
39. ) - trace sand
- trace gravel
- medium plastic a
- k dish b
o ;ery dark reddis ToWN é}x-*-—-—--a-x
B - dense i
40.0 S, 10 - TILL i1 d
JOB No PA 1692.01.01
= PROJECT CROWSNEST RESOURCES L7D.
;f%ﬁﬁg CONSULTING ENGINEERS HOLE No. Dl 260
' DATE NOVEMBER 1/82 PLATE g
w.L.C.~METRIC, F.34




TEST HOLE LOG

SampPLE DATA

ELEY COLLAR.

UNTONERED  CombElss on KPa

Dby T T T T
WEIGHT HAMMER 3.5 Xp 2 ELEY GROUND @ FilLL VARE ALAS vARE EUmwCONF
ME IGHT DREP 0.?6 o g CC-0ORD LDCATION PLL‘HS(TTIC C'O:Tl' :‘_ l&irlrn
grm| 0.0 oo o DESCRIPTION OF MATERIAL 10 o 30 hp "
41.0
|
f
[
42.0 |‘
. CLAY AND SILT *CL'""*
43.0 B - trace sand
S.11 -~ trace gravels
- medium plastic
-~ dark reddish brown
L0 - dense
- TILL
45.0
46.0 Undifferentizted Bedrock
NQ Coring with Longyear 38
47.0 i
i
48.0
k9.0 i
50.0 |

—/“\N:

==

JOB Ko

PA 16%2.01.01

PROJECT

CROWSHEST RESQURCES LTD.

KLOHN LEONOFF LOCATION

TELKWA, B.C.

DH 261

Z 2= CTONSULTING ENGINEERS HOLE No.

DATE NOVEMBER 1782 p_ ATE 10

L.~ mETRIC.
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LABORATORY TEST RESULTS
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INTRODUCTION

This report presents the results of geophysical surveys

carried out for Crows Nest Resources by Geo-Physi-Con Co. Ltd.

during the period of August 3 to 20, 1982. The location of the

surveys at the Crows Nest Resources Coal Property just outside of

Telkwa, B.C., are shown in Figure 1.

The area was characterized by coal bearing sedimentary

rocks lying over volcanic basement and under a highly variable

thickness of overburden. The survey objectives were then:

1)

2)

to map the thickness of overburden {depth to sedimentary
rocks) using refraction seismic methods. Drill holes in the
area reported changes in depths to bedrock from 10 to 60

metres.

to map the top of the volcanic basement to determine the
approximate thickness of the overlying sedimentary coal bear-

ing sequences using transient electromagnetic soundings.

to map the course of intrusive dykes seen to be outcropping at
the site and to map the areal extent of burned coal seams

using magnetic methods.
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A test survey was performed in areas having drill hole
coantrol to assess the ability of each of the geophysical tech-
niques to meet the specific objectives. Once it was determined

that the objectives could be met, a full survey was undertaken.

2,0 LOGISTICS

A four-man crew performed the refraction seismic and
magnetic surveys. The crew included a project geophysicist, a
sanior technician and two junior technicians from Geo-Physi-Con.
For the transient electromagnetic survey a five man crew was
required. A Crows Nest Resources employee assisted in the line

slashing for transmitter loops.

The crew lodged at commercial facilities in Smithers,
B.C. and commuted daily to the survey site. Two trucks were
rented from Budget Rentals in Smithers. Explosives and storage
magazines were obtained through Bema Industries, also Tocated in
Smithers. The survey line and site locations are shown in

Figures 2 to 4.
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3.0 REFRACTION SEISMIC SURVEY

3.1 Data Acquisition

A total of 5.7 km was surveyed using refraction seismic
methods. Of this total, approximately 1 km was surveyed on the
east side of Goathorn Creek, while the remainder of the survey was
carried out on the west side. The survey line locations are shown

in Figure 2.

A 2.5 km test survey was carried out along lines West 5
and East 7. After preliminary field interpretation of the test
program data, it was decided by Dave Handy and Steve Cameron of
Crows Nest Resources to proceed with a routine refraction seismic
program. The routine program consisted of just over 4 km of sur-
vey line. A1l of these Tines were Tocated on the west side of

Goathorn Creek (Figure 2).

Compression type seismic energy was generated with
explosives placed in shallow (0.5 metre) holes. The seismic data
ﬁas recorded with a GeoMetrics ES1Z210-F 12 channel signal enhance-
ment seismograph. The manufacturer's specifications for this

instrument are included in Appendix A.
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A seismic spread of 12 geophones was used with 20 metre
spacing between the geophones. For each spread of 12 geophones,
arrivals were recorded from shot locations 20 and 220 metres from
the end of the cable, as well as from one to three interior shots.
The purpose of the end shots was to obtain arrivals refracted from
bedrock at most geophones. The purpose of the interior shots was
to provide control in the variation in overburden velocity. A
typical shooting arrangement for two adjacent spreads is illus-

trated in Figure 5.

3.2 Method of Interpretation

In seismic refraction surveys the data obtained consists
of travel time of compressional waves, from source (explosive
charges) to detectors (surface geophones). The paths of the seis-

mic waves are illustrated in Figure 6.

The data was processed using the plus-minus {delay-time)
method of analysis. The method is briefly illustrated in Figure 7
for the two-layer case. First, arrival times corrected for any
1ar§e elevation differences along the spread are plotted as a
function of distance {7d). The differences in arrival times for
each geophone from shots offset from the ends of each spread

(in-1ine and end shots for each partial spread) are then plotted




o r

]

versus distance (7b). On this plot geophones recording arrivals
refracted from the bedrock fall on a straight line with a slope of
2/V2, where V2 is the compressional seismic velocity of the
bedrock. For each geophone that recorded arrivals refracted from
the bedrock, the delay time {(defined and plotted in Figure 7d} is
computed. The depth to bedrock is related to the delay-time by

the function shown in Figure 7c.

Critical to the accurate determination of depth to
refractors are the delay-time, the values of overburden velocity,
Vl’ and the travel time from the shot to the furthest geophone,
T-total. These parameters are derived from the time distance plot

(7a).

An interactive computer program developed by J.H. Scott,
U.S. Bureau of Mines, at.al. (1972), to a large extent, handles
the delay time analysis. The computer analysis has the advantage
in that the layer thicknesses and velocities given by the delay-
time method are checked and improved using ray tracing procedures.
Also, data from two or more Taterally continuous spreads may be
analyzed simultaneously allowing greater continuity in the inter-

pretation.
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Surface elevations were determined from a 1:5000 topo-

graphy map supplied by Crows Nest Resources.

For the purpose of this survey, there was a practical
Timit to the depth of exploration. Where bedrock existed well
below this limit {beyond about 70 metres), the shooting arrange-
ment did not always produce sufficiently overlapped data for
analysis by the delay-time method. In these areas {e.g. West 4 ,
Spread 1, Figure 12) a minimum depth calculation was performed.
In this procedure the arrivals from the Tong offset shots at the
last geophones are assigned to the bedrock layer. This assumes
that the last geophone is actually the first refraction observed
from the bedrock surface. With the aid of the ray trace portions
of the computer program, a minimum depth to the bedrock surface

can be determined.

3.3 Results

The refraction seismic program was planned to determine
the depth to the coal bearing sedimentary sequences. A total of 6
1ines were surveyed with 5 lines, numbered West 1 to 5, being sur-
veyed on the west side of Goathorn Creek and one 1ine on the east
side {numbered East 7). With the exception of West 1, spread 5

and spreads 1 to 3, East 7, all of the lines were analyzZed using a
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three-layer model. On the remaining lines a two-layer model was

used.

The three-layer model consisted of two soil horizons and
a bedrock surface. The upper soil layer velocity ranged from 700
to 950 m/sec and represents unconsolidated unsaturated materials.
The second soil layer velocity ranged from 2090 to 2250 m/sec and
represents materials which are more dense than the first layer and
which may or may not be saturated. The bedreck velocity ranged
between 3000 and 3500 m/sec. This velocity is representative of

sedimentary type rocks.

For the two-layer model the first layer velocity varied
between 500 and 900 m/sec and is representative of unconsolidated
materials. The second layer velocity was between 2770 and 3000
m/sec. This velocity is representative of sedimentary type

rocks.

It was found that the bedrock became very deep along
portions of some of the lines. In these areas, minimum depth to
bedrock was calculated using the ray tracing procedures in the
computer program. It should be noted that this is the minimum
depth only at which rock could occur. It is likely that the true

depth will be even greater.
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Generally, it is seen that rock is a lot shallower
(3m-20m) on the east side of the property than on the west. The
bedrock on the west is undulating beneath overburden varying from
10m to over 100m in thickness. A contour map of overburden thick-
ness was prepared for lines surveyed on the west side of Goathorn
Creek (Figure 8). From the contour map it is readily seen that at
the west end of the survey lines rock occurs at depths of 50m to
100m. In the centre portion of the survey lines sedimentary rock
lies at depths of 20m to 30m. A more detailed description of all

lines surveyed follows.

West 1

The depth to bedrock profile for line West 1 is shown in
Figure 9. Four seismic spreads were run along the line and an
additional spread about 150m to the north by DH240. Preliminary
interpretation indicated rock occurred at greater depths along the
main 1ine than reported in DH240. To check the accuracy of the
seismic survey, an additional seismic spread was rum by the drill
hole. The seismic results, as shown in Figure 9, match quite
closely the drilling results. It is expected that there is sig-

nificant change in bedrock depth in this area.

From station 100 to 300 bedrock is deep with depths

between 65 and 85m being calculated. From station 300 to 500
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there is a general decrease in bedrock depth with rock occuring at
20m. For the remainder of the line rock occurs from 20 to 40m
except between 700 and 850 where there is a bedrock high with rock

occuring at about 15m.

West 2

The depth to bedrock profile calculated using the
refraction seismic data is shown in Figure 10. Five seismic

spreads were surveyed for a total length of 1.1 km.

There are two drill holes located along this line. The
first drill hole (DH242) is located at station 820 and reported
depth to bedrock as 25m. The second drill hole (DH239) is located

at station 1040 and reported depth to bedrock as 12.8m.

From station 0 to 450, the minimum depth te bedrock has
been calculated. Depth to bedrock in this area varies from 115m
to 80m. At about station 450 the bedrock depth decreases with the
depth to bedrock varying from 50m to 10m along the remainder of

the line.
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West 3

The depth to bedrock profile calculated from the refrac-

tion seismic data is shown in Figure 11, Five seismic spreads

were surveyed for a total length of 1.1 km.

There are two drill holes located along this line. The

first drill hole {DH236) is located at station 880 and reported
depth to bedrock as 15.3m. The second drill hole {DH237) is
Tocated at station 1040, about 20m north of the actual survey

1ine. This hole encountered bedrock at 28m depth.

From station O to 500 the minimum depth to bedrock has
been calculated. Bedrock in this area varies from 60 to 100
metres. From station 500 to 600 there is a general decrease in
bedrock depth from 60 to 20 metres depth. For the remainder of
the line rock occurs quite close to the surface with depths

between 10 and 40 metres being calculated.

West 4

The depth to bedrock profile calculated from the refrac-

tion seismic data is shown in Figure 12. Four seismic spreads

were surveyed for a total length of about 900m.

- 10 -
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There are three drill holes located along this line.
fhe first drill hole (DH260) is located at 320, about 20m north of
the actual survey line, and reported depth to bedrock as 49m.
This drill hole had been drilled after the seismic field program.
The second drill hole (DH234) is located at 570, reported depth to
bedrock as 22m. The third drill hole {(DH210) located at 500,

reported depth to bedrock as 31m.

From station 0 to 180 it was impossible to calculate a
reasonable bedrock depth so that one is not given in this area.
From station 180 to 400, the bedrock is deep with rock varying in
depth from 40m to 70m. From station 400 to 500 there is a general
decrease in bedrock depth with rock occurring between 20m and 30m.
There is a deepening of rock between station 650 and 820, where
depth to rock varies between 50m and 60m. The rock then becomes

shallower with a depth of 25m being calculated at station 900.

West 5

The depth to bedrock profile calculated from the refrac-
tion seismic data is shown in Figure 13. Three seismic spreads

were surveyed for a total length of about 700m.

There are two drill holes near this line. The first

drill hole (DHZ231) is located at 310, about 20m north of the sur-

- 11 -
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vey line, and reported depth to bedrock as 51.8m. The second
drill hole {DH226) is located at 560, 10m south of the survey

line, and reported depth to bedrock as 46.9%m.

The refraction seismic survey shows that from station O
to 220 a minimum depth to bedrock has been calculated. The mini-
mum depth to bedrock in this area varies from 60m to over 100m.
From station 220 to 420 the bedrock surface is uniform with the
depth to bedrock varying from 50m to 60m. At about station 420
there is an abrupt decrease in bedrock depth with depths of about
30m being calculated. From station 500 to the end of the line,
there is a deepening trend with depths to bedrock in excess of 80m

being calculated.

EFast 7

The depth to bedrock profile from the refraction seismic
data s shown in Figure 14, Due to the nature of road access,
this line is broken into 2 segments. The first segment is 700m
long and includes three seismic spreads. Along this portion of
line there are three drill holes. The first (DH229) located at 0,
about 20m south-of the line, has a depth to bedrock of 6.3m. The
second drill hole {DH227) is located at 500 and reported depth to
bedrock as 11.1m. The third drill hole (DH225) located at 640,

reported depth to bedrock as 7.3m. The depth to bedrock along

- 12 -
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this portion of line has been calculated using a two-layer model.

The results indicate that depths to rock of between 3m and 8m
occur from station O to 450. From station 450 to 700, a three-

Tayer model has been used with rock occurring between 8m and 20m.

The second segment along Tine East 7 is located close to
DH208. The depths calculated along this line are between 10m and
15m. These results do not match the drill hole which indicated

depth to bedrock is 43m.

4.0 TRANSIENT ELECTROMAGNETIC SOUNDINGS

4.1 Data Acquisition

A total of 7 transient electromagnetic soundings were
taken using the Geonics EM37., The manufacturer's specifications
for the instrument are included in Appendix A. The purpose of the
survey was to map the interface between coal bearing sedimentary

rocks and the volcanic basement.

A test program was carried out over drill holes with
known depth to the volcanic basement {drill holes 202, 225, 209
and 236; Figure 2). After preliminary field intefpretation of the
test results, it was decided by Dave Handy of Crows Nest Resources

to proceed with a small scale program. The program consisted of 3

- 13 -
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additional soundings to be taken on new coal claims to the north-

east where there is very limited drilling.

A square non-grounded transmitter loop, was used with
either 200m or 400m sides. The loop size used for each sounding
is shown in Table 1. A multi-turn coil located in the centre of
the loop was used as a sensor. A typical transmitter loop and

receiver loop configuration is illustrated in Figure 15,

All of the sites had road access. However, a walking
trail was slashed to accommodate the placement of the transmitter

loop.

4.2 Method of Interpretation

The general principles of transient electromagnetic
soundings is discussed in the Company's technical note found in

Appendix B.

The method of data interpretation was to calculate
apparent resistivities from the measurements of the time deriva-
tive of the vertical magnetic field taken at the center of the
transmitter loop. The apparent resistivity vaTueS were then plot-
ted versus the square root of time on bi-logarithmic graph paper.

The apparent resistivity curves were subsequently matched to theo-

- 14 -
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retical model curves to derive the resistivity stratification of

the subsurface.

Figure 16 shows an example of field data taken at Loop
2, DHZ25, and its match to a theoretical curve. The right ascend-
ing branch of both of the curves indicate that highly resistive
basement rock (volcanics) are present beneath the overlying sedi-

ments.

4.3 Results

A test program using the transient electromagnetic (TEM)
system was carried out at four drill hole locations. In addition
three other locations were tested where no drill hole information

was available.

The geological logs indicate the presence of an altered
volcanic layer of unknown thickness between sediments and volcanic
basement. Resistivity logs reveal no resistivity contrast between
sediments and underlying altered volcanics. Since there is no
resistivity contrast between these layers, sedimentary rocks and
dltered volcanics are treated as one layer. A contrast of at
least one order of magnitude is expected between the altered and
fresh volcanics. The data has been modelled using this assump-
tion. The depths determined by TEM soundings are then the depths

to the fresh volcanic (resistive basement).

-~ 15 -
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The accuracy of determining the depth to the resistive
layer {fresh volcanics) is beljeved to be better than 15%. The
difference between results of TEM soundings and depth to the
bottom of sediments obtained from drill hole data is due to the

presence of the altered volcanics zone.

The results of interpretation of TEM soundings are sum-
marized in Table 1. A detailed description of curves obtained is
given below. The transmitter loop locations are shown in

Figures 2 to 4.

Loop #1

This sounding was taken at DH202 with a transmitter loop
size of 400m x 400m. The curve obtained shows the presence of a
conductor over resistive basement. The total depth to the resis-

tive basement was calculated to be 280m.

Loop #2

This sounding was taken at DH225 with a transmitter loop
size of 400m x 400m. The curve obtained shows the presence of a
conductor over resistive basement. The total depth to the resis-

tive basement was determined to be 320m.

- 16 -
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TABLE 1
Comparison of Results of Interpretation TEM Soundings with Drilling Data

Depth to the Depth to the Depth Drilled
Loop # Loop Drill Hole Resistive Basement by Altered Volcanics within Altered
Size TEM Soundings by Drilling Data Volcanics
1 400m° 202 280 277 20
2 400m2 225 320 280 5
3 200 209 200 122 22
4 300m° 236 220 180 -
5 400m’ - 600 ) ]
6 400m® - 300 - -
7 400m° . 220 ; _
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Loop #3

This soundings was taken at DH209 with a transmitter
loop size of 200m x 200m. The curve shows a layered electrical
structure with alternating occurrence of resistive and conductive
strata. The total depth to the resistive basement is estimated to

be about 190m.

Loop #4

This sounding was taken at DH236 with a transmitter loop
size of 300m x 300m. The curve shows the presence of a conductor
over resistive bedrock. The total depth to the resistive basement

was determined to be 220m.

Loop #5

This sounding was taken with a transmitter loop size of
400m x 400m (Figure 3). The curve shows a relatively homogeneous
resistivity throughout the section. The total depth to the resis-

tive basement was estimated to be about 600m.

- 17 -
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Loop #6

This sounding was taken with a transmitter loop size of
400m x 400m (Figure 3). The curve shows the presence of a conduc-
tive layer over resistive basement. The total depth to the resis-

tive basement was determined to be about 300m.

Loop #7

This sounding was taken with a transmitter loop size of
400m x 400m (Figure 3). The curve shows an existence of an inter-
mediate conductive layer of resistivity of about 10 ohm-m, the
lowest resistivity encountered at the Telkwa area. The total

depth to volcanic basement is about 220m.

5.0 MAGNETIC SURVEY

5.1 Data Acquisition

A total of just over 4.0km was surveyed using magnetic

methods on three grids in the Telkwa project area, Figure 2.

Lines were slashed and chained by Geo-Physi-Con person-

nel using machetes and hip chains. The total magnetic field was

- 18 -
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measured using the Geometrics G-816 portable proton magnetometer.

The manufacturer's specifications are included in Appendix A.

Grid A was located on the west side of Goathorn Creek
just above the Bulkley Valley Collieries buildings (Figure 2}.
The purpose of measurements over this grid was to follow a dyke
which outcrops on the valley wall., A 300m baseline was set up
running approximately east to west. From this north to south
crosslines were set up 300m south and 200m north of the baseline.
Readings were taken at 10m intervals and reduced to 5m where an

anomalous zone was encountered.

Grid B was also located on the west side of Goathorn
Creek (Figure 2). The purpose of measurements over this grid was
to determine if any magnetic anomaly could be detected along a
burnt coal seam (clinker) which outcrops along the valley wall.
This grid consisted of four north to south running lines, approxi-

mately 150m to 200m in length.

Grid C was located by DH1l2. Intrusive dyke material
was encountered in the core of this drill hole and measurements
were made over the grid to determine if magnetics could be used to

delineate the intrusive rocks. The grid consisted of 2 north to

- 19 -
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~at the poles as at the equator.

south lines (50m apart and approximately 200m long) and a 100m

Tong east to west baseline (Figure 2).

5.2 Method of Interpretation

The earth's magnetic field resembles the field of a
Targe bar magnet located in the centre of the earth. The flux
lines of the earth's magnetic field are shown in Figure 17,
Important characteristics of the earth's field are that they are
near horizontal at the equator and near vertical at the poles.

Also, the intensity of the field is approximately twice as large

Superimposed on the spatial variation of the earth's

magnetic field are variations in time. Significant time varia-

tions with periods of seconds, minutes and hours are mainly due to

solar winds or diurnal variations.

Base stations were set upon each grid. A1l measurements

were tied back into the base station data to correct for diurnal

variations. The simplest way to apply the correction is to make i
each intersection agree by linearly distributing the error as a
function of time on each traverse line and holding the base sta-

tion values fixed. Once all the data has been corrected they are

- 20 -
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plotted in plan view and contoured. From these contour maps mag-

netic anomalies can be outlined.
5.3 Results

The total magnetic field has been measured on three
small grids labelled A-C in the Telkwa coal project area. The
preliminary results were encouraging but it was decided not to
proceed with a full program at this time. For a full scale pro-
gram, an alternate surveying procedure would be required. For
example, lines wouldrhave to be chained and slashed by local line
cutters before the program begins. This would greatly reduce sur-
vey costs. It is readily apparent from the magnetic survey

results that this area has a low magnetic relief,
Grid A

Grid A is located on the west side of Goathorn Creek
(Figure 2). The purpose of this grid was to follow a dyke which
outcrops on the valley wall. The results had been corrected for

diurnal variations and are contoured (Figure 18).

The 58060 gamma contour has arbitrarily been chosen to

represent a magnetic anomaly. Using this contour value thare are
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two anomalies occurring in the grid area. The first is a NW-SE

running structure and the second a magnetic high on the north end

aof the survey lines by DH240,

The first anomaly is seen in all survey lines and starts
at the approximate location of the outcropping dyke on the valley
wall (Line 3E, 2+00S). Seismic line West 1 runs down the baseline
intersecting Line 0+00E at approximately station 680. From the
seismic depth calculations there is é hasement high which corres-
ponds to the magnetic anomaly. Depth to bedrock in this zone is
in the ordef of 15 to 20 metres. There are two possible explana-
tions for this anomaly. The first is that the anomaly is a result
of intrusive materials at depth or it is the basement high which

may or may not represent the dyke.

The second magnetic anomaly occurring at the north end
of the survey Tines is due to a basement high. Seismic refraction
and drill hole information indicate that rock is close at about

20m depth. There was no intrusive material reported in DH240.
Grid B

Grid B is located on the west side of Goathorn Creek,

being partially over an area of exposed clinker (Figure 2). The
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results have been corrected for diurnal variations and are plotted

in the form of a contoured map (Figure 19).

In this area Lines 20 and 21 are over the exposed
clinker while Lines 22 and 23 are on lower benches. From the con-
tour map it is evident that the readings over the clinker are in
the order of 500 to 600 gammas higher than lines run below the
outcropping. It is helieved that the higher magnetic readings are

due to the presence of the clinker in the grid area.

Grid C

Grid C is located on the east side of Goathorn Creek
near DH112 (Figure 2)., The drill hole core had revealed intrusive
dyke material and the grid was set up to determine if magnetics

could delineate any intrusive materials.

The results have been corrected for diurnal varfations
and are plotted in the form of a contour map, Figure 20. It is
readily seen from the contour map that there is a very little mag-
netic relief (20-30 gammas) and no apparent structure can be
interpreted from the map. It is concluded that the magnetic sur-
vey could not positively identify the presence or absence of

intrusive material at Grid C.
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6.0 SUMMARY OF RESULTS

Three geophysical methods were tested in the Telkwa coal
project area. Refraction seismic was used to map the depth to
bedrock (depth to coal bearing sedimentary rocks). Transient
efectromagnetic soundings were used to map the depth to volcanic
basement. Magnetics were used to delineate the occurrences intru-

sive materials and clinker which outcrops in the area.

It has bean shown that refraction seismic works quite
well in this area with calculated depths corresponding to drilling
results (within 10%). It can, therefore, be assumed the accuracy
of the survey to be +10%. The results show that generally bedrock
is much shallower on the east side of the property than on the
west. The first 400 to 500 metres along lines surveyed on the
west side of the creek show rock to be deep {(50m - 100m). Closer

to the valley wall, rock becomes shallower {20m - 50m).

The use of transient electromagnetic soundings has had
marginal success in determining the depth to resistive volcanic

basement. A major problem for the interpretation of the data is

. the presence of an altered volcanic zone between the sedimentary
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units and volcanic basement. There is no resistivity contrast
between overlying sedimentary units and altered volcanics. There-
fore, these layers must be treated as one strata. No resistivity
logs have been recorded to the fresh volcanics to give an indica-
tion of its true resistivity. An assumption that a contrast of at
least one order of magnitude between altered and fresh veolcanics
was made to interpret the data. The accuracy of determining the

depths to the resistor {fresh volcanics) is believed to be +15%.

In general, the results show that the depth to fresh
volcanics is between 250 and 350 over most of the area surveyed
(Table 1). In one sounding, Loop 5, this interface is substanti-

ally deeper with a depth of 600m being expected.

The results from the magnetic survey indicate modest
success in delineating intrusive dyke material and burnt coal
seams. Grid A has outlined a NW-SE running structure which, along
with seismic refraction, indicates shallow bedrock which may or
may not be associated with an outcropping dyke on the valley wall.
Grid B shows that in areas where the burnt coal seams outcrop
readings of 500 to 600 gammas higher than background are obtained.
The magnetic survey could not positively identify the presence or

absence of intrusive material at Grid C.
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7.0 RECOMMENDATIONS

The refraction seismic survey adequately determined
depth to bedrock at the site. The method can be routinely used to
profile the bedrock surface. The siting of drill holes and the
interpretation of the bedrock profile between drill holes can

often benefit from such a survey.

The transient electromagnetic survey was performed at a
number of isolated site locations. This was essentially a test
program. This type of surveying could be beneficial prior to
drilling in areas of little geological control. The method can
also be used to produce a continuous profile to aid in the inter-
pretation of discernible subsurface features between drill holes.

This may reduce the number of drill holes required.

The magnetic survey was run over three grids. At each
of these grids the objective was to delineate the extent of known
structures expected to cause magnetic anomalies. The extent of
the structures at two of the grids could be determined frqm the
magnetic data. It is not expected that magnetic data could unam-
biguously determine the location and type of structure without
other geological or geophysical information. However, reconnais-

sance survey can be expected to easily locate areas of interest
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having magnetic anomalies, since the magnetic gradient is low in
the Telkwa area.
Respectfully submitted,
GEQ-PHYSI-CON CO. LTOD.
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A, N, Sartorelli, P.Eng.
Senior Geophysicist
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gedMetrics/nimbus MULTICHANNEL SIGNAL

ENHANCEMENT SEISMOGRAPH
MODEL ES-1210

Preliminary Data Sheet

* Signal enhancement for greater sensitivity, improved waveform definitionm,
and more accurate time measurements. Operates under high noise conditions
and surveys to greater depths without explosives.

¥ Multichannel oscillograph provides permanent records on high-contrast,
sunlight proof, reproducible paper with wiggle trace or variable area
format.

* Daylight-visible CRT monitor displays the signal stored in memory.

* Compact, lightweight and portable. Ruggedly packaged in weatherproof case.

* Optional digital magnetic tape recorder for computer compatible data storage.
The Nimbus ES-1210 Multichannel Signal Enhancement Seismograph is unique in its
combination of CRT display, s$ignal enhancement and oscillograph recording in a
single small field instrument. Simple to use yet powerful in performance, this

new instrument is ideally suited for all shallow geologic investigations for
mining, construction and geologic explorationm.

© 1978 peoMatrics
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“Nimbus ES-1210

SPECIFICATIONS

Basic refraction and reflection system includes: 12-channel exploration seismo-
graph, l2-volt battery pack, 110/220 volt charger, power cord, hammer switch, and

instruction manual.

Signal Enhancement:

Memory Size:
Sample Interwval:

Record Length:

: CFT Display:
Oscillegraph:
Noise Monitor:
fiming:

Precision Delay:
Digital Meter:
Digital Output:
Record Initiation:
Standard Size/Weight:
(seismograph) .

Power Requirements:

Seismograph Case:

samples, digitizes, and stores signat in a random access
memory. Repeated signals are added while rangdom noise is
cancelled or limited.

10 bits by 1024 words on each channel.

switch selectable 50, 100, 200, 500, 1000, or 2000 microseco:
switch selectable 50, 100, 200, 500, 1000, or 2000 milliseco
5" diagonal measurement CRT, daylight visible without hoods,
switch selectable time lines, camera compatible, and displays
wiggle trace or variable area record display.

permanent record of all 12 channels simultaneocusly on 4"
wide electrosensitive paper. Record will not fade in light,

and reproduces omn copying machines.

ambient vibratiomns dlsplayed on CRT allowing timing cof energ]

. source during qu1escent periods and the optimization of gain:

adjustments.
crystal controlled, .01%Z accurate, time lines are switch

selectable on CRT and high or low resolution on oscillo-
graphic record.

postpones start of record up to 9.999 seconds in one milli-
second increments.

indicates battery voltage, geophone resistance on each channg
power supply voltages.

a8 panel connector to allow digital recording of signal store;
in memory on optional digital recorder Model G-724S.

by contact closure, saturated NPN transistor, or negative
S-volt pulse,

14 X 15 X 15 inches (36 X 38 X 40 cm) 1lid closed
38 pounds (17 kg)

12 volts, 3.5 amperes

Heavy duty aluminum with lid and wéterrtight seal.

EOMetrIGS INC. 395 JAVADRIVE eoMetrics «. eoMetriCsS watrren s,
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cNEG2G R g s S

ey TELEX NO: no-a'

WORLD-WIDE AGENTS: EUROPE = SCANRINAVIA « UNITED KINGDOM « JAPAN = SO. AFRICA. * SO. AMERN



GEONICS LIMITED

EM37 Ground Transient Electromagnetic System

Technical Specifications

Current Waveform

Repetition rate

Turn-off time (At)

Transmitter loop

Transmitter
protection

Transmitter output
voltage

Transmitter output
power

Transmitter wire
supplied

Transmitter motor
generator

Transmitter

See Fig.Al

3Hz or 30Hz in countries usiné 60Hz power line
frequency; 2.5Hz or 25Hz in countries using
50Hz power line frequency; all four base fre-

guencies are switch selectable.

fast linear turn-off of maximum 300 psec. at
20 amps into 300x600m loop. Decreases pro-

porticnally with current aﬁd {loop area)% to
minimum of 20 ﬁsec. Actual wvalue of At read

on front panel meter.

any dimensions from 40x40m to 300x600m maximum
at 20 amps. Larger dimensions at reduced current.
Transmitter output voltage switch adjustable for
smaller loops. Value of loop resistance read
from front panel meter; resistance must be
greater than 1 ohm on lowest .voltage setting to

prevent overload.

circuit breaker protection against input over-
voltage; instantaneous solid state protection
against output short circuit; automatically resets
on removal of short circuit. Input voltage,
output voltage and current indicated on front

panel meter.

150 volts (zero to peak} maximum;

20 volts (zerc to peak) minimum

2.8 kw maximum

1800m. #10 copper wire PVC insulated with nylon
jacket; transmitter wire contained on 6 reels

(supplied): 2 reel winders supplied.

5 HP Honda gasoline engine coupled to 120 volt,
3 phase, 400Hz alternator. Approximately 8 hours

continuous operation from full (built-in) fuel

tank.



Measured quantity

Sensors

Time channels

Output display
Integration time
Receiver noise

OCutput connector

Synchronization to
Tx

Noise rejection
circuitry

Receiver batteries

Recelver
time rate of decay of magnetic -flux along 3 axes.

two air cored coils of bandwidths 11 and 50 kHz
respectively; each 66cm dia.x4x5cm cross-section.
Low freguency coil for general use, high fre-

quency coil for shallow sounding.

20 time channels with locations and widths as
shown in Fig.A2. Successive operation at 30Hz,
then 3Hz, effectively gives 30 channels. covering

range from 80 usec. to 80 msec.

4 figure digital LED plus sign; display also

shows channel number and gain.

2™ cycles at 30Hz; n=4,6,8,10,12,14 (switch
selectable); similar integration times at other

base frequencies.

10 volt/mz/turn of receiver

approximately 1.5x10
coil at last gate at 30Hz with integration time
of 34 seconds. Noise will be higher during in-

tense local spherics activity.

all 20 channels available in analogue format

from output connector at 5 volts fsd level.

any of the following {(switch selectable)
(1) reference cable

(2) primary pulse

(3) 27 MHz radio link (40 channels)

{4) high stability ({oven controlled} quartz
’ crystals.

with any of (1}ﬂ(31.abbve, entire system 1is
automatically synchronized to 50/60Hz power line
frequency when such interference exists in survey

area; selective clipping of atmospheric noise

pulses at all times. Audio output of Rx coil

(transmitter pulse blanked out} is available
on built-in loud speaker for ready identification

of interference.

12 volt fechargeable Gel-cells; either 9 hours
continuous operating time at 17°C (battery weight



Receiver batteries
{continued)

Receiver - Cont'd

battery weight 7.6 kg, 20 amp hour) or 2.5
hours continﬁous operating time (battery
weight 2.6 kg, 6 amp hour). Two sets of
batteries and a battery charger supplied to
permit charging of spare set from transmitter

motor-generator during survey.
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PORTABLE PROTON MAGNETOMETER
MODEL G-816

Data Sheet
August 1974

* 1 gamma sensitivity and
repeatability

*  Very small size and weight:
tess than 12 Ibs complete
with batteries and sensor

% Over 10,000 readings per set
of alkaline "D’ cell
{flashlight} batteries

* Provision to attach sensor
to carrying harness for use
without staff

* Pushbutton operation—
numeric display directly
in gammas

* Total field measurements—
independent of arientation—no
calibration—no leveling

The Model G-816 is a complete portable magnetometer for all man-carry field applications. As an accu-
rate yet simple to operate instrument, it features an outstanding combination of one gamma sensitivity
and repeatability, compact size and weight, operation on standard universally availabie flashlight batteries,
ruggedized packaging and very low price.

The G-816 magnetometer allows precise mapping of very small or large amplitude anomalies for ground
geophysical surveys, or for detail follow-up to aeromagnetic reconnaissance surveys. !t is a rugged, light-
weight, and versatile instrument, equally well suited for field studies in geophysics, research programs
or other magnetic mapping application where low cost, dependable operation and accurate measurements
are required.

For marine, airberne or ground recording systems consider GeoMetrics Models G-801, G-803, and G-826.




-

“*Hands-free” Back Pack Sensor

Based upon the principle of nuclear precession (proton) the
(3-816 offers absolute drift-free measurements of the total
field directly in gammas. (The proton precession method
is the officially recognized standard for measurement of the
earth’'s magnetic field.) Operation is worldwide with cne
gamma sensitivity and repeatability maintained throughout
the range. There is no temperature drift, no set-up or
leveling required, and no adjustment for orientation, field
polarity, or arbitrary reference levels. Operation is very
simple with no prior training required. Only 6 seconds are
required to obtain a measurement which is always correct
to one gamma, regardless of operator experience. Only the
Proton Magnetcmeter offers such repeatability—an impor-
tant consideration even for 10 gamma survey resclution.

Complete Field Portable System

The Model G-816 comes complete, ready for portable field
operation and consists of:

1. Electronics console with internally mounted and easily
replaced "D celi battery pack.

2. Praton sensor and signal cable for attachment to carry-
ing harness or staff.

3. Adjustable carrying harness.
4. B foot collapsible aluminum staff.

5. Instruction manual, complete set of spare batteries,
applications manual, and rugged field suitcase.

“Price and lease rates on the G-B16 magnetometer are
available upon request.

Sensitivity:

Range:

Tuning:

Gradient
Tolerance:

Sampling Rate:

Qutput;

Power
Requirements:

Temperature
Range:

Accuracy
{Total Field):

sensor;

Size:

Weight:

SPECIFICATIONS

+] gamma throughout range
20,000 to 90,000 gammas {(worldwide)

Muiti-position switch with signal amplitude indi-
cator light on display

Exceeds 300 gammas/ft {increased gradient tol-
erance to 800 gammas/f upon request)

Manual push-button, one reading each & seconds

5 digit numeric display with readout directly in
gammas

Twelve self-contained 1.5 wolt “D" cell, univer-
sally available flashlight-type batteries. Charge
state or replacement signified by flashing indi-
cator light on display.

Battery Type Number of Readings
Alkaline over 10,000
Premium Carbon Zinc over 4,000
Standard Flashlight over 1,500

NOTE: Battery life decreases with low temper-
ature operation.

Console and sensor:  -40° to +85°C
Battery Pack: 0° to +50°C {limited use
to -15°C; lower tempera-
ture battery bell opera-
tion —optienal)

+1 gamma through 0° to +50°C temperati.rre
range

High signal, noise cancelling, interchangeably
mounted on separate staff or attached to carry-
ing harness

Console: 3.5 x 7 x 105 inches (9 x 18 x 27 cm)
Sensor: 4.5 x 6 inches {11 x 15 cm)
Staft: 1 inch diameter x B & lenght

Bemxiddm
) Lbs. Kgs.
. Console (w/batterigs) 55 24
Sensor & signal cable: 4 18
Aluminum staff; ?Z 08

Totak 115 d

Al magnetometers and parts are covered by a one
‘-~ Nyear warranty beginning with the date of receipt but

not to exceed fifteen months from the shipping date.
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TRANSTENT ELECTROMAGNETIC SOUNDING

TECHNICAL NOTE
GEO-PHYSI-CON CO. LTD.
CALGARY, ALBERTA



INTRODUCTION

Electromagnetic transient methods for geoelectric sound-
ing have been used for many years in the U.S. and the U.S.S.R.
for mapping structures for hydrocarbon and geothermal exploration.
The depth of exploration required for these objectives generally
is in excess of 1 kilometre. Transient soundings for shallow ex-
ploration {< 1 km) was till recently not possible, due to the Tack
of an instrument with the necessary specifications. The situation
has changed since the Geonics EM37 became commercially available.
There are several important exploration objectives for shallow

exploration using transient methods, such as:

1) structural mapping in cecal, oil sands and oil shales

2) structural mapping and target detection for mineral explora-
tion

3) hydrogeological investigations (e.g. buried channels)

4} deep permafrost mapping for static correction to seismic
reflection data

5) exploration in general civil construction

Transient Electromagnetic System

A transient system consists of a transmitter (T) and

receiver (R). Different arrays of T and R may be used as
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shown in Figure 1. The physical basis of the method will be illu-
strated for the array of a non-grounded transmitter. Suppose that
the non-grounded loop is energized by current pulses (Figure 2a).
During time-on, when the current is constant in the loop, the mag-
netic field is invariant with time. There are no induced currents
in the surrounding medium at this time. When the transmitter cur-
rent is switched off induced currents arise in the medium due to
rapid changes of the magnetic field in accordance with Faraday's
Law. In the interval of time-off, the induced currents in the
ground are the only sources for the secondary magnetic field shown
in Figure 2c. The behavior of the ground currents is considered

in more detail below.

Behavior of Eddy Currents

The first instant after the transmitter current is
switched off the eddy current intensity is highest near the ground
surface under the transmitter loop. As a result, the electromo-
tive force in the receiver coil depends mainly on the resistivity
of the upper layer. Therefore, the depth of investigation ini-
tially is very small. MWith increasing time, the behavior of eddy

currents can be described by diffusion type equations.



Figure 3 illustrates the essential behavior of the distribution of
maximum current intensity as a function of time. It shows that
with increasing time the current maximum occurs at increasing
depth. As a result, the electromotive force measured in the
receiver, due to the eddy currents, will reflect more the proper-
ties of deeper layers. The depth of investigation then increases

as a function of time.

More detajled analysis shows that with increasing time,
most currents for a layered media are concentrated in the basement
and the fields caused by them correspond to the field of a half-
space with a resistivity equal to that of the basement. In the
Timit (late time} all layers above the basement become transpar-
ent. Thus, measuring the transient electromagnetic response as a
function of time yields information about the electrical proper-

ties of a section.

Definition of Apparent Resistivities - Apparent Resistivity Curves

As is known in electrical exploration with Schlumberger
and magneto-telluric soundings, data interpretation is facilitated
by the introduction of apparent resistivity. The same is true in
transient EM soundings. Instead of working with transient behav-

ior of the electromotive force, the data are converted to apparent



resistivity. There are, in transient soundings, several ways to
define the apparent resistivity. For most applications the appar-

ent resistivity is defined from the following simple equation:

- un 2/3
Po =125 1 [
Ez {t)

where f; is the apparent resistivity at time t

. un
BZI s(i) is the time derivative of the vertical

magnetic field over uniform half-space at "late stage"
B, (t) is the time derivative of the vertical magnetic
field measured at time t
éﬁ?s (t) is given by:

5/2

-un M M r2l
= L
Bz (1) oo 3/215/2 p 3/2

where f is magnetic susceptibility,
M is transmitter dipole moment
t is time

P is half-space resistivity

Equations 1 and 2 clearly allow inversion of the field
for apparent resistivities. Examples of apparent resistivity

curves for uniform half-space and 2-layer curves are given in

i

L

'

-

i
-l



Figures 4, 5 and 6. On the vertical axis is plotted the ratio,
f}/aFl, the apparent resistivity, f;, and the resistivity of the
first layer, fjl. The parameters T&fr and 71/h1 are plotted

on the horizontal axis for uniform ground and layered halfspace,

respectively,

where
T, = Vengtio?
h1 is thickness of first layer
and r is radius of T loop if measurements with X are

made in the centre

In transient EM the parameter ’Tl plays a role similar to skin

depth in freguency domain sounding.

The hehavior of the apparent resistivity curves for uni-

form ground will now be briefly discussed:
a) HWith increasing time, the apparent resistivity gradually
approaches the true resistivity of the half-space. For exam-

ple, when T&fr > 10, theapparent resistivity, for all practi-

cal purposes, equals JPl.

b} With decreasing time, at values of T i/r < 10,
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the apparent resistivity increases due to the fact that the
field behavior has not reached "late stage", while the defin-
ition of apparent resistivity remains based on "late stage'.
The information on the curve, however, js usuable since the

field behavior is known at all times.

Very often, for measurements in the loop centre and for
transmitter loops of dimensions of a few hundred metres, "early

stage" behavior is generally observed in a few time gates only.
For example, a 200 m by 200 m loop over uniform ground of resisti-
vity of 100 ohm-m yields a value of 7T/r:10 at t=0.16 milliseconds
{first 3 gates for the EM37). For a 10CG m by 100 m T loop, the
behavior of the field in the first gate will already correspond to
"Tate stage" behavior for 100 ohm-m ground. Of course, for more

conductive ground and for larger transmitter loop dimensions,

“late stage" will commence at later times.

The interpretation of transient soundings is based on
the analysis of apparent resistivity curves for 2-, 3-, 4-, and
S-layered curves. Along with inversion methods using large sec-
tions of curves, many emperical technigues for deriving parameters
of the geocelectric section from parts of the curves have been

developed and tested by geophysicists in the U.S.S.R. To illus-

-6 -

wd L

4



trate the behavior of two-layer apparent resistivity curves, con-

sider Figures 5 and 6. Figure 5 corresponds to the case where the

basement is more resistive { £,/ F, > 1) and Figure § shows
2071

curves for a more conductive ( F,/ /) < 1) basement.

The behavior of the main features of the curves are:

With increasing time, ,Pa approaches the resistivity of base-
ment. At early stage, all curves merge into one curve COrres-
ponding to the behavior of a curve for uniform half-space of

resistivity /.

In the intermediate range of time, one can distinguish part of
the curve corresponding to upper layer conductance, S, for
.FE/}31>>1. At this stage of time the apparent resistivity is

defined by the conductance, S, of the upper layer.
For more conductive basement (Jpzfj’l < 1) there is a range of
time where the field is mainly defined by the thickness of the

upper layer.

In both cases fhe curves illustrate the main idea of

transient soundings for obtaining parameters of & section regard-

less of separation of transmitter and receiver.



Geo-Physi-Con has now several albums of master curves

available for 2-, 3- and 4-layer curves, as well as the ability to

compute curves for n-layer sections.

Advantages of Transient Electromagnetic Soundings over other
Electrical Methods

It can be shown that the transient electromagnetic meth-

od has the following advantages:

a)

Measurements are made in the absence of the primary field.
As a comparison, one of the main problems in harmonic
frequency sounding in the low fregquency part of the spectrum,

is accurate compensation for the primary field.

In transient soundings, the depth of investigation is defined

by time and in principle does not depend on separation of T-R

array. This fact makes it possible to perform soundings with

an array comparable in size to the depth of exploration. This
is a principle difference between transient methods on the one
hand, and direct current and harmonic freguency sounding on

the other hand. 1In direct current and harmonic frequency



sounding the separation of the T-R array usually must be sev-
eral times larger than the depth of expleration. Transient
soundings, therefore, have the capability of higher lateral

resolution than other electrical methods.

The magnetic field measured in transient methods, in a certain
time range, is more sensitive to changes of the electrical
properties of a section. In particular, if the basement is
very resistive, it can be shown that the vertical compcnent of

the magnetic field at late stage is proportional to 53,

where S = HLﬁ
and H is thickness to resistive layer
and fl is longitudinal resistivity of section

abave the resistive basement

As a comparison, in Schlumberger soundings and magneto-
telluric methods, the measured parameter in certain ranges of
spacing or frequency, is only inversely proportional to
S{1/S). Thus, the same change in conductance leads to much
larger changes in the measured field in transient methods than
in other electrical sounding methods. Transient soundings,
therefore, have the capability of mapping smaller structures

gn resistive hasement.
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Case History

To itlustrate transient sounding in practice, part of
the results of a recently conducted survey for the purpose of
delineating a sedimentary basin will be discussed in this section.
The sedimentary basin is intersected by volcanics(eruptives) and a
crystalline basement underlies both the sedimentary and volcanic

rocks. The exploration objectives were:

a) to determine the thickness of tne sedimentary section (depth
to crystalline basement),

b) to map the lateral boundaries of volcanic and sedimentary
rock, and

c) to map faulting in the basement.

Survey HMethod

Transmitter loops of dimensions of 100 m by 100 m were
laid out. The Tocations of T loops along a cross-section are
shown in Figure 7. Measurements were made with the receiver coil
in the centre only and a reference cable was used for synchroniza-
tion. In Figures 8 and 9, experimental sounding curves at loca-

tion A and B (Figure 9) are plotted. OUn these figures, the

- 10 -
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apparent resistivity is plotted as a function of the square root
of time. The time range over which measurements were made varies
from 0.029 x 10-3 sec to 6 x 103 sec. The experimental

data points are superimposed on the best fit theorectical wmaster
curves. The parameters of the master curves define the geoelec-
tric section. The geolegic cross-section derived from the various
soundings is given in Figure 7. In addition to the geologic
cross-section the Tongitudinal resistivity, fi » above the base-
ment is shown. It was computed from the relation:

£ -

H
+

~z
S

Py

where H is total thickness of sedimentary section,

and Hi, H2 are thicknesses of layer 1 and 2, respectively

The behavior of fi shows a relatively constant value of
about 20 ohm-m from Station 2200m to Station 1200m. From Station
1200m to ZDOm,,@ increases to a maximum value of about 60 ghm-m.
The increase in ﬁ'at Station 1200m was interpreted as the contact
of sedimentary and volcanic rock. This interpretation was consis-
tent with the information obtained from two drill holes placed on
the cross-section. The drill holes did not penetrate into base-

ment rocks.

From these surveys the following observations were made

about transient EM soundings:
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The excellent fit between experimental data points and theo-
rectical master curves over sedimentary sections was a gener-
al condition. Distortions of the curves over volcanic sec-

tions were not major even near cantacts and faults.

The range of equivalence of parameters of "master curves" was
briefly investigated on the data from this survey. In Fig-
ure 10, several master curves are shown with the experimental
data points. Curve 1 is the best fit. For.the model of
curve 3 the first two layers have been replaced with one lay-
. . Pr+5
er of thickness H1+H2, and of resistivity ——%— .
The hehavior of curve 3 can be.seen not to fit the experimen-
tal data in early time; at Tlate time the curve fit the exper-
imental data well., The reascns for agreement at late time
are that, with increasing time, the field is mainly deter-
mined by currents in the basement and depth to basement and
canductance of layers above basement is the same for the
models of curve 1 and 3. On the other hand, at early time
the field is mainly determined by currents in the sedimentary
section and the sedimentary section has different resistivi-
ties in the models of curve 1 and 3. In the model of curve 2

the thickness of the sedimentary section has been changed by

50 metres {30 percent), and now the apparent resistivities

g

e}



measured at late time deviate from the apparent resistivities
computed from the model. The limited experience along with
theoretical analysis of apparent reSistivity curves shows,
that in the transient method the principle of equivalence
manifests itself in a narrower range of geoelectric paramet-

ers than encountered in other electrical sounding methods.
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Experimental data superimposed on "best fit" theoretical
curve for Station B along section shown on Figure 7
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FIGURE 10

Experimental data superimposed on several thearetical master
curves to illustrate the principle of equivalence for transient
sounding
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Y TW-104
Tae BASE ANAL RM.ADE ASH.ADE VOL.ADE CARB.AD CAL.GM SULPHUR.ADB Fsl YIELD
12.01 13.32 RAW .72 25.43 NDAT NDAT NDAT NO.DATA .0 RAW
12.01 13.32 WASH .65 6.44 35.64 57.27 7739 2.30 6.5 65,00
20.39 21.55% RAW .15 17.10 NDAT NDAT NDAT NO .DATA .2 RAW
20.38 21.55 WASH e 7.34 35.67 56.38 7637 1.41 4.5¢ 7900
23,44 25.82 RAW .68 19.59 NDAT NDAT NOAT NC.DATA oo, RAW
23.41 25,B2 WASH 1.26 8.68 29.21 60.85 7327 .66 1.0+ 76.00
'
;
— ~
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in TW 305

Tae BASE ANAL RM. ADB ASH.ADB VOL.ADE CARB.AD CAL.GM 5SULPHUR.ADB FSI YLELD
3:1.56 35.33 RAW .85 13.76 NDAT NDAT NDAT NO . DATA .0 RAW
d4d. 656G 35.33 WASH .68 7.61 33.78 57.93 7535 1.77 2.0 . B85.00
36,24 38,22 RAW 1.00 16. 11 NOAT NDAT NDAT ND.DATA .0 RAW
d6 .2 38.22 WAGSH .12 7.08 31.83 60.26 7568 1.42 2.5 " 77.00
Gy 49.70 RAW .82 56.91 NDAT NDAT NDAT NO.DATA .0 RAW
-, 49 49,70 WASH .91 20.45 29.89% 52.79 6376 .83 2.5*% 22.00



D

-ADB

VOL .ADB CARB.AD CAL.GM

SULPHUR . ADB

NO .DATA
.52

NO .DATA
1.39

NG DATA
.87

NO .DATA
1.07

S R=YsR=R FoRata}

.

213,00
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10 TW-112

rap BASE ANAL RM.ADB ASH.ADS VDL.ADE CARB.AD CAL.GM SULPHUR.ADB FSI YIELD
98 . GO 98,60 RAW 1.08 21,37 NDAT NDAT NDAT NO.DATA el RAW
98 .00 98.60 WASH 90 t2. 14 30.50 56.46 7037 1.78 1.5 77,00
104, 6O 105.40 RAW 98 16.62 WOAT NDAT NDAT MO, DATA O RAW
104 .60 105.40  WASH 77 g.0% 33.61 56.57 7418 2.44 1.587 80.00
107 .10 109.00 RAW 1.07 14.68 NDAT NDAT NDAT NO.DATA el RAW
Q7. 10 109,00 WASH .88 8.29 30.28 60Q.45 7430 1.35% 1.0~ 82,00
127 .70 128.70  RAW .99 15,07 NDAT NDAT NDAT NO _DATA .0 RAW
127.70 128.70 WASH 1,04 8,02 30.63 60,31 7488 1.36 3.0 88,00
134 .30 136.90 RAW 1.04 1110 NDAT NDAT NDAT NO.DATA .0 RAW
ja4 130 136.90 WASH 2.09 6,19 28.57 63.15 7544 .78 1.0~ 79,00
145 . 10 147 .60 RAW 1,15 15,84 NDAY NDAT NDAT NO . DATA O RAW
145 .10 147,60 WASH 1.57 .09 29,24 63,10 7614 .56 1.5. 8B.00
161.75 153,20 RAW 1,12 8.35% NDAT NDAT NDAT NO . DATA ¢! RAW
151,79 153,20 WASH 1.72 5.33 2811 63.84 7663 .88 1.8 91.00
160,10 161.60 RAW .80 25 85 NDAT NDAT NDAT MO .DATA el RAW
160, 10 161.60 WASH 1.45 5.24 29,67 63.64 7908 .70 1,51 65,00
1GB. 40 17010 RAW .98 14.6% NDAT NDAT MNDAT NO,DATA .0 RAW
168 .40 170. 410 WASH 1.40 5.62 29.85 €3.03 7673 .53 1.0% 85.Q0
a2 .50 194,80 RAW .BO 42 .54 NDAT NDAT NDAT ND_DATA .0 RAW
192 50 1594 .80 WASH 1.19 9.73 27.94 61.14 74186 1,148 1.0°  47.00
202,20 203.40 RAW .82 14,25 NDAT NDAT NDAT NO.DATA .0 RAW
202.20 203.40 WASH 1.24 10,31 27.58 6. 90 7318 1.07 1.0° B3.O
200. 10 209.80 RAW .73 31.97 NDAT NDAT NDAT . NO.DATA .0 RAW
20910 209.80 WASH .Bg 16.49 28.63 54,062 6911 1.67 1.0 €3.00
210.40 212.25 RAW .74 21.92 NDAT NDAT NDAT ND.DATA 0 RAW
210.40 212.25 WASH 1.01 9.29 29.25 60,45 7513 .83 3.0°  77.00
217,65 216.55 RAW .az 13,47 NDAT NDAT NDAT NO .DATA .Q RAW
217.65 218.55 WASH 1,17 8.19 28.87 63.77 7786 .64 1.5 BOD.OC
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10 Tw=201
TOP BASE ANAL " RM.ADB ASH.ADE VOL.ADE CARB.aD CAL.GM SULPHUR.ADB FSI YIELD
129 .35 134.20 RAW T2 20,60 24 .46 54,22 6464 NO.DATA NO.DATA RAW
129,39 134 .20 WASH 1.0t 16.36 24,70 57.93 6918 NO.DATA 3.0 BO.0QO
t41.80 142 .60 RAW .87 38.27 23.31 37.75% 4708 NO.DATA NO . DATA RAW
Lt B0 142 .60  WASH 1.01 t8.62 25,17 5%,20 6586 NGO, DATA 1.9 48.00
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I TW-202

TOF BASE ANAL RM.ADB ASH.ADE VOL . ADE CARB.AD CAL.GM SULPHUR.ADB FSI YIELD
56 .30 57.20 RAW .75 17.08 26.44 55.73 6763 NO _DATA NOD .DATA RAW
56.90 57,20 WASH .98 10.87 28 .32 59.82 7291 NO.DATA 1.0 L. 78.00
458 .40 59.25 RAW .76 21.38 24.74 53.12 6301 NO.DATA NO.DATA RAW
58 .40 59.25% WASH 1.24 9.93 26.18 52.65 7323 NO.DATA 1.0 1 77.00
66 .TD 70.10 RAW .83 27 .91 23.46 47 .80 5751 NO.DATA NO.DATA RAW

66,10 70.10 WASH 1,186 9,22 27.05 52.57 7387 NO.DATA 1.5 €7.00



10 Tw=-204

Tar BASE AMAL RM . ADB ASH,ADB VOL _ADBE CARB.AQ CAL.GM SULPHUR.ADE F51 YIELD
193 .30 194 .40 RAW 73 22.05 27.79 49,43 6250 NO .DATA NO.DATA RAW
193.30 184 .40 WASH 1,10 7.66 31,86 59.38 7427 NO.DATA 5.5 71.00
210.70 212.890 RAW 78 9.52 28.12 61.58 7338 NO .DATA NO.DATA RAW
210.70 212.90  WASH 1.18 527 28 .89 64,66 7680 NO.DATA 2.0 SIS
319 .40 321.00 RAW a1 16.34 28,93 53.82 6608 NO.DATA NO.DATA AW
319.40 321.00 WASH =F:] 8.87 29.21 6C .84 7433 NO . OATA 3.0 78.00
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1D TW-205
ioe BASE ANAL RM . ADB ASH.ADB VOL .ADB CARB.AD CAL.GM SULPHUR.ADB FSI YIELD
136 .32 141,25 RAW .66 53.67 13.89 31.78 3420 NO _DATA NO.DATA RAW

$136.32 141.25 WASH LB 19.26 13.70 66,43 G816 NO.DATA .5 & 15,00
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10 TW-206
roep BASE ANAL RM.ADE ASH,ADB VOL.ADE CARB.AD CAL.GM SULPHUR,ADB FS1 YIELD
189 88 193.90 RAW .GB 43,90 13.58 41.84 4433 NO .DATA NO.DATA | RAW
{80 .88 123.9C WASH .72 23.57 14.44 61.27 6422 NQ ., DATA 5 ° 35.00
;
|
i
;
i
— o
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1o TW-207
Top BASE  ANAL RM. ADE ASH.ADB VDL.ADE CARB.AD CAL.GM SULPHUR.ADB F§1 YIELD
128 08 141.79 RAW &6 65.04 14,00  20.30 2006 NO.DATA NO.DATA RAW

138 .08 111.79 WASH .48 11,30 t19.76 €8 .46 7642 ND .DATA 7.0 ° 89.00C



10 TW-208

TOP BASE ANAL RM . ADB ASH.ADB VOL.ADE CARB.AD CAL.GM SULPHUR. ADB FSI YIELD
132.00 136.63 RAW 55 1.7 .83 26.96 54 .56 6544 NO.DATA NO . DATA RAW
132 .00 136.63 WASH 97 9.73 24 .70 64 .58 7443 NO _DATA 4.0 76,00
217 .50 223.70 RAW 79 14 .78 26.02 58.41 6980 NO.DATA NO,DATA RAW
217,90 223.70 WASH 87 8.58 26.85 63.69 7596 ND.DATA 4.5 79.00Q
224 .40 224 .70 RAW 78 25.90 24 .66 48 .66 5813 ND_DATA NO.DATA RAW
224 .40 224 .7Q WASH .88 12.34 26,40 &60.28 7188 NO .DATA 4.5 3 65.0C
225.390 227,20 RAW .87 17.56 26,00 55.57 6531 NGO .DATA NO,.DATA RAW
225.90 227.20 WASH a0 1017 27.23 61.70 7398 NG.DATA 5.5 7 73.00
233.41% 234.41 RAW .69 35.18 2241 41.814 4281 NO.DATA NO.DATA RAW
23341 234 .41 WASH .86 18.57 24.86 55.71 6613 NO.OATA 3.9 % 78.00



TW-20B4
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m

LADB  VOL.
72 20.
.46 29,
41 29.
52 30.
23 30.
.68 30,
06 25
40 26
34 23
40 30.
04 27
63 28

M’

ADE CARB,AD CAL.GM SULFHUR.

— A - B - R RO

NO .,

NO,

NG,



Yy ~

10 TW-208 -
T0P BASE ANAL RM_ADB ASH.ADB VOL_ADB CARB.AD CAL.GM SULPHUR, ADB FSI YIELD
NOAT NDAT RAW .53 68 .50 15.28 15.68 1708 NO.DATA NO.DATA RAW
NOAT NOAT  WASH 1.49 i4.53 21.59 62 .39 2823 NO.DATA .0 14,00
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10 TW-210

TOF BASE ANAL RM ., ADB ASH.ADE VOL.ADB CARB.AD CAL.GM SULPHUR.ADE FSI YIELD
38.90 44.20 RAW .74 17.57 25.21 56.48 6583 NO.DATA ND.DATA RAW
39.90 44,20 WASH 1.1 9,30 27 .01 €2.%58 Ta432 NO .DATA 1.5 ™ 76.00
147 .50 152.80 RAW ¥ 36 .54 22.48 40. 41 4886 NO . DATA NO .DATA RAW
Hd7T .50 152 .80 WASH 93 16,51 27.189 61.37 T323 NO.DATA 5.0 7 46.00
198,30 158.70 RAW 85 36.36 23.48 39.51 4718 NG .DATA NO.DATA RAW
158 .30 i58.70 WASH 96 19.3% 24,37 54.72 6472 NQ,DATA 3.0 45,00
163 .80 164 .40 RAW 62 46 .94 20.90 31.54 3820 NO.DATA NO.DATA RAW



10 TW-211

Tap BASE ANAL RM, ADB ASH. ADB VOL.ADB CAREB.AD CAL.GM SULPHUR.ADB FSI YIELD
18.08 21.95. RAW .55 41,143 18.36 39.86 4640 NO.DATA NO.DATA RAW
18.08 21.95 WASH - 12.08 22.61 64,59 74T NQO.DATA 6.0 '~ 33.00
31.00 32.00 RAW .56 42.85 18.73 37.86 4316 NO.DATA NO.DATA RAW
31.00 32.00 WASH 1.01 14.60 21.87 62 .52 71358 NO.DATA 5.0 ¢ 27.0C
43.00 45.00 RAW .85 52 .96 17.49 28.70 3312 MO.DATA MO .DATA RAW
43.00 45 .00 WASH .89 14.25 23.25 61,51 7168 NQO.DATA 7.5 15.00
48 .78 50.00 RAW 82 61.91 14.90 22.37 2354 NO.DATA ~NO.DATA RAW
48 50.00 WASH 1.01% 16.82 23 .42 55.75 6935 NO.DATA 7.5 11.00
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10 TW-212
TOP BASE ANAL RM _ADE ASH.ADB VOL.ADB CARB.AD CAL.GM SULPHUR,.ADB FS31 YIELD
22.2% 24.91 RAW .83 45.90 17.83 a5.44 4151 NO.DATA NG .DATA RAW
22.25 24.91 WASH .92 15.25 23.41 60.42 7049 NO .DATA 1.0 * 48.00

36.58 38.54 RAW .84 32.89 22.41 43 .86 5218 NO.DATA NO.DATA RAW

-



1D TW-213
TOP BASE ANAL RM.ADB ASH.ADB VOL.ADB <CAREB.AD CAL.GM SULPHUR.ADB F5I YIELD
16.54 i9.97 RAW .93 16.32 - 26.14 56.61 6776 NO.DATA NO.DATA RAW
16.54 19,97 WASH 1.03 8.52 27.40 63.05 7522 NO.DATA 2.5" 78.00
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10 TwW-214

10P BASE ANAL RM.ADE ASH.ADB VOL.ADB CAREB.AD CAL.GM SULPHUR.ADE FSI YIELD
178 .37 179.40 RAW 80 12.02 30.5%2 56.66 7354 NO.DATA NO . OATA RAW
178.37 172.40 WASH 89 7.48 31.35 6(. 18 1770 NGO .DATA 4.0 87,00
18a.28 190.76 RAW a7 35.089 21,230 43.04 5122 NO.DATA NO.DATA RAW
188 .28 190.76 WASH 66 9.79 26,58 62,97 7493 NO.DATA 3.0 57 .00
224 .50 228.40 RAW 51 18.84 26,126 54,28 &695 NQ.DATA NO .DATA RAW
224 .50 228.40 WASH .67 65.22 30.06 63.05% . 79 NO.DATA 5.5° 74.00
236,52 241.29 RAW .63 17.895. 27.05 54.37 . 6614 NO.DATA NO . DATA RAW
236 .52 241.2% WASH .58 9.83 27,72 61.89 | 7507 NO.DATA 4.8" 68.00
244 .88 245.68 RAW .58 17.08 27.02 55.31 6686 NO _DATA NO.DATA RAW
244 .88 245,68 WASH .55 9.08 29.01 61.35 7478 NO.DATA 4.57 82,00
246,74 249.18 RAW .72 33.87 22.80 42.61 - 5061 NG . DATA NO . DATA RAW



ASH.ADB VOL.ADB CARB.AD CAL.GM SULPHUR.ADE

]
i I
1o TW-215
ToP BASE ANAL
T9.84 BQ.B2 RAW
79.84 BD.B2 WASH

13.23
10.03

23.97
23.86

62,14
65.17

7283
7625

NO.DATA
NO.DATA

NG .DATA
3.8
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TOR

RM.

T T T T T T WS e M e e M L R R e e e ‘Aﬂi?"-ﬂﬂﬂ‘ﬁ.ﬁﬂrf_ﬂu" ———————————————————————— o
"% 7359
7718

ADB

ASH.

ADB - VOL.ADB CARB.AD‘ CAL.GM_ SULPHUR , ADB

ﬁ

"’
61 27.92
50 29.03
36 27.10
.86 28,30
12 28.67
-1 29.01
02 26.8B8
25 26.49
.94 24.43
01 27.38

60.
.42
.49

.63
.23
.28
62.
4.
49,
.23

63
K
63
58
€3

61

43

12
is
77

6508
7653

© 7160
‘7681
7358
. 7526
8083

7419

NO.DATA
MO.DATA
NO.DATA
NQ.DATA
NG . DATA
NO,DATA
NO.DATA
NO.DATA
NO.DATA
NG .DATA

NO.

MO,

NO.

NO.

NO.
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1D - TW-218
u .

Tar BASE ANAL RM.ADE ASH.ADB VOL.ADE ' CARB.AD CAL.GM SULPHUR.ADE FSI YIELD
35. 15 35.72 RAW 87 20.60 23.B9 ° 54,64 8407 NO . DATA NO,DATA RAW
35.1% 35.72 WASH 1.01 13.9% 25.71 §9.33 7018 NO.DATA 1.0 71.00
46,95 48.34 RAW 21 8.03 25.77 64.29 7430 NO.DATA NO.DATA RAW
46.95 48 .37 WASH =153 5.91 27.69 65.44 7702 NO.DATA 2.0 ac. 00
49,56 50.08 RAW 73 21.00 26.84 51.43 6378 NO.DATA NO.DATA RAW
49 .56 53,08 WASH 89 12.29 30.38 56.64 7249 NO.DATA 6.5 cB .00
52 .82 54,56 RAW 74 10.15 27.88 61.13 7349 NO.DATA ~NO.DATA RAW
52.82 54,56 WASH 77 g.44 28.53 €2.29 7527 ND . DATA 2.5 91.00
59.93 51.32 RAW 75 10.58 26 .88 61.79 7373 NO.DATA NO . DATA RAW
59.493 61.32 WASH 8¢ B.36 27.31 63 .37 7867 NO.DATA 2.0 85 .00
G0O. 08 60.66 RAW 65 18.05 26 .00 54,30 6603 ND . DATA NG, DATA RAW
60.08 62.66 WASH 63 10,72 27.29 61.36 7387 ND.DATA 3.5 73.00
72.48 76.01 RAW 6% 16.97 25.857 56.81 §737 ND.DATA NO.DATA RAW
72.48 76.01 WASH 1.03 9.53 26.41 63.03 7424 NO.DATA 2.5 76.00



"/
ID TW-219

TQP BASE ANAL RM.ADB ASH.ADB VOL.ADB CARB.AD CAL.GM SULPHUR.ADB FsI YIELD
118 .86 119.12 RAW 71 42.30 NDAT NDAT NDAT 1.3% NO.DATA RAW
118.86 119,12 RaAW 79 41,60 21.60 36, 01 4527 1.a38 ND.DATA RAW
118.886 119,12 WASH t.19 18.62 26.08 54,11 6629 1.29 1.0 ( 48.00
120.1% 120,76 RAW S8 56,83 NDAT NDAT NDAT 28 NO . DATA RAW
120. 16 120.76 RAW 74 56.12 16,96 26.18 3165 28 NO.DATA RAW
120 .16 120,76 WASH 1.33 15,44 26.70 56.53 G883 52 1.0-70 30,00
123.43 124 .46 RAW 75 27.38 NDAT NDAT NDAT 62 NO . DATA RAW
123,43 124,46 RAVW 73 27.33 26.40 45,54 5682 62 NO . DATA RAW
123.43 124,46 WASH 1.90 13.70 . - 27.78 56.62 6966 .62 1.0 2« &1.00
139.39 139.85 RAW 61 24 .07 NDAT NDAT NDAT 3.07 NO.DATA RAW
139,39 139.85 RAW &80 24.37. 27.04 47.88 €099 3.07 NO.DATA RAW
139,99 139.85 WASH .88 11.69 29.08 58.35 . 728B 1.88 1.0 5 59.00
i41.39 142,42 RAW .85 16.26 NDAT NDAT NDAT .86 NO.DATA RAW
141,39 142,42 RAW - .61 15,79 27.12 56 .48 6803 .86 NO.DATA RAW
141,39 142,42 WASH 1.19 a9.21 27.28 62,32 7443 LTO 1.0 79.00
144 .55 144,92 RAW .58 33.81 NDAT NDAT NDAT 1.85 NO.DATA RAW
144,55 144.92 RAW .55 33.46 - 27.16 38 .83 4884 1.85 NO.DATA RAW
144 .55 144 .82 WASH 1.17 17.00 26.30 55.53 6768 1.38 1.0 34,00
148 .78 149,11 RAW .70 38.40 NDAT NDAT NDAT $.27 ND.DATA RAW
148,78 149,41 RAW .54 36,85 24,24 38.37 4971 i.27 NC.DATA RAW
148.78 149,11 WASH .88 18.89 28.60 53,39 6662 1,42 1.0+ 55.00
151,15 152,10 RAW .6 15,19 NDAT NDAT NDAT BB ND.DATA RAW
151.15 15210 RAW .45 14.74 29.30 55.54 G6BE0 . .68 NOLDATA RAW
151. 15 152.40 WASH .85 8.34 29,45 61.38 7524 B0 2.5+, B2.00
152.57 153.68 RAW 70 23.97 NDAT NOAT NDAT .50 NO.DATA RAW
152.57 1I53.6B RAW .65 24,47 24 .87 50.21 6051 .50 NO . DATA RAW
152 .57 163.68 WASH 1.05 12,99 27.10 58 .86 7074 .53 1.8 72.00
154 B2 I65_34 RAW .58 18.28 NDAT NDAT NDAT 2.89 NC.DATA RAW
154 .82 155,34 RAW .50 17.88 28.72 52.90 6621 2.89 NO.DATA RAW
154 .82 155.34 WASH .98 10,71 29,44 58.87 1330 1.26 2.57 718.00
275.50Q 277.19 RAW .87 13.45 NDAT NDAT NDAT 1.50 NO . DATA RAW
27%.50 277.19 Raw .58 13.61 28,48 57.32 7128 1.50 NO.DATA RAW
27%5.50 277.19  WASH .92 g.67 28,26 60,15 71530 LTT 5.0 ¢ 83.00
280 .27 281.18 RAW .75 13.46 NDAT NDAT NDAT NG.DATA NO.DATA RAW
280,27 282.07 RAW .43 12.04 27.87 59.66 7303 1.00 NO.DATA RAW
280.27 282.07 WASH .80 B.B3 28,34 62.03 71562 4.79 4.% 7% 87.00
28% .30 282.07 RAW .75 10.890 NDAT MDAT NOAT NO_DATA NO . DATA RAW
282 .54 282.78 RAW .64 25.74 NDAT NDAT NDAT :Te} NO.DATA Raw
282.54 282.78 RAW .45 24.82 27.40 47.33 5880 .90 NO.DATA RAW
282 .54 282.78 WASH .62 9.96 28.75 60.67 7408 .60 3.% -~ 60,00
283.49 284 .34 RAW 10 16.94 NDAT NDAT NDAT .61 NO.DATA RAW
283,49 284,34 RAW .80 16.63 28 .49 54.38 6805 N3 NO.DATA RAW

283.49 284 .34 WASH .61 8.46 29.83 61.10 7604 .93 6.¢ 7 63.00
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242,

TW-220

BASE ANAL
33.86 RAW
33.86 WASH
43.22° RAW
43.22 WASH
46.69 RAW
46.69 WASH
68.34 RAW
6B.34 WASH
74.19 RAW
T4.18  WASH
75.54 RAW
75.54 WASH
83.85 RAW
83.95 WASH
86.30 RAW
CB86.30 WaASH
235.44 RAV
235.44  WASH
237.22 - RAW
237.22 WwaASH
243.85 RAW
243.8% RAW
243.85 WASH

NG,
NO .
NO .
NO.
NG .
NO .
NO.

NO.

35.00
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10

196.
196 .
202,
202.
210,
210.

218
218

TOP

44
a4
70
70
25
25
60
.60

TwW-221

BASE

219

84
g4
10
10
10
10
10

.10

ANAL

RAW
WASH
RAW
WASH
RAW
WASH
RAW
WA SH

RM.,

i

ADB

.21
.68
.85
.70
8
.93
.99
.89

ASH

14

.ADE vOL.

.82 26.
16 27
48 26
59 28

.91 25.
12 27
12 23,
86 - 25,

6969

B AAT
G841

€867

-5894
7302
‘5385

7080

ADB CARB.AD: CAL.GM SULPHUR.

T T e L T T T A T i —————— PP M

200.
200.
203.
203.
212,
212.
219.

-

ADB

]
.75
.24
Q3
.38
N 14)
.53
.56

FSI

MNO.DATA

4.0 "

NO.DATA

3.0’

YIELD

RAW
84.00
RAW
66.00
RAW
65.00
RAW
58.00

()
L



s miam s el e e AR o s o 15 7 8

1D

WASH

i

.ADEB VOL,

45 27.
.38 29
94 25
.48 28
67 28,
52 29.
57 25.
.51 28,
.94 29.
&3 29
60 7.
29 27
11 286
a8 26.
60 24
59 a7.

e

ADB CARB.AD CAL.GM SULPHUR.

— = b3 R}

ND .
NG .
NO .
NO.
NO.

NO .
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10

18
18
44
44

46.

TQP

.94
.24
.86
.85
(0]
.QQ
.33
.33
.16
.76
.95
.85
.08
.08

Tw-223

BASE

22

.27
.27
.36
.36
.92
.92
.22
.22
.22
.22
.60
.60
.40
.40
.16

ANAL

RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
AW
WASH
RAW
WASH
RAW
WASH

RM,

ADB

.19
.1
.91
.48
.20
.79
.99
.44
.92
.37

ASH.ADB VDL .ADB CARE.A
40,
8.
ait.
11.
25,
10,

a9

10.
a9.
18.
31,
12,
17.
10.
1.

7.
21,
1o,
9.

9.

o

k9,

03 23,19 35.88
50 . -20.98 §0.01
94 - 33,19 . 33.96

66 E8.00

1 R -, 487307
08 61,58
B4 T ages

37, .. 61.17
19 a7.19
42" 53.32
56 ag.o1g "
02 58.57°

44 54.9% .
39 61.09 ..
21 59,64

17 62.81

1t 51.50

&0 58 .82

57 51,15

32 59,94



1D

7

H

.ADB VOL .ADB

CARB.AD CAL.GM

SULPHUR . ADB

.58
NO . DATA
.27
.36
NO .DATA
NO,DATA
.32
R

~

NGO,
NO.

NO,
NO,
NO .

(N



10

WASH

WASH
RAW
RAW
WASH
RAW
RAW
WASH
RAW
RAW
WASH
RAW
RAW
WASH

&

N/

77 NDAT
73 28.94
.64 31.43
B4 NDAT
77 24 .47
23 25.84
A NDAT
20 25.80
23 26 .87
32 NDAT
30 24 .44
o1 28. 13
83 NDAT
72 30.40
LT 30.83
74 NDAT
.39 23.20
.08 30.02
.34 24 .93
48 18,56
22 NDAT
50 26.68
16 26.24

49 NDAT
48 28 .31
54 28 .25
a7 NDAT
85 27 .66
78 28.87
30 NDAT
26 27.89
53 27.58

32 NDAT
16 30.02

.51 27.65

LADB  VOL.ADB CARB.AD GAL.GM

ND.

NO.

MO,

NO .

NO.

NO.

NGO,

NG,

SULPHUR . ADB

NGQ,

NO.

NO .,

NO.

NO,

NO.

MO .

NQ,

NO .

NO.

76 .Q0



10 TW-228
TOP BASE ANAL RM
145.12 146.23 RAW
145,12 147,76 RAW
145.12 147 .76 WASH
146.52 146.72 RAW
147 .08 147.76 RAW
149 .53 154.35 RAW 1
149,53 154.36 WASH
157.62 158 .12 RAW 1
167 .62 158.12 WASH
!

ADB ASH.ADA VOL.ADB CARB.AD CAL.GM SULPHUR.ADB FSI YTELD
.79 1.53 NDAT NDAT NDAT NO.DATA NO.DATA RAW
.57 14.29 26.28 58.86 5999 2.1 NE . DATA RAW
.59 8.21 26.61¢ 64 .59 7569 1.37 3.5 7 B3.00
.74 14.33 NDAT NDAT NDAT ND.DATA NO.DATA RAW
.56 17.42 NDAT NDAT NDAT NO.DATA NO.DATA RAW
-0 34.93 23.15 40 .21 4974 .81 MO .DATA RAW
.B7 14,26 27 .45 57.42 6945 .83 - 5.%5° 49.00
el 37.87 22.98 38.04 4468 .36 NQO ., DATA Raw
.64 t4.32 26. 13 58 .91 6048 -3 4.5, 40.00



o .

10 TwW-227

TaP BASE ANAL RM . ADB ASH.ADE VOL.ADE CARB.AD CAL.GM SULPHUR,ADB FSI YIELD
10,86 11.27 RAW 1.13 15.79 NOAT NOAT NDAT NO.DATA N RAW
10.86 11.27 RAW 1.40 15.67 29 .35 53.58 6877 3.24 ND.DATA RAW
10.886 11.27  WASH 1.20 i1.43 31.47 55.90 7279 3.1 3.0 84,00
22.62 26.51 RAW .75 14,36 28.30 56.32 6936 .45 NO.DATA RAW
22.62 25.51 WASH 1.21 6.27 30.48 §2.04 7655 .51 2.0 . 81,00
26.06 27,13 Rav 1.03 20.%59 NDAT NDAT . NDAT NO.DATA .Q RAW
26.06 27.13 RAW 1.4% 20.45 25.76 52.34 6400 2.18 ND.DATA RAW
26 .06 27 .13 WASH 1.37 9.34 29.82 59.47 7393 1.%5 1.0 79.00
29.23 29.74  RAW .85 9.87 MDAT NDAT NDAT NO . DATA O RAW
29.23 29.74 RAW 1.21 9.43 31.44 57.92 7323 1.39 MO .DATA RAW
29.23 29.74 WASH 1.44 2.B8 32.05 63.63 7974 .61 2.0" 54,00
Gl.1¢ 51.57 RAW .83 26.43 HNDAT NDAT NDAT NO.DATA .0 RAW
&1.16 61,51 RAW 1.06 26.01 31.66 41,28 5646 2.75 NG . DATA RAW
G1.16 61.51 WASH 1.08 15.23 29,50 54.18 6996 70 2.5 65.00
218.24 220.12 RAW .87 11.6%7 NDAT NDAT NDAT NO .DATA O RAW
218.24 220.12 RAW 1.00 11.558 28.49 S8.96 7313 1.41 NO.DATA RAW
218.24 220.12  WASH $.30 8.58 28.84 61.28 7960 1.06 6.0+ - 8B.00Q
221.70 227 .83 RAW B4 20.91 NDAT NDAT NDAT NO.DATA L0 RAW
221.7C 227.83 RAW .85 20.61 26.10 $52.34 6446 2.24 NQ . DATA | RAW
221.70 227.83 WASH .11 9.44 22. M 60.14 7493 1.24 5.0 ' 72.00
228 .28 228 .62 RAW . B4 36.13 NDAT NDAT NOAT NO ,DATA .0 RAW
228 .28 228.62 RAW .95 36.07 22.50 40 .48 4970 .47 HO.DATA RAW
228 .28 228 .62 WASH t.28 11.04 27.51 6Q. 20 7353 : .69 6.0 46.00
229.44 230.687 RAW .B2 18.44 NDAT NDAT NDAT NO.DATA Q RAW
229 .44 230.67 RAW 1.08 18,29 26.18 54 .45 68521 .40 NO .DATA RAW
229 .44 230.67 WASH t.32 8.51 24 .82 €5.35 7547 .42 5.5 72.00
2036.56 237 .10 RAW .87 45 .19 NDAT NDAT NDAT NO L, DATA .Q RAW
23G.56 237.10 RAW 117 45.03 19.73 34 .07 4106 .26 NO . DATA RAW

236.56 237.10 WASH 1.43 17.87 26 .97 $4.03 6711 40 4.0 28.00



10

T,
o

LADE V0L . ADB

CARB.AD CAL.GM

SULPHUR . ADB

NO.DATA
1.96
1.54

NO.DATA

NO.DATA

.44
.50



0 0

ID TW-229

TOP BASE ANAL RM. ADB ASH.ADB VOL.ADBE CARB.AD CAL.GM SULPHUR.ADE FSI YIELD
18.60 79.20 RAW 76 14,22 30.98 54.04 TOS 3.61 NO.DATA RAW
78.80 79.20 WASH 1.09 9.189 31.85 57.87 7494 2.26 3.5 85.00
8%.99 87.13 RAW 1.07 14.38 28,37 55. 18 TO14 2.87 MNO.DATA RAW
85.99 87.13 WASH 1.12 7.24 31.87 5877 7644 1.77 3.0 83.00
92.67 94 .88 RAW 1.058 13.17 27.28 58.49 71014 4,12 NO.DATA RAW
92.67 94 .88 WASH 1,21 7.67 28.890 62.22 7587 1.58 1.0 84,00
97 .56 a97.94 RAW 1.05 6.87 30.74 61.54 7722 1.7¢ NC.DATA RAW
97 .56 97.94 WASH 1.22 4.03 32.923 62.52 7926 1,35 2.7 92.00
98. 18 92.43 RAW 92 17.17 27.90 54,01 6685 .10 ND.DATA | RAW
98 .18 95 .43 WASH 1,52 7.22 29,213 £62.03 7540 91 1.0° 79.00
105.086 107.90 RAW 1.06 18.34 25,45 55,11 6554 .49 NO.DATA RAW
105.06 107.90 WASH 1.40 7.74 28.7% 62.10 7508 .59 1.0. 77.00
109,286 109.55 RAW .91 19,82 27.44 51.73 6415 1.96 ND.DATA RAW
108 .26 108.55 WASH 1.23 8.88 30.26 59,63 7439 1.27 1.5 79.00
tQ9.76 110.08 RAW 1.00 11.72 27.61 59.67 7232 1.14 NGO .DATA RAW
109.76 110.08 WASH 1.05 g.88 29.38 59.58 7391 .95 2.57 93,00
122.39 123.74 RAW 1.02 13,31 26.98 58.69 7059 1.20 ND.DATA RAW
122 .39 123.74 WASH 1.29 9.70 27.24 61.77 7388 NG .DATA 1.0  86.00
123.74 123.93 RAW 1.07 80.186 B8.75 10.02 741 4,83 N . DATA RAW
123.74 123.93 WASH NO.DATA NO _DATA NDAT NDAT NDAT NO.DATA i s) 00
123.93 125,48 RAW .79 29.2% 23.64 46.32 5576 1.42 ND.DATA RAW
123.93 125.48 WASH 1.35 11.03 26 .46 61.16 7253 .78 1.0, 64.00
131.36 132.55 RAW .90 18,57 28.13 52.40 6637 1.42 NO.DATA RAW
131.38 132.55 WASH 1.26 t1.62 29.91 57.21 7263 1.26 . 3.07  B84.00
142.47 144,79 RAW .85 31.55 23.46 4414 5415 3.87 NO.DATA RAW
142.47 144,79 WASH 1.24 15.78 26.99 55,99 6854 2.04 1.0/ 850,00
145,76 146.78 RAW .81 25.12 25,35 48.72 6032 1.37 NO.DATA RAW
t45.76 t46.78 WASH 1.25 7.37 28.70 62.68 7612 1.27 2.0 682,00
162 .29 163.32 RAW .88 16.02 25.54 57.56 6794 1.39 ND.DAT RAW
162.29 163.32 WASH 1.18 10.19 26.21 62.472 7345 1.14 1.0 +o 79.00
i63.64 163.95 RAW .87 20.66 23.88 54,89 6380 1.56 NO.DATA RAW
163.6G4 163.95 WASH 1.29 11,20 25.14 62,37 T214 1,37 1.6 77.00
170,77 171.30 RAW .72 29.68 24._88 44 .72 5450 .48 NO.DATA RAW
170.77 171.30 WASH .92 14,21 27.47 57.40 6954 .52 1.5 7 64.00
173.27 174 .89 RAW 88 12.27 27.14 59.73 7123 .49 NO . DATA RAW
173.27 174,89 WASH 1.36 3.97 29 .68 64.99 T120 .53 t.8°  B1.0Q
182.59 183.14 RAW .87 23.08 25.20 50.79 6151 .B1 NO .DATA RAW
182 .59 1B3.14 WASH 1.13 13.10 26.84 58.93 1091 .62 1.0,  71.00
183,54 183.70 RAW .88 B5.86 B.48 4.77 NDAT .29 ND .DATA RAW
183.54 1B3.70 WASH NO.DATA NQ.DATA NDAT NDAT MOAT NO . DATA .0 .00
183.70 184.36 RAW .82 62.74 15.76 20.68 2288 .58 MND.DATA RAW
183.70 184,36 WASH 1.00 15.42 25,87 57.71 6904 .67 1.0% 20.00
184 .51 184 .B8 RAW .79 87.84 8.49 2.88 NDAT .15 ND.DATA RAW
184 .51 184.88 WASH NO.DATA NO.DATA NDAT NDAT NDAT NO.DATA .0 .00
184 .B8 186.30 RAW .61 53,34 18.28 27.79 3457 .82 NO,DATA RAW
|64 .88 186.30 WASH ~ 1.18 16.91 25.86 56.05 6797 .73 1.0y  33.00
188 .50 189.56 RAW .61 14,31 B .74 56.34 6920 .69 ND.DATA RAW
188 .50 189,56  WASH 1.04 8.414 28,92 61.63 7525 - .53 2.5¢ 80.00
190, 14 199,90 RAW .64 36,62 21.36 41,38 4934 .32 NO.DATA RAW

180. 14 199 .90 WASH 1,15 15. 41 25.08 58.36 6307 .43 1.07 48 .00



() | )

o Tw-231

T0P BASE ANAL RM.ADB ASH.ADB VOL.ADE CARB.AD CAL.GM SULPHUR.ADE FSI YIELD
97.72 98.97 RAW 1.30 28.34 24 .54 a5.82 5529 3.96 NO.DATA RAW
a7.7% 98.97 WASH 1.29 9.28 27.24 62.19 7330 2.37 1.571" ©4.00
105.58 105.90 RAVW 1.48 24 .80 22.78 $0.93 5877 6.84 NO.DATA RAW
105,58 105.90 WASH 1.05 11.20 24 .66 63.09 715% 3.89 1.0 63.00
106 .60 107.24 RAW 1.12 20.89 25.58 52.30 6093 1.08 MO . DATA RAW
106 .60 107 .24  WASH 1.41 8.94 25.27 €4.38 7394 1.0% 2.0 69.00
109,71 110,24 RAW 1.20 20.94 25.66 52.20 €198 3.47 NO.DATA RAW
109.71 110.24  WASH 1.22 T.06 26.36 65.386 7949 2.25 1.5+ &7.00
15,97 117.56 RAW 1.24 17.04 21.82 59.90 6652 .07 NO.DATA RAW
115.57 117.56 WASH 1.23 t1.36 23.35 64 .06 71325 1.10 1.0 81.00
135.01 135.44 RAW t.21 26.82 23.56 48.31 5703 5.00 NO.DATA RAW
135.¢01 135.44 WASH 1.10 8.74 25.91 64.25 L7431 2.83 2.5 60.00
144 .88 148,22 RAW 1.03 15.53 24.74 58.70 8781 1.37 NO_DATA RAW
144 .99 148.22 WASH 1.47 6.47 27.06 65.00 1578 .94 1.5° 82.00
148.92 145.34 RAW 1.0 19.46 21.37 5B.12 6422 .55 NO.DATA RAW
148,92 §49.34 WASH 1.52 9.34 23.05 66.09 7298 58 1.0/ 179.00
166.17 167.14 RAW 110 11.32 22.89 54.69 7258 1.02 NO.DATA RAW
166 .17 167.14 WASH 1.27 7.40 23.66 67.67 577 .80 1.0 ° 86.00
169.28 170.23 RAW 1.04 49,00 17 .96 32,00 3754 2.58 NO.DATA RAW
169.28 170.23 WASH .81 17.29 24.74 57.16 6752 1.31 4,07 26.00
17¢.89 171.16  RAW .96 30.08 21.33 47 .63 5469 1.80 ND.DATA RAW
170.89 171.16 WASH .80 14.13 22.87 6d.40 7079 1.29 2.0 65.00
176 .74 178.90 RAW .98 28 .63 21.83 48 .Be 5643 1.52 NO.DATA e RAW
176.74 178.90 WASH .79 8.16 25.36 64.49 7462 1.41 2.57° &B.0Q
179.83 180.26 HRAW .74 38.84 19.61 40,81 4621 .54 NO . DATA RAW
179.83 180.26 WASH .B§ 13.62 24.20 61.32 7018 .70 1.0 % 45.00
181.01 182.11 RAW 1.G3 11.13 24 .23 63.61 7182 .60 NO.DATA RAW
1B1.01 182.11 WASH 1.47 8.18 24 .54 65.81 7498 LT7 1.5 © 89,00
305.786 306.68 RAW .Ba 19.68 26.44 52.98 6700 3.9% NO . DATA RAW
305,76 J06.68 WASH .69 14.143 28.67 59.51 7536 7.80 5.0 76,00
306.98 307 .89 RAW .B9 43 .44 20.43 35.24 4380 2.31 NO.DATA RAW
306 .98 307.99  WASH .75 14 .B7 26.59 87.78 7176 .85 3.8b 27.00
309,64 310.45 RAW .91 44 .49 22.25 32.35 4319 3.59 NQ.DATA RAW
309 .64 310.45 WASH .59 17.56 30.44 S1.41 6964 2.29 6.5% 42.00
313.98 214.98 RAW .85 38.15 21.54 39.486 4820 2.69 NO.DATA | RAW
313.98 314.98 WASH .70 18. 14 28.21 52.95° 6808 1.62 6.0 ¥ 40.00



) “

o Tw-232
Tap BASE ANAL RM.ADB ASH.ADB VOL.ADB CARB.AD CAL.GM SULPHUR.ADB Fs1 YIELD
10.98 12.73 RAW 1.23 13.80 28.08 56.89 €967 1.48 NO . DATA RAW
Q.99 12.73 WASH .29 8.73 29.17 60.81 7380 1.1 1.07) 82.00
31.95 33.34 RAW 88 34.57 23.86 40.59 5128 5.83 NO.DATA RAW
31.95% 33.34 WASH 1.48 7.04 31.36 60.12 7570 1.41 4,01 §8.00
45.04 48.10 RAW at 19.75 26.67 52.67 6392 2.18 NO.DATA RAW
46.04 4B.10 WASH 1.5% 9.55 29,18 58.71 7323 1.56 1.5 77.00
52.60 55.72 RAW .82 44 .94 20.09 34.05 4178 .58 NO.DATA RAMW
52.60 55.72 WASH 1.47 6.83 29.22 €2.48 760% .83 1.0 43 o0
58.24 58.65 RaW 929 18.2% 28.28 51.48 6282 1.86 NO.DATA RAW
58 .24 58.69 WASH .47 10.96 27 .56 60.01 7238 1.12 1,09  75.00
G0. 35 62.40 RAW .20 15.36 27.54 5%.90 6835 1.39 NQ.DATA RAW
60.35 62.40 WASH 1.38 4.87 30.54 §3.21 7764 1.13 3.5% B2.Q0
73.24 74,36 RAW 1.02 22.03 27.03 49 .92 5305 4. 11 NO.DATA RAW
73.24 74.36 WAsSH 1.19 10.18 31.07 57.%6 7339 2.92 a.g) 66.00
80.73 94 .44 RAW 1.40 27.43 24,10 47 .07 5723 1.85% NO.DATA RAW
90,73 84 .44 WASH 1.43 7.48 28.61 62.48 7539 .75 2.0k  80.00
97.07 97.72 RAW .89 39,52 20.79 38 .80 4511 .38 NO.DATA RAW
97 .07 97.712 WASH 1.56 6.9 27.60 63.93 7517 46 2.0% 60.00
152 .70 153,10 RAW .78 24 _34 28.90 4%.98 5980 5._86 ND .DATA RAW
152,70 193,10 WASH ' .99 7.39 32.€6 58 .96 7622 1.87 6.5 % 851,00
154 .51 157 .24 RAW .87 14.10 27.39 57 .54 6995 1.62 ND.DATA RAW
154,51 157.24 WASH 1.21 6.92 28.05 63.82 7663 .92 2.0 83.00
171.15 172.96 RAW 1.02 48 .34 18.94 31.70 3890 : 1.15 NO.GATA RAW
171.1%8 172.56 WASH 1.18 5.73 28.22 50.90 7428 1.31 2.581 46,00
178.25 178.59 RAW 1.09 £13.43 28 .83 56.695 7158 1.65 NG . DATA RAW
178.25 178.59 WASH .B39 6.24 30.71 62.16 7790 1,23 3.5  BG.00
178.90 i79.62 RAW 1.11 20,289 24 .89 53.61 6354 1.83 NO . DATA - RAW
178 .80 179.62 WASH .98 11.18 25.07 &1.76 7271 1.00 1.015b 75.00
179.62 179.97 RAW V.00 54.09 17.89 27.02 3338 2.27 NO.DATA RAW
179.62 179.897 WASH .89 20.73 26.01 | 52.37 6450 1.08 1.0 1 32.00
179,97 181,79 RAW 1,10 7.389 27.5% 63.96 7614 .79 NO.DATA RAW
179.97 181.79 WASH 1.33 4.58 27.98 B6.11 7860 .67 1.5 % B86.00
290 .67 290.92 RAW .76 33.086 26.98 39.20 5315 1.78 NO.DATA RAW
29G.67 290.92 WASH .62 14.0% 28,00 60, 34 739% 1.9¢ 3.5 58.00
291.15 292.28 RAW .75 24 .12 24 .10 51.03 60889 1.81 ND.DATA RAW
291 .18 292.28B WASH .86 13.47 25.07 60.50 70985 1.45 2.00 76.00
306 .55 307.08 RAW .18 44 .12 19.91 a5.21 4194 .30 NO . DATA / RAW
06 .55 307 .05 WASH .84 17,37 25.9¢ 85.83 6735 .36 5.5 " 29.00
346 .95 347.30 RAW - .88 44 .66 21.38 33.08 4034 .eQ NO.DATA | RAW
346 .9% 347.30 WASH .99 17.63 27.09 54.29 6683 .42 7.5% 30.00
347 .85 348.35 RAW 1.00 57.67 18.80 22.53 2677 .20 NO.DATA RAW
347 .85 348 .3% WASH 1.096 11.40 27.04 €0.51 7275 .53 7.0°0 18.00
349.03 349.30 RAW 1.02 45.98 21.80 31.20 3878 .42 NO.DATA RAW

3489.03 349.30 WASH .97 16.69 27.69 54,65 €795 .61 4.57 32.00



ID Tw-224

TOP BASE ANAL RM.ADS ASH.ADB  VOL.ADB CARB.AD CAL.GM SULPHUR.ADS F5I YIELD
21.76 28.40 RAW 1.14 9.08 28 .82 59,868 7466 1.64 ND .DATA RAW
21.76 28.40 WASH 1.49 5.46 31,10 61,8% 7704 1.09 6.0° 81.00
29.BY 36.16 RAW 96 16.54 27.50 55.00 6752 2.06 ND .DATA RAW
29.89 36.16 WASH 1,42 5.35 29.31¢ 63.82 7720 1.0% 3.0~ 78.00
44 50 45.58 RAW 94 15.64 24.04 59.38 6878 1.67 ND.DATA RAVW
44,50 45.58 WASH 1.83 7.40 25.31 65.46 7530 1.114 1.5 7 B2.00
46 .60 47 .04 RAW a6 26 .95 21.07 51.12 5806 2.3 NO .DATA RAW
46 .60 47.04 WASH 1.64 14,54 21.83 62.02 6894 1.84 1.0{ 62.00
57.86 58.24 RAW 78 31.83 24 .49 42.90 5379 1,94 NO.DATA RAW
57.86 58,24 WASH 1.24 12.45 27.897 58,34 7146 1.98 2.0 59.00
178 .3C 180.36 RAW 77 17.06 25,32 56.8%5 6740 2.08B NO.DATA RAW
178.30 180.36 WASH 1.08 7.57 26.08 65.27 7630 1,15 2.5Y 76,00



) | (Y
|

L
1D TW-235 ,
LN

Top BASE ANAL RM. ADB ASH._ADE VOL.ADB CARB.AD CAL.GM SULPHUR.ADB FsI YIELD
116,38 117.00 RAW [*]8] 52.78 16.79 29.83 3388 2.82 NO.DATA RAW
116,38 117.00 WASH 1.38 12.85 24 .98 ¢0.83 6974 a5 1.5 28 .00
134 .92 135.658 RAW 1.37 13.23 25.50 59,80 6934 B7 NO . DATA RAW
134 .92 105.65 WASH 1,59 5.06 27.39 65 .96 7622 55 1.5 91.00
136,07 137.44 RAW t.06 29.05 23.43 46 .46 5518 3.33 NO.DATA RAW
136 .07 137.44 WASH 1.13 11.63 28.02 59,32 T137 2.01 1.0 60 .00
154,68 159.12 RAW 74 42 .16 29.62 27.48 3831 1.55 NO.DATA RAW
154 .68 156.12 WASH 93 19.26 28.42 51.389 6616 2.04 3.0 1 26.00
156 .27 157 .43 RAW a7 G2.89 15.71 20.43 2274 1.68 NO.DATA RAW
155,27 157 .43 WASH 1.24 16.75 28 .66 53.35 6741 1.10 2.0 20.00
167,96 168.16 RAW 81 Ir. .02 23.9% a8.22 4940 6.00 NO .DATA RAW
167 .96 168 .16 WASH .89 19,06 27.45 52.60 6659 2.93 1.53%3 45 .00
168,61 169,32 RAW .74 27.52 26.08 45.66 8685 .16 NO . DATA RAW
168.61 169.32 WASH 1.23 14.23 26.890 57.58 6940 .24 1.0 4 €B.00
168.56 169 .94 RAW T2 29 . 714 22.53 54.04 85045 .38 NO . DAT RAW
168 .56 169 .94 WASH 1.22 14 .BS 23.44 60Q.49 6907 -3 1.5 4 71.00
173.40 t74 .24 RAW .75 28.93 22.50 ° 47.82 5622 .45 NO.DATA RAW
173.40Q t74 .24 WASH 1.49 15.66 24 .35 58 .50 6825 .46 1.0 { 69 .00
174.68 175.02 RAW . LT3 36 .92 22.99 39.36 4855 .57 NO _DATA RAW
174 .68 175.02 WASH 1.19 20 .82 24 .45 53.54 6415 .87 1.0 & 55 .00
175 .64 176.20 RAW .96 38.7a 19.60 4. 81 4529 5,23 ND.DATA RAW

17%.64 176.20 WASH .86 15.47 24 .96 58 .61 6843 2.4% 1.0% 47.00



() M
10 TwW-237

TQP BASE ANAL RM. ADB ASH.ADB VOL_ADB CARB.AD CAL.GM SULPHUR,ADB FSI YIELD
128,84 131.29 RAW 95 14,41 26.10 59 .54 5904 2.66 NO.DATA RAW
128.84 131.29 WASH 1.01 7.586 26.07 £5.36 7589 1.94 2.5 v 82.00
133.60Q 133.83 RAW 80 29_31 26.37 53.62 5569 B.G64 NO.DATA RAW
133.60 133.93  WASH 74 16.05 28 .89 54,32 6902 4,48 7.9 56.00
134,84 135.78 RAW a3 23,84 25.00 50.1¢ 6081 2.35 NO . DATA RAW
134 .84 135.78 WASH g6 14.88 27.03 57.13 6960 1.36 6.0 69.00
136.53 13G.83 RAW 76 20.5% 28.19 50.50 G278 3.892 NO.DATA ° RAW
136.53 136.83 WASH BC 0. 13 28.51 G6C. 56 7402 2.87 T.0° 68.00
136 .83 138.04 RAW B2 32.62 22.64 43.82 52214 3.58 NO.DATA RAW
136.83 138.04 WASH LT 12.79 27.06 61.44 7300 2.34 - 54.00
139,34 142.71 RAW B 42,10 21.03 36.06 4329 .34 NO.DATA RAW
139.34 142 .71  WASH i1.03 14.12 26.06 58.79 6269 .82 3.0 40.Q0




9 o

10 Tw-238

ToP BASE ANAL . RM.ADB ASH.ADB VOL.ADEB CARB.AD - CAL.GM SULPHUR. ADB FSI YIELD
40.76 42.94 RAW 1.02 12.97 28.23 57.78 7161 1.89 NO.DATA RAW
40.76 42.94 WASH BS 6.28 29.86 63.01 7790 1.44 4.0 B83.00
43.989 45.74 RAW 23 21.86 27.57 45.64 6298 3.44 NO.QATA RAW
43 .99 45.74 WASH 75 11.89 31,35 55,91 7304 2.4%6 G.5 74.Q0
47 .63 48.07 RAW a3 25.89 27.42 45.76 5808 1.03 ND.DATA RAW
47.63 4B .07 WASH 24 16.00 29.52 53.54 G860 .29 6.9 68,00
48 . 14 50.46 RAW 1.31 19.12 26.47 §3.10 6309 .45 NO.DATA RAW
49. 14 50.46 WASH 1.28 13.85 27.67 §7.20 7004 46 4.0 84.00
56.56 57.14 RAW 1.13 36.32 22.57 39.98 4839 36 NQ.DATA RAW
56.56 57.14 WASH 1.17 16.74 26.24 55.85 6734 .48 1.8  4B.00
B9 .75 80.19 RAW 1.08 42.82 27.%0 28.63 3574 .62 NO.DATA | RAW
B9 .75 90.19 WASH 1.05 14.70 28.37 55.80 6830 93 6.5 '/ 28.00
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RM.ADB

ASH.ADE VOL.ADB CARB.AD CAL.GM SULPHUR.ADB

WASH

WASH

WasH
RAW
RAW
WASH

.85

NO.DATA

P ]

.81
.12
.09
.88
.24
.25
.56

NO .

NQ .

NQ.

NO .

NO.
NO.
NO .

NO.

NO .

NQ.

NO.

NO.

N,

ND .

NO .

NO.



WASH
RAW
RAW
WASH
RAW
RAW
WASH
RAW
RAW
WASH
RAW
RAW
WASH

NG,
-
NO .
NO.
NO,
NO.

ND.

NG,

NO.

NQ.

NO .

NO .

NOQ .

NO .

45.00
RAW
RAW

T7.00
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ASH.ADB VDL,

ADE CARB.AD CAL.GM  SULPHUR.

.68

33.35%
17.06

NO.

- b o U] et e ) e e s



10

158,
158,
162 .
162.
163.
163.
165.
185,
166,
166.

WASH

WASH
RAW
WASH
RAW
WASH
RaW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH

()
L

48,
57.
S2.
57.
92,
55.
54.
5G.
8.
61.

7703

7267
11890

7239
7680

7331

7642
. GB4B

7591

6774 .

7875
7142
7868
7115
7537
4530
6907
T072
7545
4306
7453
5602
5987
5622
7671
4691
7020
2214
6385
6719
7157

ASH.ADB- VOL.ADB CARB.AD - CAL.GM SULPHUR.

160
7387
7044

[ | R N LT LR LR AR VA

- 3

- bl o= ]

NO .
NO .
ND .
NO.
ND .
ND .
ND.
NO .
NQ,
NO .
NO,
ND.
NO .

NO .

F3I

YIELD

M
>
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ADB VDL,

04  25.74
60  25.57
25  27.583
80 28.13
90  28.12
.03 26.76
23 19.62
44 22.94
38  213.78
27 25_.74

55.%0
63.58
49 .59
60.59
34,24
é1.186
43.59
55.42
36.13
57.495

ADB CARB.AD CAL.GM

SULPHUR .

NO .
~ND.

ND .
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1D TW-247

T0P BASE ANAL RM.ADB ASH.ADB VOL.ADB CARE.AD CAL.GM SULPHUR.ADB FSI YIELD
115,16 115.70 RAW 85 15.02 31.02 53. 10 6952 2.5%0 NQ .DATA RAW
115, 16 115,70  WASH 1.07 10.03 30.75 58. 1% 7454 2.12 1.5 7 86.00
120.5%5 121.56 RAW 1.00 13.48 32.33 53.19 7126 2.74 NO.DATA RAW
120.585 121,56 WASH 1.29 7.58 33.17 57.9% 7633 1.79 5.0 83.00
123.30 124,12 RAW [:1:] 17.23 30.74 51._15 €494 1.85 NO.DATA RAW
123.30 124,12 WASH 1.34 5.91 30.38 €2.37 7743 1.19 3.5 73.00
145.04 146.31 RAW .87 18 B9 27.45 52.79 6491 2.49 NO.DATA RAW
145 .04 146.31 WASH 1,30 8.30 28.54 G1.86 . 7484 $.39 2.5. 77.00
154 .06 157.12 RAW .70 18.84 25.60 54 .86 6469 .68 NO.DATA RAW
154,08 157.12 WASH .24 7.72 27.72 63.32 7511 T4 1.0* B1.00
182 .27 143/ NDAT RAW .18 20 .84 24 .31 54 .10 5492 3.35 NO.DATA RAW
182.27 NDAT WASH .20 11.53 25.21 62.06 7324 -1.66 1,00 79.00
191.25 191.84 RAW .80 38.84 26.34 34.02 4541 5.50 NO.DATA RAW
121.25 191.84 WASH 1.09 14.65 27.BS 56 .41 7012 3.54 1.0 37.00
193.129 194 .20 RAW .86 2115 25.05 52.94 6339 .76 NO.DATA RAM
193 .29 194 .20 WASH 1.10 10,39 26.61 £1.90 1375 .65 1,000 75.00
184,98 196.53 RaAW - .82 12. 10 27 .16 59.92 T21B 1.67 NO.DATA RAW
194,88 196.53 WASH 1.00 B.63 26 .71 63.66 7538 1.03 1.0 B9.00
199 .44 199.8B4 RAVW .58 31.32 30,23 36.87 4913 1.57 ND .DATA RAW
199 .44 199,84 WASH 1.01 12.60 28.20 58.19 7238 1,3¢ 1.0 . 486.00
203,73 204,38 RAW .62 24.12 27.39 47.87 6135 .92 ND_DATA RAW
203.73 204.38 WASH .94 14 .82 28.74 55.50 7065 1.5% 1.0 78.00
204 .78 206.43 RAW .78 19.84 27.75 51.63 6483 . .93 NO.OATA RAW
204 .78 206.43 WASH 1.02 §.68 29.52 60.17 7562 .89 3.5 77.00
207.84 208.36 RAW .BO 33.62 22 .82 42 86 5173 .40 NO.DATA RAW
207 .94 208.36 WASH 1.01 14.49 26 .40 58,10 6985 .40 1.5 56.00
214.80 212.10 RAW .B% 35,19 21.43 42.53 4980 .53 NO.DATA RAW

211.80 212,10 WASH 1.05 17,34 24.09 55.52 6784 .65 1.0 56 .00
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ADB CARB.AD CAL.GM SULPHUR, ADB

220. 13
228,91
228.91

.ADE VOL.
T7 25.
81 29
40 29.
€3 a3
55 28,
a2 2g.
65 29.
52 30.
at 27,
17 27
83 27,
78 28,
57 28
10 8,
29 23
28 25.
a8 27.
BG 28.
52 19
-Q7 24

NI,

NO.

ND .

NO.

NG,

NO.

NG .
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TOP BASE ANAL RM . ADB ASH.ADB VOUL.ADE CARB.AD CAL.GM SULPHUR.ADB F5SI YIELD
§2.42 52 .88 RAW 1.00 30.5 29.53 28.96 47TBO 67 NG . DATA RAW
52.42 52.88 WASH 1.14 8.3 27.33 62.17 7360 61 1.0 50.00
59.62 7C0.02 RAW 96 44.5 21.09 33.39 4046 2.08 NO.DATA RAW
59.62 70.02 WASH 1,02 9.9 26.75 62.31 7359 1.74 2.5 46.00
74 .43 76.30 RAW 1.Q4 11.4 25.39 62.15 7083 50 NO .DATA RAW
14.43 76.30 WASH 1.45 5.% 25.61 67.42 1653 50 2.0 B83.00
83.96 BE.15 RAW 90 14.3 25.42 59.29 6888 39 ND.DATA RAW
83.86 B6.15 WASH 1.40 7.0 26.65 €4.85 7549 .56 1.8 80.00
90.06 91.26 RAW 25 14.8 24 .20 59.33 6830 7.45 ND.DATA RAW
90.06 891.26 WASH 1.147 4.9 27 .77 66.08 7790 1.30 2.5 74,00
106 .01 107 .01 RAW 79 16.8 24.83 57.49 6779 1.37 NO.DATA RAW
106 .01 107 .01 WASH a5 10.8 26.04 62.12 7326 .BG 1.¢.. 84,00
107 .35% 107 .90 RAW .76 i6.8 25.36 56,59 6729 1.41 NO.DATA RAW
107.35 107 .80 WASH T7 10. 56 25.47 63.20 7375 1.28 1.0 843.00
118.57 119.27 RAW .85 26. 64 23.53 48 .96 5929 2.86 NGO .DATA RAW
118 .57 119,27  WASH .78 17 .64 24.76 56.82 6772 2.65 1.0 T77.00
120,37 120.68 RAW .75 33.71 21.90 43.64 5200 .51 NO.DATA RAW
120,37 120.68 WASH 1.00 11.07 25,80 62.13 7294 .61 2.5 BB.00
121.90 122.36 RAW .65 40 .27 27.15 31.83 4065 .49 NO.DATA RAW
121,90 122.36 WASH 1.39 16.64 26.36 55 .59 8757 .74 2.0 41.00
126.69 127.09 RAW 80 54, 8¢ 17.63 26.68 3150 33 NO . DATA RAW

126.69 127.09 WASH NO.DATA NO.DATA NOAT NDAT NDAT ND.BATA 0 .00
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TW=-2504A

ToP BASE ANAL
34,19 35,90 RAW
34.19 35.90 WASH

R, ADB ASH.ADB VOL.ADE CARB.AD CAL.GM SULPHUR.ADB

£
1.22 11.25 26.38 61
1.87 3.77 27 .84 66

NO.DATA RAW
2.0 5 85.00



285
285.

WASH

WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH
RAW
WASH

e e e

k
t

ADL VoL
24 20
70 20
ag 29,
2 29,
aé 26,
.97 29.
95{ 29,
24 3z.
16 27
gg 28,
59 27.
ag 29.
aa 28,
4 3t
48 17.
o3 2g,
47 29,

3
agj 27
51 27
0d 22.
.48 28,
Lo 23
oai 29.
79 26,
Gg 27
3 25,
84  28.
73 28,
25 28,
33 17
84 25,

()
"~/

LADE CARB.AD CAL.GM SULPHUR.

W - L

[T 1 Ty N

= A A B ot A el ke N s

NO .
NO .
NO
NGO
MO .
ND.
ND .
NO .
NO.
NO.
NO .,
NG,

NO,

47.00

81.00
RAW
68 .00
RAW
77.00
RAW
17.00
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TOP BASE  ANAL RM, ADB ASH,ADE VOL.ADE CARB.AD CAL.GM SULPHUR.ADB F51 ¥YIELD

36 .83 37.8% RAW T 5,21 28.29 5;.80 &6B7E 2,86 NO.DATA RAW
36.83 37.83 wWasH 1.09 9,52 28.15 61,24 7450 1.45 2.0 v 79.00
51,20 51.58 PRAW 80 30.58 23.57 45.05 5429 2.53 NO.DATA RAW
51.20 51.58 WASH 1.11 16.98 24.60 57.31 6755 1.1 1.0 58 . 0C
54,12 54,57 RAW 1.00 37.35 23.92 37.73 4788 1.58 NO.DATA RAW
5412 54,57 WASH .85 18,24 28 .41 52.39 6673 1.67 5.5 A7 .00
55.47 55.749 RAW .54 57.43 18 .86 23.17 2845 .39 “NO.DATA RAW
55,47 55.79 WASH a5 17.48 27.58 53.99 6676 .96 5.5 26,00
73.65 73.99 RAW a9 32.70 22.36 44_05 5210 1.72 NO.DATA RAW
73.65 73.99 WASH 1.03 17.88 24,40 57.59 6624 1.05 1,07 51.00
77.48 77.88 RAW 9B 37.06 22 .68 39,28 4734 6.18 NO.DATA RAW
77.46 77.88 WAGH 1.30 12.80 25.43 60,47 7090 2.23 1.0 44.00
154,12 164.57 RAW 61 26.64 25.13 47,62 5901 3.10 NO.DATA RAW
154 .12 154,57 WASH 75 10,85 28.54 60.06 7429 1.80 3,000 65.00
213.73 NDAT RAW .82 58.33 21.77 19,08 2507 37.64 NO.DATA RAW
213.72 NDAT WASH NO .DATA NGO, DATA NDAT NbAT NDAT NO L DATA NO . DATA RAW
213 .72 214.46 RAW 73 26.31 22 .44 5G. 55 6027 2.96 NGO .DATA RAW
213.72 214.46 WASH 89 1810 24,02 56,99 6788 1.98 1.5 . 74,00
227.91 223.91 RAW 1.07 16.17 23.01 59,.75 G787 2.55 NO .DATA ! RAW
227.914 229.91 WASH g9 8.81 25.03 65.17 7478 1.20 1.5  79.00
248 Q7 249.34 RAW a0 18.96 22 .30 57,.94 6598 1.69 NO ., DATA RAW
248.07 249.34 WASH .79 7.56 24.69 66.96 7663 1.68 3.0- 78,00
256 .46 260.42 RAW .84 9.83 23,23 GG}OO 7388 .65 NO .DATA RAW
256 .46 260.42 WASH 1.48 5.15 24.53 68.83 7787 .59 1.5~ 895.0D
269 .60 269.96 RAW .71 10.35 22.64 66}30 7418 2.15 NG, DATA RAW
268.60 269.96 WASH 1.06 5.08 23.27 69,59 7783 1.42 1.07° 88 .00
278,20 2B0.02 RAW .87 18.89 22.08 58.15 6603 1,29 NO .DATA RAW
278.20 280.02 WASH 1.55 10,60 22.83 65.02 7338 .73 1.5 81,00
283.37 28%.13 RAW .72 31.45 20.68 47, 15 5468 2.45 NO . DATA RAW
283.37 2B5.13  WASH 1,22 15.47 23.37 5994 7008 1.55 2.0°  62.00
286,72 287.11 RAW 70 49,56 1B.08 3168 3740 1.31 NO.DATA RAW
286.72 287.11 WASH 1,02 16.18 23.45 59. 35 G956 1.06 2.0:  29.00
299 .84 301.87 . RAW .79 24 .15 27.48 520,57 6175 .99 MO OATA RAW
209,84 301.97 WASH .98 10.30 24.38 64]. 24 7508 1.72 1.5, 70.00
306 .64 308.38 RAW - T17 24 .77 23.33 5113 6086 t.68 NO.DATA RAW
aDE .64 308 .38 WASH .80 13.25 25.55 0. 40 T252 1.52 3.0 13.00
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TOP BASE ANAL RM . ADB &SH.A%B VOL .ADBE CARB.AD CAL.GM SULPHUR.ADB FsI YIELD
137 .44 137 .94 RAW 1.6Q 231 25.47 49,83 [JeR 1% 2.561 NO .DATA RAW
137 .44 137.94 WASH 1.42 13.7 27.18 57.60 5929 1.23 1.5 69.00
151 .00 153.30 RAW 1.26 24 .1 25 .84 48,66 5874 23 MO .DATA RAW
151,00 153.30 WASH 1,29 12.7 28.03 57.89 7010 1.18 1.5 65.00
156 .24 156.78 RAW 1.13 43.1 18, BG 36.82 4348 84 NO .DATA RAW
156 . 24 156,78 WASH 1.18 20.3 24,51 53.96 6369 .85 1.5 - 47,00
175.80 176.42 RAW 92 13.0 30.65 55.38 70186 1.51 NO.DATA RAW
175 . BO 176.42 WASH 1.00 8.9 3Q.83 59.18 7417 1.37 1.5 20.00
177 .64 178.08 RAW 70 39.6 22.50 37.15 4585 1.80 NO.DATA RAW
177 .64 178.08  WASH 1.1¢ 18.6 26 .80 53 .44 6528 1.149 1.0 50.00
179, RO 1BO.51 RAW 82 30.54 2G6.29 42,35 5316 a.67 NO.DATA RAW
179 B0 180.51 WASH 1.05 12.8 27.36 58,97 7071 1.4% 1.0" 80.00
81,76 182.80 RAW 35 17'7, 25 .64 55.78 6581 .56 NO.DATA RAW
iB1.76 182 .90 WASH 1.38 2.05 26,75 62,81 7335 56 2.0°7 BO.CO
199 .90 200.68 RAW .92 22.4$ 25.48 S1.17 6201 1.79 NO.DATA RAW
199 .90 200.68  WASH .09 15.6% 26 .56 56.76 6855 1.65 1.077 79,00

H
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ToP BASE  ANAL RM.ADS ASH.ADE VOL.ADE CARE.AD CAL.GM SULPHUR.ADE F5i YIELD

________________________________________________________________________ SRt Gu P S

107 .35 10B.56 RAW , 80 14,21 28.01 56(98 T027 2. 31 NO.DATA RAW

107.35 108 .56 WASH 1.07 8.10 29,71 B1} 12 7552 1,33 3.0 », 86.00

114.27 115 .21 RAVW .64 29,11 23.51 48[ T4 5697 3.80 NO.DATA RAW

114 .27 115,21 WASH .17 5.21 29 .65 83|97 7807 .82 1.53 TO.00

120,61 121.44 RAW a9 27.22 23.13 48[ 76 5820 TG NO.DATA RAW

120.61 121.44 WASH 1,10 12.97 26.70 59|23 T106 .45 1.0 &7.00

123.69 124,88 RAW 86 9,92 30.35 58187 7478 .97 "NO.DATA RAW

123.69 124 .88 WASH 1.0% 5.80 30.62 82,43 7805 .86 ?.5(- 89 .00

127 .14 127.495 RAW .54 53,57 20.60 2529 3353 1.45 NO.DATA RAW

127 .14 127 .49 WASH 1,02 21.61 27.06 SO 31 5384 §.44 1.0 21.00

131.42 131,98 RAW 850 35.58 25.62 38|30 5081 3,20 NO.DATA RAW

131.42 131.96 WASH .75 17.12 27 .86 54127 8838 1.81 1.5 448,00

137.64 139.41 RAW .58 22.55 26 .88 49| 99 6136 .84 NDO.DATA RAW

137 .64 139 .41 WASH .87 1041 28 .76 59:9¢6 T365 73 3.4 79.00

138.76 140.48 RAW B3 29 25 23.51 461 41 5612 .58 NQ.DATA RAW

139 .76 140 .48 WASH .95 13.79 26.35 S8191 7034 .64 1.6 e7.0C

i 140 .85 141 .20 RAW .79 29.66 25.12 44143 5475 s NO.DATA RAW

140.85 144.20 WASH .B4 i .28 26.09 54179 6587 85 2.0- 85 .00

112.08 152.52 RAW _B7 16.06 26 .64 56163 3825 1,12 NO L. DATA RAVW

g 142,08 152.52 WASH .B3 11,90 26.33 6094 7232 .95 1.0 . 88 .00
]
%
!

s ""\L m




o TwW-257
1ap BASE ANAL RM_ADE ASH_ADE VOL.ADE CARB.AD CAL.GM SULPHUR,K ADB F&l YIELD
27,70 2B.36 RAW .81 20_87 2B .96 42 .36 G231 2.43 NO.DATA RAW
27.70 2B.36 WASH 1.03 6.67 32.24 60.06 7642 1.81 1.0 77.00
2%.01 30,35 RAwW 37 14 .48 28.00 56 .67 6222 1.94 NO.DATA RAW
29,01 30.35 WASH 1.10 7 .85 29.81 61,20 752% 1.48 2.0°7 85.00
33.4% 34.20 Raw 1.02 17.75 26.15 5%5.08 6526 .48 NO .DATA RAW

33.45 34.20 WASH 1.74 8.61 27.41 62.24 7359 .94 6.5 7 75.00




1D Tw-258

Tarp BASE ANAL RM . ADB ASH. ADE VOL _ADE CARB_AD CAL.GM SULPHUR, ADB FSI ¥YIELD
44 .80 47 .44 RAW 1.19 10.32 28.74 59178 7356 a1 NO.DATA RAW
44 .80 47 .44 WASH 1.28 2.63 29.36 60|73 7479 83 1.5 1 85,00
49,48 52.00 RAW 1.1% 18.71 25.30 54184 6580 1.67 NO.DATA RAW
489.48 52.00 WASH 1.31 11.73 27.28 59(68 7188 a7 1.0 85,00
57 .51 58.99 RAW 1.08 34.04 24 .77 43|11 5068 4,00 NO.CATA RAW
57 .51 5B.99 WASH 94 12.12 0.7 56[23 TiB7T .29 1.0 61.00
58 .66 60.19 RAW 38 30,30 21.48 47(24 5574 72 -NO L, DATA RAW
59.66 60.189 WASH 1.20 13.53 25.48 59179 7020 .83 1.0 62.00
61.23 61.53 RAW 1.00 27 .19 21.70 50 11 5770 .37 NO.DATA RAW
61.23 61.53 WASH 1.61 22.34 22.54 5351 €184 .40 1.0 72.00
62.43 €3.07 RAW .75 47.19 23.2¢ 288s 3560 .37 NO.DATA RAW
62 .43 63.07 WASH ND.DATA NO.DATA NDAT NDAT NDAT ND _DATA .G .00
65.16 67.37 RAW .85 36.05 24,79 8| 5009 1.44 NO . DATA RAW
65. 16 67.37 WASH 1.71 11.53 30.22 56|54 7228 1.88 2.5 v &0.00
68.414 68.75 RAW .79 34.91 22.08 42121 5036 .51 NO.DATA RAW
68 .41 68.75 WASH 1.38 13.97 25.01 59 64 6370 .72 .o 53.00
70.49 71.25 RAW .80 32.12 23.53 4345 5414 1.06 NO L DATA RAW
70.49 71.2% WASH .11 14.27 28.18 56|44 7016 =lu] 1.0 61.00
81.05 81.48 RAW 1.10 19.70 26.43 5277 6564 1.35 NO . DATA RAW
91.05 81.48 WASH 1.26 10.35 28.83 591356 7349 .12 1.0 73.00
83.17 83.81 RAW 1.1 t8.18 23.76 56|95 6538 .46 NO.DATA RAW
.83.17 83.81 WAsSH 1.83 11.83 25.18 6136 7062 .39 1.0 - 78.0C
95 .32 86.13 RAW .98 19.65 32.92 46145 5924 .39 ND.DATA RAW
95.32 96 .13 WASH 1.314 8.28 29.35 61106 7439 .46 1.5 &1.00
96.98 98.06 RAW .88 23 .41 2501 5070 6069 .44 NO.DATA RAW
96.98 98.06 WASH 1.29 8.29 26.92 6350 7028 .44 2.0 75.00
98.70 88.50 RAW .73 18,46 28.13 52865 5443 .82 NO.DATA RAW
a8.7¢ 99.50 WASH 1.26 8.54 27.40 6280 7129 .86 1.0+ 80.00
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TaeP HASE ANAL RM.ADEB ASH.ADE VDL . ADB CARB.AD CAL_GM SULPHUR . ADE FSI YIELD
G .B4 8.94 RAW jal=) 27.71 24 .26 47 .04 5638 1.12 MO .DATA RAW
.84 2.94 WASH 1,38 g.e8] 28.02 &1.92 7388 75 1.5 *  &4.00
18 .67 22.44 RAW T3 21.34 25,25 52.68 68169 45 NO.DATA RAW
18.67 22.44  WASH 1.43 6.25| 28.37  63.95 7586 49 1.5 71,00
23.15 24 .90 RAW [53=] 8 .87 28.39 62.05 T414 87 NO , DATA RAW
2315 24.50 WASH 1.50 3.66] 29.06  65.78 7829 .60 1.0 87.00
ad. 60 45.10 RAW .59 40.63|  21.31 37.47 4580 1.16 NO.DATA RAW
44 .60 4%, 10 WASH 1.30 17.70Q 2511 55.88 6705 1.0Q5 1.0 42.00
46.32 47.53  RAW 63 16.53| 25.57  57.27 6780 2.13 NO.DATA RAW
46 .32 47 .53 WASH 1.23 Q.32 26.896 62 .48 7400 1.32 1.0 BO. OO
aB. 13 48.50 RAW .61 10,81 26.74  &1.84 7312 .92 NO.DATA RAW
48 .13 48 .50 WASH 1.28 8,29 26 .39 G4 .04 7540 .83 1.0 ¢ Q2 .00
48 .6% 48,97 RAW .BB 34 .69 25.78 38.67 4680 1.84 NO.DATA ) RAW
4B .65 48.897 WASH 1.15 12.93| 27.14  58.78 7037 1.73 1.0 ° 46.00
56.75 57.33 RAW B4 25.47| 30.53  43.16 5501 1.00 NO . DATA RAW

56 .75 57.33 WASH 1.14 9.12 30.70 59.04 7413 .89 2.5 57.C0
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10 Tw-260 .

TOP BASE ANAL RM.ADB ASH.ADE VOL.ADB CARB.AD CAL.GM SULPHUR.ADE FSI YIELD
21.04 21.30 RAW .92 23.86 31.32 43190 5547 .48 ND.DATA RAW
21.04 21,30 WASH t.22 11.85 0.1 56172 7112 .56 4.5 . 2.00
22.65 24.66 RAW 1.23 13.89 26.63 58|25 68499 .37 ND.DATA RAW
22.65 24 .66 WASH t.48 9.06 26.83 6263 7374 .37 1.5 85.00

116.46 116.80 RAW .57 29.78 32.57 37108 5269 3.77 NO.DATA RAW
116. 46 116.80 WASH 1.04 12.07 31.85 55(07 7330 111 7.0° 45 .00
117.02 118.46 RAW .72 23.71 27.39 4818 6170 2.30 NO.DATA RAW
147.02 §19.46 WASH .98 11.25 3C.46 57131 7437 .B3 3.5~  T0.00
it9.90 121.01 RAW .82 23.78 27.08 48|36 6158 .32 NO,DATA RAW
118.90 121.01 WASH .93 11.70 30.40 55{97 7376 .33 6.0 66 .00
125.95 126.68 RAW .74 30.94 25.12 43117 5387 .27 NQO.DATA RAW
125.95 $26.68B WASH .95 17.6C 27.38 54107 6792 .32 3.57 57.00

o~ e
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TOP BASE  ANAL RM. ADB ASH.ADB VOL.ADB CARB.AD CAL.GM SULPHUR.ADB FSI YIELD
74 .09 75.85 RAW .82 35.90  24.55 38.73 4938 .54 NO.DATA _ RAW
74,09 75.85 WASH 98 11,44 29.64 57.94 7300 .64 5.5 50.00
79.80 BO.46 RAW 53 27.71 24,29 34.47 4616 .26 NO.DATA RAW
79.80 80.46 WASH 95 20.75  26.53 51.77 6425 .34 1.5¢ 49.Q0
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TOR BASE ANAL BM. ADB ASH_ADE VDL .ADB CARB.AD CAL.GM SULPHUR,ADB FS1 YI1ELD
40, 31 41 ., 44 RAW 1.15% 29,35 21.46 48,04 5491 48 NO DATA RAW
40.31 41.44 WASH 1.51 B.,97 24 .97 64 .55 74235 &6 1.5 62 .00
59,62 80.35 RAW Q2 21.82 24 .62 53.8B3 6322 4 .10 NO .DATA QAW
99 .62 80.35 WASH 1.03 10.98 25,80 63.149 1327 3.2¢ 2.0 72,00
86 .20 67.26 RAW 16 15,34 26,54 5%.36 6973 2,30 NO.DATA RAW
66,20 67 .26 WASH .08 9,14 27.75 64 .02 Th24 2.00 4.5 45 .00
78 .14 79,04 RAW 81 21.26 24 .34 53.59 6332 .78 “NO . DATA AW
78 .14 79 .04 WASH 1.15 9.6t 24.77 64.47 1387 Z.80 1.5 T75.00
B81.46 82. 6% RAW 83 27 .24 23 .44 44 .49 5724 3,78 NO . ODATA HAW
81.46 82.85 WASH 1.30 10,25 25,32 63.13 7285 .69 2.8 82.00
88 .37 839,01 RAW [219] 25.74 23 .57 4 (212 ] 5825 7.31 NO.DATA RAW
88 .37 89 D1 WASH 1.10 10.69 25.71 €4.50 T276 3.07 2.5 58 .00
94 .68 98.30 RAW 93 17.22 22.52 59,33 6651 1,41 NO.DATA RAW
94 .68 98 .30 WASH 1.83 10.12 23.22 5] 73 7216 1,21% 1.0 B81.00

120,40 120.92 RAW 86 20,26 23.58 5 30 6406 4.62 NO .DATA RAW
120.40 120.92 WASH 1.34 9.08 24 28 69.30 7378 2.68 1.5 75 .00
126.54 128.60 RAW .86 18 .84 24 .02 55,18 5486 .92 NO.DATAh RAW
126 .54 128,60 WASH 1.45 7.25 25,24 65,086 7509 .98 2.0 BO.CO
130,80 136 .57 RAW 1.36 13.40 23.80 61.44 6920 46 NO .DATA RAW
130.80 136.57 WASH 1.82 6.84 24 46 6g.88 1528 41 1.0 BT .00
141. 38 142 .32 RAW .87 9_35 23.80 69,98 7478 1.05 NO . DATA RAW
141,38 142.32 WASH 1.67 7.25 24 .02 T8.08 7575 .80 1.5 " a3 . o0
143.04 143 .74 RAW .73 32.12 20.79 4q, 386 n327 1.41 NO.DATA RAW
143 .04 143.74 WASH 1.34 13.21 22.24 63.21 7008 1.3 1.0 % 53.00
144 .32 144 .68 RAW .61 27.43 25.195 49 .77 5598 1.57 NO ., DATA RAW
144 .32 144 .68 WASH .95 15.92 24 .00 BEg9.13 5825 1.086 2.59° 63 .C0
145,18 145, 49 RAW ' .73 24 .47 23.25 514.55 85902 1.87 NO,DATA RAW
145 .19 145.49 WASH .13 14 .16 21.29 653.32 8958 1.26 1.0°" 66 .00
146 .37 146 .68 RAW .54 44 .08 24 .87 3J.81 2815 1.43 NO.DATA RAW
146 .47 146 .68 WASH 1,41 14 .38 26.08 58.13 6356 2.04 4.5 . 29.00
150.67 182.77 RAW .78 24,60 23.00 51.61 54965 a. 22 NO.DATA RAW
150 .67 152.77 WASH 1.586 11.77 23.5B 63.089 7196 1.48 1.5 « 70,00
154 56 155.81 RAW 1.36 11.286 23.53 63.85 7199 48 NQ . DATA RAW
154 .96 I55.81 WASH 1.76 g .07 23.96 89.21 T370 39 1.5 93 .00




( \) ¢ }
—’ oo
0 TW-268

TOP BASE ANAL RM ., 4DB ASH.A0B VOL.ADB CAREB.AD CAL.GM SULPHUR.ADB FSIL YIELD
102.95 103 .55 Raw a1 i8.81 27.25 $3.33 €683 41 NO_DATA RAW
102 .85 103.55% WASH 1.08 14 .18 27,81 56,98 7057 41 2.0~ B7.Q0
1058 .00 106,10 RAW a7 38 .44 23.24 37.63 4738 1.82 NO.DATA RAW
105,00 106.10 WASH a9 14,29 28.53 56.19 7092 50 3.0 47 .00
106 .44 106.7% RAW 58 22.7 28,24 46 .81 6229 1.26 ND . DATA RAW
106, 44 106.75 WASH 1.07 10,2 32.02 56.70 747% 61 8.5 67.00
107 .58 110,48 RAW 77 33.0 23.%8 42 .58 5328 .36 NO.DATA RAW
107 .58 110.48 WASH 1.29 15 .1 27,61 55,96 6855 43 3.5 61.00
110.72 112.04 RAW 59 42 .6 22.20 34.59 4499 1,39 ND.DATA RAW
110.72 112,04  WASH 1.06 18.5 28.77 51.63 66586 58 5.5 54,00
115,53 115.75 RAW .38 56.01 22 .84 20.67 2699 a0 NOQ .DATA RAW
115.53 115.75 WASH 1.1 14 .8 28.64 55,45 6210 .44 3.5 19.00
117 .96 119,16 RAW .58 49 .1 19.24 30.99 a7as 5.268 NO.DATA RAW
117.96 119.16 WASH .79 14.7 26.73 57.73 TOt2 4.80 1.0 - 40.00
1200.68 121.05 RAW .96 17.8 25.14 56. 10 6758 1.83 MO, DATA RAW
12¢.68 121.05 WASH .94 13.1 25.90 60,06 7192 1.22 1.0° 8B.00Q
137.9¢ 138.38 RAW .82 9.4 24 .43 45.28 5662 3.50Q NO.DATA RAW
137.90C 138.38 WASH .15 15.7 27.18 56.28 6380 2.67 1.0' €4.00
139.43 140,78 RAW .91 13.3 25.94 59.77 7081 1.7 NO.DATA RAW
139,43 140.78  WASH 1.156 9.0 26.9% 62.82 7465 1,12 1.0°  BB8.Q0
141.73 142.09 RAW .87 16.5 25.36 67.21 6758 .71 ND.DATA RAW
141,73 142,09 WASH 1,11 10.8 24.80 63.23 7342 1.16 1.0 7 BY.00
142 .71 143.13 RAW .74 30.2 24 .67 44 .21 5321 1.22 NO.DATA RAW
142.77 143,13 WASH 1.08 13.0 25.44 60 .47 7078 1.10 1.0 ' 80.00
V48 . 40 148 .98 RAW 17 37.6 22.40 39.20 4882 3.08 NO.DATA RAW
148 .40 148.98 WASH 1.04 18.5 25.50 53.96 65889 1.64 1.0n 48 .00
151.20 151.62 RAW .64 17.0 29.42 52.92 6737 2.55 NO.DATA RAW
151,20 151,82 WASH .86 9.4 29.80 59 .88 TAT2 1.74 5.5 «  B0.00
151,84 163,22 RAW 1 20.04 25.51 53.60 5401 .48 ND,DATA RAW
151.84 153.22 WASH 1.43 9.99 26,30 62.32 7486 .52 1.0 % 78.00
156 .12 196.70 RAW .94 20.91 23,33 54 .82 G426 3.42 NO .DATA RAW
156 12 156.70 WASH 1.20 10.84 25.7% 62.24 7275 1.20 1.0 T2.00
266 .40 266.60 RAW .68 45 .44 21.19 31.79 4167 1.72 NO .DATA RAW
266 .40 266 .60 WASH .69 24,72 26.96 47 .63 6247 .81 7.0 29.00
266 .82 267.31 RAW .52 16.94 27.23 55,31 5833 .69 NO.DATA RAW
266.82 267.31 WASH .95 11.11 27.64 G0, 30 73889 .63 3.8 + BR.Q0
267 G4 26B.67 RAW .67 19, 49 27.48 52.36 6657 1.44 NO.DATA RAW
267 .64 268 .67 WASH .90 11,34 29.05 S8 .71 74140 .89 5.% ¢ 77.00
275 .97 277.88 RAW .44 18.73 26.43 54,40 6698 2.33 NO.DATA RAW
275.97 277.88 WASH .88 9.09 28.40 61.63 7592 1.19 5,07 74.00
278 10 279.02 RAW .45 34.60 24.77 40,18 5211 1.086 NO . DATA RAW
278.10 279.02 WASH .16 15. 30 30,38 53.46 7038 1.28 6.0 53.00
279 .88 281.60 RAW .39 27 .45 27.08 45 .07 5683 1.88 ND.DATA RAW
279.88 281.60 WASH LT 1211 28.93 58.2% 7352 1.09 6.0 ¢ 62.00
281 .98 282.20 RAW .33 13.30 28.69 57 .68 7078 .80 NO,DATA RAW
281.98 282.20 WASH .89 6.87 28.06 64,08 7784 .80 5.0 ~ B3.00
283.04 284.11 RAW 1.00 27.37 24 .90 46.73 5715 .38 NO.DATA RAW
283.04 284.11 WASH .98 1. 40 27.73 60.89 7424 .48 5.5 $ 63.00
2B8 .36 289 .46 RAW .92 44, 58] 19.84 34 .68 4176 .26 NQ.DATA RAW
288 .36 289,46 WASH 1.02 18.37 24 .86 55.75 6664 .37 4.5 V 30.00




1D TW-271

10P BASE ANAL RM.ADB ASH_ADE VDL .ADB CARB.AD CAL.GM SULPHUR.ADB FSI YIELD
20.68 21.20 RAW 1.18 40.35 21.24 . 37.22 4321 4.42 NO.DATA RAW
20 .68 2i.20 WASH 82 19.55 27.34 52.29 5485 1.30 4.0 ¢ 33.00
39.86 40.95 RAW 1.03 13.72 26.55 88.70 7027 48 NG .DATA RAW
39.86 40.95 WASH 1.22 9._41 27.82 61.7% T408 37 1.¢ 81,00
46 .02 49,11 RAW 27 12.27 27.83 58.93 7198 48 NO.DATA RAW
46.02 49,11 WASH 1.04 7 .30 29.79 &t.87 7640 .50 a.5 ¢« BQ.OO
53.21 54.24 RAW .18 42.05 21419 35.75 4335 .38 NO.DATA RAW
53 21 54.24 WASH a5 16 . B8, 26.42 55%.7% 6734 48 .07 47.00
217 .52 218.30 RAW 78 22.22 24 .99 52.01 6427 1.73 NO.DOATA RAW
217 .52 21B.30 WASH BS 16.48 26 .86 55.77 6956 74 2.51 76 .00
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1o TW-272 .

TOP BASE ANAL RM. ADB ASH_ADB VOL . ADB CAR
42.84 44 .10 RAW .78 16,32 27.286 55
42 .94 44 .10 WASH 79 8.18 29,86 g1
53.95 56.56 RAW a7 14.69 27.17 87
53.8% 56.56 WASH 1.04 7.89 28.39 62
5g.12 59.64 RAW .20 32.32 23.67 43
59 .12 59.64 WASH .78 3.90 a1.20 G4
83.88 84.18 RAW 6B 32.77 20.66 45
B3.88 84.18 WASH .88 t4.88 24 .83 59
87 .43 87.80 RAW 85 44,57 5.88 48
87 .43 87.90 WASH 64 14,19 .40 78
88.08 88.84 RAW 77 13.3% 25.83 59
BA, 08 8B.84 WASH 1.17 8.52 27 .48 82

B.AD CAL.GM SULPHUR.ADB FSIT YIELD
64 e771 .15 NO.DATA AW
.07 7544 1.47 2.5 B1.00O
.27 6882 .90 NO L. DATA RAW
. 68 7438 76 1.0 BO .00
L 11 5300 .44 NO.DATA RAW
12 7897 .56 2.0 56.00
.83 5273 .38 ~NO . DATA RAW
30 6886 .46 1.5 43.00
.70 1282 .42 NO . DATA RAW
77 G998 .69 o 18 .00
93 7066 1.085 NO .OATA RAW
a3 7463 .79 1.8 A6.00




To: . CROWSHEST RESOQURCES LiID., . File No. 23118 .
.52% =.3rd Avenue S5.W., Date . . _Februvary 24, 1982
algary, Alberta = T2P 2ZM7 Samples . Coal Ash

70,
P.0. # CN 20928

L ATTN: T COLeo

“fir
Qixxi ag,
& ASSAY  Z-
LorING LABORATORIES LTD.

Page § 7
SAMPLE No. | —— 3=~ OXIDIZING ATMOSPHERE —==—-—-——-—=—===-==——===
1.D. (FY) B=W_(F*) B=4w (F°) Fluid (F°)
TAsh Fugsion Analysis™
Clean Coal
T'-81D-112
| 1001 2628 +2650 +2650 +2650
Q”i) 1002 2408 2533 +2650 +2650
1003 +2650 +2650 +2650 +2650
1004 £2650 +2650 +2650 +2650
1005 +2650 +2650 +2650 +2650
1006 +2650 +2650 +2650 +2650
1007 2368 2388 2418 2453
1008 2413 2448 2493 2573
1009 +2650 +2650 +2650 +2650
1010 +2650 +2650 +2630 +2650
1011 +2650 +2650 +2650 +2650
1012 +2650 +2650 +2650 . +2650
1013 +2650 +2650 +2650 +2650
1014 +2650 +2650 +2650 +2650
;J {fiLLEIIU L,ElfIfU THAT THE ABOVE RESULTS ARE THOSE
<—~') ASSAYS MADE BY WE UPON THE HEREIN DESCRIBED SAMPLES .

Rejects Relained ona month.

Pulps Retained one month
unless specific arrangements
made i advance,




To: ... CROWSNEST.. RESOURCES LTD..,

...525 . ~_3rd. Avenue S.W., ... ...
C_)Ca]_gary,_ﬂlbﬂrta.. JTRE.EMY

ATIN: L T.. . Cole. ...

7.

“fic
S TE,

&°

ASSAY “-

File Np, . . 23248-1
Date .. March 23, 1982
Samples  Ceal

P.O. # CN 20928

LORING LABORATORIES LTD.

Page ## 1

SAMPLE No.

GEISELER PLASTICITY TESTS

.“J

k::, START MAXTMUM RANGE
"Clean Coal" pppM  TeMP (°c) oM TEMP (°C) pppM  TEMP (°C)  RANGE
81-1164+1165 . 1 ey 2 448 0 479 52
81-1182-1185 1 430 8 448 0 478 48
81-1168+1169 1 441 1 450 0 478 37

r
[

I

)

3 :'i-ﬁﬂ'fhll (Certifo tHAT THE ABGYE RESULTS ARE THOSE
- 4 - X -
ASSAYS MADE BY ME UPON THE HEREIN OESCRIGED SAMPLES . . ..

rd

Rejects Retained one monlh,

Pulgs Retained one month

unless specific arrangements

made in advance.

P S



To: . CROWSNEST..RESOURCES. LTD..,. File No. . 23118-1

. 525. ~ 3rd _Avenue

C )Ca lgary, Alberta .

ATTN: T. Cole

S W Date . ... March 5, 1982

T2P 2M7 Samples  Coal Ash =

7.
P.0. # CN 20928

L

“f1r;
.x-"‘{ 17,
&Y ASSAY  C.
LORING LABORATORIES LTD.

Page # 1
3 TS WY J 3 e ———
M ‘ .
SAMPLE No 1001 1002 1003 1004 1005
"Anal}rsis- of Ash™
A
5102 67.46 5.3z 50.72 59.722 60.96
1
4 ) 41203 12.49 16.64 26.46 22.68 27.60
| Ti02 1.44 1.57 2.42 2.36 1.58
FeZ03 9.72 f1.16 g.72 5.15 Z2.36
Ca0 2.94 2.52 2.94 1.74 1.99
MgO .82 .86 1.33 .75 .55
Na2(0 .57 .65 .92 .81 .97
K20 .24 .24 .30 W24 42
P205 .02 .72 .59 .53 1.17
S03 2.15 2.15 2.48 1.42 .82
Undetermined -2.15 -2.17 -2.02 ~1.60 -1.58
3 Merehp Certify tar ae asove resuets are THose
e ASSAYS MADE BY WE UPON THE HEREIN DESCRIBED SAMPLES . . . .

Rejects Re'arned one month.

Pulps Retained one month
unless specific arrangements
inade n advance,

) ,

. Sy




To: . CROWSNEST RESOURCES. LTD.,

®<‘.

7 L.

yiirs
sattrag
ASSAY

Fite No. ___

Samples

23118-2

‘March 23, 1982

P.0O. # CN 20928

LOoRING LABORATORIES LTD.

SAMPLE. No. : H;:o g : rﬁ Af;;h :g 0 (dfff)
Comp —-1.60 Flt
"Jltimate Analysis'
“"Air Dried"
TW-81D-112
1001 .90 70.85  4.08 .51 12.14 1.78 1 9.74
fji) 1002 .77 70.04  4.45 .72 9.05 2.44 12.53
e 1003 .98 72.37  4.40 .72 8.29 1.35 11.89
1004 1.04 72.84  4.55 .72 8.02 1.36 11.47
1005 7.09 73.00  4.36 11 6.19 .75 12.50
1006 1.57 73.50  4.31 .70 6.09 .56 13.27
i 1007 1.72 74.50  4.34 .09 5.33 .98 12.04
! 1008 1.45 74.54  4.63 .80 5.24 .70 12.64
1009 1.40 74.66  4.41 .79 5.62 .53 12.59
1010 1.19 72.71  4.23 .58 9.73 1.16 10. 40
1011 1.21 72,36 4.24 .76 10.31 1.07 10.05
1012 .86 65.29  4.25 .55 16.49 1.67 10.89
1013 1.01 71.96  4.57 .77 9.29 .83 11.57
1014 1.17 74.50 4.58 .69 6.19 .64 12.23
* Hydrogen & Oxygen do not include H &0 in sample moisture.
_3] ?ﬁvrchg (Evrtifg THAT THE ABOVE RESULTS ARE THOSE
{_} | ASSAYS MADE BY ME UPON THE HEREIN DESCRISED SAMPLES . . . .

Rejects Retained ane month,

Pulps Retained one month
unless tpecific arrangrments
mafde in advance,

v




