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1.0 INTRODUCTION 

This repor t  presents the resu l ts  o f  a re f rac t ion  seismic 

survey a t  Lake Mountain, near Elkford, B r i t i s h  Columbia (Figure 1).  

The purpose o f  the survey was t o  determine depth t o  bedrock. The 

seismic survey was ca r r i ed  out  under the d i rec t ion  o f  Mr. K.A. Komenac 

o f  Fording Coal Limited, purchase order FR07908622. 

2.0 LOGISTICS AND DATA ACQUISITION 

The f i e l d  work was undertaken during the period o f  March 8 t o  

March 10, 1988. The seismic survey was conducted by a four person crew 

from Geo-Physi-Con Co. Ltd. The crew lodged a t  comnercial f a c i l i t i e s  

i n  Elkford, B r i t i s h  Columbia and t rave l l ed  da i l y  t o  the s i t e  by truck. 

The geophysical survey was car r ied  out  on a g r i d  cons is t ing 

o f  three pa ra l l e l  l ines.  These l i n e s  were located approximately 30 

metres apart and 650 metres i n  length. 

Explosives and temporary storage magazines were supplied by 

Explosives Limited, Calgary, A1 berta. A1 1 explosives and detonators 



were stored a t  the s i t e  i n  l icenced magazines provided by Fording Coal 

Limited. 

The seismic data was recorded w i th  a GeoMetrics ES1210F, 12 

channel signal enhancement seismograph. Manufacturer's spec i f icat ions 

f o r  t h i s  equipment are included i n  Appendix A. 

Figure 2 i l l u s t r a t e s  the geophone and shot arrangement 

employed along two consecutive spreads o f  12 geophones each. A 

geophone spacing o f  10 metres was used. Shots were located 10 metres 

and 85 metres past the end geophones o f  each spread and a t  the one 

t h i r d  po in ts  ( i n t e r i o r  shots) along each spread. The i n t e r i o r  shots 

were placed t o  determine the ve loc i t y  d i s t r i bu t i on  i n  the sha l l  ow 

subsurface. End shots and shots located 85 metres beyond the end 

geophones were placed i n  order t o  record the a r r i v a l  time o f  

compression energy re f racted along the competent bedrock surface a t  as 

may geophone s ta t ions as possible. 

Explosives were detonated a t  the surface t o  produce 

compression type seismic energy. Generally, 1 t o  5 s t i cks  (.2 t o  .8 

kilogram) o f  Forc i te  (75%) were used f o r  t h i s  purpose. A l l  explosives 

were detonated w i th  instantaneous e lec t r i ca l  b las t ing  caps. The 



detonating device a lso controlled the turn-on of the timing function of 

the recording seismograph. Geophones sensi t ive  to  vertical  velocity 

and w i t h  a natural frequency of 14 hertz were used t o  detect  the onset 

and passage of seismic energy. 

Figure 3 i l l u s t r a t e s  typical records obtained for  an end and 

an o f f se t  shot, along l i n e  2. The d i rec t  or c r i t i c a l l y  refracted 

compression wave a r r ive  f i r s t  a t  each geophone location. The f i r s t  

a r r iva l s  of compression type seismic energy are  c lear ly  v i s ib le  on 

these records. 

Elevations and geophone coordinates were provided by Fording 

Coal Limited. 

3.0 RESULTS AND INTERPRETATION 

The f i r s t  break times were plotted against source o f f se t  

distance to derive travel time graphs f o r  d i rec t  and c r i t i c a l l y  

refracted compression wave seismic energy. The graphs were then 

analyzed using well established methods t o  derive the velocity and 

thickness of d i s t inc t ive  s t r a t a  w i t h i n  the subsurface. Notes 



describing the physical p r inc ip les  and methods o f  in te rp re ta t ion  are 

included i n  Appendix B. 

The primary factors  in f luenc ing the accuracy o f  the 

in terpreted depth t o  bedrock are: 

i )  the delay time t o  bedrock, and 

ii ) the ve loc i t y  w i t h i n  over ly ing materials. 

The delay time can be predicted w i th  good accuracy due t o  the 

observed large contrast  i n  compression wave ve loc i t y  between the 

bedrock and over ly ing unconsolidated materials. The conversion o f  

delay time i n t o  the depth t o  bedrock depends on the ve loc i t y  w i t h i n  the 

overburden. This ve loc i t y  i s  d i f f i c u l t  t o  determine over some o f  the 

survey area due t o  the r e l a t i v e l y  shallow depth t o  bedrock and the 

presence o f  a seasonably frozen surface layer. 

The predicted depth t o  bedrock was compared t o  the depth 

known a t  two d r i l l  holes along l i n e  1. The di f ference between the 

predicted and known depths was used t o  confirm the in terpreted ve loc i t y  

i n  overburden materials i n  t h i s  area. 



It i s  expected t h a t  the t rue bedrock surface and the bedrock 

surface predicted from the re f rac t i on  seismic measurements w i l l  agree 

w i th in  10%. The r e l a t i v e  di f ference may be higher when the t rue  depth 

t o  bedrock i s  less than 10 metres. 

The t rave l  time graphs over most o f  the survey area ind ica te  

the presence o f  an unconsolidated overburden above competent bedrock. 

The compression wave ve loc i t y  i n  the overburden var ies between 600 and 

1530 metres per second. This i s  l i k e l y  due t o  var ia t ion  i n  the degree 

o f  saturat ion o f  these materials. The compression wave ve loc i t y  i n  

water i s  about 1500 metres per second. The compression wave ve loc i t y  

o f  the bedrock ranges between 2800 and 3600 metres per second. 

Along 1 ines 1 and 3 the overburden includes an addi t ional  

surface layer  exh ib i t ing  a compression wave ve loc i ty  o f  about 500 

metres per second. Along l i n e  3 t h i s  material appears t o  be loose 

broken rock from the neighbouring spoi l  p i le .  

The depth t o  bedrock and the l a t e r a l  d i s t r i b u t i o n  o f  mater ia l  

ve loc i t ies  are shown i n  p r o f i l e  form along l i n e s  1 t o  3 i n  Figures 4 t o  

6, respectively. In terpreted elevations o f  bedrock are shown i n  

contour form i n  Figure 7. 



4.0 CONCLUSIONS AND RECOMMENDATIONS 

Seismic re f rac t ion  techniques can be used t o  locate the 

bedrock surface a t  t h i s  s i t e  due t o  the large contrast  i n  compression 

wave ve loc i t y  observed between bedrock and unconsolidated overburden. 

The predicted depths t o  bedrock agree w i th  the known depth i n  the one 

area where there i s  d r i l l  hole control .  

It i s  recomnended t h a t  fu r ther  d r i l l  hole control  be 

establ ished i n  the study area. A t  l e a s t  one d r i l l  hole should be 

located i n  an area having la rger  predicted depths t o  bedrock. A review 

o f  the analysis o f  seismic data should be conducted once addi t ional  

d r i l l  hole information becomes available. 

T. Sar tore l l  i 

Cal gary, A1 berta 
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h1ULTI CHANNEL SIGNAL 
ENHANCEMENT SEISMOGRAPH 

MODEL ES-1210 

Prel iminary Data Sheet 

* Signal enhancement f o r  g r e a t e r  s e n s i t i v i t y ,  improved waveform d e f i n i t i o n ,  
and more accura te  time measurements. Operates under high no ise  cond i t i ons  
and surveys t o  g r e a t e r  depths  without  explosives.  

* l h l t i c h a n n e l  osciZZograph provides permanent records on high-contras t ,  
s u n l i g h t  proof,  reproduc ib le  paper w i t h  wiggle t r a c e  o r  v a r i a b l e  a r e a  
format. 

* Dayl igh t -v i s ib le  CRT monitor d i s p l a y s  t h e  s i g n a l  s t o r ed  i n  memory. 

* Compact, l igh tweight  and por tab le .  Ruggedly packaged i n  weatherproof case .  

* .Optional d i g i t a l  magnetic t ape  recorder  f o r  computer compatible d a t a  s to r age .  

The Nimbus ES-1210 Multichannel S igna l  Enhancement Seismograph i s  unique i n  i t s  
combination of CRT d i sp l ay ,  s i g n a l  enhancement and osc i l lograph  record ing  i n  a 
q i n g l e  smal l  f i e l d  ins t rument .  Simple t o  use  y e t  powerful i n  performance, t h i s  

zw instrument i s  i d e a l l y  s u i t e d  f o r  a l l  shallow geologic i n v e s t i g a t i o n s  f o r  
mining, cons t ruc t ion  and geologic  explora t ion .  



S i g n a l  enhancement i s  a term u s e d  t o  d e s c r i b e  t h e  s t a c k i n g  p r o c e s s  u s e d  i n  t h e  
"S-1210. The s e i s m i c  s i g n a l s  f o r  e a c h  hammer blow o r  s h o t  a r e  d i g i t i z e d  and 

cored i n  a  c o m p u t e r - l i k e  memory i n  t h e  i n s t r u m e n t .  Unl ike  c o n v e n t i o n a l  a n a l o g  
s e i s m o g r a p h s ,  t h e  r e c o r d  i s  n o t  made a t  t h e  i n s t a n t  of t h e  hammer i m p a c t  o r  
e x p l o s i o n .  I n s t e a d ,  i t  i s  h e l d  i n d e f i n i t e l y  and p r i n t e d  a t  t h e  o p e r a t o r ' s  con- 
v e n i e n c e .  I f  t h e  impac t  o r  e x p l o s i o n  i s  r e p e a t e d ,  t h e  se i smograph  w i l l  add  t h e  
new s i g n a l  and t h e  o l d  one ,  s t o r i n g  t h e  sum back  i n  t h e  memory. A s  t h i s  p r o c e s s  
i s  r e p e a t e d ,  t h e  s i g n a l  w i l l  grow l a r g e r  and l a r g e r ,  t h u s  e n h a n c i n g  i t s  a p p e a r -  
a n c e  on t h e  d i s p l a y  o r  o s c i l l o g r a p h  r e c o r d .  Se i smic  n o i s e  i n  t h e  e a r t h ,  ~ v h i c h  
p r o v i d e s  t h e  most s i g n i f i c a n t  l i m i t a t i o n  i n  d e p t h  p e n e t r a t i o n ,  i s  r a n d o n  and  d o e s  
n o t  add i n  t h e  s i g n a l  enhancement  p r o c e s s  a t  t h e  same r a t e  t h a t  t h e  t r u e  s i g n a l  
d o e s .  A s  a  r e s u l t ,  s u r v e y s  c a n  b e  pe r fo rmed  t o  abou t  t h r e e  t i m e s  t h e  d e p t h  t h a t  
c o u l d  b e  r e a l i z e d  w i t h o u t  enhancement  u s i n g  a n  e q u i v a l e n t  e n e r g y  s o u r c e .  

S i g n a l  enhancement i s  a l s o  a s i g n i f i c a n t  improvement i n  making s h e a r  wave v e l o c i t y  
measurements .  These  t y p e s  o f  s u r v e y s  a r e  i m p o r t a n t  because  of t h e  dynamic p a r a -  
m e t e r s  o f  f o u n d a t i o n s  can  b e  c a l c u l a t e d  f.rom s h e a r  wave v e l o c i t i e s ,  l i q u i d  s a t u -  
r a t i o n  c a n  b e  d i s c r i m i n a t e d  f rom o t h e r  c o n d i t i o n s  w i t h  e q u i v a l e n t  P-wave v e l o c i t i e s ,  
and  s h e a r  s t r e n g t h  c a n  b e  e s t i m a t e d .  The most  r e l i a b l e  s h e a r  wave s t u d i e s  a r e  
made w i t h  m e c h a n i c a l  s o u r c e s ,  which  means t h a t  s i g n a l  enhancement i s  o f t e n  a  
r e q u i r e m e n t .  

S i g n a l  enhancement p r o v i d e s  o t h e r ,  l e s s  o b v i o u s  a d v a n t a g e s ,  even  when u s i n g  
e x p l o s i v e  s o u r c e s .  S i n c e  t h e  p l a y b a c k  g a i n  o f  t h e  s i g n a l  s t o r e d  i n  memory i s  
a d j u s t a b l e ,  t h e r e  i s  l e s s  g u e s s  work i n v o l v e d  i n  g e t t i n g  good r e c o r d s .  M u l t i p l e  
c o p i e s  c a n  b e  made w i t h o u t  r e s h o o t i n g  t h e  b l a s t .  S i n c e  t h e  f r e q u e n c y  r e s p o n s e  
; n o t  l i m i t e d  by g a l v a n o m e t e r s  and  p a p e r  s p e e d ,  a  h i g h e r  t i m e  r e s o l u t i o n  i s  

a v a i l a b l e ,  a n  i m p o r t a n t  f a c t o r  when work ing  i n  h i g h - v e l o c i t y  m a t e r i a l s .  

The s i g n a l  s t o r e d  i n  t h e  memory i s  d i s p l a y e d  on t h e  b u i l t - i n  CRT m o n i t o r ,  and t h e  
d i s p l a y  w i l l  have  t h e  same a p p e a r a n c e  as . the  p a p e r  r e c o r d .  A  p a p e r  r e c o r d  c a n  b e  
made a s  o f t e n  a s  n e c e s s a r y ,  a t  w i l l ,  w i t h o u t  d i s t u r b i n g  t h e  d a t a  s t o r e d  i n  memory. 
The t r a c e  s i z e  c o n t r o l  c a n  b e  changed  t o  o p t i m i z e  t h e  r e c o r d  f o r  a n  a p p l i c a t i o n .  
The g a i n  may b e  se t  h i g h  f o r  s h a r p  b r e a k s  on  t h e  P-wave a r r i v a l s ,  and a h a r d  copy, 
made. Then t h e  g a i n  c a n  b e  t u r n e d  down f o r  b e t t e r  s h e a r  waves o r  r e f l e c t i q n s  and 
ano ' ther  copy made. 

Both t h e  CRT and o s c i l l o g r a p h  r e c o r d  i n  conventional w i g g l e  t r a c e  and v a r i a b l e  
a r e a .  A w i g g l e  t r a c e  r e c o r d ,  l i k e  t h a t  o f  a c o n v e n t i o n a l  s e i s m o g r a p h ,  would b e  
s e l e c t e d  f o r  r e f r a c t i o n  and  s h e a r  wave s t u d i e s .  V a r i a b l e  a r e a  r e c o r d i n g  ( o f t e n  
s e e n  on  examples  o f  p e t r o l e u m  r e f l e c t i o n  r e c o r d s )  is  b e s t  f o r  r e f l e c t i o n  b e c a u s e  
t h a t  p r e s e n t a t i o n  emphas izes  c o h e r e n t - e v e n t s  and resembles  g e o l o g i c  s t r u c t u r e .  

The CRT d i s p l a y  i s  e s p e c i a l l y  i m p o r t a n t  i n  t h r e e  p t h e r  s i t u a t i o n s .  hihen w o r k i n g  
i n  areas w i t h  s i g n i f i c a n t  background  n o i s e ,  t h e  d i s p l a y  g i v e s  a n  i n s t a n t  o b s e r -  
v a t i o n  o f  t h e  s i g n a l  q u a l i t y  s o  t h a t  i t  i s  immediate ly  known w h e t h e r  t o  r e p e a t  
i m p a c t s ,  f r e e z e  s p e c i f i c  c h a n n e l s ,  o r  e r a s e  and s t a r t  o v e r .  The o t h e r  u s e  i s  i n  
s h a l l o w  r e f l e c t i o n s .  The i n s t a n t  e x a m i n a t i o n  of a l l  t h e  c h a n n e l s  s i m u l t a n e o u s l y  
i s  i m p o r t a n t  i n  r e c o g n i z i n g  t h e s e  e v e n t s  i n  t h e  r e c o r d .  The t h i r d  u s e  o f  t h e  
CRT d i s p l a y  i s  i n  g a i n  s e l e c t i o n .  With  t h e  NOISE MONITOR s w i t c h  d e p r e s s e d  r e a l  
t i m e  s i g n a l s  a r e  shown on t h e  CRT and  t h e  g a i n  s e t t i n g  f o r  e a c h  c h a n n e l  c a n  b e  

hosen  a p p r o p r i a t e l y .  



CONTROLS AhD FEATURES 

- Ampl i f ie r  ( i n p u t )  G A I N  i s  c o n t r o l l e d  by a  12 -pos i t i on  s w i t c h ,  s e l e c t a b l e  from 
. r e l a t i v e  g a i n  of 1 t o  5000 i n  s t e p s  of 1-2-5-10 e t c .  Each a m p l i f i e r  h a s  a  1 0  
b i t  by 1024 sample memory which s t o r e s  t h e ' d i g i t i z e d  s i g n a l .  P l ayback  g a i n  i s  
c o n t r o l l e d  over  a  20 t o  1 range  by t h e  TRACE SIZE c o n t r o l .  P u l l i n g  up t h e  t r a c e  
s i z e  c o n t r o l  f r e e z e s  t h e  memory on t h a t  p a r t i c u l a r  channel  s o  t h a t  i t  w i l l  n o t .  
f u r t h e r  enhance o r  e r a s e ,  t hus  s a v i n g  t h e  d a t a  wh i l e  a l l o w i n g  o p e r a t i o n  on t h e  
o t h e r  channels .  Playback o r  d i s p l a y  a r e  no t  a f f e c t e d  by memory f r e e z e .  

Enhancement c o n t r o l  e l e c t r o n i c s  i n c l u d e  t h e  RECORD LENGTH c o n t r o l ,  which s e l e c t s  
t o t a l  t ime of  t h e  record  among 50,  100 ,  200, 500, 2000 o r  2000 m i l l i s e c o n d s .  The 
r eco rd  DELAY postpones the  s t a r . t  o f  t h e  r eco rd  up t o  9 .999 seconds  i n  one m i l l i -  
seconds increments ,  a l lowing  you t o  l ook  l a t e r  i n  t ime,  d e l e t e  unnecessa ry  l e a d i n g  
p o r t i o n s  of  t h e  s i g n a l ,  and m a i n t a i n  f a s t e r  sampling r a t e s  f o r  l a t e r  even t s .  CLEAR 
-MORY c o n t r o l s  e r a s e s  t he  d a t a  s t o r e d  i n  t h e  memory. An i n t e r l o c k  i s  provided (bo th  

AD and CLEAR m u s t  be  used) t o  p r e v e n t  a c c i d e n t a l  e r a s u r e  of v a l i d  d a t a .  TEST 
p rov ides  a  s t a r t  cormand t o  t ake  a  r e c o r d  i n  l i e u  of hammer s w i t c h  o r  b l a s t e r .  



The CRT d i s p l a y  i s  f i v e  inches  (13 cm) d i agona l  measurement. I t  d i s p l a y s  a l l  1 2  
channe l s  s imul taneous ly  o r  swi t ch  s e l e c t e d  combinations of s i x  channe l s  as d e s i r e d .  
It h a s  a  s p e c i a l  l i g h t  f i l t e r  t o  a l l ow d i r e c t  viewing i n  s u n l i g h t  w i t h o u t  s p e c i a l  
hoods. The b e z e l  w i l l  f i t  s t a n d a r d  o s c i l l o s c o p e  cameras so  t h a t  photographs  may 
be  made of t h e  d i s p l a y  i f  d e s i r e d .  Timing l i n e s  may be  superimposed on  t h e  CRT 
a t  w i l l  by p u l l i n g  up on t h e  BRIGHTNESS c o n t r o l .  The t i m i n g  l i n e  i n t e r v a l s  v a r y ,  
depending on t h e  r eco rd  l e n g t h ,  s o  t h a t  a p p r o p r i a t e - r e s o l u t i o n  and c l a r i t y  i s  
main ta ined .  

A d i g i t a l  v o l t m e t e r  is  provided t o  measure th'e b a t t e r y  v o l t a g e ,  i n t e r n a l  power 
v o l t a g e s ,  and i n d i v i d u a l  geophone r e s i s t a n c e s  . The NOISE MONITOR, when s e l e c t e d ,  
c o u p l e s  t h e  a m p l i f i e d  geophope s i g n a l s  t o  t h e  CRT d i s p l a y .  ~ h i i  a l l o w s  m o n i t o r i n g  
t h e  i n s t a n t a n e o u s  background n o i s e  s o  t h a t  r eco rds  may b e  made d u r i n g  q u i e t  p e r i o d s .  

The d a t a  s t o r e d  i n  t h e  memory may be  accessed  e x t e r n a l l y .  An o p t i o n a l  d i g i t a l  
t a p e  r e c o r d e r ,  t h e  G-724S, is  a v a i l a b l e  t o  provide  computer compa t ib l e  s t o r a g e  
of t h e  d a t a .  The G-7245 w i l l  s ' t o r e  10 f u l l  r eco rds  (120 channe l s )  i n  a reduced  
r e s o l u t i o n ,  8 - b i t  format ,  o r  you can s t o r e  5 r eco rds  (60 channe l s )  i n  t h e  f u l l  
1 0 - b i t  format .  The G-724s s e r v e s  a s  i t s  own playback d e v i c e ,  o u t p u t t i n g  t h e  d a t a  
i n  a n  RS-232 format  w h i c h ' i s  d i r e c t l y  i n t e r f a c e a b l e  t o  most computers i n c l u d i n g  
d e s k  top  models. 



Nimbus ES-1210 

. SPECIFICATIONS 

Basic r e f r a c t i o n  and r e f l e c t i o n  system includes:  12-channel exp lora t ion  seismo- 
qraph, 12-volt b a t t e r y  
-ns t r u c t i o n  manual. 

pack, 110/220 v o l t  charger,  power cord, hammer swi tch ,  and 

Signal  Enhancement: samples, d i g i t i z e s ,  and store-s s i gna l  i n  a random access 
memory. Repeated s igna l s  a r e  added while random n o i s e  is 
cance l led  o r  l imi ted .  

Memory Size: 

Sample In t e rva l :  

10  b i t s  by-1024 words on each channel. 

switch s e l e c t a b l e  50, 100, 200, 500, 1000 , .o r  2000 microseconc 

Record Length: switch s e l e c t a b l e  50, 100, 200, 500, 1000, o r  2000 mill iseconc 

5" d iagona l  measurement CRT, dayl ight  v i s i b l e  wi thout  hoods, 
switch s e l e c t a b l e  t i m e  l ines ,  camera compatible, and d i s p l a y s  
wiggle  t r a c e  o r  v a r i a b l e  a rea  record display.  

CRT Display: 

permanent record of a l l  12 channels simultaneously on 4'' 
wide e l e c t r o s e n s i t i v e  paper. Record w i l l  no t  f ade  i n  l i g h t ,  
and reproduces on copying machines. 

Oscillograph: 

Noise Monitor: ambient v i b r a t i o n s  displayed on CRT allowing t iming of energy 
. s o u r c e  dur ing quiesc6nt  periods and .the op t imiza t ion  of ga in  
adjustments .  

c r y s t a l  con t ro l l ed ,  .01% accurate,  t i m e  l i n e s  a r e  swi tch  
s e l e c t a b l e  on CRT and high o r  low r e so lu t i on  on o s c i l l o -  
g raphic  record. 

Timing : 

postpones s t a r t  of record up t o  9.999 seconds i n  one m i l l i -  
second increments. 

Prec i s ion  Delay: 

i n d i c a t e s  b a t t e r y  vol tage,  geophone r e s i s t a n c e  on each c h a n n ~  
power supply vo l tages .  

D i g i t a l  Meter: 

a. pane l  connector t o  allow d i g i t a l  recording of s i g n a l  s t o r e l  
i n  memory on o p t i o n a l  d i g i t a l  recorder Model G-724s. 

D i g i t a l  Output: 

by c o n t a c t  closure.,  sa tura ted  NPN t r a n s i s t o r ,  o r  nega t ive  
5-vol t  pulse .  

Record I n i t i a t i o n :  

Standard ~ i z e l ~ e i g h t :  
(seismograph) 

14 X 15 X 15  inches  (36 X 38 X 40 cm) l i d  c losed  
38 pounds (17 kg) 

Power Requirements: 1 2  v o l t s ,  3.5 amperes 

Seismograph Case: Heavy du ty  aluminum with l i d  and water t i g h t  s e a l .  

I 
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APPENDIX B 

REFRACTION SEISMIC PROFILING 

The r e f r a c t i o n  seismic method makes use o f  t h e  con t ras t  i n  

seismic v e l o c i t y  between m a t e r i a l s  above and below a  seismic boundary. 

The lower ma te r i a l  i s  requ i red  t o  have a  greater  seismic v e l o c i t y  than 

t h e  upper mater ia l .  F igu re  B1 i s  a  schematic o f  t h e  paths along which 

seismic energy may be propagated between an energy source and r e c e i v i n g  

geophone f o r  a  two l a y e r  sect ion.  It i s  ev ident  from t h e  f i g u r e  t h a t  

o n l y  t h e  c r i t i c a l l y  r e f r a c t e d  wave path c a r r i e s  i n fo rma t ion  about bo th  

t h e  th ickness  o f  o v e r l y i n g  ma te r ia l  and t h e  r e f r a c t o r  ve loc i t y .  

The method o f  da ta  processing f o r  r e f r a c t i o n  seismic requ i res  

t h a t  t h e  t imes o f  t h e  wave a r r i v a l  be measured a t  a  number o f  geophones 

f o r  l o c a t i o n s  o f  t h e  source o f f s e t  from both  s ides o f  t h e  geophones. 

For any p a r t i c u l a r  geophone record ing  a r r i v i n g  energy t h a t  t r a v e l s  a  

r e f r a c t e d  pa th  from sources o f f s e t  from each s ide  o f  t h e  geophone, t h e  

d i f f e r e n c e  i n  t h e  a r r i v a l  t imes i s  r e l a t e d  t o  t h e  th ickness o f  m a t e r i a l  

above t h e  r e f r a c t i n g  surface. This  method i s  o f t e n  r e f e r r e d  t o  as t h e  



plus-minus o r  delay t ime  method. I t s  use f o r  a  simple two l a y e r  

s t r u c t u r e  i s  shown i n  F igu re  82 and i s  descr ibed b r i e f l y  below. 

The f i r s t  a r r i v a l  t imes are  p l o t t e d  as a  f u n c t i o n  o f  d is tance 

(F igure B2a). The d i f f e r e n c e  i n  a r r i v a l  t imes a t  each geophone f rom 

shots o f f s e t  t o  e i t h e r  s i d e  o f  t h e  geophone are  a l s o  p l o t t e d  as a  

func t i on  o f  d is tance (b). On t h i s  p l o t ,  t h e  d i f f e r e n c e  i n  a r r i v a l  

t imes f o r  geophones reco rd ing  r e f r a c t i o n s  from each d i r e c t i o n  f a l l  on a  

s t r a i g h t  l i n e .  The s lope o f  t h i s  l i n e  i s  2/V2, where V2 i s  t h e  

compressional v e l o c i t y  c h a r a c t e r i s t i c  f o r  t h e  lower mater ia l .  It i s  

assumed t h a t  t h e  v e l o c i t y  determined a long t h e  sur face o f  t h e  r e f r a c t o r  

i s  i d e n t i c a l  t o  t h e  v e l o c i t y  w i t h i n  t h e  r e f r a c t o r ,  i.e. t h e  m a t e r i a l s  

are i so t rop i c .  For each geophone t h a t  recorded a r r i v a l s  r e f r a c t e d  from 

t h e  lower mater ia l ,  t h e  de lay  t ime  (de f ined and p l o t t e d  i n  F igu re  B2d) 

i s  computed. The depth t o  t h e  lower m a t e r i a l  i s  r e l a t e d  t o  t h e  de lay  

t ime  by t h e  f u n c t i o n  shown i n  F igure  B2c. 

C r i t i c a l  t o  t h e  accurate de terminat ion  o f  depth t o  r e f r a c t o r s  

a re  t h e  delay t ime, t h e  values o f  overburden v e l o c i t y ,  and t h e  t r a v e l  

t ime between t h e  source l o c a t i o n s  ( r e c i p r o c a l  t r a v e l  t ime). These 

parameters are  der ived f rom t h e  t ime d i s tance  p l o t  (F igure B2a). 



Control  o f  overburden v e l o c i t y  i s  maintained through record-  

i n g  o f  two i n t e r i o r  shots a long each seismic spread. There a r e  then a t  

l e a s t  f o u r  est imates o f  sur face ma te r ia l  v e l o c i t y  f o r  each such spread. 

With t h e  shot arrangement used, each seismic spread i s  composed o f  s i x  

sub-spreads. When r e f r a c t o r s  occur a t  shal low depths, i t  i s  poss ib le  

t o  determine a t  l e a s t  t h r e e  de lay  t imes t o  t h e  r e f r a c t o r  a t  each 

geophone l o c a t i o n  us ing  da ta  from t h e  d i f f e r e n t  shot loca t ions .  
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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, 

SAMPLE PREPARATION 

The coal samples were coned and quartered 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. 

PETROGRAP W UC 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 981 6 microcomputer, an Apple Laserwriter 
printer and a Hewlett-Packard 7475A plotter for processing, printing and 
draughting of results. 

David E. Pearson & Associalcs Ltd. 



The reflectance of one hundred individual vitrinite 'A' grains was measured in 
the rank analysis. Standardization of photometer-readout was performed 
before and after the analysis, i f  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 lnertinite 
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 & Associalcs Lld. 



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 f10% of the total inerts.* - 

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 lnerts 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 reflectograrns, 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 

t Maceral statistics 
Maceral-distribution diagram 

* 1000 - point reflectogram 

David E. Pearson & Associalcs Ltd. 



Predicted Strength & Balance Index 
* Predicted D.I. 3011 5 . Predicted coke strength . 
t Predicted free swelling index 

Percentage oxidized coal . Coke-Strength Rose 
t Filtered digital scanogram 

David E. Pearson & Associales Lid. 
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