
PRELIMINARY  GEOSTATISTICAL  STUDY 

OF BTU  VARIATIONS - 
IN THE 

HAT CREEK DEPOSIT 
I_ 

.Respectfully  submitted 



2 

F 0 R E W 0 . R  D 

This report   descr ibes  the work 

done  following  the  proposal i/ 1 
made t o  B.C. Hydro on March 13, 
1978 by IREH-MERI, concerning 

the 'Hat Creek  Project. It 

contains  conclusions,  variograms 
and maps obtaincd by kriging. 
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C O N C L U S I O N S  

1. The purpose  of t h i s   f i r s t   s t u d y  was t o  estimate t h e  

Hat Creek  deposit   for BTU content  layer by layer: 

us ing   geos ta t i s t ics .  

2. . Each 1ayer .has  been horizontally  projected,   but.  

as no ver t ica l   th icknesses  were avai lable ,  no tonnage 

calculationshave been  hade. 

3. . Due t o   t he   ex i s t ence  o f  t h e   f a u l t  and  almost v e r t i c a l  

a t t l t u d e  of l a y e r s   i n  i t s  v i c in i ty ,  only the  western 

pa r r  of the  deposit  has  been  considered i n  a first: 

phase.  Figure '1 show the   def in i t ion  of t he  zone 

considered.. This zone i n   f a c t  encompasses  most of t h e  

tonnage of t h e  depos:it. 

e 
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FIGURE 1 : ' Map of loca t ion  of d r i l l   h o l e s   w i t h  

da t a  f i l e  supplied by MINTEC. The 
sampling information codified i n  the  

d.ep0sj.t has been  divided i n  a north- 
eastern  zone (PART2 with 27 holes) 'and 
a sout:hwestern  zone (PART1 with 86 fioles). 
Both  zones are synclines  separated by 
a fau1.t. The study  has  been  .restricted 

of 10 ho le s   d r i l l ed  i n  the nearly vertical 
t o  PART1 only. In t h a t  zone, t h e  group 

limb of the  syncl ine  c lose t o  the f a u l t  
(VERT on the  f igure)  has  not  been 
considered  too. 
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&\'UMBER OF 
LAYER INTERCEPTS  MDIAN MEAN M I N I "  'MAXIMUM STANDAN). DEVIATION 

I N  PART 1 BTU BTU ' BTU BTU' BTU 

Al-1  20 

A1-2 27 

A1-3 30 

Al-4 : 32 

A271  29 

B1-1 33 

B1-2 33 

c1-1 33 

c2-1 33 

C2-2 41  

Dl-1 4 1  

Dl-2 46 

Dl -3  49 

Dl-4 52 

5752.5 

5569.0 

5404.0 

5350.5. 

1333'. 0 

7314.0 

6101.0 

666.0 

3284.0 

3841.0 

7654.0 

8670.5 

9822.0 

9590.0 

5588.7 

5558.3 

5391.5 

5061.2 

1387.9 

6841.5 

5730.4 

1353.6 

2982.4 

'3536.3 

7386.9 

8541.5 

9570.1 

9382.0 

3208 

3508 

2368 

2236 

0 

1508 

1051 

0 

0 

164 

2914 

3741 

5875 

6500 

7132 

7205 

'7757 

6900 

5561 

9874 

7964 

6597 

6385 

6963 

9499 

10536 

11017 

10489 

1042.1 

742.7 

1486.2 

1242.5 

1265.1 

1863.8 

1913.4 

1773.8 

1926.8 

2010.2 

1566.7 

1360.4 

1084.9 

814.4 

m 
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TABLE 1 : S t a t i s t i c s  of t he   d i s t r ibu t ions  of BTU values 
i n ,  each layer  and reported from hol.es i n   t h e  
i s o c l i n a l  FARTl only (see Figure 1 f o r   t h e  
limits of t h a t  zone). 

The layers  of economic importance (A, E and D) 
are  c'haracterized by some negative  dissymetry 
with  the median values   greater   than  the means. 
The r e l a t ive   d i spe r s ion   i n   t hese   l aye r s  
keeps  small   with  coefficients  of  variation  ranging 
from 8% t o  28%. It should  be  noted  that   in  the 
r icher  D horizon,  the  dispersion is decreasing when 
the  mean va lue   increases .   This   has   to   be   re la ted  
to the  progressive  disappearance of t h e  low values  
in   the   d i s t r ibu t ions   ( see   the   var ia t ion  of t h e  minimum 
values) ,  

values (A2-1 and C) generally show  some pos i t i ve  
The layers  which. y ie ld  a large  proport ion of  uneconomic 

of var ia t ion  from 57% t o  131%). 
, dissymetry and l a rge r   r e l a t ive   d i spe r s ions   ( coe f f i c i en t s  
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'. 
~ - 4. . The data  considered is  the  average BTU content  within 

an intersection  (including  samples below 4000 BTU, 
. .  

.nb  cut-off made), a:; read from the  tape  supplied by - 

Mlctec. The list of! hole   nmbers  m d  BTU ccnter'.t f o r  

each  layer is g iven   in  Appendix 1, fo r   t he  zone 

considered.  Table 1. shows a summary of s t a t i s t i c s  

f o r   t h e  14  layers.. 

5. VARIOGRAPIS 

A s  the thickness  (vertical)  i s  not  available,   but 

regular,  variograms  have  been computed on BTU content 

fo r   d i f f e ren t   d i r ec t ions   i n   o rde r   t o  check for  aniso- 

t rop ies .  They are shown i n  Appendix 2 f o r   t h e  1 2  l a y e r s  

and,two  partings.  

6. A s  expected  anisotropies and t rends are present i n  

several layers. The models re ta ined are sumarized 

in  t a b l e  2.  One should  note  that  when trends are 

present,  one  can  in :€act handle it a s  a "geometrical 

anisotropy" t o  avoid  having t o  go t o  universal   kriging. 

One can  see from th i s   t ab l e   t ha t   t he re  are several   groups . .  

of 1,ayers. 

The upper  layers  are  isotropic on distances less 

than 600 m. (Al-1, AX-3, A1-4 show  good i so t ropic  

variograms, A1-2 shows a "bad" variogram  but i n   f a c t  

the  amplitude of var ia t ions  is much smaller, and thus 

the re  i s  no par t icu lar  problem here).   Start ing with 
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Y 

LAYER 

350  (6%) . 2,500 !wL:~- 0' A l - 1  

SLOPE ( s )  NUGGET EFFECT 
. AVERAGE STANDARD 

ERROR 

Al-2 cwf. 230 (4%) '844 . ~ & 150,000 
542.86-A ;(rmhca*/- 

m-.(;c q e & -G-fY 4-j. 

Al-3 380 (7%) 2,909 0 

AT-4 330  (7%) 2,100 0 

A2-1  300 (22%) 1,550  200,000 

@@, 
688.89 

B1-1 330  T5%) 3,000 300 , 000 
. .  1,153.85 

B1-2 400 (7%) 4,000 400,000 
1 , 600 

c1-1 

b& 

550 .(41%) 2,300  750,000 

c2-1 0 7,200 

550 (16%) 7,777.78  500,000 c2-2 

\j&V 
400 (13%) 

836.36 - 

3,272.73 

3,181.82 

. .  
D l - 1  380 '. (5%) 3,125 ,. 200,000 

. .  

1,590.91 
-. -L 

Dl-2 280  (3%) 1,295.24 150,000 
715:79 

Dl-3 150 (2%) 1,i81.80 0 
541.70 

Dl-4 220 (2%) 350. 60,000 

TABLE 2 : (Legend on the fo l lowing  page) 
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TABLE 2 .: Variogram  models for   the   var ia t ions  of BTU 
i n  each  layer and corresponding  average 
s tandard  error   in   the  es t imat ion of t he  
average BTU content  of 75 x 75 m blocks. 
In d i  eases, tile variograms are the  sum 
0E.a nugget e f f e c t  and an anisotropic  o r  
i so t rop ic   l i nea r  model. When the model is 
i so t ropic ,  a s ingle   va lue   for   the   s lope  i s  
given. When the model i s  anisotr0pi.c  the 
maximum and the  minimum slopes are given. 
The maximum slope is  assigned  to  the 
variogram  along.  the  direction N-23O-E and 
t h e  minimum slope is for  the  variogram i n  
the  perpendicular  direction.  In  the  models, 
the   d i s tance  i s  always  expressed i n  meters. 
The average  standard  error is the  mean of 
the  s t m d a r d  e r r o r s   f o r   a l l   t h e  75 x 75 m blocks 
estimated by kr iging  in   the  layer .  The 
value between parenthesis is t h e   r e l a t i v e  
standard  error of prec is ion   for  a 68% 
confidence  level. 
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l ayer  B, the   t rend is more and more  pronounced,  showing 

higher  values on the   east   nor th-east   s ide,   th is  

giving a maximum s lope   for   the   var iogram  in   th i s  

direct ion.  

A common cha rac t e r i s t i c  of a l l  variograms is the  low 

variance and W e  of a/nugget  effect;  a l l  t h i s  

corresponding  to  the  expected good continuity of t he  

BTU content. 

*itFrUu\r-IL 9" 
- 

7. KRIGING: 

Using the  equations of Table 2 kriging  has  been  performed 

fo r  each  layer.  Blocks  are 75 m x 75 m and t h e   o r i g i n  

of the  blocks is a t  5137.513,  23087.5N . 

8. Maps have  been  produced a t  a sca l e  of 1" = 300 m. The 

ou t l ine  of t he   l aye r ,   t aken  from isoelevat ion maps 

supplied by B.C. Hydro is  shown. Within  each  block 

BTU content and the   p rec is ion  of the  estimation (one 

standard  deviation) is given.  These maps should 

be compared with  the map produced by inverse  square 

dis tance method i n   t h e  CO>fINCO-MONENCO model. 

Difference  can  be  expected, i f  only  due t o   t h e   f a c t  

tha t   the   t rend  is now taken i n t o  account. The 

maps a re   g iven   i n  Appendix 3. These maps can  be 

p lo t ted   a t   o ther   sca l .es  on request. 



9. The estimation of  blocks in   the   "ver t ica l"   sec t ion  

should  require a more sophisticated model.  The 

estimation of blocks in   the   smal l   sync l ine  can be 

done  using  the same techniques. 

10. The precis ion of the  e:;timation is d i f f e ren t   i n   each  

layer.   Table 2 shows for   instance  the  average  precis ion 

obtained in  each layer when the  BTU content of a . 

' 7 5  x 75 m is estimated by kriging. The p r e c i s i o n   i n  

absolute  value is fa i r ly   cons tan t  (less than 500 BTU) 

which means t h a t   i n   r i c h   l a y e r s   t h f .   r e l a t i v e   p r e c i s i o n  

is b e t t e r  and areas  of l eane r   qua l i t y   a r e   r e l a t ive ly  

less well known. 



APPENDIX 1 

F i l e  of the sample  values  used i n   t h i s   s t u d y  

Eor each  layer ,   the   intercept  of an hole   with  the  layer  is 

characterized by: 

I the   hole  number 

- the  coordinates  ( in  the  order:   longitude, 
la t i tude,   e levat ion)  of the  top  of  the 
in te rcept  

. .  

bottom of the   in te rcept  i f   they  can be 
the  coordinates   ( in   the same order) of t h e  

derived from the   da ta   f i l e   suppl ied   by  
MINTEC (another  layer  has  been  encountered 
below).  Otherwise,  these  values are set 
to   zero.  

the  average  ash  content  in  the  intercept 
(in  percent). 

the  average BTU in   the   in te rcept .  

the   in te rcept .  
the  average  specific  gravity of the  rocks i n  . 

the   t rue  length of the   in te rcept  i.e. the  length 
of its p ro jec t ion   i n   t he   d i r ec t ion  of t h e   s h o r t e s t  
dimension of the   l ayer   ( in   meters ) .  
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. .  APPENDIX 2 

Experimental  variograms of BTU i n   t h e   l a y e r s  

The variograms  have  been computed along  the  four  principal 

d i rec t ions  of the  horizontal   plane : N 4  o r  90, NE-Si? or 45, 

E-W or  0, NW-SW or -45. The MAREC2 program  (See David. p.149) 

has  been  used  with  an  angular  regularization PSI=45O and an 

ln t e rva l   fo r   d i s t ances  STEP=150m. The average  variogram (PSI=18Oo. 

same STEP) has alscl been  determined  (noted 0-180 on the  diagrams).  

In the   computat ion,   the   intercepts   are   local ized by t h e   t h r e e  

coordinates of their   top.  Thus the   d i s tance  is t h e  t r u e  d i s t ance  

between the   in te rcepts  and not   the   p ro jec ted   d i s tance   in   the  . .  

horizontal  plane. On the  diagram, the   ho r i zon ta l   l i ne   w i th  SIGMA2 

indicates   the  ampli tude of the  experimental  variance of t h e  sample 

values. 
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MPENDIX 3 
"L 

Maps of the  estimated 75,75m blocks i n  each  layer 

All t he  following maps have  been  obtained  automatically,  hence 

blocks  are  generated  outside  the  extend of the  deposi t .  The 

heavy l i n e  on each map shows the  relevant  area.  Any block 

outside  the  central   area  should  not  be  considered. Where 

a block is l e f t  blank  inside a contour it means t h a t  no 

s u f f i c i e n t  samples were ava i lab le  t o  estimate it. In each 

block one reads  the  estimated BTU content and i t s  standard 

e r ro r  of estimation. 

. 
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