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1.0 INTRODUCTION

This report presents the results of a refraction seismic
survey at Lake Mountain, near Elkford, British Columbia (Figure 1).
The purpose of the survey was to determine depth to bedrock. The
seismic survey was carried out under the direction of Mr. K.A. Komenac

of Fording Coal Limited, purchase order FR07908622.

2.0 LOGISTICS AND DATA ACQUISITION

The field work was undertaken during the period of March 8 to
March 10, 1988. The seismic survey was conducted by a four person crew
from Geo-Physi-Con Co. Ltd. The crew lodged at commercial facilities

in Elkford, British Columbia and travelled daily to the site by truck.

The geophysical survey was carried out on a grid consisting
of three parallel lines. These lines were located approximately 30

metres apart and 650 metres in length.

Explosives and temporary storage magazines were supplied by

Explosives Limited, Calgary, Alberta. Al1 explosives and detonators
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were stored at the site in licenced magazines provided by Fording Coal

Limited.

The seismic data was recorded with a GeoMetrics ES1210F, 12
channel signal enhancement seismograph. Manufacturer's specifications

for this equipment are inciuded in Appendix A.

Figure 2 iilustrates the geophone and shot arrangement
empioyed along two consecutive spreads of 12 geophones each. A
geophone spacing of 10 metres was used. Shots were located 10 metres
and 85 metres past the end geophones of each spread and at the one
third points (interior shots) along each spread. The interior shots
were placed to determine the velocity distribution in the shallow
subsurface. End shots and shots located 85 metres beyond the end
geophones were placed in order to record the arrival time of
compression energy refracted along the competent bedrock surface at as

may geophone stations as possible.

Explosives were detonated at the surface to produce
compression type seismic energy. Generally, 1 to 5 sticks (.2 to .8
kilogram) of Forcite (75%) were used for this purpose. All explosives

were detonated with instantaneous electrical blasting caps. The
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detonating device also controlled the turn-on of the timing function of
the recording seismograph. Geophones sensitive to vertical velocity
and with a natural frequency of 14 hertz were used to detect the onset

and passage of seismic energy.

Figure 3 illustrates typical records obtained for an end and
an offset shot, along line 2. The direct or critically refracted
compression wave arrive first at each geophone location. The first
arrivals of compression type seismic energy are clearly visible on

these records.

Eievations and geophone coordinates were provided by Fording

Coal Limited.

3.0 RESULTS AND INTERPRETATION

The first break times were plotted against source offset
distance to derive travel time graphs for direct and critically
refracted compression wave seismic energy. The graphs were then
analyzed using well established methods to derive the velocity and

thickness of distinctive strata within the subsurface. Notes
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describing the physical principles and methods of interpretation are

included in Appendix B.

The primary factors influencing the accuracy of the

interpreted depth to bedrock are:

i)  the delay time to bedrock, and

ii) the velocity within overlying materials.

The delay time can be predicted with good accuracy due to the
observed large contrast in compression wave velocity between the
bedrock and overlying unconsolidated materiais. The conversion of
delay time into the depth to bedrock depends on the velocity within the
overburden. This velocity is difficult to determine over some of the
survey area due to the relatively shallow depth to bedrock and the

presence of a seasonably frozen surface layer.

The predicted depth to bedrock was compared to the depth
known at two drill holes along line 1. The difference between the
predicted and known depths was used to confirm the interpreted velocity

in overburden materials in this area.
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It is expected that the true bedrock surface and the bedrock
surface predicted from the refraction seismic measurements will agree
within 10%. The relative difference may be higher when the true depth

to bedrock is less than 10 metres.

The travel time graphs over most of the survey area indicate
the presence of an unconscolidated overburden above competent bedrock.
The compression wave velocity in the overburden varies between 600 and
1530 metres per second. This is likely due to variation in the degree
of saturation of these materials. The compression wave velocity in
water is about 1500 metres per second. The compression wave velocity

of the bedrock ranges between 2800 and 3600 metres per second.

Along 1ines 1 and 3 the overburden includes an additional
surface layer exhibiting a compression wave velocity of about 500
metres per second. Along line 3 this material appears to be loose

broken rock from the neighbouring spoil pile.

The depth to bedrock and the Tateral distribution of material
velocities are shown in profile form along lines 1 to 3 in Figures 4 to
6, respectively. Interpreted elevations of bedrock are shown in

contour form in Figure 7.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

Seismic refraction techniques can be used to Tocate the
bedrock surface at this site due to the large contrast in compression
wave velocity observed between bedrock and unconsolidated overburden.
The predicted depths to bedrock agree with the known depth in the one

area where there is drill hole control.

It is recommended that further drill hole control be
established in the study area. At least one drill hole shoutd be
located in an area having larger predicted depths to bedrock. A review
of the analysis of seismic data should be conducted once additional

driil hole information becomes available.
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=te . I e =V, MULTICHANNEL SIGNAL
g Vi G /niimbus ENHANCEMENT SEISMOGRAPH
MODEL ES-1210

Preliminary Data Sheet

*  Signal enhancement for greater sensitivity, improved waveform definition,
and mere 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, 1ightweight 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, signal enhancement and oscillegraph recording in a
~ingle small field instrument. Simple to use yet powerful in performance, this

2w Instrument is ideally suited for all shallow geclogic investigations for
mining, construction and geologic exploration.

£ 1578 geoMels



Signal enhancement is a term used to describe the stacking process used in the
v5-1210. The seismic signals for each hammer blow or shot are digitized and

cored in a computer-like memory in the instrument. Unlike conventional analog
seismographs, the record is not made at the insfant of the hammer impact or
explosion. Instead, it is held indefinitely and printed at the operator's con-
venience. If the impact or explosion is repeated, the seismograph will add the
new signal and the old one, storing the sum back in the wemory. As this process
is repeated, the signal will grow largér and larger, thus enhancing its appear-
ance on the display or oscillograph record. Seismic noise in the earth, which
provides the most significant limitation in depth penetration, 4is random and does
not add im the signal enhancement process at the same rate that the true signal
does. As a result, surveys can be performed to about three times the depth that
could be realized without enhancement using an equivalent energy source.

Signal enhancement is also a significant improvement in making shear wave velocity
measurements. These types of surveys are important because of the dynamic para-
meters of foundations can be calculated from shear wave velocities, liquid satu-
ration can be discriminated from other conditions with eguivalent P-wave velocities,
and shear strength can be estimated. The most reliable shear wave studies are

made with mechanical sources, which means that signal enhancement is often a
requirement. |

Signal enhancement provides other, less obvious advantages, even when using
explosive sources. Since the playback gain of the signal stored in memory is
adjustable, there is less guess work involved in getting good records. Multiple
coples can be made without reshoccting the blast. Since the frequency response
5 not limited by galvanometers and paper speed, a higher time rescolution is
available, an important factor when working in high-velocity materials.

The signal stored in the memory is displayed on the built-in CRT monitor, and the
display will have the same appearance as the paper record. A paper record can be
made as often as necessary, at will, without disturbing the data stored in memory.
The trace size control can be changed to optimize the record for am application.
The gain may be set high for sharp breaks on the P-wave arrivals, and a hard copy
made. Then the gain can be turned down for better shear waves or reflectigns and
another copy made.

Both the CRT and oscillograph record in conventional wiggle trace and variable
area. A wiggle trace record, like that of a conventional seismograph, would be
selected for refraction and shear wave studies. Variable area recording {often
seen on examples of petroleum reflection records) is best for reflection because
that presentation emphasizes coherent events and resembles geologic structure.

The CRT display is especially important in three other situations. When working
in areas with significant background noise, the display gives an instant obsexr-—
vation of the signal gquality so that it is immediately known whether to repeat
impacts, freeze specific channels, or erase and start over. The other use 1is in
shallow reflections. The instant examination of all the channels simultaneously
is important in recognizing these events in the record. The third use of the
CRT display is in gain selection. With the NOISE MONITOR switch depressed real
time signals are shown ch the CRT and the gain setting for each channel can be
hosen appropriately.
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CONTROLS AND FEATURES

Amplifier {input)} GAIN is controlled by a 12-position switch, selectable from
.relative gain of 1 to 5000 in steps of 1-2-5-10 etc. Each amplifier has a 10
bit by 1024 sample menory which stores the ‘digitized signal. Playback gain is
controlled over a 20 to 1 range by the TRACE SIZE control. Pulling up the trace
size control freezes the memory on that particular channel so that it will not-
further enhance or erase, thus saving the data while allowing operation on the
other channels. Playback or display are not affected by memory freeze.

Enhancement control electronics include the RECORD LENGIE control, which selects
total time of the record among 50, 100, 200, 500, 1000 or 2000 milliseconds. The
record DELAY postpones the start of the record up to 9.99% seconds in one milli-
seconds increments, allowing you to look later in time, delete unnecessary leading
portions of the signal, and maintain faster sampling rates for later events. CLEAR
MEMORY controls erases the data stored in the memory. An interlock is provided {both
AD and CLEAR must be used) to prevent accidental erasure of wvalid data. TEST
provides a start command to take a record in lieu of hammer switch or blaster.



The CRT display is five inches {13 cm) diagonal measurement. It displays all 12
channels simulraneously or switch selected combinations of six channels as desired,.
It has a special light filter to allow direct viewing in sunlight without special
“0ods. The bezel will fit standard oscilloscope cameras so that photographs may
be made of the display if desired. Timing lines may be superimposed on the CRT

at will by pulling up on the BRIGHTNESS contrcl. The timing line intervals vary,
depending. on. the record length, so that appropriate resolution and clarity is
maintained.

A digital voltmeter is provided to measure the battery volitage, internal power
voltages, and individual geophone resistances. The NOISE MONITOR, when selected,
couples the amplified geophone signals to the CRT display. This allows monitoring
the instantaneous background noise so that records may be made during quiet periods.

The data stored in the memory may be accessed externally. An optiohal digital
tape recorder, the G-~7248, is availdble to provide computer compatible storage

of the data. The G~7245 will store 10 full records {120 channels) in a reduced
resolution, 8-bit format, or you can store 5 records (60 channels) in the full
10-bit format. The G-724S serves as its own playback device, outputting the data
in an RS-232 format which is directly interfaceable to most computers including
desk top models.

G-7245 Digital Recorder




Nimbus ES-1210

SPECIFICATIONS

Basic refraction and reflection system includes:

12-channel exploration seismo-

~raph, 12-volt battery pack, 110/220 volt charger, power cord, hammer switch, and

-nstruction manual.

Signal Enhancement:

Memory Size:
Sample Interval:

Record Length:

CET Display:
Oscillograph:
Noisé Monitor:
fiming:

Precision Delay:
Digital Meter:
Digital Output:
Record Ipitiation:
Standard Size{WeightE
(seismograph)

Power Requirements:

Seismograph Case:

g _'30 M EtriCS.mc. 395 JAVA CRIVE

n A RASCHAT OF

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

10 bits by 1024 words on each channel.

switch selectable 50, 106, 200, 500, 1000,. or 2000 microsecont

switch selectable 50, 100, 200, 300, 1000, or 2000 millisecon:
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. Recerd will not fade in light,
and reproduces on copying machines.

ambient vibrations displayed on CRT allowing timing of energy
. source during quiescent periods and the optimization of gain
adjustments.

crystal controlled, .0l1% 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 channe
power supply voltages.,

a panel connector to allow digital recording of signal storec
in memory on optional digital recorder Model G-724S.

by contact closure, saturated NPN transistox, or negative
5-volt pulse.

14 X 15 X 15 inches (36 X 38 X 40 cm) 144 closed
38 pounds (17 kg)

12 volts, 3.5 amperes

Heavy duty a2luminum with lid and wéter tight seal.

geOMEetriCsS aswesion caescess GECMETTICS soarncosr

FUNNYVALE, CA SA0B6USA | ™ gERVICES (CANADATD. SOWHSYIEW (IGRONTO). INTERKATIONAL CORP, MILSON'S POINT

TEL: (408} 23<-4 516 . SYDNEY NSW 20t
CABLE: "GECOMETRICS” TEL: (436} BE1- 1966 AUSTRALIA
TELEX MO 357-43% TELEM NO: 05-22694 TEL: $29-9942

TELEX HO. 780-2.

WORLD-WIDE AGENTS:

' EUROPE ¢ SCANDINAVIA ® UNITED KINGDOM

® JAPAN o SO. AFRICA e SO. AMERI
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APPENDIX B

REFRACTION SEISMIC PROFILING

The refraction seismic method makes use of the contrast in
seismic velocity between materials above and below a seismic boundary.
The lower material is required to have a greater seismic velocity than
the upper material. Figure Bl is a schematic of the paths along which
seismic energy may be propagated between an energy source and receiving
geophone for a two layer section. It is evident from the figure that
only the critically refracted wave path carries information about both

the thickness of overiying material and the refractor velocity.

The method of data processing for refraction seismic requires
that the times of the wave arrival be measured at a number of geophones
for locations of the source offset from both sides of the geophones,
For any particular geophone recording arriving energy that travels a
refracted path from sources offset from each side of the geophone, the
difference in the arrival times is related to the thickness of material

above the refracting surface. This method is often referred to as the
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plus-minus or delay time method. Its use for a simple two layer

structure is shown in Figure B2 and is described briefly below.

The first arrival times are plotted as a function of distance
(Figure B2a}. The difference in arrival times at each geophone from
shots offset to either side of the geophone are also plotted as a
function of distance (b). On this plot, the difference in arrival
times for geophones recording refractions from each direction fall on a
straight line. The slope of this line is 2/Vy, where Vo is the
compressional velocity characteristic for the lower material. It is
assumed that the velocity determined along the surface of the refractor
is identical to the velocity within the refractor, i.e. the materials
are isotropic. For each geophone that recorded arrivais refracted from
the lower material, the delay time (defined and plotted in Figure B2d}
is computed. The depth to the lower material is related to the delay

time by the function shown in Figure B2c.

Critical to the accurate determination of depth to refractors
are the delay time, the values of overburden velocity, and the travel
time between the source locations (reciprocal travel time). These

parameters are derived from the time distance plot (Figure B2a).



GEO/DH/’SI'CQV

Control of overburden velocity is maintained through record-
ing of two interior shots along each seismic spread. There are then at
least four estimates of surface material velocity for each such spread.
With the shot arrangement used, each seismic spread is composed of six
sub-spreads. When refractors occur at shallow depths, it is possible
to determine at least three delay times to the refractor at each

geophone location using data from the different shot locations.
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INTRODUCTION

Petrographic analyses were performed on four coal samples which arrived at
the Coal Laboratory on September 16, 1988. Vitrinite reflectance analyses have

been previously reported for these samples. The samples were described as
follows:

Fording Coal Limited,

PG-88-084
PG-88-085
PG-88-086
PG-88-087

SAMPLE PREPARATION

The coal samples were coned and quantered and reduced to provide sufficient
material for one pellet. This coal was then mixed with a thermoplastic and
pelletized under slight pressure. The pellets were subsequently ground and
polished on Beuhler equipment.

The polished samples were then immersed in a bath containing a solution of
organic dye and potassium hydroxide. Using this technique, oxidized coal
becomes stained an olive-green, whereas unoxidized coal remains unstained.

PETROGRAPHIC EXAMINATION

The polished samples were examined under an oil-immersion lens using a
Leitz Orthoplan MPV Compact microscope-photometer. The control panel of the
microscope and a Swift Automatic Point Counter are interfaced to a
Hewlett-Packard 85 microcomputer, which captures the data. These data are
then passed to a Hewlett-Packard 9816 microcomputer, an Apple LaserWriter
printer and a Hewlett-Packard 7475A plotter for processing, printing and
draughting of results.

David E. Pearson & Associates Ltd.



The reflectance of one hundred individual vitrinite ‘A’ grains was measured in
the rank analysis. Standardization of photometer-readaut was performed
before and after the analysis, if necessary. Maximum reflectance values were
retained by the computer.

One thousand grains were counted during the maceral analysis, at a traverse
interval of 0.5mm.

In this report, the following approach was used to identify reactive semifusinite.

Final results of some recent research done in this laboratory
on coking coals from Quintette Mine, Line Creek Mine and
Fording River Mine, suggest that semifusinites should be
regarded as reactive if their random reflectance is less than
the mean random reflectance of the associated vitrinite ‘A,
plus 0.22.

The actual threshold is determined by the following
relationship:-

Threshold reflectance (%) = 1.000 Romax + 0.2206

By using this threshold value, predicted levels of Inertinite
macerals are closest to those considered to have been
present in the above-described coking coals when they
were carbonized at CANMET's Laboratory in Ottawa. And
by using such a threshold value among similar coals,
confidence in predicted rheological and coking parameters
should be improved.

The reflectance of each semifusinite maceral encountered during the maceral
analysis was measured, and depending upon the result, was assigned to either
the inert or reactive category. In the Appendix, this method of assigning reactive
semifusinite is described as that of Pearson.

At the end of one thousand readings, the mean, standard deviation, variance
and a correction for the mineral-matter content were electronically computed
and printed.

During the maceral analysis, the random reflectance of each maceral was also
determined, in polarized light, and these 1000 values were used to construct

the reflectogram.

David E. Pearson & Associates Lid.
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The Coke-Strength Rose shows the effect of different levels of inerts on coals of
a specific vitrinite reflectance. The diagram shows the predicted coke strength
for the determined level of inerts for the sample in question, and also the effects
on the predicted coke strength of +10% of the total inerts.” -

AUTOMATED REFLECTANCE ANALYSIS

After four years of in-house research, we have recently commissioned our Zeiss
microscope photometer system, which is computer-controlled for automated
petrographic analysis. In addition to our normal services, this system was also
used to determine Total Inerts and vitrinite reflectance on these samples.
Automated petrographic analysis using this equipment involves the
determination of the average of five reflectance values taken at about 44000
contiguous locations, or about 210000 reflectance values spaced along a 22
centimetre line on a 2.5 cm diameter pellet.

During the analysis, all focussing and traversing of the sample is under
computer control. The unfiltered data are then subjected to one-dimensional,
digital image-analysis, which removes readings taken on the thermoplastic
binder material, and also the erroneous reflectance readings measured at grain
boundaries, and on scratched surfaces. The filtered data are then interpreted in
the same manner as the manually prepared reflectograms, on the basis of a
reflectance cut-off, the location of which is related to the location of the vitrinite
peak. (Fine tuning of the filtering conditions is presently being evaluated). The
resulting Digital Scanogram is highly-reproducible, and provides a "fingerprint”
of the coal.

RESULTS

The results of all analyses are contained as Appendices, and are shown in the
Summary of Petrographic Analysis.

For these samples the reported results are:-

* Reflectance values

* Reflectance statistics

* Vitrinite-type histogram

* 1000 Maceral counts

* Maceral statistics

* Macera!-distribution diagram
* 1000 - point reflectogram

David E. Pearson & Associates Lid.
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Predicted Strength & Balance Index
Predicted D.I. 30/15

Predicted coke strength

Predicted free swelling index
Percentage oxidized coal
Coke-Strength Rose

Filtered digital scanogram

David E. Pearson & Associates Ltd.































































































