
KLOHN LEONOFF 
.I CONSULTING E N G I N E E R S  

I 
Our F i l e :  PB 2834 0301 Apr i l  1 9 ,  1 9 8 4  

B.C. Hydro  and Power Au thor i ty  
BOX 1 2 1 2 1  
555 West H a s t i n g s   S t r e e t  

V6B 4T6 
Vancouver, B r i t i s h  Columbia 

Mr. D.J .  W r i g h t ,  P.Eng. 
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Seismic O b s e r v a t i o n s   a t  Hat Creek 
January  1, 1983 to  March 31, 1984 

Dear S i r s :  

We a r e   p l e a s e d   t o   p r e s e n t  three ( 3 )  cop ie s  of our  r e p o r t  on t h e  micro- 
e a r t h q u a k e   o b s e r v a t i o n s   a t  Hat Creek dur ing   the   per iod   January  1, 1983 
t o  March 31,  1984. 

We have  found t h i s  s t u d y   v e r y   i n t e r e s t i n g  and have  enjoyed  performing 

c a l l .  
t h e  work.  Should there  be  any ques t ions   concern ing  t h i s  r e p o r t ,   p l e a s e  

Yours v e r y   t r u l y ,  

KLOHN LEONOFF LTD. 

Robin G. Charlwood, Ph.D., P.Eng. 
Project Manager 

E n C l .  

RGC/ t p 
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SEISMIC 1IBSERVATIONS AT HAT CREEK 
JANUARY 1, 1 9 8 3  TO MARCH 31,  1984 

A p r i l  1 9 ,  1 9 8 4  

INTRODUCTION 

In accordance  with B.C. Hydro Purchase  Order No. 359001,  dated 

February  16, 1983, K l o t n  Leonoff  Limited (KLL) ope ra t ed  a v e r t i c a l  

component  high  gain  seismograph a t  a s i t e  near  the  Hat  Creek  coal  f ield 

during  the  per iod  Janui l ry  1, 1983  to  March 31, 1984 .  The p r i n c i p a l  

o b j e c t i v e s  of t h i s  experiment  were: 

1) to mon i to r   ea r thquake   ac t iv i ty  w i t h i n  a 50 k m  
r a d i u s  of t h e   : s i t e ,  and 

2 )  t o  r e p o r t   e p i c e n t r a l   d i s t a n c e s  and magnitudes  of 
observed  ear thquakes.  

Such d a t a  would  be  used i n  a seismic r isk  assessment  of t he   a r ea  i n  

g e n e r a l  and the Hat  Creek  Thermal  Project i n  p a r t i c u l a r .  

This   repor t   summar izes   and   d i scusses   the   observa t ions   dur ing   the   f i f teen  

month period.  Although  the  terms of r e f e r e n c e  i n  the  B.C. Hydro  Pur- 

chase   Order   re fe r   on ly  to the  twelve month period  February l, 1983 to 

January  31,  1 9 8 4 ,  t h e   o b s e r v a t i o n s  of the   other   months  are   included  for  

completeness (see next  pa rag raph) .  The s t a t i o n  was d ismant led  a t  the 

end of March 1 9 8 4  a n d  the  equipment  returned to B.C. Hydro. All seismo- 

grams  recorded   dur ing   the   f i f teen  month per iod   a re   kept  i n  KLL o f f i c e s .  

The s t a t i o n  was o r i g i n a l 1 . y   i n s t a l l e d  by the  Department  of  Geophysics and 

Astronomy  of  the  University  of  British  Columbia.  Operation  began on 

October 2 ,  1 9 8 2 .  I n  a d d i t i o n   t o  two i n t e r i m   r e p o r t s ,  a f i n a l  r e p o r t  

conce rn ing   t he   obse rva t ims   du r ing   t he   pe r iod   Oc tobe r  2 ,  1 9 8 1  to Octo- 

ber 2 ,  1982 h a s  been i s sued  (Ellis and  Meldrum, 1982a) .  A r e p o r t  on an 
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ear thquake  swarm which occurred  i n  early  October  1982  has  also  been 

i s sued  ( E l l i s  and  Meldrum, 1982b) .  A r e p o r t   d i s c u s s i n g   o b s e r v a t i o n s  

du r ing   t he  m o n t h s  of October t o  December 1982 is s t i l l  ou t s t and ing .  

STATION CHARACTERISTICS 

The s t a t i o n   c h a r a c t e r i s t i c s  is a s   desc r ibed  i n  p rev ious   r epor t s ,   bu t  

a re   p resented   here   for   csmple teness .  

The r eco rd ing   sys t em  cons i s t s  of a v e r t i c a l  component Mark Products 

L4-C 1 Hz seismometer, t h e  o u t p u t  of which is recorded on a Sprengnether 

MLQ-800 cha r t   r eco rd ing   sys t em  ope ra t ed   a t  a speed  of 60  mm/min. Time 

c a l i b r a t i o n   f o r  t h i s  system is provided by WWV and WWVB rad io   t ime 

s i g n a l s .  

The  seismometer is anchored on bedrock on the  h i l l  west of the B.C. 

Hydro f i e l d   o f f i c e   a t  Hat  Creek. A cable   connects   the  seismometer  to 

the   cha r t   r eco rde r  loca,:ed i n  a hea ted   pumphouse   a t  t h e  base of the 

h i l l .  The seismometer  c:oordinates  are 50° 47 '  38" N ,  121" 36'  47"  W ,  

e l e v a t i o n  930  m. 

The magnif icat ion  curve  for   the  system is shown i n  Figure 1. ( T h i s  

c u r v e   g i v e s  t h e  amount by w h i c h  ground movement a t  a p a r t i c u l a r   f r e -  

quency is magnif ied  before   recording on t h e   c h a r t . )  The ampl i f i e r   ga in  

is 90 db. A low c u t   f i l t e r  is not  used,  but a 20 Hz h i g h   c u t   f i l t e r  

is. 

MAGNITUDE AND DISTANCE DI:TERMINATION 

The e p i c e n t r a l   d i s t a n c e  of an event  was c a l c u l a t e d  by measuring  the 

t i m e   d i f f e r e n c e ,  A t ,  (measured i n  seconds)   between  the  arr ival   t imes of 

the S (Shear)  wave  and the  P (Primary  or  Compressional) wave.  The P 

wave v e l o c i t y  of the  upper   layers  of t h e   e a r t h  is usua l ly   t aken  to be 

6 . 1  km/sec.  Assuming a P o i s s o n ' s   r a t i o   o f  0.25 fo r   t he   ea r th ,   t he  S 
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wave v e l o c i t y  is then 3.52 km/sec. The e p i c e n t r a l   d i s t a n c e ,  x,  is 

d e r i v e d  as fo l lows:  

A t  = t s  - t p  

- - 
” 

x - x  
3.52 6.1 

or x - 8.3 At - 

where tS and tp are t h e   a r r i v a l  times of   the  S and P waves,   respective- 

l y .  Note t h a t   t h i s   o n l y   p r o v i d e s  a d i s t a n c e  from t h e   s t a t i o n ,   n o t  a 

d i r e c t i o n .  More s ta t ions would  be r e q u i r e d  to g i v e   t h e   e p i c e n t r a l  

l o c a t i o n .  

Knowing the   magn i f i ca t ion  of the   se i smograph  sys tem  and   the   ep icent ra l  

d i s t a n c e ,   t h e  local magnitude, ML,  of an event  was determined by 

measur ing   the   ampl i tude ,   in  millimetres, of t h e   l a r g e s t  wave motion  on 

the  seismogram of the   even t .  The nomogram i n   F i g u r e  2 was then  used to  

determine  the  magni tude.  

The  magnitude was a l s o  determined by measuring  the  coda  length,   T,  

which is t h e  time i n t e r , r a l  be tween   t he   a r r iva l  of t h e  S wave and t h e  

time t h a t  t h e  s i g n a l  to n o i s e  r a t i o  r e t u r n s  to 1. Given T ,  the  coda 

length   magni tude ,  MT, is g iven  by: 

For most ear thquakes  of small magni tude  in   Bri t ish  Columbia,  ML should 

be  roughly equal  to q. 
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OBSERVED SEISMICITY 

A major d i f f i c u l t y  i n  d e t e c t i n g   n a t u r a l   e v e n t s  is d i s t i n g u i s h i n g  them 

from b l a s t s  i n  l o c a l  m:.nes. This   can   usua l ly  be done by not ing  the 

time  of  day or week of t ' le  occurrence  of t h e  event  or from b l a s t   r e c o r d s  

obta ined  from t h e  mines,  Also t h e  "s igna ture"   o f   mos t   b las t   events  is 

q u i t e   d i f f e r e n t  from t h a t  o f   na tu ra l  events ;  t h e  l a t t e r   u s u a l l y  have a 

prominent S wave a r r i v a l .  

During t h e  f i f t e e n  month  pe r iod ,   fou r   ea r thquakes  were  recorded w i t h  an 

e p i c e n t r a l   d i s t a n c e  less than  50 km. (See  Table  1) Another  earthquake, 

Event 4 ,  whose e p i c e n t r a l   d i s t a n c e  was approximately 90 k m  from  Hat 

Creek,  is a l so   i nc luded .   Th i s   even t ,  whose local   magni tude is 1.8, 

occurred  near  Nicola  Lake and was observed   a t   o ther   se i smograph  s ta t ions  

in   southern   Br i t i sh   Columbia .  Its e p i c e n t r e  was loca ted  by t h e  P a c i f i c  

Geoscience Centre a t  50" 16' 4 8 "  N, 1 2 0 '  36' 36"  (D. Weichert ,   pers .  

comm., A p r i l  1 2 ,  1 9 8 4 ) .  

T h e  o the r   even t s ,   excep t   Even t   3 ,   a r e   ve ry   sma l l   ea r thquakes  w i t h i n  

2 0  km of t h e  s t a t i o n .  Their l oca l   magn i tudes   a r e  less than or e q u a l   t o  

1.0. Event 3 is possib:.y a b l a s t ,   bu t   occu r red  la te  a t  n i g h t  ( l o c a l  

time). 

TABLE 1 

January?,  1983  to March 31,  1984 
OESERVED SEISMICITY 

Date Time (GMT) 
Event Y m d   h : m : s  M r .  MT ( km) 

Dis tance  

1 
2 

83 2 1 8  
8 3  2 2 2  

9 : 4 1  : 01 0.5 0 

3 
7 : 4 7  : 34 

8 3  4 18 
1.0 

6 : 06 : 55 
1.0 

4 83 5 30 
1.3 0.7 

11 : 03 : 46 
5 83 1 0  4 : 2 5  : 1 7  0.9 0.4 

1.8 
6 

1.7 

14 
17 
40 
90 
17 
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CONCLUSIONS 

The l e v e l  of a c t i v i t y   o b s e r v e d   d u r i n g   t h e   f i f t e e n  month pe r iod ,  

J anua ry  1, 1983 t o  March 31, 1984 is s imi l a r   t o   t ha t   obse rved  i n  t h i s  

reg ion  by E l l i s  and  Meldrum, (1982a) .  W i t h  one s t a t i o n ,  it is no t  

p o s s i b l e   t o   d e t e r m i n e   e p i c e n t r a l   l o c a t i o n s  and thereby   a t tempt   to  

a s s o c i a t e   t h e   a c t i v i t y  w i t h  any of t h e   l o c a l   f a u l t s   a t  or near  the Hat 

Creek s i t e .  However, E v e n t s  1, 2 and 5 a r e   l o c a t e d  14 t o  1 7  km from 

t h e   s t a t i o n ,  which is the   approximate   d i s tance  to t h e   F r a s e r   f a u l t  

(KLL, 1 9 8 2 ) .  

I t  m u s t  be no ted   t ha t ,  by themse lves ;   t he   r e su l t s  of t h i s  experiment 

should be used w i t h  cau t ion  i n  t h a t  

1) magnitudes  of   small   events   are   not   re l iable   s ince 
usually  only  one  measurement is p o s s i b l e ;  and 

2 )  s i g n i f i c a n t   s h o r t   t e r m   i n c r e a s e s  i n  a c t i v i t y ,   s u c h  

Meldrum,  1982bl a r e   p o s s i b l e .  
as t h e  swarm c,f even t s  i n  October,  1982 ,  ( E l l i s  and 

, K L O q  LEONOFFfl LTD. 

W. Scott   Dunbar,  Ph.D., P.Enq. 

h L /  - 
Pro '  c t   S e i   m o l o g i s t  

RobiYG.  Charlwood, Fh.D., P ,&.  
P r o j e c t  Manager 
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Figure 2 

DRAWINGS 

Magnification  Curve  of 
Hat Creek  Seismograph 

Nomogram  for  Magnitude 
Determination 
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